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PREFACE 

The TOW (Tube-launched - - O p t i c a l l y - t r a c k e d  - Wire-guided) Heavy 

A n t i t a n k / A s s a u l t  Weapon (HAW) system now i n  t h e  ~ r m y ' s  a r s e n a l  

of o p e r a t i o n a l  a n t i t a n k  weapons be longs  t o  a  f a m i l y  o f  advanced 

systems des igned  t o  cope w i t h  t h e  enemy a r n o r  t h r e a t  th rough  

t h e  e a r l y  1980 ' s .  The TOW/HAW system became o p e r a t i o n a l  i n  

September 1970,  i n i t i a l l y  r e p l a c i n g  t h e  106mm r e c o i l l e s s  r i f l e  

and French ENTAC sys tem,  and l a t e r  t h e  h e l i c o p t e r  a d a p t a t i o n  of 

t h e  French SS-11 system.  Other  members of t h e  new g e n e r a t i o n  of 

weapons were t h e  M72 Ligh t  A n t i t a n k  Weapon (LAW), which began 

r e p l a c i n g  t h e  Bazooka and a n t i t a n k  r i f l e  g renade  i n  1963;  t h e  

SHILLELAGH combat v e h i c l e  armament sys tem,  which reached  t h e  

f i e l d  i n  1967;  and t h e  DRAGON Medium A n t i t a n k  Weapon (1IA\;T), which 

began r e p l a c i n g  t h e  90mm r e c o i l l e s s  r i f l e  e a r l y  i n  1975. 

Th is  monograph t r a c e s  t h e  h i s t o r y  o f  t h e  TOW weapon system 

from t h e  i n c e p t i o n  of predevelopment s t u d i e s  i n  mid-1958 through 

1976. Except f o r  t h e  c h a p t e r  d e a l i n g  w i t h  p r o j e c t  management, 

t h e  s t o r y  o f  t h e  ground-based and a i r b o r n e  sys tems i s  r e l a t e d  i n  

b a s i c a l l y  c h r o n o l o g i c a l  sequence.  Unless  o t h e r w i s e  i n d i c a t e d ,  t h e  

f o o t n o t e s  a r e  u n c l a s s i f i e d .  

1 9  October 1977 ?lary T .  Cagle  
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CHAPTER I 

(U) EVOLUTION OF ANN ANTITANK REQUIREMENTS AND WEAPONS 

The Advent of Tank Warfare 

The present-day a n t i t a n k  missions and weapons of t h e  United 
S t a t e s  Army evolved from t h e  i n t r o d u c t i o n  of t h e  armored tank  
du r ing  World War I. The B r i t i s h  f i r s t  developed t h e  tank  a s  a 
weapon t o  p e n e t r a t e  barbed w i r e  entanglements and overwhelm 
enemy uachine gun n e s t s .  The f i r s t  B r i t i s h  t ank  was a ponderous 
27-ton v e h i c l e  developed by COL E. D. Swinton and a s s o c i a t e s  of 
t h e  Royal Engineers ,  who had obta ined  some of t h e i r  i d e a s  from 
American c a t e r p i l l a r  farm t r a c t o r s .  It was f i r s t  used i n  t h e  
Somme River  area du r ing  September 1916 i n  an e f f o r t  t o  break  t h e  
deadlock on t h e  Western F ron t . 1  

Recognizing t h e  t a c t i c a l  advantage of  t h e  armored tank ,  t h e  
French and Germans developed tanks  of t h e i r  own. The French 
concent ra ted  t h e i r  e f f o r t  on small, f a s t  a s s a u l t  t anks  w i th  a two- 
man crew, wh i l e  t h e  Germans b u i l t  l a r g e ,  unwieldy c o n t r a p t i o n s  
t h a t  were s i n g u l a r l y  i n e f f e c t i v e .  By t h e  t i m e  t h e  United S t a t e s  
en t e r ed  t h e  war a g a i n s t  Germany i n  A p r i l  1917, v i r t u a l l y  a l l  of 
t h e  b e l l i g e r e n t  n a t i o n s  had developed armored t anks  of va r ious  
d e s c r i p t i o n s  and c a p a b i l i t i e s .  

The unpa ra l l e l ed  f i repower ,  m o b i l i t y ,  and endurance of t h e s e  
c a t e r p i l l a r - t r e a d  monsters i n  o f f e n s i v e  war fa r e  l e d  t o  r a d i c a l  
changes i n  de fens ive  s t r a t e g y  and t a c t i c s .  No longer  could t h e  
e x i s t i n g  guns and f i e l d  a r t i l l e r y  be  r e l i e d  upon t o  counter  enemy 
tank  ons laughts .  It was necessary  t o  dev i se  a more powerful gun- 
p r o j e c t i l e  combination wi th  armor-defeating c a p a b i l i t i e s .  The 
f i r s t  such weapon, developed toward t h e  end of World War I ,  was a 
long ,  heavy a n t i t a n k  r i f l e  f i r e d  i n  t h e  prone p o s i t i o n ,  i t s  b a r r e l  
supported by a t r i p o d .  A t  s h o r t  ranges ,  i t s  armor-piercing b u l l e t s  
of about  .55-cal iber  could p e n e t r a t e  t h e  0.5-inch steel  p l a t e  of  
contemporary tanks .  A number of t h e s e  r i f l e s  were ready by t h e  
end of t h e  war, but  they were no t  used i n  q u a n t i t y  u n t i l  World War 

'(1) Lynn Montross , War T h r o q h  t h e  Ages (New York, 1960) , 
pp. 722-23. (2) DA ROTCM 145-20, J u l  56, s u b j :  American M i l i t a r y  
H i s to ry  1607-1953, p. 335. 



11, when t h e  p rog res s ive ly  inc reas ing  th icknesses  of tank armor 
soon made them o b s o l e t e  except  f o r  defense a g a i n s t  l i g h t l y  armored 
v e h i c l e s .  

World War I1 Developments 

M i l i t a r y  i n t e r e s t  i n  a n t i t a n k  weapons began t o  l a g  wi th  t h e  
s i g n i n g  of t h e  Armist ice i n  November 1918 and was des t ined  t o  
remain s o  f o r  over 20 years .  ?leanwhile, armor improvements pro- 
ceeded s o  r a p i d l y  t h a t  a v a i l a b l e  a n t i t a n k  weapons were soon found 
l ack ing  i n  both p e n e t r a t i o n  and range. A t  t h e  outbreak  of World 
War 11, t h e  Germans, whose tanks  of t h e  previous  war were f a i l u r e s ,  
possessed v a s t  numbers of improved tanks wi th  which they over ran  
Poland i n  1939 and no r the rn  France i n  1940. The s t a r t i n g l y  new 
t a c t i c a l  u se  of tanks  i n  t h e s e  b l i t z k r i e g s  demanded a  complete 
r econs ide ra t ion  of de fens ive  measures,  p a r t i c u l a r l y  of a n t i t a n k  
weapons f o r  t he  i n f a n t r y .  I n  ca se  of a  s u r p r i s e  a t t a c k  o r  a  
sudden breakthrough by enemy tanks ,  i t  was e s s e n t i a l  t h a t  i n f a n t r y  
t roops  be armed wi th  l i g h t  a n t i t a n k  weapons t h a t  could be c a r r i e d  
i n t o  b a t t l e  by i n d i v i d u a l  s o l d i e r s  o r  be so  e a s i l y  t r anspor t ed  
t h a t  they would comprise t h e  p r i n c i p a l  a n t i t a n k  armament of 
p la toons ,  companies, and b a t t a l i o n s .  

A s  t h e  war progressed ,  many new a n t i t a n k  weapons w i t h  s p e c i a l  
ammunition were developed and put  i n t o  t h e  f i e l d  i n  a n  at tempt  t o  
s t o p  t h e  tanks  of t h e  German Panzer u n i t s .  Among t h e s e  were such 
innovat ions  a s  t h e  rocket-f i r i n g  Bazooka; r e c o i l l e s s  r i f l e s  ; f a s t ,  
heav i ly  gunned motor c a r r i a g e s  known a s  tank d e s t r o y e r s ;  'towed 
a n t i t a n k  cannon; r i f l e  grenades wi th  shaped charges;  a n t i t a n k  
mines; h igh-ve loc i ty  armor-piercing and armor-piercing-capped 
p r o j e c t i l e s ;  and h i g h . e x p l o s i v e  a n t i t a n k  s h e l l s  wi th  shaped charges 
f o r  p e n e t r a t i n g  armor by chemical ( j e t )  a c t i o n .  

The most popular  a n t i t a n k  weapon introduced d u r i n g , t h e  war 
was t h e  2.36-inch rocke t - f i r i ng  Bazooka which, f o r  t h e  f i r s t  t ime,  
enabled t h e  f o o t  s o l d i e r  t o  combat a  tank  s-ingle-handedly. The ?I6 
f i n - s t a b i l i z e d  h igh  exp los ive  a n t i t a n k  (HEAT) rocke t  weighed 3.5 
pounds, had a  maximum range of 700 ya rds ,  and could p e r f o r a t e  3.5 
inches of homogeneous armor a t  an o b l i q u i t y  of zero .  Under t h e  
impetus of wartime programs, t h e  i n i t i a l  M 1  Bazooka launcher  was 
superseded i n  December 1943 by t h e  M9, which was s l i g h t l y  longer  
and 3  pounds heavier .  In  A p r i l  1945, t h e  M9 was rep laced  by the  
Kl8, a  two-piece aluminum launcher  which weighed only 10.3 pounds. 
E f f o r t s  t o  improve t h e  2.36-inch HEAT rocke t  began i n  t h e  summer 
of 1944 and were s t i l l  i n  p rog res s  when t h e  war ended. 



Postwar Requirements and Developments 

Af t e r  World War I1 t h e  d e f e a t  of armored v e h i c l e s  was made 
p rog re s s ive ly  more d i f f i c u l t  by s t eady  i n c r e a s e s  i n  t h e  t h i cknes s  
and o b l i q u i t i e s  of armor i n  h u l l s  and t u r r e t s ,  development of 
b e t t e r  f a b r i c a t i o n  techniques ,  t h e  cu rv ing  of armored s u r f a c e s  t o  
d e f e a t  p r o j e c t i l e s ,  and t h e  i n t r o d u c t i o n  of new types  of armor. 
Because of t h e s e  improvements t h e  weapon-ammunition combinations 
t h a t  could p e n e t r a t e  t h e  armor of World War 11 tanks  could seldom 
p i e r c e  t h e  armor of  l a t e r  models. A r a d i c a l l y  new series of a n t i -  
t ank  weapons had t o  be  developed. These improved weapons were t o  
be  capable  of i nc reased  armor p e n e t r a t i o n ,  g r e a t e r  accuracy ,  and 
h ighe r  k i l l  p r o b a b i l i t i e s .  I n  a d d i t i o n ,  i t  was e s s e n t i a l  t h a t  
t anks  be  des t royed ,  n o t  simply immobilized o r  pu t  o u t  of a c t i o n  by 
damage t h a t  could l a t e r  be r e p a i r e d .  To o b t a i n  a n t i t a n k  weapons 
w i t h  t h e s e  c h a r a c t e r i s t i c s ,  e f f o r t  was f i r s t  concent ra ted  on t h e  
improvement of e x i s t i n g  convent iona l  weapons, such a s  a n t i t a n k  
guns, bazooka-type rocke t  l aunche r s ,  r e c o i l l e s s  r i f l e s ,  and r i f l e  
grenades.  

I n  October 1948, t h e  Conference on Anti tank Defense a t  P o r t  
Monroe, V i r g i n i a ,  d i scussed  a t  l e n g t h  t h e  t h r e a t  of enemy armor t o  

' a i r b o r n e  o p e r a t i o n s  and agreed t h a t  two new a n t i t a n k  guns were 
needed t o  coun te rac t  it. These weapons were t o  be a  90mm s e l f -  
p rope l l ed  gun t r a n s p o r t a b l e  i n  Phase I of a i r b o r n e  o p e r a t i o n s  and 
a  76mm towed gun capable  of be ing  c a r r i e d ,  w i t h  i t s  prime mover, a  
three-man crew, and 1 5  rounds of ammunition, i n  an  8,000-pound- 
c a p a c i t y  g l i d e r  and of be ing  dropped by parachute .  Army F i e l d  
Forces  Board Number 2 submit ted 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  
f o r  t h e s e  weapons i n  A p r i l  1949. 

O f f i c i a l  requirements  f o r  t h e  M54 9 0 m  cannon and t h e  M48 
76mm towed gun w e r e  e s t a b l i s h e d  on an i n d i v i d u a l  b a s i s  and summa- 
r i z e d  i n  t h e  Army Equipment Development Guide (AEDG) of 1950. I n  
a d d i t i o n  t o  t h e  76 and 90mm guns, t h i s  e d i t i o n  of t h e  AEDG spec i -  
f i e d  an urgent  requirement f o r  (1) a  manportable a n t i t a n k  weapon 
f o r  f r o n t  l i n e  u n i t s  t o  r e p l a c e  t h e  2.36 and 3.5-inch rocke t  
l aunchers  and t h e  5 7 m  r e c o i l l e s s  r i f l e ,  and (2) an i n f a n t r y  
d i v i s i o n  weapon capable  of d e f e a t i n g  a t  l e a s t  1 3  inches  of armor 
a t  a  range of 2,000 yards  w i t h  a  75-percent p r o b a b i l i t y  of a  f i r s t  
round h i t .  Pending development of t h e  l a t t e r  system, t h e r e  was 
an immediate need f o r  an a n t i t a n k  weapon capable  of d e f e a t i n g  a t  

2  
(1) I b i d . ,  pp. 335, 350, 416. (2) OCO TIR 0 - 5 ,  Oct 60, 

sub j  : Dev of AT Wpns . RSIC . 



l e a s t  11 inches  of armor a t  a  range of 1 ,000 yards .  

Advent of t h e  Ant i tank  Guided Missile 

Once t h e  guided missile was developed, i t s  adopt ion  a s  an 
a n t i t a n k  weapon was bo th  l o g i c a l  and necessary .  It was recognized 
t h a t  a p rope r ly  c o n t r o l l e d  a n t i t a n k  guided m i s s i l e  (ATGM) would be 
a n  e x c e l l e n t  weapon f o r  use a t  ranges and under cond i t i ons  t h a t  
rendered convent iona l  a n t i t a n k  f i r e  e i t h e r  imprac t i cab l e  o r  
i n e f f e c t i v e .  Despi te  s t eady  improvements i n  convent iona l  a n t i t a n k  
weapons, they  y e t  possessed a  number of d e f i c i e n c i e s  t h a t  could 
on ly  be  overcome by t h e  c o n t r o l l e d  o r  guided weapon. 

Poss ib ly  t h e  g r e a t e s t  s i n g l e  d e f i c i e n c y  i n  convent iona l  
weapons stemmed from t h e  f a c t  t h a t  t h e  t r a j e c t o r i e s  of t h e  pro jec-  
t i l e s  they f i r e d  were f i x e d  from t h e  t i m e  of f i r i n g .  Conversely,  
a  guided missile could be  d i r e c t e d  o r  c o n t r o l l e d  throughout  i t s  
f l i g h t  and t h e r e f o r e  i n t e r c e p t  a  maneuvering t a r g e t  r e g a r d l e s s  of  
t h e  evas ive  a c t i o n  i t  might t a k e .  Another de f i c i ency  i n  conven- 
t i o n a l  a n t i t a n k  weapons concerned t h e i r  accuracy and range.  To 
a t t a i n  maximum accuracy  they had t o  engage enemy armor by d i r e c t  
f i r e  a t  comparat ively s h o r t  ranges ,  whereas t h e  guided missile 
could be launched from behind a  mask, o r  d e f i l a d e d  s i t es ,  and 
guided t o  a  l onge r  range t a r g e t  by e i t h e r  w i r e ,  r a d i o ,  o r  a  homing 
device .  Also, t h e  f i r s t  h i t  p r o b a b i l i t y  of convent iona l  weapons, 
a l though h igh  a t  c l o s e  range ,  diminished r a p i d l y  a s  t h e  range  
inc reased ,  wh i l e  t h e  guided m i s s i l e  would have a  p o t e n t i a l l y  h ighe r  
f i r s t - r o u n d  h i t  p r o b a b i l i t y  a t  any range  w i t h i n  i t s  f l i g h t  l i m i t s .  

Although s i g n i f i c a n t  t e chno log ica l  p rog re s s  had been made i n  
t h e  development of guided missiles d u r i n g  t h e  l a t t e r  p a r t  of World 
War 11, t h e  p o s s i b i l i t y  of f r o n t  l i n e  t roops  u s ing  them a g a i n s t  
enemy armor was n o t  s e r i o u s l y  cons idered  u n t i l  e a r l y  1951, some 
6 months a f t e r  t h e  Korean Nar s t a r t e d .  Armor exper iences  e a r l y  i n  
t h e  Korean War c l e a r l y  demonstrated t h e  need f o r  an improved a n t i -  
t ank  weapon of minimum s i z e  and weight t h a t  would be capable  of 
d e f e a t i n g  t h e  h e a v i e s t  known enemy armor w i th  p inpo in t  accuracy.  
There were a  number of convent iona l  weapons i n  combat use ;*  however, 

* 
Namely, t h e  r i f l e  grenade w i t h  a  range of 100 t o  200 ya rds ;  t h e  
improved 3.5-inch Bazooka w i t h  a  300-yard range ;  and t h e  90 and 
106mm r e c o i l l e s s  r i f l e s  w i t h  ranges  e f f e c t i v e  t o  1 ,000  and 1,500 
yards ,  r e s p e c t i v e l y .  

3 ~ ~ ~ ~ ,  29  Dec 50, pp. 21-22, 82.  RSIC. 



t h e i r  accu ra t e  range of a p p l i c a t i o n  was l imi t ed  t o  about 1,500 
yards and t h e i r  l e t h a l i t y  was l i m i t e d  by p r o j e c t i l e  s i z e .  The 
most l o g i c a l  approach t o  overcoming t h e s e  t a c t i c a l  d e f i c i e n c i e s  
was t h e  development of an  a n t i t a n k  guided miss i le .4  

Firm requirements  f o r  a n  a n t i t a n k  guided m i s s i l e  and c e r t a i n  
gene ra l  c h a r a c t e r i s t i c s  f o r  such a weapon were e s t a b l i s h e d  dur ing  
a conference he ld  a t  Fo r t  Monroe, V i r g i n i a ,  i n  February 1951, t o  
d i scuss  land combat a p p l i c a t i o n s  of i n £  r a r e d  guidance techniques.  
The conferees  concluded t h a t  i n f r a r e d  seeke r s  had shown enough 
promise a s  homing devices  f o r  a n t i t a n k  guided m i s s i l e s  t o  warrant  
t h e  es tab l i shment  of a requirement f o r  such a weapon. They recom- 
mended a s  a f i r m  requirement a ground-launched a n t i t a n k  guided 
m i s s i l e  which would be of minimum s i z e  and weight,  of very  s h o r t  
range,  and h ighly  a c c u r a t e ,  t o  a t t a c k  armored tanks  and o t h e r  po in t  
t a r g e t s ,  i nc lud ing  a r t i l l e r y .  The genera l  c h a r a c t e r i s t i c s  o u t l i n e d  
f o r  t h e  weapon system c a l l e d  f o r  a 6,000-yard e f f e c t i v e  range and a 
k i l l  p r o b a b i l i t y  of 0.9 a g a i n s t  t h e  h e a v i e s t  known enemy tank. 

The foregoing conclus ions  and recommendations were based 
p r imar i ly  on t h e  p o t e n t i a l  t a c t i c a l  a p p l i c a t i o n  of t h e  AN/DAU-3 
i n f r a r e d  seeker ,  which had alr 'eady been developed and s u c c e s s f u l l y  
t e s t e d  by t h e  General T i r e  and Rubber Company, parent  company of 
t h e  Aerojet  Engineering Corporat ion.  The f i n a l  engineer ing  r e p o r t ,  
publ ished i n  December 1950, descr ibed  i n  some d e t a i l  t h e  t a c t i c a l  
advantages of t h e  i n f r a r e d  homing device  which e x i s t e d  i n  a c t u a l  
hardware weighing l e s s  t han  1 3  pounds, t h e  e n t i r e  u n i t  being housed 
i n  a c y l i n d r i c a l  s h e l l  5 inches  i n  diameter  and 15 inches  long.5 
The c h a r a c t e r i s t i c s  and p o t e n t i a l i t i e s  of t h e  homing device  were 
f u r t h e r  confirmed i n  March 1951, when Aeroje t  completed a prelim- 
i n a r y  s tudy  of an  a n t i t a n k  guided m i s s i l e  c a l l e d  t h e  A ~ ~ O S W A T *  

* 
The code name o r i g i n a l l y  suggested f o r  t h i s  weapon was "SWAT," 
t h e  acronym f o r  Seeker Weapon Ant i tank;  however, t o  d i s t i n g u i s h  
i t  from o t h e r  weapons of t h i s  type ,  i t  was c a l l e d  t h e  AeroSWAT. 

4 
(1) OCO Booklet, Weapons f o r  t h e  Defeat  of Armor, Vol. 4 ,  

AT Acft & ATGM's, Apr 53, pp. 6-7. RSIC. (2) ?SA Tech Rept,  Ord 
GM & Rkt Programs, Vol. V I I  - DART ATGM Sys, Incept ion  t h r u  30 Jun 
55, p. 3. HDF. (The l a t t e r  r e p o r t  h e r e a f t e r  r e f e r r e d  t o  a s  t he  
DART Blue Book. 

(1)  Wins of Conf on I R  Appls i n  Land Cbt , OCAFF, F t  Honroe, 
Va, 15-16 Feb 51. (2) General T i r e  & Rubber Co. Rept No. 2056, 
22 Dec 50, sub j :  F i n a l  Engrg Sum Rept on t h e  Dev of IB Homing Se t  
ANIDAN-3 (XN-1). Both a t chd  a s  app t o  Rept of Study of P ro j  No. 
GM-451 - M C ' s  f o r  an  ATQI, AFF Bd No. 4 ,  F t  Bliss, Tex, 20 Nov 
51. RSIC. 



which used a modif ied v e r s i o n  of t h e  AN/DAN-3 ~ e e k e r . ~  

I n  view of t h e  f i n d i n g s  and recommendations of t h e  February 
1951 conference  and t h e  promising r e s u l t s  of A e r o j e t ' s  s t u d i e s ,  t h e  
Chief o f  t h e  Army F i e l d  Forces  (AFF), i n  A p r i l  1951, d i r e c t e d  t h e  
AFF Board No. 4 t o  p r epa re  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) 
f o r  a n  a n t i t a n k  guided missile t o  supplement t h e  conven t iona l  
weapons t h e n  i n  use.  Nine months l a t e r ,  i n  November 1951, t h e  
board submit ted a proposed s t a t emen t  of M C ' s ,  t o g e t h e r  w i th  a 
suppo r t i ng  s t a f f  s tudy .  

The Chief ,  AFF, i n  January 1952, recommended t h a t  t h e  proposed 
M C f s ,  as modif ied,  be  approved a s  t h e  s t a t emen t  of Army requi rements  
f o r  a n  a n t i t a n k  guided missile, and t h a t  a n  i n v e s t i g a t i v e  and des ign  
s tudy  p r o j e c t  be i n i t i a t e d .  The formal  M C f s ,  approved i n  May 1952, 
c a l l e d  f o r  an  a n t i t a n k  guided missile system wi th  a maximum e f f ec -  
t i v e  range of 6,000 ya rds  (8,000 ya rds  d e s i r e d ) ,  a rrinimurn range  of 
500 ya rds  o r  less, and h i t  and k i l l  p r o b a b i l i t i e s  of a t  l e a s t  0.90 
a g a i n s t  t h e  h e a v i e s t  known enemy t anks  and o t h e r  p o i n t  t a r g e t s .  
The m i s s i l e  was t o  be  of minimum s i z e  and weight  and be  guided t o  
t h e  t a r g e t  by a n  i n f r a r e d  s eeke r  o r  o t h e r  t ype  guidance,  p r e f e r a b l y  
automatic .8  

Pre l iminary  S t u d i e s  and I n v e s t i g a t i o n s  

The s t a t e  of guided missile technology i n  1952 was n o t  con- 
s i d e r e d  adequa te  t o  suppor t  t h e  development of an  a n t i t a n k  system 
meeting a l l  performance requi rements  of t h e  MC'S.  It was 
cons idered  f e a s i b l e ,  however, t o  develop an  i n t e r i m  system t h a t  
would s u b s t a n t i a l l y  f u l f i l l  t h e  M C f s ,  produce a t a c t i c a l l y  u s e f u l  
weapon, and pave t h e  way f o r  t h e  u l t i m a t e  weapon. The Ordnance 
Corps cons ide red  t h r e e  guided m i s s i l e  systems f o r  p o t e n t i a l  a n t i -  
t ank  use:  The D-40 which was under development by t h e  Department 
of t h e  Navy, t h e  French SS-10, and t h e  proposed DART which was 
similar i n  s t r u c t u r e  t o  t h e  SS-10. 

- 

6 ~ e r o j e t  Rept No. 503, 16  Mar 51, sub j  : AeroSWAT - a Pre l im 
Study of a n  AT Wpn. RSIC. 

7 ~ e p t  of  Study of  Pro j  )lo. GM-451 - M C ' s  f o r  a n  ATGX, AFF Bd 
No. 4 ,  F t  Bliss, Tex, 20 Nov 51, & App A t h e r e t o :  L t r ,  Chf, U F ,  
F t  Monroe, Va, t o  P r e s i d e n t ,  AFF Bd No. 4 ,  F t  B l i s s ,  Tex, 14  Apr 
51, s u b j :  M C f s  f o r  an  ATGM. RSIC. 

' ~ t r ,  Chf, AFF, t o  ACofS, G4, Log, D A Y  25 J an  52, s u b j :  Rept 
of P ro j  No. GN-451 - MC'S  f o r  a n  ATGPI, w i n c l .  RSIC. 



The D-40 M i s s i l e  

Commonly known as t h e  Cannonball  m i s s i l e ,  t h e  D-40 was b e i n g  
developed by t h e  Appl ied P h y s i c s  Labora to ry  under a Department of 
t h e  Navy c o n t r a c t  w i t h  f i n a n c i a l  s u p p o r t  from t h e  Ordnance Corps. 
Unl ike  t h e  torpedo-shaped b o d i e s  of i t s  con temporar ies ,  t h e  D-40 
was a s p h e r i c a l  m i s s i l e  which measured a b o u t  24 i n c h e s  i n  d i a m e t e r .  
Also u n l i k e  t h e  o t h e r  missiles, i t  was guided by means o f  a r a d i o -  
l i n k  system. The p r i n c i p a l  d i s a d v a n t a g e s  o f  t h e  D-40 were i t s  
g r e a t  weight  (300 pounds) and t h e  - v u l n e r a b i l i t y  of i t s  r a d i o  
c o n t r o l  sys tem t o  enemy countermeasures .  A l i g h t w e i g h t  v e r s i o n  
weighing abou t  150 pounds and u s i n g  w i r e  guidance was l a t e r  
developed and t e s t e d ,  b u t  t h e  a n t i t a n k  phase  o f  t h e  program was 
e v e n t u a l l y  dropped. 9 

The SS-10 Guided Missile System 

The French SS-10 missile evolved from t h e  German RuhrstahZ, o r  
X-4,  a s ingle-wing,  wire-guided,  r o l l - s t a b i l i z e d  m i s s i l e  o r i g i n a l l y  
developed as an  a i r - t o - a i r  m i s s i l e  l a t e  i n  World War 11. The 
Germans were ready  t o  b e g i n  mass p r o d u c t i o n  o f  t h e  Y-4 e a r l y  i n  
1945,  b u t  t h e i r  p l a n s  were  i n t e r r u p t e d  by c o s t l y  d e l a y s  i n  a c q u i r -  
i n g  s u i t a b l e  s o l i d - f u e l  r o c k e t  e n g i n e s  and by t h e  r e l e n t l e s s  
bombing of r e s e a r c h  and manufac tu r ing  c e n t e r s  by A l l i e d  p l a n e s .  
Recognizing t h e  p o t e n t i a l i t i e s  o f  t h e  X-4 as a s u r f a c e - t o - s u r f a c e  
a n t i t a n k  weapon, t h e  French c o n t i n u e d - i t s  development a f t e r  t h e  
w a r  ended.lO The r e s u l t a n t  p roduc t  was t h e  SS-10, a ground- 
l aunched ,  cruciform-wing m i s s i l e  a b o u t  34 i n c h e s  l o n g  w i t h  a 30- 
i n c h  wing span .  It had a g r o s s  weight  of 34 pounds and c a r r i e d  an  
8.9-pound shaped-charged warhead f o r  a n  o p e r a t i o n a l  r ange  of abou t  
1 ,500  y a r d s .  L ike  t h e  X-4, t h e  SS-10 was a n  o p t i c a l l y - g u i d e d ,  
w i r e - c o n t r o l l e d  m i s s i l e - f e a t u r e s  l a t e r  i n c o r p o r a t e d  i n  t h e  DART 
guided m i s s i l e  s y s  tern. l1 

The Ordnance Corps became i n t e r e s t e d  i n  t h e  SS-10 a s  a 
p o t e n t i a l  a n t i t a n k  weapon l a t e  i n  1951  and s u b s e q u e n t l y  s u p p o r t e d  
t h e  development program w i t h  pr imary e ~ ~ p h a s i s  on procurement ,  t e s t ,  

'(1) DART Blue Book, pp. 1-2. HDF. (2 )  OCO Bookle t ,  Weapons 
f o r  t h e  Defea t  of Armor, Vol. 4 ,  AT A c f t  & ATGFl's, Apr 53,  p .  14 .  
RS I C  . 

"RSA Tech Bept ,  Ord GM & Itkt Programs, Vol.  I X  - SS-10, 
I n c e p t i o n  t h r u  30 Jun 55,  p. 3. RSIC. 



and eva lua t ion  of t h e  system. Early i n  1952, 500 SS-10 m i s s i l e s  
and 3 s e t s  of ground equipment were procured from t h e  French 
Government f o r  use  i n  eva lua t ion  t e s t s  by t h e  Ordnance Corps a t  
Aberdeen Proving Ground, t h e  AFF Board No. 3  a t  Fo r t  Benning, 
Georgia,  and t h e  U. S. Marine Corps a t  Quantico, V i rg in i a .  The 
eva lua t ion  program began in December 1952 and cont inued u n t i l  
October 1953, when it  was d iscont inued  because of unfavorable  
t e s t  r e s u l t s .  Members of t h e  AFF Board No. 3  recommended t h a t  
t h e  SS-10 m i s s i l e ,  i n  i t s  c u r r e n t  s t a t e  of development, be con- 
s ide red  unsu i t ab l e  f o r  u se  by t h e  U. S. Army, and t h a t  f u t u r e  
French development of t h e  m i s s i l e  be c a r e f u l l y  oBserved wi th  a  
view t o  r econs ide ra t ion  of t h e  weapon i f  an improved model should 
be produced be fo re  a  comparable American weapon became a v a i l a b l e .  12 

The DART Guided M i s s i l e  System 

While t h e  foregoing  eva lua t ions  were i n  p rog res s ,  t h e  
Ordnance Corps began an i n v e s t i g a t i o n  t o  determine t h e  f e a s i b i l i t y  
of t h e  new DART m i s s i l e  system, t h e  i n i t i a l  p roposa l  f o r  which had 
been submit ted by t h e  Aerophysics Development Corporat ion i n  
November 1951. From May t o  August 1952, Aerophysics conducted 
f e a s i b i l i t y  s t u d i e s  of t h e  proposed DART system, which c o n s i s t e d  
e s s e n t i a l l y  of a  ground-launched, cruciform m i s s i l e  c a r r y i n g  a  
20-pound shaped-charge warhead capable of p e n e t r a t i n g  14 t o  16 
inches of armor w i t h i n  an e f f e c t i v e  range of 350 t o  5,280 yards .  

I n  s t r u c t u r e ,  t h e  DART m i s s i l e  would be s i m i l a r  t o ,  bu t  
l a r g e r  t han ,  t h e  SS-10. It would have an o v e r a l l  l e n g t h  of 64 
inches ,  a  wing span of 2.64 f e e t ,  and a  launching weight of about 
85 pounds. Unlike t h e  SS-10, which would be guided by w i r e  
throughout i t s  f l i g h t ,  t h e  DART would use both wire  c o n t r o l  and 
an i n f r a r e d  homing device.  S ince  t h e  DART would have a  much 
longer  range than  t h e  SS-10, a  forward observer  would c o n t r o l  i t s  
d i r e c t i o n  dur ing  much of i t s  f l i g h t ,  e i t h e r  t o  guide i t  onto a  
t a r g e t  o r  t o  a  p o i n t  where t h e  homing dev ice  could t ake  over  and 
complete t h e  mission. 

Conclusions of t h e  f e a s i b i l i t y  s t u d y ,  submit ted i n  August 
1952, i nd ica t ed  t h a t  t h e  DART m i s s i l e  system could be  developed i n  
a  s t r a igh t fo rward  manner using t h e  p r i n c i p l e s  and techniques  of 
t h e  SS-10 which was a l r e a d y  i n  t h e  advanced development s t age .13  

l3A.l3c Rept No. 106-5, 1 5  Aug 52, sub j : FS of t h e  DART AT H s l .  
?.SIC. 



Pending completion of t h e  SS-10 eva lua t ion  then  i n  p rog res s ,  t h e  
Army Chief of S t a f f ,  i n  January 1953, au tho r i zed  t h e  es tab l i shment  
of a  DART p r o j e c t  l i m i t e d  t o  component s t u d i e s  and development.14 
The promising r e s u l t s  of t h e s e  predevelopment s t u d i e s ,  t oge the r  
w i t h  unfavorable  r e s u l t s  of t h e  SS-10 eva lua t ion ,  l e d  t o  s e l e c t i o n  
of t h e  DART system t o  f u l f i l l  e x i s t i n g  requirements  f o r  an a n t i t a n k  
guided m i s s i l e .  The DART development p r o j e c t  was o f f i c i a l l y  estab-  
l i s h e d  on 27 August 1953 wi th  a  1 A  pr ior i ty .15  

Demise of t h e  DART and Adoption of t h e  SS-10 

In  i t s  proposal  of mid-August 1952, t h e  Aerophysics Develop- 
ment Corporat ion o p t i m i s t i c a l l y  p red ic t ed  t h a t  t h e  DART could be 
s u c c e s s f u l l y  developed i n  about 2  yea r s  and c o s t  l e s s  than  $1,000 
i n  l a r g e  quant i t ies .16 More than  6 yea r s  and $47 m i l l i o n  l a t e r ,  
an accep tab le  DART system was y e t  t o  be developed and produced, 
causing a  s h i f t  i n  u se r  i n t e r e s t  t o  t h e  modified SS-10 system. 

A dramatic  demonstration of t h e  improved SS-10 system i n  
P a r i s ,  France,  dur ing  June 1957, showed beyond any doubt t h a t  t he  
French had indeed achieved a  r e l i a b l e  wire-guided a n t i t a n k  m i s s i l e .  
The r e s u l t s  of t h i s  demonstrat ion were confirmed i n  U .  S .  s e r v i c e  
t e s t s  of t h e  SS-10 i n  mid-1958. I n  view of t h e  s t r e t c h o u t  i n  t h e  
DART development schedule,  e ros ion  of confidence i n  t h e  a b i l i t y  of 
t h e  c o n t r a c t o r  t o  s o l v e  b a s i c  t e c h n i c a l  problems, an e s c a l a t i o n  i n  
program c o s t s ,  and use r  s ta tements  f avo r ing  t h e  improved SS-10 over  
t h e  DART, t h e  Department of Defense approved t e rmina t ion  of t he  
DART p r o j e c t  i n  September 1958 and au tho r i zed  t h e  o f f s h o r e  pro- 
curement of s u f f i c i e n t  SS-10 systems t o  meet i n t e r i m  a n t i t a n k  
requirements  of t h e  U. S. armed fo rces .17  

The SS-10 a n t i t a n k  m i s s i l e  system was c l a s s i f i e d  Standard A 
i n  A p r i l  1959. Subsequent eva lua t ions  of t h e  improved French 
SS-11 and ENTAC wire-guided m i s s i l e s  by t h e  U. S. Army l e d  t o  
t h e i r  procurement f o r  employment a s  helicopter-mounted and ground- 
launched a n t i t a n k  systems. The ENTAC was c l a s s i f i e d  Standard k i n  

1 4 0 ~ c M  34682, 9  Apr 53. RSIC. 

150~cM 34961, 27 Aug 53. RSIC. 

1 6 ~ ~ ~  Rept No. 126, 15  Aug 52, subj  : The DART AT M s l  - Ppsl 
f o r  Dev, pp. 1-2. RSIC. 

1 7 ~ o r  a  complete h i s t o r y  of t h e  DART p r o j e c t ,  s e e  Mary T. 
Cagle, DeveZopment and Production o f  the  DART Anti tank Guided 
! ! i ss i ze  System - 1952-1959 (ARGNA, 18  Jan 6 0 ) .  



Apr i l  1961. This was fol lowed,  i n  May 1961, by r e c l a s s i f i c a t i o n  
of t h e  SS-10 t o  Standard B,  and c l a s s i f i c a t i o n  of t h e  XM-22 ( ~ ~ - 1 1 /  
UH-1B) armament subsystem a s  a  l i m i t e d  product ion item. The l a t t e r  
was approved a s  Standard A on 23 J u l y  1964.18 

Toward a  New Family of Army Anti tank Weapons 

Meanwhile, m a t e r i e l  requirements  were e s t a b l i s h e d  f o r  a  fami ly  
of advanced weapons t o  counter  t h e  most formidable enemy armor 
a n t i c i p a t e d  on t h e  b a t t l e f i e l d  i n t o  t h e  1970's .  Among t h e s e  were 
s p e c i f i c  requirements  f o r  a  d i r e c t - f i r e  combat v e h i c l e  armament 
weapon us ing  a  m i s s i l e  w i t h  command guidance; a  manportable,  
shoulder-launched l i g h t  a n t i t a n k  weapon (LAW) t o  r e p l a c e  t h e  3.5- 
inch  rocke t - f i r i ng  Bazooka and t h e  a n t i t a n k  r i f l e  grenade; a  heavy . 

a n t i t a n k l a s s a u l t  weapon (HAW) t o  r e p l a c e  t h e  106mm r e c o i l l e s s  
r i f l e  and t h e  French wire-guided a n t i t a n k  systems; and a  medium 
a n t i t a n k  weapon (MAW) t o  r e p l a c e  t h e  90mm r e c o i l l e s s  r i f l e  and 
b r idge  t h e  range gap between t h e  300-meter LAW and t h e  2,000-netsr 
HAW. 19 

One by one, t h e s e  weapons took t h e i r  p l ace  i n  t h e  Army's 
. a r sena l  of o p e r a t i o n a l  a n t i t a n k  systems, adding a  major new 
dimension t o  tank  warfare .  The M72 LAW, c o n s i s t i n g  of a  66mm HEAT 
rocke t  and launcher ,  reached t h e  f i e l d  i n  1963, followed by t h e  
SHILLELAGH combat v e h i c l e  armament system i n  1967. The Tube- 
launched * t ica l ly- t racked  Wire-guided (TOW") heavy a n t i t a n k 1  
a s s a u l t  weapon became o p e r a t i o n a l  i n  September 1970, i n i t i a l l y  
r ep l ac ing  t h e  M40 1 0 6 m  r e c o i l l e s s  r i f l e  and French ENTAC system, 
and l a t e r  t h e  h e l i c o p t e r  adap ta t ion  of t h e  French SS-11 system. 
The 750-meter DRAGON medium a n t i t a n k l a s s a u l t  weapon began rep lac-  
i n g  t h e  90mm r e c o i l l e s s  r i f l e  e a r l y  i n  1975.20 

* 
The a c t i o n  au tho r i z ing  t h e  f e a s i b i l i t y  s tudy  phase of t h e  p r o j e c t  
e a r l y  i n  1962 s t a t e d  t h a t  t h e  term "TOW" was an  acronym f o r  t h e  
H A W  system r a t h e r  than  an approved name. (OTCM 38004, 22 Yar 62. 
RSIC.) The weapon system was never assigned a  popular  name, how- 
eve r ,  and it came t o  be known simply a s  t h e  TOW. 

l8 (1) OCO TIR CD-5, Oct 60, sub j  : Dev of AT Clpns, pp. 31-32, 
& Suppl I, Oct 61, pp. 3-4. RSIC. (2) DF, AT/Acft Wpns Cmdty Ofc, 
YICOM, t o  Distr, 29 J u l  64, s u b j :  Std A TCUS of t h e  M22 A r m t  Sys. 
HDF . 

S t a f f  Study, 9  Aug 65, subj  : Exam of AT Devs. HDF. 

20 (1) B i d .  (2) Wpn Sys H i s t  Pepts  & Chronologies.  BDF. 



The TOW a n t i t a n k  weapon sys tem i s  r e c o g n i z e d  a s  one  of t h e  
most s u c c e s s f u l  weapons e v e r  developed by t h e  Army M i s s i l e  Con-mand. 
Its e f f e c t i v e n e s s  a g a i n s t  t a n k  and p o i n t  t a r g e t s  was d r a m a t i c a l l y  
demons t ra ted  i n  South  Vietnam d u r i n g  t h e  s p r i n g  of  1972,  when i t  
became t h e  f i r s t  Army guided m i s s i l e  t o  be f i r e d  i n  combat by 
American s o l d i e r s .  It i s  t h e  development,  p r o d u c t i o n ,  and deploy-  
ment of t h e  TOW t o  which t h i s  s t u d y  now t u r n s .  



CHAPTER 11 

(U)  PREDETJELOPMENT STUDIES 

Studies  l ead ing  t o  t h e  i n i t i a t i o n  of TOW/HAW development 
began i n  J u l y  1958, j u s t  be fo re  te rmina t ion  of t h e  DART p r o j e c t  
and o f f s h o r e  procurement of t h e  French SS-10 system f o r  i n t e r i m  
use. Because t h e  s t a t e  of t h e  a r t  wi th  r e s p e c t  t o  heavy a n t i t a n k /  
a s s a u l t  weapons was n o t  p r e c i s e l y  known i n  1958, t h e  i n i t i a l  
Q u a l i t a t i v e  Mater ie l  Requirement (QMR) f o r  t h e  long range  t ime 
per iod  was w r i t t e n  i n  genera l  terms. The QMR, approved by t h e  
Chief of Research and Development on 11 J u l y  1958, s p e c i f i e d  a  
need f o r  a  heavy a n t i t a n k l a s s a u l t  weapon capable of provid ing  a  
h igh  f i r s t - round  h i t  p r o b a b i l i t y  a t  a l l  ranges up t o  2,000 meters 
and of being opera ted  from t h e  ground, from a  v e h i c l e ,  o r  from a  
s u i t a b l e  Army h e l i c o p t e r .  The H A W  system would be organic  t o  t h e  
combat group and be used p r i m a r i l y  t o  d e f e a t  armor and o t h e r  
m a t e r i e l  t a r  e t s  and emplacements l i k e l y  t o  be encountered i n  t h e  
b a t t l e  a rea .?  This i n i t i a l  QMR served a s  a  genera l  guide i n  sub- 
sequent  pre l iminary  s t u d i e s  and suppor t ing  r e sea rch ,  bu t  i t  lacked 
s u f f i c i e n t  d e f i n i t i o n  t o  provide  t h e  b a s i s  f o r  s p e c i f i c  system 
development. 

Prel iminary S tud ie s  of t h e  HAW Problem 

In  t h e  f a l l  of 1958, a f t e r  c a n c e l l a t i o n  of t h e  DART p r o j e c t ,  
t h e  Chief of Ordnance e s t a b l i s h e d  an  Ad Hoc Working Group t o  s tudy  
t h e  H A W  problem and t o  recommend an  o r d e r l y  development program 
l ead ing  t o  system a v a i l a b i l i t y  by t h e  1965-66 per iod .  Af t e r  an 
ex tens ive  i n v e s t i g a t i o n  of t h e  s t a t e  of t h e  a r t ,  t h e  group con- 
cluded t h a t  t h e r e  was no s i n g l e  weapon system whose f e a s i b i l i t y  
was then  e s t a b l i s h e d  which could meet t h e  HAW requirement .  The 
Ad Hoc Working Group thus  recommended t h a t  t he  development of a  
system t o  meet t h e  HAW requirement be  de fe r r ed  f o r  about  2  y e a r s ,  
dur ing  which t ime t h e  program would c o n s i s t  of vigorous suppor t ing  
r e sea rch  of guidance schemes l ead ing  u l t i m a t e l y  t o  homing systems, 
and f i e l d  t e s t s  t o  eva lua t e  performance of fo re ign  man-guided 

'(1) CDOG, Para 237b ( l o ) ,  11 J u l  58. (2) L t r ,  CG,  CONARC, 
t o  CRD, DA, 19 Mar 58, s u b j :  QMR f o r  H A W  Sys ( s ) .  (3) L t r ,  CRD, 
DA, t o  CG,  CONARC, 17 J u l  58, s u b j :  QKR f o r  HAW. A l l  i n  BSIC 
(CDOG F i l e ) .  



a n t i t a n k  guided m i s s i l e  sys tems  .2 

During t h e  1959-61 p e r i o d ,  t h e  U. S. Army e v a l u a t s d  a number 
o f  f o r e i g n  a n t i t a n k  sys tems ,  i n c l u d i n g  t h e  French SS-11 and ENTAC, 
t h e  German COBRA, t h e  B r i t i s h  VIGILANT and SWINGFIRE, t h e  Swiss 
MOSQUITO, and t h e  Swedish BANTAM. This  e f f o r t  l e d  t o  s e l e c t i o n  
o f  t h e  SS-11 and ENTAC man-control led ,  wire-guided m i s s i l e  sys tems 
f o r  employment as hel icopter-mounted and ground-launched a n t i t a n k  
sys tems ,  r e s p e c t i v e l y ,  d u r i n g  t h e  mid-term p e r i o d .  These weapons, 
t o g e t h e r  w i t h  t h e  106mm r e c o i l l e s s  r i f l e ,  would f u l f i l l  t h e  a n t i -  
t a n k  r e q u i r e m e n t s  o f  U .  S. combat u n i t s  pending a v a i l a b i l i t y  of 
t h e  long-term HAW sys tem.  3 

The 2-year s u p p o r t i n g  r e s e a r c h  program, approved by t h e  Chief 
o f  Research and Development on 25 June  1959,  was accorded  1 A  p r i -  
o r i t y ;  It prov ided  f o r  t h e  f u l l  e x p l o i t a t i o n  of p r i n c i p l e s  and 
t e c h n i q u e s  n e c e s s a r y  f o r  t h e  d e s i g n  and e v a l u a t i o n  of v a r i o u s  
guidance and c o n t r o l  schemes. Pr imary emphasis would be  p l a c e d  
on t h e  g e n e r a t i o n  of d e s i g n  d a t a  r e l a t i n g  t o  t h e  d e t e c t i o n  of 
d i s s i m i l a r  m i l i t a r y  t a r g e t s  and t h e  u s e  o f  s e n s o r y  d e v i c e s  i n  
t h e  d e t e r m i n a t i o n  and t r a n s l a t i o n  of i n t e l l i g e n c e  t o  c o n t r o l  
m i s s i l e  mechanisms s o  t h a t  c o n t i n u a l  gu idance  would be  p rov ided  
from t h e  p o i n t  of l a u n c h  t o  impact ,  The r e s p o n s i b i l i t y  f o r  
s u p e r v i s i o n  and d i r e c t i o n  of t h e  program was a s s i g n e d  t o  t h e  
B a l l i s t i c  Research L a b o r a t o r i e s  (BRL), Aberdeen Prov ing  Ground, 
Maryland. The e s t i m a t e d  c o s t  of t h e  program f o r  FY 1960-61 was 
$1.5 m i l l i o n . 4  

After a n  examina t ion  of t h e  new guidance and c o n t r o l  schemes 
i n v e s t i g a t e d  d u r i n g  t h e  s u p p o r t i n g  r e s e a r c h  program, BRL concluded 
t h a t  a l l  o b j e c t i v e s  o f  t h e  HAW requ i rement  c o u l d  n o t  be  m e t ,  
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  a n  i n d i r e c t  f i r e  c a p a b i l i t y  and 
f i r i n g  from a n  a i r c r a f t .  It appeared ,  however, t h a t  t h e r e  were 
s e v e r a l  approaches  t o  a t u b e  l aunched ,  a u t o m a t i c a l l y  o p t i c a l l y  
t r a c k e d ,  w i r e  command l i n k  m i s s i l e  (TOW) which gave s u f f i c i e n t  
promise  o f  s u c c e s s  and s u f f i c i e n t  i n c r e a s e  i n  performance o v e r  
t h e  mid-term weapons t o  w a r r a n t  i n i t i a t i o n  of p r e l i m i n a r y  eng i -  
n e e r i n g  d e s i g n  l e a d i n g  t o  sys tem development.  The mid-term o r  
f i r s t  g e n e r a t i o n  a n t i t a n k  weapons (SS-11 and ENTAC) d i f f e r e d  from 

2~~~ Xemo Rept No. 1365,  Sep 61,  s u b j :  A Study o f  HAW ( l o n g  
Rg Time P e r i o d ) ,  p. 13.  (Th is  r e v i s e d  e d i t i o n  superseded  BRL TN 
1417 d a t e d  J u l y  1961.)  RSIC. 

3 (1)  a i d .  (2)  OTCM 38004, 22 Mar 62. RSIC. (3 )  OCO TIR 
CD-5, Oct 60,  pp. 31-32, & Suppl I ,  Oct 61,  pp.  3-4. RSIC. 

4 0 ~ ~ ~  37108, 25 Jun 59. RSIC. 



t h e  TOW concep t  i n  t h a t  t h e y  r e l i e d  on human o p e r a t o r  c o n t r o l  and 
had s m a l l e r  warheads,  l a r g e r  minimum r a n g e s ,  and lower h i t  and 
k i l l  p r o b a b i l i t i e s .  BRL t h e r e f o r e  recommended t h a t  work be 
i n i t i a t e d  on  t h e  e n g i n e e r i n g  d e s i  n  of a  new H A W  sys tem incorpo-  
r a t i n g  t h e  b a s i c  f e a t u r e s  of TOW. 5 

O r i g i n  of t h e  I n f r a r e d  Command Guidance Concept 

The a u t o m a t i c  i n f r a r e d  command guidance concep t  on  which t h e  
TOW/HAIJ sys tem was based evolved from a n  in-house r e s e a r c h  e f f o r t  
begun a t  Redstone A r s e n a l  i n  1957. It was f i r s t  sugges ted  i n  
January  1957 as a guidance approach f o r  a n  a rmor-defea t ing  m i s s i l e  
i n  c o n n e c t i o n  w i t h  P r o j e c t  WHIP ( t h e  p o p u l a r  name g iven  t o  s t u d i e s  
of a n  a s s a u l t  weapon sys tem) .  The concep t  was t h e n  proposed i n  
February  1957 as a s o l u t i o n  t o  t h e  DART c a p t u r e  problem, b u t  t h e  
p r o j e c t  was c a n c e l l e d  w h i l e  c o n s i d e r a t i o n  was be ing  g i v e n  t o  t h e  
new approach.  The i n f r a r e d  command u n i t  was a g a i n  sugges ted  i n  
1958 f o r  t h e  d i r e c t  f i r e  a n t i t a n k  weapon which l a t e r  became t h e  
SHILLELAGH combat v e h i c l e  weapon system. The concep t  of a u t o m a t i c  
command gu idance  f o r  a n t i t a n k  weapons had t h u s  begun t o  t a k e  shape  
when p r e l i m i n a r y  s t u d i e s  of t h e  HAW problem commenced i n  1958. 

It o c c u r r e d  t o  l a b o r a t o r y  p e r s o n n e l  t h a t  i n f a n t r y  a n t i t a n k  
m i s s i l e s ,  such  as t h e  SS-10 and SS-11, s u f f e r e d  i n  performance 
p o t e n t i a l  because  t h e y  were manual ly  t r a c k e d  and guided and 
r e q u i r e d  h i g h l y  s k i l l e d ,  h i g h l y  t r a i n e d  o p e r a t o r s .  The i n f r a r e d  
command u n i t ,  i f  s u c c e s s f u l l y  developed f o r  t h e  i n f a n t r y  a n t i t a n k  
r o l e ,  cou ld  perform a u t o m a t i c a l l y  t h e  m i s s i l e  t r a c k i n g  and cornand 
f u n c t i o n s ,  l e a v i n g  t h e  o p e r a t o r  t h e  s i m p l e r  t a s k  of t a r g e t  t r a c k i n g .  
The M i s s i l e  E l e c t r o n i c s  Labora to ry  of t h e  Ordnance M i s s i l e  Labora- 
t o r i e s  submi t t ed  t h e  f i r s t  fo rmal  p r o p o s a l  f o r  a u t o m a t i c  comzand 
guidance f o r  a n  i n f a n t r y  a n t i t a n k  m i s s i l e  on 3 1  March 1959. T h i s  
p r o p o s a l  con ta ined  a d e t a i l e d  concep t  f o r  implementat ion and l a t e r  
se rved  as t h e  b a s i s  f o r  a p a t e n t  i n  t h e  names of Nicho las  J .  
Mangus, W i l l i a m  B. KcKnight, and Lonnie N. ~ c ~ l u s k ~ .  I t  was 

J 
BRL Memo Rept  No. 1365, Sep 61, op. c i t . ,  pp. 104-106, 108.  

RSIC. 

(1 )  ARGMA Rept ,  DOD Study P r o j  ?lo. 97, 9  Aug 61, s u b j  : The 
Role  o f  ARGMA In-House Labs i n  Army Programs. HDF. (2) AF.GFA S e p t  
TRlFZR, 20 Nov 58, s u b j :  A Review of I R  I n f o  Appl t o  M s l  Guidn. 
RSIC. (3 )  SHIL GM Sub-Sys P l a n ,  ARGMA MSP-7, 3 1  hug 59. HDF. 

(1 )  P p s l  f o r  Auto Cond Guidn, 3 1  Y a r  59. RSIC. (2) U. S. 
P a t e n t  3,366,346, Remote M s l  Comd Sys,  30 J a n  68. HDF. 



fo l lowed ,  i n  February  1960, by a  p r o p o s a l  f o r  development of t h e  
i n f r a r e d  command u n i t  f o r  wire-guided a n t i t a n k  m i s s i l e s . 8  

Design and development of t h e  a u t o m a t i c  guidance sys tem was 
i n i t i a t e d  a s  an  in-house program a t  t h e  Army Rocket and Guided 
Missile Agency (ARGMA), Redstone A r s e n a l ,  Alabama, i n  February  
1960. F e a s i b i l i t y  f l i g h t  tests of  t h e  u n i t  began i n  November 
1960, u s i n g  breadboard hardware  and SS-11 missiles. On 7 December 
1960, ARGMA demonstra ted t h e  f e a s i b i l i t y  o f  t h e  sys tem a t  Redstone 
Arsena l  f o r  r e p r e s e n t a t i v e s  o f  t h e  O f f i c e ,  Chief of Ordnance (OCO), 
t h e  I n f a n t r y  Board, t h e  I n f a n t r y  School ,  t h e  A v i a t i o n  Board,  t h e  
Armored Board, and o t h e r  Ordnance i n s t a l l a t i o n s .  L a t e r  i n  Decem- 
b e r  1960, f u r t h e r  p r e s e n t a t i o n s  were  made t o  OCO and DA S t a f f  
e lements .  The B a l l i s t i c  Research L a b o r a t o r i e s  a l s o  fo l lowed  t h e  
e x p l o r a t o r y  e f f o r t  w i t h  much i n t e r e s t  and,  a s  n o t e d  above,  subse- 
q u e n t l y  judged t h a t  a  v e r y  c o s t  e f f e c t i v e  KAW system would r e s u l t  
from t h e  a p p l i c a t i o n  o f  a u t o m a t i c  command guidance t echnology  t o  
a  new system, t h e  e s s e n t i a l  c h a r a c t e r i s t i c s  o f  which would b e  a  
d i r e c t - f i r e  missile t h a t  would b e  t u b e  l aunched ,  o p t i c a l l y  t r a c k e d ,  
and command guided by a  w i r e  l i n k  (TOW). 

B r i e f l y ,  t h e  gunner ' s  o n l y  t a s k  would b e  t o  t r a i n  t h e  c r o s s -  
h a i r s  o f  h i s  o p t i c a l  s i g h t  on t h e  t a r g e t ,  t h e n  p r e s s  t h e  t r i g g e r  
t o  l a u n c h  t h e  missile. I n  f l i g h t ,  t h e  missile would u n r e e l  two 
h a i r - t h i n  w i r e s  from i n t e r n a l  bobbins  through which s t e e r i n g  
s i g n a l s  would be  t r a n s m i t t e d .  Missile p o s i t i o n  w i t h  r e s p e c t  t o  
t h e  l i n e  o f  s i g h t  would be  e s t a b l i s h e d  a f t e r  i n f r a r e d  s i g n a l s  
from a  s o u r c e  on t h e  missile were  r e c e i v e d  by a  s e n s o r  a t  t h e  
l a u n c h  s i te .  S i g n a l s  from t h e  i n f r a r e d  s e n s o r  would b e  p r o c e s s e d  
by e l e c t r o n i c  equipment and c o n v e r t e d  i n t o  azimuth and e l e v a t i o n  
d a t a .  The missile p o s i t i o n  w o h d  t h e n  b e  compared t o  t h e  l i n e  of 
s i g h t  o f  t h e  g u n n e r ' s  s c o p e  and a p p r o p r i a t e  p i t c h  and yaw commands 
would be  a u t o m a t i c a l l y  t r a n s m i t t e d  t o  t h e  missile o v e r  t h e  w i r e  
l i n k  t o  b r i n g  t h e  two t 0 ~ e t h e r . 9  

F e a s i b i l i t y  S t u d i e s  o f  t h e  TOW/HAW System 

At t h e  b e h e s t  o f  t h e  Army Chief o f  Research and Development, 

8AR~MA Rept TRlFSR, 25 Feb 60, s u b j  : P p s l  f o r  Dev of IR Comd 
Uni t  f o r  Wire-Guided AT M s l .  RSIC. 

'(1) ARGMA H i s t  Sums, 1 J a n  - 30 Jun  60 ,  pp. 157-55; 1 J u l  - 
3 1  Dec 60, pp. 145-46; & 1 J a n  - 30 Jun  61,  pp. 166-67. ( 2 )  NICOM 
H i s t  Sum, FY 63, pp. 146-47. 



OCO submi t t ed  a p l a n ,  on 25 September 1961,  c a l l i n g  f o r  in-house 
and c o n t r a c t o r  s t u d i e s  t o  p rove  t h e  f e a s i b i l i t y  o f  t h e  TOW sys tem 
b e f o r e  i n i t i a t i n g  a l a r g e  and c o s t l y  development program. The 
A s s i s t a n t  S e c r e t a r y  o f  t h e  Army (R&D) and S e c r e t a r y  o f  Defense  
e n t h u s i a s t i c a l l y  approved t h e  p l a n  on 1 6  October  1961  and  a u t h o r -  
i z e d  i t s  implementat ion on a h i g h  p r i o r i t y  b a s i s .  

I n  view of  t h e  urgency and t o p  l e v e l  i n t e r e s t  a s s o c i a t e d  w i t h  
t h e  TOTJIHAW program, t h e  Chief of Ordnance a u t h o r i z e d  c e r t a i n  
d e v i a t i o n s  f rom normal p rocedure .  I n i t i a l  development would 
c o n s i s t  o f  s e v e r a l  c o n t r a c t o r  c o m p e t i t i v e  d e s i g n  programs and a 
p a r a l l e l  in-house e f f o r t ,  which would b e  e v a l u a t e d  a t  t h e  end of 
6  months i n  a sys tem f e a s i b i l i t y  demons t ra t ion .  I n s t e a d  of naming 
one  o f  t h e  commodity commands as weapon sys tem manager,  t h e  Chief 
of Ordnance a s s i g n e d  h i s  Chief of Research  and Development t h e  
r e s p o n s i b i l i t y  f o r  d i r e c t i ~ n  and s u p e r v i s i o n  of b o t h  t h e  c o n t r a c t o r  
and in-house e f f o r t .  These programs would b e  pursued on a competi-  
t i v e  b a s i s  u n t i l  t h e  f e a s i b i l i t y  d e m o n s t r a t i o n s ,  when t h e  sys tem 
p r o p o s a l s  would b e  c r i t i c a l l y  compared and a winner  s e l e c t e d  f o r  
comple t ion  o f  development and p r o d u c t i o n .  I n d i c a t i n g  h i s  i n t e n t i o n  
t o  make maximum u s e  o f  t h e  t o t a l  c a p a b i l i t i e s  of t h e  Corps f o r  t h e  
in-house e f f o r t ,  LTG J. H. H i n r i c h s  d e c l a r e d :  

. . . This  is  indeed o u r  o p p o r t u n i t y  t o  demons t ra te  t o  
a l l  t h e  c a p a b i l i t i e s  o f  t h e  Ordnance Corps f o r  o r d e r l y  
s u p e r v i s i o n  o f  a p r i o r i t y  program, as w e l l  as demon- 
s t ra te  o u r  in-house t e c h n i c a l  c a p a b i l i t y .  Time i s  
s h o r t  - - t h e  c o m p e t i t i o n  is  s t i f f  - - l e t ' s  e s t a b l i s h  
a r e c o r d  i n  t i m e ,  d o l l a r s  and u a l i t y  which w i l l  b e  a 
c r e d i t  t o  t h e  Ordnance Corps. 18 
An in-house e f f o r t  i n  t h e  TOW f e a s i b i l i t y  e x e r c i s e  was con- 

s i d e r e d  e s s e n t i a l  s o  t h a t  a n  independen t  y a r d s t i c k  would b e  
a v a i l a b l e  a g a i n s t  which t h e  c o n t r a c t o r  programs cou ld  b e  e v a l u a t e d  
and s o  t h a t  in-house p e r s o n n e l  would b e  a b l e  t o  p r o v i d e  informed 
t e c h n i c a l  s u p e r v i s i o n  of t h e  development program scheduled  t o  
b e g i n  i n  FY 1963. The in-house management group,  e s t a b l i s h e d  on 
2  October  1961,  was p h y s i c a l l y  l o c a t e d  a t  t h e  Diamond Ordnance 
Fuze L a b o r a t o r i e s  and r e p o r t e d  d i r e c t l y  t o  t h e  Chief of Research 
and Development, OCO. The rmnagement group c o n s i s t e d  of f o u r  

''(1) OCO C i r  L t r  l o .  408-61, CofOrd t o  CG,  AOMC, e t  al. , 
25 Oct 61,  s u b j :  HAWITOW Dev Program. (2) Also s e e  DF C m t  82, 
CofOrd t o  CRD, DAY 1 0  J a n  62 ,  s u b j :  Pre-Awd Bfg on RDTE Contr  - 
(TOW) . Both i n  R E ?  Bx 13-168. 



f u l l - t i m e  members and one par t - t ime  member.11 

During a mee t ing  h e l d  a t  BRL on 17  October 1961 ,  40 i n d u s t r i a l  
f i r m s  were  b r i e f e d  on t h e  TOW s p e c i f i c a t i o n s  and  i n v i t e d  t o  gener- 
a te ,  on an  unfunded b a s i s ,  complete  concept  sys tems and t o  p ropose  
programs l e a d i n g  t o  t h e  development of t h e i r  c o n c e p t s .  E igh teen  
p r o p o s a l s  were  r e c e i v e d  by 30 November 1961. From 11 December t o  
1 5  December 1961, t h e  TOW e v a l u a t i o n  p a n e l  m e t  a t  BRL t o  rev iew 
t h e  p r o p o s a l s .  The p a n e l  c o n s i s t e d  o f  t h e  f o l l o w i n g  p e r s o n s :  

D r .  
M r .  
Mr. 
D r .  
D r .  
D r .  

The 
o r d e r  of 

M. J. Zucrow, Chairman, Purdue U n i v e r s i t y  
David Hard i son ,  B a l l i s t i c  Research L a b o r a t o r i e s  
Harry  Reed, Jr . ,  B a l l i s t i c  Research L a b o r a t o r i e s  
Anthony F e r r i ,  Brooklyn P o l y t e c h n i c  I n s t i t u t e  
M a r t i n  Goland, Southwest Research I n s t i t u t e  
Glen W i l l i a m s ,  Massachuse t t s  I n s t i t u t e  o f  Technology 

companies c o n s i d e r e d  t o  have t h e  b e s t  p r o p o s a l s ,  i n  t h e  
t h e i r  r ank ing ,  were t h e  Hughes A i r c r a f t  Company, t h e  

.rt i n  M a r i e t t a  C o r p o r a t i o n ,  and  t h e  McDonnell A i r c r a f t  Company. l2 
On 1 0  January  1962,  each  o f  t h e s e  companies r e c e i v e d  a $500,000 
c o n t r a c t  t o  d e s i g n  and f a b r i c a t e ,  i n  a 6-month p e r i o d ,  p r o t o t y p e  
hardware a d e q u a t e  f o r  t h e  f l i g h t  demons t ra t ion  of t h e  t e c h n i c a l  
f e a s i b i l i t y  of i t s  proposed TOW missile concep t .  A l l  c o s t s  i n  
e x c e s s  of $500,000 were funded by t h e  r e s p e c t i v e  c o n t r a c t o r s .  The 
p a r a l l e l  in-house e f f o r t  was i n i t i a l l y  funded f o r  $500,000, b u t  
t h i s  was la ter  r a i s e d  t o  $700,000. Each c o m p e t i t o r  was t o  d e l i v e r  
a minimum of  f o u r  rounds  f o r  t h e  f e a s i b i l i t y  d e m o n s t r a t i o n  a t  
Aberdeen Prov ing  Ground between 1 0  and 20 J u l y  1962. 

The p r e l i m i n a r y  p l a n  f o r  development c a l l e d  f o r  comple t ion  o f  
t h e  f e a s i b i l i t y  s t u d y  phase  ( f o u r  approaches )  d u r i n g  t h e  f i r s t  
q u a r t e r  o f  FY 1963,  complet ion o f  component development and engi-  
n e e r i n g  d e s i g n  (one approach)  i n  t h e  t h i r d  q u a r t e r  of FY 1964,  
conduct  o f  t h e  e n g i n e e r i n g  s e r v i c e  tests d u r i n g  t h e  p e r i o d  January  
t o  December 1964, t y p e  c l a s s i f i c a t i o n  of t h e  sys tem d u r i n g  t h e  
t h i r d  q u a r t e r  o f  FY 1965,  and d e l i v e r y  o f  t h e  o p e r a t i o n a l  sys tem 
d u r i n g  t h e  l a s t  q u a r t e r  of CY 1965. The p r o j e c t e d  development 

"(1) Ord Opng Pro f o r  Conduct of HAW Dev -- A Con Exper,  20 
Sep 61. (2)  OCO R&D Div Rept ,  1 May 62,  s u b j :  In-House TOW. Both 
i n  RFA Bx 13-168. 

"(1) MFR, LTC Roy E. Rayle ,  OCO R&D Div, 1 5  Dec 61,  s u b j  : 
V i s i t  t o  BRL re TOW 1 4  Dec 61. (2 )  DF, C m t  #2 ,  CofOrd t o  CRD, DA, 
1 0  J a n  62 ,  s u b j :  Pre-Awd Bfg on RDTE Contr  - TOW. Both i n  RFA Bx 
13-168. 



c o s t  as of  A p r i l  1962 was as follows:13 

The t e n t a t i v e  t e c h n i c a l  c h a r a c t e r i s t i c s  f o r  t h e  TOW sys tem,  
approved i n  March 1962,  s p e c i f i e d  a requ i rement  f o r  a f i r s t - r o u n d  
h i t  p r o b a b i l i t y  o f  0.9 a t  r a n g e s  o f  from n e a r  z e r o  t o  1 ,500  meters, 
and 0.75 from 1,500 t o  2,000 meters, w i t h  a d e s i r e d  p r o b a b i l i t y  of 
0.9 o v e r  t h e  e n t i r e  2,000-meter range .  A weapon sys tem r e l i a b i l i t y  
o f  a t  least 95 p e r c e n t  was r e q u i r e d .  Three  k i n d s  of ammunition 
were  t o  b e  provided:  an  a n t i t a n k  m i s s i l e  (wi th  5.95-inch d i a m e t e r  
warhead weighing abou t  1 4  pounds) ,  a s o f t - t a r g e t  round,  and a 
chemical  round. The t a c t i c a l  TOW system was t o  b e  c a p a b l e  o f  b e i n g  
mounted on  and f i r e d  from a l i g h t l y  armored t r a c k e d  v e h i c l e ,  a n  
unarmored v e h i c l e ,  t h e  ground, o r  a h e l i c o p t e r ,  i f  f e a s i b l e .  The 
o v e r a l l  we igh t  of t h e  sys tem was n o t  t o  exceed 200 pounds,  of 
which 160 pounds would be  f o r  t h e  weapon, f i r e  c o n t r o l  sys tem,  and 
mount, and 40 pounds f o r  t h e  round o f  ammunition. The d e s i r e d  
o v e r a l l  sys tem w e i g h t ,  however, was 150 pounds. 1 4  

During t h e  f i r s t  mee t ing  o f  t h e  TOW C o o r d i n a t i n g  Group on 1 8  
A p r i l  1962, t h e  r e p r e s e n t a t i v e  o f  t h e  O f f i c e ,  Chief of Research 
and Development (OCRD), Department o f  t h e  Army, r e q u e s t e d  OCO t o  
i n v e s t i g a t e  t h e  e f f e c t  o f  i n c r e a s i n g  t h e  r a n g e  o f  t h e  TOW system.  
The Deputy Chief o f  S t a f f  f o r  M i l i t a r y  O p e r a t i o n s  (DCSOPS) and 
OCRD appeared  t o  f a v o r  a n  i n c r e a s e  i n  t h e  e f f e c t i v e  r a n g e ,  w h i l e  
OCO and t h e  I n f a n t r y  Board opposed t h e  e x t e n s i o n  because  of t h e  
p o s s i b l e  i n c r e a s e  i n  we igh t  and complex i ty .  A b r i e f  s t u d y  i n d i -  
c a t e d  t h a t  a range  e x t e n s i o n  from 2,000 t o  3,000 meters would 
indeed r e s u l t  i n  a s i g n i f i c a n t  i n c r e a s e  i n  b o t h  we igh t  and 
complexi ty .  For t h e  McDonnell and in-house missiles, which used 
s i d e  t h r u s t e r s ,  i t  was e s t i m a t e d  t h a t  8 pounds a d d i t i o n a l  we igh t  
would b e  r e q u i r e d  f o r  e a c h  500 m e t e r s  i n c r e a s e  i n  r a n g e .  For  t h e  
Hughes and Mar t in  missiles, which d i d  n o t  u s e  s i d e  t h r u s t e r s ,  i t  

1 3 ( 1 )  Cur r  S t a  o f  TOW Program, 20 Apr 62,  by LTC Roy E. Ray le ,  
OCO R&D Div,  w Char t  1, TOW Dev Program, & Chart  2 ,  Planned RDTE 
TOW Funds. (2)  DF, C m t  #2, CofOrd t o  CRD, DA, 1 5  J a n  62,  s u b j  : 
F u t u r e  H A W  (TOW) Sys Dev Program. Both i n  RHA Bx 13-168. 

l4 (1) AMC TIR CD-5, Suppl  11, Nov 62,  p. 2 .  RSIC. (2)  Also 
see DF, CofOrd t o  CRD , DA, 8 Mar 62,  sub j : Revised QFR f o r  HAW 
(Long Rg). RHA Bx 13-168. 



was es t imated  t h a t  a t  l e a s t  5  pounds a d d i t i o n a l  weight would be 
r equ i r ed  f o r  each 500 meters  i n c r e a s e  i n  range.  This  added weight 
stemmed from t h e  need f o r  a  l a r g e r  f l a r e  and l a r g e r  b a t t e r y  t o  
power t h e  f l a r e ,  1 t o  2  pounds of a d d i t i o n a l  w i r e ,  a  l a r g e r  and 
heav ie r  power source  f o r  c o n t r o l  a c t u a t i o n ,  and a d d i t i o n a l  motor 
p r o p e l l a n t .  The c i t e d  weight  v a r i a t i o n s  would be from a base 
weight of 40 t o  55 pounds f o r  t h e  v a r i o u s  TOW m i s s i l e s  under 
cons ide ra t i on .  A f i n a l  d e c i s i o n  on t h e  range  i n c r e a s e  would be 
made fo l lowing  t h e  f e a s i b i l i t y  demonstrat ions.  15 

I n  May 1962, ques t i ons  w e r e  r a i s e d  r ega rd ing  t h e  p r i o r i t y  of 
v e h i c l e s  which might c a r r y  t h e  TOW. S p e c i f i c a l l y ,  t h e r e  was a  
ques t ion  a s  t o  t h e  r e l a t i v e  p r i o r i t y  between l i g h t  wheeled v e h i c l e s  
more commonly used by i n f a n t r y  u n i t s  and l i g h t  armored v e h i c l e s  
more comon ly  used by armored u n i t s .  Among t h e  l i g h t  wheeled 
v e h i c l e s ,  t h e r e  was a  ques t i on  of r e l a t i v e  p r i o r i t y  of t h e  s t anda rd  
114-ton and 314-ton v e h i c l e s  and t h e  1 114-ton v e h i c l e  then  under 
development. Among t h e  l i g h t  armored v e h i c l e s ,  t h e  ques t i on  per- 
t a i n e d  t o  t h e  Ml13, t h e  M116, and t h e  T114. Rather  than adv i se  
t h e  c o n t r a c t o r s  t h a t  TOW must work e q u a l l y  w e l l  from a l l  t h e s e  
v e h i c l e s ,  t h e  Chief of Ordnance r eques t ed  guidance on t h e  ma t t e r  
of p r i o r i t y  i n  c a s e  t h e r e  were t e c h n i c a l  c o n s i d e r a t i o n s  under 
which one a p p l i c a t i o n  must be  favored over  another .  While i t  was 
considered premature t o  e s t a b l i s h  d e f i n i t i v e  v e h i c l e  requirements  
f o r  mounting t h e  TOW, DCSOPS r u l e d  o u t  t h e  314-ton wheeled v e h i c l e  
and t h e  MI16 l i g h t  armored t r acked  v e h i c l e .  For p lanning  purposes ,  
cons ide ra t i on  would be given t o  t h e  MI51 114-ton o r  t h e  new 1 114- 
t o n  wheeled v e h i c l e s  and t h e  l a 1 3  o r  TI14 t r acked  v e h i c l e s .  A s  t o  
a  p r e f e r ence  between wheeled and t racked  v e h i c l e s ,  DCSOPS i n d i c a t e d  
t h a t  bo th  a p p l i c a t i o n s  would be  impor tan t ,  t h e  t racked  v e h i c l e s  f o r  
u se  by armored f o r c e s  i n  Europe and t h e  wheeled v e h i c l e s  f o r  use by 
a i r b o r n e  t r o o p s  anywhere . I 6  

TOW F e a s i b i l i t y  Demonstration 

The primary o b j e c t i v e  of t h e  TOIJ f e a s i b i l i t y  demonstrat ion 
f i r i n g s  a t  Aberdeen Proving Ground (APG) was t o  c o l l e c t  b a l l i s t i c  

l5 (1) HFR, LTC Roy E. Rayle , OCO R&D Div, 23 Apr 62, sub j : 
F i r s t  Mtg of TOW Coord Gp, 1 8  Apr 62. (2) DF, CofOrd t o  CRD, DA, 
4  May 62, s u b j :  E f f e c t  of I n c r e a s i n g  Rg of TOW. Both i n  RHA Bx 
13-168. 

16(1)  DF, CofOrd t o  OCRD, DA, c. May 62, sub j :  TOW Use on 
Vehs. (2) DF, C m t  A2, DCSOPS t o  CofOrd, c. May 62, sub j  : same. 
(3) MFR, LTC R.  E.  Rayle,  OCO R&D Div, 1 Jun 62, sub j : Second TOW 
Coord Gp Mtg Held 28 Yay 62. A l l  i n  RIA Bx 13-168. 



f l i g h t  d a t a ,  t r a c k e r  performance d a t a ,  w i re  d ispens ing  d a t a ,  and 
o v e r a l l  system dynamics f o r  u s e  by t h e  eva lua t ion  committee i n  
s e l e c t i n g  t h e  most f e a s i b l e  m i s s i l e  system. The f i r i n g s  were 
considered a s  i n - f l i g h t  experiments r a t h e r  than  a  shoot ing  
competi t ion;  t h a t  i s ,  t h e  p r i n c i p a l  d a t a  obta ined  was no t  t h e  
a b i l i t y  of t h e  systems t o  h i t  a  t a r g e t ,  b u t  r a t h e r  d a t a  which 
gave t h e  p o s i t i o n  of t h e  m i s s i l e  throughout i t s  f l i g h t  pa th  and 
some coverage of a t t i t u d e  angle .  

M r .  Harry L.  Reed, Jr . ,  of BRL cha i r ed  t h e  TOW eva lua t ion  
committee which cons i s t ed  of t h e  fo l lowing  members: 

T. Robert Bechtol  BRL 
David Hardison BRL 
Robert Kreiger  BRL 
William Otto AOMC* 
George S t i l e s  BRL 
Arthur  T h r a i l k i l l  BRL 

A pane l  of a d v i s o r s ,  cha i red  by D r .  M. J. Zucrow of Purdue Univer- 
s i t y ,  provided t e c h n i c a l  a s s i s t a n c e  t o  t h e  eva lua t ion  committee. 
Among o t h e r  personnel  a t t e n d i n g  t h e  demonstrat ion f l i g h t s  were 
r e p r e s e n t a t i v e s  from OCRD, OCO,  t h e  Con t inen ta l  Army Command, 
Canadian Army. S t a f f ,  and B r i t i s h  Army S t a f f .  

The f e a s i b i l i t y  demonstrat ion f i r i n g s  began a t  APG on 10 J u l y  
and continued through 20 J u l y  1962. Each c o n t r a c t o r  system 
included a  launcher ,  an i n f r a r e d  t r a c k e r ,  t e s t  Tcissi les ,  and t h e  
s p a r e  p a r t s  necessary  t o  r e p a i r  t h e  system dur ing  t h e  eva lua t ion  
f i r i n g s .  Martin Mar i e t t a  and Hughes A i r c r a f t  each d e l i v e r e d  fou r  
t e s t  m i s s i l e s  wi th  a  1 5 2 m  smoothbore launcher ,  whi le  McDonnell 
A i r c r a f t  de l ive red  s i x  m i s s i l e s  wi th  a  1 5 2 m  SHILLELAGH-type 
r i f l e d  launcher .  Each c o n t r a c t o r  was r e s p o n s i b l e  f o r  s e t t i n g  up, 
checking o u t ,  l oad ing ,  and a l i g n i n g  h i s  system. Countdo~m pro- 
cedures  were coordinated between t h e  c o n t r a c t o r  and personnel  of 
APG's Development and Proof Se rv i ces .  

Although none of t h e  c o n t r a c t o r  systems a c t u a l l y  t e s t e d  f u l l y  
demonstrated t h e  r equ i r ed  f l i g h t  performance, t h e  eva lua t ion  
committee concluded t h a t  e i t h e r  of t h e  proposed concepts  could ,  
w i th  adequate  engineer ing ,  be  developed i n t o  an  accep tab le  system. 
Of t h e  t h r e e  c o n t r a c t o r  approaches, t h e  one o f f e r e d  by t h e  Hughes 
A i r c r a f t  Company was considered t o  have t h e  b e s t  p o t e n t i a l  of 
being developed i n t o  an  accep tab le  TOW system w i t h i n  a  reasonable  
timeframe. I n  one component o r  ano the r ,  each c o n t r a c t o r  had 

* 
U. S. Army Ordnance h i i s s i l e  Command 



underest imated weight;  e.g. ,  t h e  va lve  i n  t h e  Mart in  system and 
t h e  motor c a s e  i n  t h e  Hughes system. I n  view of t h i s ,  i t  appeared 
t h a t  a l l  t h e  proposed TOW systems would be i n  t h e  50-pound c l a s s  
when considered wi th  t h e  6-inch SHILLELAGH warhead. To approach 
t h e  40-pound l i m i t  imposed by t h e  H A W  requirement ,  i t  would be 
necessary  t o  reduce t h e  TOW system t o  a 5-inch warhead. The 
eva lua t ion  c o r n i t t e e  t h e r e f o r e  recommended that t h e  Hughes 
A i r c r a f t  Company be s e l e c t e d  t o  develop a 5-inch TOW system based 
on t h e i r  concept.  

The in-house e f f o r t ,  un fo r tuna te ly ,  never  progressed t o  t h e  
s t a g e  where it could be considered a s  a competing system. Kembers 
of t h e  in-house team concluded that t h e i r  proposed t e c h n i c a l  
approach would r e s u l t  i n  a low c o s t ,  r e l i a b l e ,  and a c c u r a t e  
m i s s i l e ;  however, a minimum of 4 and a maximum of 12 t o  18  months 
would be r equ i r ed  t o  b r i n g  t h e  system t o  a po in t  where a s h o r t  
l ead t ime development program could be i n i t i a t e d .  The a c t u a l  c o s t  
of t h e  in-house e f f o r t  t o t a l e d  $610,000.17 

Appointment of Weapon System llanager 

While t h e  TaJ f e a s i b i l i t y  s t u d i e s  and demonstrat ions were i n  
progress ,  t h e  Department of t h e  Army (DA) was undergoing a major 
r eo rgan iza t ion  which culminated i n  t h e  c r e a t i o n  of t h e  Army 
Mate r i e l  Command (ANC), t h e  abolishment of t h e  O f f i c e ,  Chief of 
Ordnance (OCO), and t h e  real ignment  and r edes igna t ion  of t h e  Arny 
Ordnance M i s s i l e  Command (AOMC) a s  t h e  Army M i s s i l e  Command (f4ICOM). 
The new AMC and M I C O M  o rgan iza t ions  e x i s t e d  wi th  s k e l e t o n  s t a f f s  
from 23 May 1962 t o  1 August 1962, when they  became o p e r a t i o n a l .  
The Army Mate r i e l  Command absorbed t h e  func t ions  of  t h e  former 
OCO, and t h e  Army M i s s i l e  Command absorbed func t ions  of t h e  
former A O M C . ~ ~  I n  one of h i s  l a s t  o f f i c i a l  a c t s  a s  t h e  Chief of 
Ordnance, MG H. F. Bigelow, on 12  J u l y  1962, des igna ted  t h e  
Commanding General of t h e  Army M i s s i l e  Command a s  t h e  weapon 

l7 (1) Rept of t h e  TOW Eval Com, 31 J u l  62, w i n c l :  APG F i r i n g  
Record R-3524, Ord Eval of t he  TOW Wpns Systems, 10 t o  21  J u l  62. 
(2) OCO R&D Div Rept,  1 May 62, s u b j :  In-House TOW. Both i n  RIM 
BX 13-168. 

18(1)  DA GO 23, 4 May 62. (2) AMC GO 4 ,  23 Mfy 62. (3) EA 
GO 46, 25 J u l  62. (4) MICOM GO 5 ,  30 J u l  62. (5) DA GO 57, 27 
Sep 62. (6) For a d e t a i l e d  h i s t o r y  of t h e  r eo rgan iza t ion ,  s e e  
AOMC H i s t  Sum, 1 Jan - 30 Jun 62; MICOM X i s t  Sum, FY 63; & AX 
H i s t  Sum, FY 63. 



sys tem manager f o r  t h e  T O W / H A W . ~ ~  

Within  MICOM, t h e  TOW/HAW sys tem was i n i t i a l l y  a s s i g n e d  t o  
t h e  A n t i t a n k I F i e l d  A r t i l l e r y  Weapons Systems Produc t  Manager, 
M r .  Lloyd L. L i v e l y ,  who was d e l e g a t e d  f u l l  r e s p o n s i b i l i t y  and  
a u t h o r i t y  f o r  management o f  t h e  weapon sys tem under  d i r e c t i o n  o f  
t h e  Deputy Commanding General  (DCG) f o r  Guided ~ i s s i l e s . ~ ~  I n  a 
subsequen t  r e a l i g n m e n t  of t h e  MICOM p r o j e c t  and p roduc t  manager 
s t r u c t u r e ,  i n  October  1962, t h e  p r o d u c t  managers were  renamed 
commodity o f f i c e s  (managers) ,  and t h e  A n t i t a n k  and A i r c r a f t  
Weapons Commodity O f f i c e s  were p l a c e d  under  t h e  DCG f o r  Land 
Combat Systems. Because o f  t h e  s i m i l a r i t y  o f  weapon sys tems  
under  t h e  A n t i t a n k  Commodity O f f i c e  (TOW, ENTAC, SS-10, and 
SHILLELAGH) and t h e  A i r c r a f t  Weapons Commodity O f f i c e  (SS-11 and 
2.75-Inch Rocke t ) ,  t h e s e  two o f f i c e s  were  combined on 1 9  November 
1962 t o  a l l o w  g r e a t e r  f l e x i b i l i t y  i n  t h e  u s e  o f  p e r s o n n e l  s k i l l s  
and smoother phas ing  o u t  from one sys tem t o  a new system.  M r .  
Lloyd L. L i v e l y  was named manager o f  t h e  A n t i t a n k l ~ i r c r a f t  Weapons 
Commodity Off i c e .  21 

Commodity management was t h e  t e c h n i q u e  employed i n  managing a 
weapon sys tem n o t  d e s i g n a t e d  f o r  v e r t i c a l  p r o j e c t  management. The 
commodity manager ' s  s t a f f  was r e l a t i v e l y  small (normal ly  l e s s  t h a n  
s i x  p e o p l e . p e r  weapon sys tem) .  H e  e x e r c i s e d  o v e r a l l  p o l i c y  and 
i n t e r f u n c t i o n a l  management, approved program p l a n s ,  and made 
c r i t i c a l  d e c i s i o n s  a f f e c t i n g  t h e  program, w h i l e  r e l y i n g  upon t h e  
f u n c t i o n a l  d i r e c t o r a t e s  t o  accomplish  t h e  m i s s i o n  o b j e c t i v e s  o f  
t h e  p r o j e c t . 2 2  

Extens ion  o f  TOW F e a s i b i l i t y  S t u d i e s  

With t h e  f e a s i b i l i t y  o f  t h e  TOW and SHILLELAGH sys tems  e s t a b -  
l i s h e d  f o r  t h e  i n f a n t r y  (HAW) r o l e  and combat v e h i c l e  weapon sys -  
t e m  (CVWS) r o l e ,  r e s p e c t i v e l y ,  t h e  Army Chief o f  R&D, i n  mid-July 

l9 (1) OrdC Order  102-62, 1 2  J u l  62,  s u b j  : Wpn Sys Mgt : HAW 
Sys (TOW). (2) L t r ,  Chf, OCO R&D Div, t o  CG,  AOMC, 24 J u l  62, 
s u b j :  Mgt o f  P r o j  TOW. Both i n  RHA Bx 13-168. 

20(1)  DF, Dep t o  DCG/GM, t o  D i s t r ,  1 3  Aug 62, s u b j :  Asgmt of 
Wpn Sys Mgt Resps f o r  HAW (TOW). HDF. (2) AOMC GO 87,  30 J u l  62. 
(3) MICOM GO 1 5 ,  7 Aug 62. 

21(1) MICOM GO 43,  3 Oct 62. (2) M I C O M  GO 5 4 ,  5 Nov 62. (3) 
M I C O M  GO 57,  1 9  Nov 62. 

2 2 ~ ~  10-2, 1 5  Mar 63. 



1962, d i r e c t e d  t h a t  f e a s i b i l i t y  s t u d i e s  b e  c o n t i n u e d  i n  b o t h  pro- 
grams t o  de te rmine  whether  e i t h e r  t h e  TOW o r  SHILLELAGH c o u l d  b e  
adap ted  t o  f u l f i l l  b o t h  r o l e s . 2 3  E a r l i e r ,  D r .  Harold  Brown, t h e  
D i r e c t o r  of Defense  Research and Engineer ing ,  had made i t  c l e a r  
t h a t  i f  b o t h  t h e  TOW and SEILLELAGH were  s u c c e s s f u l  and e i t h e r  
cou ld  f i l l  b o t h  a n t i t a n k  r o l e s ,  o n l y  one of t h e  weapons would b e  
con t inued  th rough  development and p r o d u c t i o n .  He urged t h a t  e v e r y  
e f f o r t  be  made t o  r e a c h  a d e c i s i o n  by mid-October 1962.24 

The Army Chief o f  R&D r e l e a s e d  $6 m i l l i o n  f o r  t h e  SHILLELAGH 
and TOW s t u d i e s ,  $1.5 m i l l i o n  of which was a l l o c a t e d  t o  t h e  TOW. 
On 1 9  J u l y  1962,  t h e  Chief of Ordnance sent: AOMC $1.3 m i l l i o n  o f  
t h e  a l l o c a t i o n  t o  c o v e r  c o n t i n u a t i o n  o f  t h e  TOW f e a s i b i l i t y  
s t u d i e s  ($1,250,000 f o r  t h e  c o n t r a c t  and $50,000 f o r  in-house 
s u p p o r t ) .  The remain ing  $200,000 was a l l o c a t e d  t o  t h e  Aberdeen 
Proving Ground t o  cover  v a r i o u s  tests i n  s u p p o r t  o f  t h e  program. 
A Class Dete rmina t ion  and F i n d i n g  (D&F) was s i g n e d  on 30 J u l y  
1962, a u t h o r i z i n g  s o l e  s o u r c e  n e g o t i a t i o n  of a c o n t r a c t  w i t h  t h e  
Hughes A i r c r a f t  Company f o r  t h e  TOW s t u d y  e f f o r t  d u r i n g  t h e  p e r i o d  
1 5  August t o  1 5  December 1962.25 

On 1 7  August 1962,  M I C O M  awarded Hughes A i r c r a f t  a 60-day 
le t ter  c o n t r a c t  f o r  $625,000. Two months l a te r ,  t h e  l e t t e r  con- 
t r a c t  was extended th rough  1 7  December 1962,  i n c r e a s i n g  t h e  t o t a l  
v a l u e  t o  $1,242,606 f o r  t h e  4-month p e r i o d .  P u r s u a n t  t o  guidance 
from h i g h e r  h e a d q u a r t e r s ,  pr imary e f f o r t  d u r i n g  t h e  f i r s t  2  months 
was t o  b e  focused  on s t u d i e s  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  u s i n g  
t h e  TOW i n  b o t h  t h e  HAW and  CVWS r o l e s .  T h i s  requ i rement  e n t a i l e d  
t h e  manufac tu re  o f  e x p e r i m e n t a l  hardware f o r  test f i r i n g s  t o  
demons t ra te  t h e  f e a s i b i l i t y  o f  p u l l i n g  w i r e  from a c l o s e d  b reech  
t u b e  i n  t h e  CVWS r o l e  and t o  d e t e r m i n e  gunner environment when 
f i r i n g  from a n  open t u b e  i n  t h e  HAW r o l e .  Other  work under  t h e  

2 3 ~ ~ ,  C m t  113, LTG Dwight E. Beach, CRD, DAY t o  CofOrd, 1 3  J u l  
62,  s u b j :  Funds f o r  SHIL - TOW. RHA Bx 13-168. 

24(1)  MFR, LTC R. E. Rayle ,  OCO R&D Div, 1 Jun  62,  s u b j :  Bfg 
o f  D r .  [Harold]  Brown on TOW & SHIL, 31 May 62. (2)  Also s e e  NFR, 
LTC R. E. Rayle ,  7  May 62,  s u b j :  Mtg 20 Apr 62 re Army Pos on TOW- 
SHIL R e l a t i o n s h i p s .  Both i n  RHA Bx 13-168. 

25(1)  DF, Cmt: #3,  LTG Dwight E. Beach, C H I ,  DA, t o  CofOrd, 1 3  
J u l  62,  s u b j :  Funds f o r  SHIL - TOW. (2 )  TT 034, CofOrd t o  C G ,  
AOMC, 1 9  J u l  62. (3) L t r ,  Chf, OCO R&D Div, t o  C G ,  AOMC, 24 J u l  
62,  s u b j  : Mgt of  p ro  j TOW. (4)  DF, Chf , F u t u r e  M s l  Sys Div,  D/R&D, 
t o  Chf,  DS (Guided) Wpn Sys  Div,  Ass t  D i r ,  Cmdty Ops, D/P&P, 2  Aug 
62, s u b j :  TOW Feas Dmstn C o n t r ,  w  i n c l :  Sum of TOW Program. A l l  
i n  RHA Bx 13-168. 



c o n t r a c t  i n c l u d e d  r e d e s i g n  of t h e  missile around a 5-inch warhead 
as recommended b y  t h e  TOW e v a l u a t i o n  committee,  p r o v i s i o n  of a n  
i n t e g r a l  b o r e s i g h t  a l ignment  c a p a b i l i t y  i n  t h e  i n f r a r e d  t r a c k e r -  
o p t i c a l  s i g h t  u n i t ,  and f u r t h e r  re f inement  o f  t h e  d e s i g n  o f  t h e  
complete  weapon system. 26 

The HAwICVWS D e c i s i o n  

On 30 August 1962, M I C O M  a d v i s e d  AMC t h a t  c o n c l u s i v e  e v i d e n c e  
of t h e  f e a s i b i l i t y  of u s i n g  TOW in t h e  CVWS r o l e  would n o t  b e  
a v a i l a b l e  b e f o r e  December 1962,  whereas t h e  d e c i s i o n  r e g a r d i n g  
t h e  sys tem(s )  t o  b e  developed f o r  t h e  CVWS and H A W  r o l e s  was 
schedu led  f o r  mid-October o r  e a r l i e r .  I n  view of t h i s  and t h e  
c o s t  invo lved  i n  t h e  TOW/ CVWS f e a s i b i l i t y  d e m o n s t r a t i o n ,  t h e  
Command recommended t h a t  i t  be  a u t h o r i z e d  t o  d e l e t e  t h e  e x p e r i -  
menta l  e f f o r t  from requ i rements  p l a c e d  on t h e  c o n t r a c t o r .  The 
c o s t  o f  t h e  t o t a l  CVWS i n v e s t i g a t i o n  was a b o u t  $417,000, of which 
$110,000 would b e  expended o r  committed by 30 ~ e ~ t e m b e r . 2 7  With 
AMC p e r m i s s i o n ,  MICOM, on 1 4  September 1962,  d i r e c t e d  Hughes t o  
t e r m i n a t e  a l l  e x p e r i m e n t a l  e f f o r t  on t h e  c l o s e d  b r e e c h  (CVWS) 
l a u n c h ,  b u t  t o  c o n t i n u e  s t u d i e s  o f  t h e  d u a l - r o l e  TOW sys tem and 
submit  a r e p o r t  by 1 2  October  1962.28 

I n  a p r e l i m i n a r y  r e p o r t  on i t s  HAw/CVWS c o s t  e f f e c t i v e n e s s  
s t u d y ,  t h e  B a l l i s t i c  Research L a b o r a t o r i e s  (BRL) concluded t h a t  
t h e  advan tages  which would r e s u l t  f rom h a v i n g  TOW i n  t h e  HAbJ r o l e  
and t h e  SHILLELAGH i n  t h e  CVWS r o l e  s u g g e s t e d  t h a t  development of 
b o t h  sys tems  was war ran ted .  Although t h e  TOW and SHILLELAGE v e r y  
l i k e l y  cou ld  b e  developed i n  a v e r s i o n  which would b e  u s a b l e  i n  
b o t h  t h e  HAW and CVWS a p p l i c a t i o n s ,  t h e  s e l e c t i o n  of e i t h e r  one 
t o  f u l f i l l  b o t h  r o l e s  would mean t h e  a c c e p t a n c e  o f  l e s s  t h a n  t h e  
b e s t  sys tem f o r  one r o l e  o r  t h e  o t h e r .  Th i s  stemmed from t h e  
f a c t  t h a t  t h e  SHILLELAGH and TOW had s p e c i f i c  l i m i t a t i o n s  which 
were  i n t r i n s i c  t o  t h e i r  r e s p e c t i v e  c o n c e p t s .  The consequences  of 
SHILLELAGH l i m i t a t i o n s  were  more pronounced i n  t h e  HAW a p p l i c a t i o n  

26(1)  I b i d .  (2) Cont r  DA-04-495-AMC-3636, 1 7  Aug 62 (renum- 
b e r e d  DA-04-495-AMC-12 by Mod 85) .  RHA Bx 13-168. (3) M I C O M  H i s t  
Sum, FY 63,  pp. 147-48. 

2 7 ~ ~  AMSMI-R-530, D/B&D, 29 Aug 62,  s u b j  : P e r  t o  Delete I n v e s  
of TOW f o r  CVWS, w i n c l :  TT AMSMI-RFC-53, CG,  K C O M ,  t o  CG,  AXC, 
30 Aug 62. HDF. 

2 8 ~ t r ,  Hughes A i r c r a f t  Co (HAC) t o  CG,  MICOM, 9 Oct 62,  s u b j  : 
Second Monthly Rept Under Contr  DA-04-495-AX-3636 TOW. RHA B:c 
13-168. 



and t h e  consequences  o f  t h e  TOW l i m i t a t i o n s  were more pronounced 
i n  t h e  CVlJS a p p l i c a t i o n .  For t h e s e  and o t h e r  r e a s o n s ,  BRL favored  
t h e  development of b o t h  sys tems .  29 

I n  i t s  i n t e r i m  s t u d y  r e p o r t ,  submi t t ed  on 1 0  October  1962,  
t h e  Hughes A i r c r a f t  Company i n d i c a t e d  g e n e r a l  agreement w i t h  BRL ' s 
f i n d i n g s .  It concluded t h a t  a dual-purpose  TOW missile cou ld  b e  
des igned t o  meet b o t h  t h e  H A W  and CVWS r e q u i r e m e n t s ;  however, 
s o l u t i o n s  t o  some of t h e  e n g i n e e r i n g  problems were  y e t  t o  be  
proven. Moreover, t h e r e  was some doubt  t h a t  t h e  economic and 
l o g i s t i c  advan tages  would o f f s e t  t h e  performance p e n a l t i e s  
i n h e r e n t  i n  such  a  system. Hughes t h e r e f o r e  recommended t h a t  
development of t h e  s i n g l e  r o l e  TOW sys tem b e  i n i t i a t e d .  30 

A s  a r e s u l t  of t h e  BRL and Hughes A i r c r a f t  s t u d i e s ,  h i g h e r  
h e a d q u a r t e r s  dec ided  t o  proceed w i t h  development o f  t h e  TOW f o r  
t h e  HAW r o l e  and t h e  SHILLELAGH f o r  t h e  CVWS r o l e .  Seven y e a r s  
l a te r ,  however, t h e  TOWISHILLELAGH c o m p e t i t i o n  a g a i n  s u r f a c e d  
and v e r y  n e a r l y  caused t h e  c a n c e l l a t i o n  of t h e  TOW program.31 

D e s c r i p t i o n  of t h e  Proposed TOW/HAW System 

The TOW weapon sys tem proposed f o r  development i n  November 
1962 was des igned  t o  d e f e a t  a l l  heavy t a n k s  l i k e l y  t o  a p p e a r  on 
t h e  b a t t l e f i e l d  i n  t h e  1965-70 t imeframe. It would be  e f f e c t i v e  
a g a i n s t  t a r g e t s  from p o i n t  b l a n k  r a n g e  ( l i m i t e d  o n l y  by s a f e  arm- 
i n g  d i s t a n c e )  o u t  t o  2,000 mete r s .  The TOW m i s s i l e  would b e  
boos ted  t o  a peak speed  i n  e x c e s s  o f  1 ,000  f e e t  p e r  second,  
e n a b l i n g  i t  t o  r e a c h  maximum r a n g e  less t h a n  9  seconds  a f t e r  
l aunch .  The weapon's 5-inch,  9.2-pound warhead was expec ted  t o  
b e  o n l y  5  p e r c e n t  less e f f e c t i v e  t h a n  t h e  l a r g e r  12.5-pound XX-13 
warhead a g a i n s t  most heavy t a n k  armor.  The s y s t e m ' s  accuracy  and 
h i g h  r e l i a b i l i t y  would p r o v i d e  f i r s t - r o u n d  h i t  p r o b a b i l i t i e s  o f  
90 p e r c e n t  a t  r a n g e s  up t o  1 ,500 m e t e r s  and 75 p e r c e n t  a t  r anges  
from 1,500 t o  2,000 meters when f i r e d  a g a i n s t  7.5 by 7.5-foot 
t a r g e t s .  

"(1) L t r ,  CO, BRL, t o  CG,  AMC, undated (c. e a r l y  Sep 6 2 ) ,  
s u b j :  TOWISHIL -- Decn Concerning I n i t i a t i o n  of Dev. RHA Bx 13- 
168. (2) Also see BRL Tech Note 1477,  Sep 62,  s u b j :  A F e a s ,  E f f n s ,  
& Cost Study of a CVWS and  a  H A W  Sys.  RSIC. 

3 0 H A ~  Rept ,  26 Nov 62,  s u b j  : TOW Dev P p s l  - TP 268, p. 2.  
RHA Bx 13-168. 

3 1 ~ e e  below, pp. 95-98. 



When us ing  t h e  TOW system, t h e  gunner was r equ i r ed  only  t o  
superimpose c r o s s h a i r s  of t h e  o p t i c a l  s i g h t  on t h e  t a r g e t  from 
t h e  t ime of m i s s i l e  launch u n t i l  t a r g e t  impact. The guided 
m i s s i l e ,  launched toward t h e  t a r g e t  from a tube  mechanically 
a l i gned  w i t h  t h e  o p t i c a l  s i g h t ,  rece ived  automatic  course  
c o r r e c t i o n s  i n  t h e  f l i g h t  through t h e  jam-proof wire  l i n k .  With 
t h e  a i d  of t h e  i n f r a r e d  appa ra tus ,  t h e  gunner,  i n  e f f e c t ,  es tab-  
l i s h e d  a s y n t h e t i c  gun b a r r e l  from t h e  launcher  t o  t h e  t a r g e t  by 
aiming t h e  o p t i c a l  s i g h t .  The m i s s i l e  was au toma t i ca l ly  commanded 
t o  f l y  w i th in  t h i s  s y n t h e t i c  b a r r e l  t o  t a r g e t  impact. - 

The TOW m i s s i l e  was packaged i n  a sh ipp ing  con ta ine r  t h a t  was 
used a s  a p o r t i o n  of t h e  m i s s i l e  launch tube .  This  concept pro- 
vided a r ap id  r e load  c a p a b i l i t y  and enabled an average crew t o  
engage up t o  t h r e e  t a r g e t s  per  minute from a s i n g l e  weapon 
position. The t o t a l  weight of t h e  m i s s i l e  and i t s  c o n t a i n e r  was 
40 pounds. The launcher  assembly, weighing about 120 pounds, was 
designed t o  be mounted on a v a r i e t y  of l i g h t  v e h i c l e s  and could 
a l s o  be  demounted, mancarried s h o r t  d i s t a n c e s ,  and opera ted  from 

. a t r i p o d  f o r  ground use.  I n  most t a c t i c a l  s i t u a t i o n s ,  t h e  TOW 
system would be i n s t a l l e d  on t h e  M113 armored personnel  c a r r i e r  
o r  t h e  XM-561 1 114-ton (Gama Goat) v e h i c l e .  

A s  redesigned t o  accommodate t h e  5-inch, 9.2-pound warhead, 
t h e  TOW m i s s i l e  was 5.85 inches  i n  body d iameter  and 44.3 inches  
long,  and had a prelaunch weight of 35.13 pounds. * It had a 
cruciform wing conf igu ra t ion  wi th  i n t e r d i g i t a t e d  t a i l  c o n t r o l  
s u r f a c e s  which were d r iven  by pneumatic a c t u a t o r s  and o s c i l l a t e d  
in a bang-bang mode a t  1 5  c y c l e s  per  second. The wing and c o n t r o l  
s u r f a c e s  were folded, i n t o  t h e  m i s s i l e  body be fo re  launch and 
extended by s p r i n g s  and locked a s  t h e  m i s s i l e  emerged from t h e  
launch tube. Rol l  was c o n t r o l l e d  by a gyroscope. 

The m i s s i l e  was launched from a 152mm open breech tube  t o  an 
e x i t  v e l o c i t y  of 250 f e e t  per  second. It then  coas ted  f o r  about 
40 f e e t  t o  i n s u r e  gunner s a f e t y ,  a t  which po in t  a second boost  
achieved t h e  maximum v e l o c i t y  of 1 ,060 f e e t  per second about 1 .4  
seconds a f t e r  launch. The m i s s i l e  coas ted  throughout t h e  r e s t  of 
i t s  f l i g h t ,  r each ing  a t e rmina l  v e l o c i t y  of about  650 f e e t  pe r  
second a t  maximum range. The t ime of f l i g h t  t o  2,000 meters  was 
about 8.5 seconds. 

* 
The o r i g i n a l  m i s s i l e ,  wi th  t h e  12.5-lb. XM-13 warhead, was 5.95 
inches  i n  diameter  and 44.62 inches  long ,  and had a prelaunch 
weight of 38.32 l b s .  HAC Rept SSD 2300R, TOWIHAW Peas Dmstn 
F i n a l  Rept,  Vol. 1, J u l  62, p. 2. RHA Bx 13-168. 



The launch and f l i g h t  motors were b u i l t  f o r  Hughes A i r c r a f t  
by t h e  Hercules  Powder Company. The launch motor used mult iper-  
f o r a t e d  p e l l e t s  of double-base p r o p e l l a n t  randomly loaded i n t o  
t h e  chambers. Potassium s u l p h a t e  i n  an e t h y l  c e l l u l o s e  b inde r  
was used t o  suppress  secondary burning and f l a s h .  A 2-inch- 
diameter  b l a s t  tube ,  8.75 inches  long,  extended from t h e  a f t  
c l o s u r e  t o  t h e  nozz le .  The f l i g h t  motor,  l o c a t e d  near  t h e  m i s s i l e  
c e n t e r  of g r a v i t y ,  used a head-end bonded ARP p r o p e l l a n t  g r a i n .  
It exhausted through a p a i r  of nozz l e s  i n  t h e  h o r i z o n t a l  p l ane  a t  
30 degrees  t o  t h e  l o n g i t u d i n a l  a x i s  of t h e  m i s s i l e .  This  config-  
u r a t i o n  e l imina ted  w i r e  l i n k  i n t e r f e r e n c e ,  d i r e c t e d  t h e  exhaust  
p roducts  away from t h e  launcher ,  and minimized t h e  c e n t e r  of 
g r a v i t y  s h i f t  due t o  p r o p e l l a n t  burning.  The p r o p e l l a n t  g r a i n  
con f igu ra t i on  was t u b u l a r  w i t h  i n t e g r a l  concen t r i c  end grooves 
provid ing  e x t r a  burning s u r f a c e  a t  t h e  a f t  end of t h e  g r a i n  
du r ing  t h e  i n i t i a l  phase of motor ope ra t i on .  The high i n i t i a l  
a c c e l e r a t i o n  provided s t a b i l i t y  dur ing  t h e  per iod  of low 
aerodynamic f o r c e s .  

S i n g l e  s t r a n d ,  h igh  s t r e n g t h  w i r e  f o r  t h e  command l i n k  was 
dispensed from two s t a t i o n a r y  1.75-inch-diameter by 5-inch-long 
spoo l s  mounted on t h e  a f t  b a s e p l a t e  of t h e  m i s s i l e .  The two 
bobbins,  each w i t h  7,000 f e e t  (2,135 meters)  of  w i r e ,  weighed 
1.38 pounds. During boos t ,  about  9 f e e t  of armored l e a d e r  was 
dispensed from a magazine i n  t h e  w a l l  of t h e  sh ipping  c o n t a i n e r /  
launch tube.  When t h e  m i s s i l e  l e f t  t h e  launch tube ,  a r e l e a s e  
mechanism accomplished smooth t r a n s i t i o n  t o  payout from t h e  f l i g h t  
spoo l s .  The w i r e  d i spense r  was designed f o r  Hughes A i r c r a f t  by 
A. B. Bofors of Bofors ,  Sweden. 

The 440-watt m i s s i l e  thermal  b a t t e r y  supp l i ed  power t o  t h e  
i n f r a r e d  source ,  e l e c t r o n i c  c i r c u i t r y ,  c o n t r o l  a c t u a t o r  s o l e n o i d s ,  
r ocke t  motor i g n i t e r s ,  and warhead s a f e t y  and arming device .  
Ac t iva t ion  t i m e  was 0.5 t o  0 .6  second a t  7 0 ° ~ ,  and 0.8 t o  1 .0  
second a t  t h e  minimum ope ra t i ng  temperature  of  -6S°F. 

The i n f r a r e d  s enso r  mounted on t h e  launch tube  and co l l ima ted  
w i t h s t h e  gunner 's  o p t i c a l  s i g h t  provided two d i s c r e t e  f i e l d s  of 
view us ing  components on a s i n g l e  o p t i c a l  a x i s .  The gunner 's  
o p t i c a l  s i g h t  had a double f i e l d  o f  view w i t h  s e p a r a t e  c r o s s h a i r s .  
The upper h a l f  was a t  about 15x magn i f i ca t i on  and was used f o r  
p r e c i s e  t r a c k i n g  of t a r g e t s  a t  extended ranges.  The lower h a l f  
of  t h e  d i s p l a y  was a t  about 3x magn i f i ca t i on  and was used f o r  
t r a c k i n g  s h o r t  range t a r g e t s  having h igh  c r o s s i n g  speeds.  

The whole launcher  assembly, i nc lud ing  t h e  gunner 's  s i g h t ,  
i n f r a r e d  s enso r ,  e l e c t r o n i c  c i r c u i t s ,  launch tube ,  and course  and 
f i n e  t r a v e r s i n g  mechanisms, was mounted on a t r i p o d  f i t t e d  w i th  



s p a d e s ,  h a n d l e s ,  and a wheel.  The t o t a l  we igh t  o f  t h e  ground 
mounted sys tem,  less missile, was 1 5 1  pounds. For v e h i c l e  i n -  
s t a l l a t i o n s ,  t h e  t r i p o d  was d i s c a r d e d  and t h e  c a r r i a g e  mounted 
d i r e c t l y  t o  t h e  v e h i c l e .  32 

Proposed Development P l a n  

The proposed Hughes A i r c r a f t  p l a n  f o r  development of t h e  TOW 
sys tem embraced f o u r  phases :  Component Development Phase  (December 
1962 - June 1 9 6 3 ) ;  Exper imental  Model Phase  ( J u l y  1963 - March 
1964) ;  R&D P r o t o t y p e  Phase  ( A p r i l  1964 - September 1 9 6 4 ) ;  and R&D 
P r o t o t y p e  and Army Engineer ing  T e s t / S e r v i c e  T e s t  Phase  (October 
1964 - J u l y  1965) .  The equipment t o  b e  b u i l t  and t e s t e d  i n c l u d e d  
2 e x p e r i m e n t a l  and 4 p r o t o t y p e  l a u n c h i n g  sys tems ,  37 e x p e r i m e n t a l  
missiles, and 1 3 3  R&D p r o t o t y p e  missiles. T e s t  and e v a l u a t i o n  o f  
t h e  sys tem would b e  completed and t h e  f i n a l  d e s i g n  release e f f e c t e d  
by 1 August 1965. The c o s t  p r o p o s a l  f o r  t h e  f i r s t  9 months o f  
development e f f o r t  was $10,246,298, i n c l u d i n g  a 9 p e r c e n t  f e e  of 
$ 8 4 6 , 0 2 5 . ~ ~  

The Hughes A i r c r a f t  Company o f f e r e d  t o  t h e  TOW program t h e  
b e n e f i t s  o f  more t h a n  a decade of e x p e r i e n c e  w i t h  m i l i t a r y  missile 
systems as a major  d e f e n s e  c o n t r a c t o r ,  an  o r g a n i z a t i o n a l  and 
management s t r u c t u r e  of proven e f f e c t i v e n e s s  i n  weapon sys tem 
management, and a v a s t  a r r a y  of t h e  l a tes t ,  f i n e s t  f a c i l i t i e s  i n  
t h e  coun t ry .  

The company was o r g a n i z e d  on a d e c e n t r a l i z e d  b a s i s  t o  a l l o w  
each  group t o  c o n c e n t r a t e  i t s  e f f o r t s  on a s p e c i f i c  a r e a .  The 
Aerospace Group-one of t h e  t h r e e  d e c e n t r a l i z e d  groups  h a v i n g  i t s  
own d e s i g n ,  e n g i n e e r i n g ,  manufac tu r ing ,  and s e r v i c e  f u n c t i o n s -  
would b e  r e s p o n s i b l e  f o r  e x e c u t i o n  of t h e  TOW program. The manage- 
ment f o c a l  p o i n t  f o r  t h e  p r o j e c t  would b e  t h e  TOW Program O f f i c e  
( s e e  C h a r t ' l ) .  The TOW Program Manager would r e p o r t  d i r e c t l y  t o  
t h e  d i v i s i o n  manager and be a s s i s t e d  by a s t a f f  o f  h i g h l y  q u a l i f i e d  
management p e r s o n n e l .  Th i s  s t a f f  would draw upon t h e  whole corpo- 
rate o r g a n i z a t i o n  f o r  t h e  c a p a b i l i t i e s  needed t o  accompl i sh  t h e  

32 (1)  HAC Rept ,  26 Nov 62 ,  s u b j  : TOW Dev P p s l  - TP 268. (2) 
RDTE P r o j  Card,  P r o j  No. 502-09-013, HAW Sys (TOW) , 1 5  Sep 62. 
(3) HAC Repts  SSD 2300R & SSD 2302R, TOW/HAW Feas  Dmstn F i n a l  Rep t ,  
Vols.  1 & 3 ,  J u l  62. A l l  i n  RHA Bx 13-168. 

33HA~ Rept ,  26 Nov 62,  s u b j  : TOW Dev P p s l  - TP 268, pp. 17-19, 
53. RHA BX 13-168. 
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program, maintain couxnunication wi th  l i n e  a c t i v i t i e s ,  and work 
d i r e c t l y  wi th  t h e  c o n t r a c t i n g  agency t o  i n s u r e  t h a t  t he  program 
o b j e c t i v e s  were met promptly, s a t i s f a c t o r i l y ,  and wi th in  the 
e s t a b l i s h e d  cos t  l i m i t a t i o n s .  The proposed TOW p r o j e c t  organiza- 
t i o n a l  s t r u c t u r e  i s  shown i n  Chart 2. 

A s i g n i f i c a n t  f a c t o r  i n  Hughes' r ap id  growth was t h a t  
v i r t u a l l y  a l l  company p r o f i t s  were used t o  expand company f a c i l -  
i t i e s  which were valued a t  $138,000,000 a s  of November 1962. 
Corporate f a c i l i t i e s  ( land ,  bu i ld ings ,  machinery, and equipment) 
were valued a t  $42,000,000 and company-leased f a c i l i t i e s  a t  
$64,000,000. In  a d d i t i o n ,  t h e  company occupied Government-owned 
f a c i l i t i e s  valued a t  $32,000,000. 

The corners tone  of t h e  Hughes A i r c r a f t  Company was i t s  
f a c i l i t y  a t  Culver C i ty ,  Ca l i fo rn i a .  Home of t h e  execut ive  
o f f i c e s ,  t h e  Aerospace Group, and F l i g h t  Test  Div is ion ,  t h i s  
modern complex of 1,305,441 square f e e t  contained t h e  f i n e s t  
r e sea rch  equipment and developmental and t e s t  f a c i l i t i e s  a v a i l -  
a b l e  i n  t h e  e l e c t r o n i c s  i ndus t ry .  

The El Segundo, C a l i f o r n i a ,  p l a n t  of 674,058 square  f e e t  was 
devoted exc lus ive ly  t o  t h e  manufacture and product ion of advanced 
e l e c t r o n i c  weapon systems. 

The Government-owned f a c i l i t y  a t  Tucson, Arizona, was 
designed and equipped f o r  t h e  manufacture of e n t i r e  m i s s i l e  
systems. It contained 974,511 square  f e e t ,  566,280 of which were 
inc losed  under one roo f .  This a i r -condi t ioned ,  dus t - f r ee  f a c t o r y  
r e f l e c t e d  a uniquely succes s fu l  approach t o  quan t i t y  m i s s i l e  and 
m i s s i l e  t e s t  equipment product ion.  

The newly cons t ruc ted  Ground Systems Group f a c i l i t y  a t  
F u l l e r t o n ,  C a l i f o r n i a ,  contained 731,800 square  f e e t  and was 
devoted t o  t h e  development and product ion of ground s u r v e i l l a n c e  
r a d a r  d a t a  process ing  equipment and m i s s i l e  launching equipment. 

The Inglewood, C a l i f o r n i a ,  f a c i l i t y  of 775,960 square  f e e t  
i n  27 bu i ld ings  housed t h e  Communications and F i e l d  Serv ice  and 
Support Div is ions .  The communications f a c i l i t y  included space  
and equipment f o r  r e sea rch  and development and product ion of 
advanced a i r  and ground communications equipment. The f i e l d  
s e r v i c e  and support  f a c i l i t y  included t e c h n i c a l  s choo l s ,  an 
e l e c t r o n i c  equipment depot ,  and space and equipment t o  produce 
t e c h n i c a l  manuals. 

The Costa Xesa, C a l i f o r n i a ,  f a c i l i t y  of 225,600 square f e e t  
was concerned wi th  t h e  development and manufacture of c o m e r c i a l  



p r o d u c t s ,  i n c l u d i n g  semiconduc tors ,  t u b e s ,  and i n d u s t r i a l  s y s t e m  
and c o n t r o l s .  

The Malibu,  C a l i f o r n i a ,  p l a n t  of 92,000 s q u a r e  f e e t  housed 
t h e  Hughes Research L a b o r a t o r i e s .  It c o n t a i n e d  t h e  la tes t  equip- 
ment f o r  r e s e a r c h  i n  n u c l e a r  and gaseous e l e c t r o n i c s ,  s o l i d  s ta te  
p h y s i c s ,  i n f r a r e d  r a d i a t i o n ,  t u b e s ,  and d a t a  p r o c e s s i n g .  

The S a n t a  Barbara ,  C a l i f o r n i a ,  f a c i l i t y  o f  34,608 s q u a r e  f e e t  
w a s  devoted t o  r e s e a r c h  and development o f  i n f r a r e d  d e t e c t o r s  and 
i n f r a r e d  s e a r c h  and t r a c k i n g  equipment.  

The Hughes A i r c r a f t  Company had o t h e r  f a c i l i t i e s  t o t a l i n g  
293,846 s q u a r e  f e e t  a t  v a r i o u s  l o c a t i o n s  i n  t h e  Uni ted S t a t e s .  
Inc luded  i n  t h e s e  were  s p e c i a l  t e s t  s i tes and sales o f f i c e s . 3 4  

O r i g i n a l  Program Cost E s t i m a t e  

The f i r s t  fo rmal  c o s t  estimate of $63.3 m i l l i o n ,  p r e p a r e d  i n  
September 1962, covered a 34-month RDTE* e f f o r t ,  which was t o  b e  
completed i n  J u l y  1965 and p r o v i d e  a n  I n i t i a l  O p e r a t i o n a l  Capabi l -  
i t y  (IOC) i n  December 1965. The Army Materiel Cormnand a d v i s e d  t h e  
program d i r e c t o r  t h a t ,  because  o f  budge ta ry  r e s t r a i n t s ,  a program 
under  $50 m i l l i o n  would b e  more f a v o r a b l y  c o n s i d e r e d .  The new 
c o s t  estimate of $49.5 m i l l i o n ,  a l s o  p r e p a r e d  i n  September 1962, 
was based upon a r e v i s e d ,  a u s t e r e  p l a n  which combined development 
and e n g i n e e r i n g  s e r v i c e  tests,  reduced missile f i r i n g s  by 1 8  per -  
c e n t ,  and d e l e t e d  funds  f o r  c o n t i n g e n c i e s .  It i n c l u d e d  t h e  
development of a non-guided companion round f o r  t h e  guided round,  
b u t  d i d  n o t  i n c l u d e  development of a n i g h t  s i g h t  s i n c e  no such  
requ i rement  e x i s t e d  a t  t h a t  t i m e .  The r e v i s e d  c o s t  e s t i m a t e  o f  
$49.5 m i l l i o n  was s t i l l  based  upon a 34-month development e f f o r t  
t o  b e  completed i n  J u l y  1965 and a n  I O C  i n  December 1965.35 With 
t h e  $2.1 m i l l i o n  i n  RDTE funds  a p p r o p r i a t e d  f o r  t h e  FY 1962 p r e -  
development s t u d i e s ,  t h e  t o t a l  e s t i m a t e d  TOW development c o s t  was 
$51.6 m i l l i o n .  

* 
Research,  Development, T e s t ,  and E v a l u a t i o n  

341bid. , pp. 43-46, 65-89. 

3 5 ~ ~  Study of Cost  Growth in A c q u i s i t i o n  of t h e  TOW iipn Sys 
( d r a f t ) ,  27 J u l  76,  pp. 3 ,  6 .  TOW P r o j  Ofc. 



I n i t i a t i o n  of D e v e l o ~ m e n t  

The TOW development program began i n  January  1963 under  a 
supplement t o  t h e  l e t te r  c o n t r a c t  w i t h  Hughes A i r c r a f t .  Pending 
a f i n a l  d e c i s i o n  on t h e  FY 1963 fund ing  l e v e l ,  t h e  Department o f  
t h e  Army, on 7 December 1962,  a u t h o r i z e d  t h e  e x e c u t i o n  of a 60-day 
supplement t o  Hughes' l e t t e r  c o n t r a c t  f o r  $600,000. Under t h i s  
supplement ,  i s s u e d  on 1 7  December 1962, t h e  c o n t r a c t o r  was t o  
c o n c e n t r a t e  on comple t ion  o f  t h e  f i n a l  TOW sys tem d e s i g n  u s i n g  t h e  
5-inch,  9.2-pound warhead. On 1 2  February  1963, a d d i t i o n a l  l e t t e r  
a u t h o r i t y  was p rov ided  which remained i n  e f f e c t  u n t i l  3 May 1963,  
when c o n t r a c t  DA-04-495-AMc-12* was d e f i n i t i z e d .  The cos t -p lus -  
i n c e n t i v e - f e e  (CPIF) c o n t r a c t  f o r  $5.55 m i l l i o n  ( i n c l u d i n g  a f e e  
of $415,000) covered t h e  p e r i o d  o f  development th rough  19 Septem- 
b e r  1963.36 

The planned $14.4 m i l l i o n  i n  RDTE program a u t h o r i t y  f o r  FY 
1963 was n e v e r  r e l e a s e d .  I n s t e a d ,  t h e  fund ing  l e v e l  f o r  t h a t  y e a r  
w a s  $7,877,000. Follow-on fund ing  t o  complete  development and 
t e s t i n g  w a s  e s t i m a t e d  a t  $41.4 m i l l i o n  f o r '  t h e  FY 1964-67 p e r i o d ,  
b r i n g i n g  t h e  t o t a l  p r o j e c t e d  program c o s t  t o  $51,377,000. In- 
c luded i n  t h e  program was $5.2 m i l l i o n  f o r  development of t h e  
n ~ n - ~ u i d e d  companion round. The RDTE f u n d i n g  r e q u i r e m e n t s ,  by 
f i s c a l  y e a r ,  were as fo l lows :37  

The TOW T e c h n i c a l  Development P l a n  i s s u e d  by FIICOEI i n  Ylrch 
1963 l i s t e d  t h e  f o l l o w i n g  major  m i l e s t o n e s  :38 

Component Development Complete 
Guided F i r i n g s  S t a r t  
Manned F i r i n g s  S t a r t  

October  1963 
November 1 9  63 
March 1964 

* 
See f o o t n o t e  26,  p.  24.  . - 

36(1)  TT, CG, AMC, t o  CG,  MICON,  7 Dec 62.  RHA Bx 13-168. 
(2) MICOM H i s t  Sum, FY 63,  pp. 147-48. 

3 7 ~ ~ ~  TDP, 1 Mar 63,  pp. 1-3, IV-2, IV-3. RSIC. 

38i%id., pp. 1-4, 11-5, 11-6, 11-22, VI-4, VI-5. 



System Demonstration 
Pre l iminary  Design Release 
Advance Product ion Engineering S t a r t s  
Engineering Design Complete 
In t e r im  Design Release 
I n d u s t r i a l  Engineering S t a r t s  
Type C l a s s i f i c a t i o n  - Limited Product ion 
Engineering Serv ice  Tes t s  S t a r t  
Engineering Se rv i ce  Tes t s  Complete 
F i n a l  Design   el ease* 
Type C l a s s i f i c a t i o n  - Standard A 
Non-Tactical D e l i v e r i e s  S t a r t  
T a c t i c a l  D e l i v e r i e s  S t a r t  

May 1964 
June 1964 
June 1964 
February 1965 
February 1965 
March 1965 
February 1965 
February 1965 
September 1965 
December 1965 
December 1965 
June 1966 
February 1967 

*Denotes des ign  s t a b i l i t y  and completion of development 
e f f o r t ,  i nc lud ing  c o r r e c t i o n  of d e f i c i e n c i e s .  

A s  prime c o n t r a c t o r ,  t h e  Hughes A i r c r a f t  Company would be 
r e spons ib l e  f o r  t h e  complete system des ign  and t h e  f a b r i c a t i o n  of 
development hardware, wi th  except ion  of t h e  warhead and s a f e t y  and 
arming system, which would be t h e  r e s p o n s i b i l i t y  of  t h e  Army 
Munitions Command. Design engineer ing  of t h e  m i s s i l e  system, l e s s  
warhead and s a f e t y  and arming device ,  and f a b r i c a t i o n  of t h e  
ma jo r i t y  of experimental  hardware would be performed a t  ~ u g h e s '  
Culver C i ty ,  C a l i f o r n i a ,  p l a n t .  The pro to type  hardware (and l a t e r  
product ion q u a n t i t i e s )  would be f a b r i c a t e d  i n  t h e  Government-owned 
Hughes-operated p l a n t  a t  Tucson, Arizona. The development f l i g h t  
t e s t s  would be conducted a t  MICOM and t h e  engineer ing  s e r v i c e  
t e s t s  by t h e  Army Test  and Evaluat ion Command a t  t h e  White Sands 
M i s s i l e  Range and o t h e r  s i t e s . 3 9  



CHAPTER I11 

(U) PROJECT MANAGEIGNT STRUCTURE 

The Army M i s s i l e  Cormnand (MICOM) had f u l l  a u t h o r i t y  and 
r e s p o n s i b i l i t y  f o r  management, d i r e c t i o n ,  and c o n t r o l  of t he  
i n f a n t r y  (ground-based) TOW weapon system, but  on ly  a  t echn ica l  
support  mission f o r  t h e  a i r c r a f t  armament subsystems whose 
p r o j e c t  managers were loca t ed  a t  o t h e r  headquar te rs .  A b r i e f  
summary of t h e  TOW management s t r u c t u r e  fo l lows .  

A s  s t a t e d  e a r l i e r ,  t h e  Commanding General of M I C O M  was 
designated a s  t h e  TOW Weapon System Manager i n  J u l y  1962. He, i n  
t u r n ,  de lega ted  t h e  a u t h o r i t y  and r e s p o n s i b i l i t y  f o r  o v e r a l l  pro- 
gram management and d i r e c t i o n  t o  t h e  ~ n t i t a n k / A i r c r a f t  Weapons 
Commodity Manager, who r e l i e d  upon t h e  f u n c t i o n a l  d i r e c t o r a t e s  
t o  accomplish t h e  mission o b j e c t i v e s  of h i s  ass igned  p r o j e c t s . l  . 
With t h e  commencement of TON weapon system development i n  January 
1963, primary 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  supe rv i s ion  and execu- 
t i o n  of t h e  program was t r a n s f e r r e d  from t h e  Future  M i s s i l e  
Systems Divis ion  t o  t h e  Development Div is ion  of t he  D i r e c t o r a t e  
f o r  Research and Development. Within t h e  Development D iv i s ion ,  
t h e  p r o j e c t  manager was M r .  Robert P. Whitley, who served  a s  
ch i e f  of t h e  TOW Branch.2 

The A i r c r a f t  Weaponization P r o j e c t  Manager was loca t ed  a t  AYC 
Headquarters ,  and M I C O M  had a  commodity manager f o r  development 
suppor t  of t h e  TOW armament subsystem. The p r o j e c t  manager a t  AMC 
wanted a  P r o j e c t  Manager S t a f f  O f f i c e r  (PMSO) appointed t o  a c t  f o r  
him a t  MICOM.  However, r a t h e r  than des igna te  another  i n d i v i d u a l ,  
M I C O M  s e l e c t e d  t h e  An t i t ank IAi rc ra f t  Weapons Commodity Xanager f o r  
t h i s  r o l e . 3  MAJ Paul  A.  Pencola rep laced  M r .  Lloyd L. L ive ly  a s  
-4nt i tankIAircraf t  Weapons Commodity Manager on 11 Narch 1953 and 
served u n t i l  10 August 1963.4 COL C y r i l  D.  S t e r n e r  took over 

1 
See above, pp. 21-22. 

-7 
L 
DF, Chf, Future  X s l  Sys Div, t o  D/R&D,  10  Dec 62, sub j :  Trf 

of TOW Program t o  Dev Div, w concurrence n o t a t i o n ,  17 3ec 62. 
RHA BX 13-168. 

3 ~ n l  H i s t  Sum, M I C O M ,  FY 63, p. 25. 

4 (1 )  M I C O M  GO 21, 18  Mar 63. (2)  Off Wkly S t a  Rept,  15 4ug 
63. 



t h e  pos t  on 1 8  September 1963.5 

Ear ly  i n  September 1964, n e a r  t h e  end of t h e  exper imenta l  
model program, t h e  Commanding General of  AMC au tho r i zed  t h e  
es tab l i shment  of t h e  TOW P r o j e c t  Manager's O f f i c e  a t  XICOM Head- 
q u a r t e r s  and des igna t ed  LTC B a l l a r d  B. Small a s  P r o j e c t  Manager.6 
The M i s s i l e  Command a c t i v a t e d  t h e  TOW P r o j e c t  O f f i c e  on 1 October 
1964, w i t h  personnel  performing TOWIHAW f u n c t i o n s  be ing  t r a n s -  
f e r r e d  from t h e  A n t i t a n k I A i r c r a f t  Weapons Commodity Of f i ce  and t h e  
f u n c t i o n a l  d i r e c t o r a t e s .  7 Pending approva l  of t h e  i n i t i a l  Table 
of  D i s t r i b u t i o n  (TD) on 22 January 1965, personnel  were d e t a i l e d  
t o  t h e  TOW P r o j e c t  Of f i ce .  The approved TD au tho r i zed  t h e  o f f i c e  
46 c i v i l i a n  and 3 m i l i t a r y  personnel  spaces .8  

I n  consonance w i t h  t h e  v e r t i c a l  p r o j e c t  management concept ,  
t h e  TOW P r o j e c t  Manager was de l ega t ed  f u l l  l i n e  a u t h o r i t y  and 
r e s p o n s i b i l i t y  f o r  t h e  ground-based TOW program and f o r  a l l  
p lanning,  d i r e c t i o n ,  and c o n t r o l  of t h e  work and a l l o c a t e d  
r e sou rces .  This  included a l l  phases of r e s e a r c h ,  development, 
procurement, p roduct ion ,  d i s t r i b u t i o n ,  and l o g i s t i c a l  suppor t  t o  
provide  a balanced,  expedi ted ,  economical,  and e f f e c t i v e  s y s t e n  
c o n s i s t e n t  wi th  e s t a b l i s h e d  program o b j e c t i v e s .  The TOW P r o j e c t  
Manager r epo r t ed  t o  t h e  Commanding General  of  AElC through t h e  
Commanding General of M I C O M ,  and r ece ived  f u l l  a s s i s t a n c e  of X4C 
s t a f f  and major subord ina t e  commands i n  t h e  accomplishment of h i s  
ass igned  mission.9 Major o r g a n i z a t i o n a l  e lements  of t h e  o f f i c e  
a r e  dep ic t ed  i n  Chart  3. 

Xr. Robert P. Whit ley,  t h e  Deputy TOW P r o j e c t  Nanager, SUC- 

ceeded Colonel Small a s  Act ing P r o j e c t  Manager on 1 J u l y  1966.10 
COL James N. Lothrop, Jr . ,  was appoin ted  TOW P r o j e c t  m n a g e r  on 
26 September 196611 and served  u n t i l  31 May 1968. M r .  Whitley 
aga in  f i l l e d  i n  a s  Act ing P r o j e c t  Manager u n t i l  t h e  assignment of 
LTC Robert  W. Huntzinger  on 25 June 1968.12 

5 ~ 1 ~ ~ ~  GO 89,  2 Oct 63. 

6'lT 9-4504, CG, AMC, t o  CG,  YICOPI, e t  a l . ,  8 Sep 64. HDF. 

7 (1 )  M I C O M  GO 76, 1 8  Sep 64. (2) EIICOM GO 79, 6 Oct 64. 

8 ~ n c l  t o  L t r ,  LTC Ba l l a rd  B. Small ,  TOW PM, t o  CG,  AMC, 19 
May 65,  s u b j :  P ro j  hlgt Pe r s  S t a f f i n g  P lan .  HDF. 

'TT 9-4504, CG,  AMC, t o  CG, M I C O M ,  e t  a l .  , 8 Sep 64. HDF. 

1 0 ~ f ~ ~ ~ ~  GO 77, 6 J u l  66. 

"EIICOM GO 113 ,  5 Oct 66. 

12 (1 )  MICON GO 39, 29 Yay 68. (2) M I C O M  GO 53, 8 J u l  68. 
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Management of t h e  TOW a i r c r a f t  armament subsystems ( a i rbo rne  
TOW) remained a  r e s p o n s i b i l i t y  of t h e  ~ n t i t a n k 1 A i r c r a f t  Weapons 
Commodity Of f i ce  u n t i l  26 October 1964, when t h a t  o f f i c e  was d i s -  
cont inued and i t s  func t ions  and personnel  were reass igned  t o  t h e  
newly e s t a b l i s h e d  Land Combat Commodity Of f i ce .  COL C y r i l  D.  
S t e rne r ,  who had served a s  t h e  A n t i t a n k l ~ i r c r a f t  Weapons Commodity 
Manager s i n c e  September 1963, took over t h e  dua l  r o l e  of Land 
Combat Commodity Manager and PMSO f o r  t h e  A i r c r a f t  Weaponization 
P r o j e c t  Manager l oca t ed  a t  AMC Headquarters .  1 3  

Four years  l a t e r ,  on 16  October 1968, t h e  Land Combat 
Commodity Of f i ce  was d iscont inued  and i t s  func t ions  were d iv ided  
among t h r e e  new management o f f i c e s .  Functions p e r t a i n i n g  t o  t h e  
management of a i r c r a f t  weapons ( inc lud ing  t h e  a i rbo rne  TOW) were 
t r a n s f e r r e d  t o  t h e  new A i r c r a f t  Weapons Commodity Of f i ce .  M r .  
William C. Rotenberry, who had served a s  Acting Land Combat 
Commodity Manager s i n c e  Colonel S t e r n e r ' s  depa r tu re  on 16 Novem- 
be r  1967, was named Acting A i r c r a f t  Weapons Commodity Manager. 
I n  t h a t  capac i ty ,  he served  a t  M I C O M  a s  t h e  PMSO f o r  t h e  A i r c r a f t  
Weaponization and CHEYENNE P r o j e c t  Managers, bo th  loca t ed  a t  AIYC 
Headquarters ,  and f o r  t h e  2.75-Inch Rocket P r o j e c t  Manager then 
loca t ed  a t  Munitions Command Headquarters ,  P i ca t inny  Arsenal .I4 

On 5 Apr i l  1970, suppor t  func t ions  p e r t a i n i n g  t o . t h e  a i rbo rne  
TOW systems were p r o v i s i o n a l l y  t r a n s f e r r e d  from t h e  A i r c r a f t  
Weapons Commodity Of f i ce  t o  t h e  TOW P r o j e c t  Off ice .  Personnel  
performing func t ions  on t h e  a i r b o r n e  TOW ( fou r  c i v i l i a n s )  were 
d e t a i l e d  t o  t h e  TOW P r o j e c t  Of f i ce  pending f i n a l i z a t i o n  of per- 
sonnel  a c t i o n s .  The t r a n s f e r  of a i rbo rne  TOW func t ions  and 
personnel  was made f i r m  e f f e c t i v e  4  January 1971.15 

Airborne TOW suppor t  func t ions  i n i t i a l l y  provided by t h e  
TOW P r o j e c t  Of f i ce  were p r i m a r i l y  concerned wi th  work on t h e  
TOW/CHEYWE i n t e r f a c e  which was cont inuing  on a  reduced l e v e l ,  
and p a r t i c i p a t i o n  i n  s t u d i e s  of a  TOW armament subsystem f o r  t h e  
COBRA a t t a c k  he l i cop te r .16  The o f f i c e  supported t h e  TOWICOBRA 
program under AW Headquarters u n t i l  es tab l i shment  of t h e  Product 
Nanager, AH-1 COBRA S e r i e s  A i r c r a f t ,  a t  t h e  Army Avia t ions  Systems 
Command on 15 March 1972.17 The U .  S.  Army I f a t e r i e l  Development 

1 3 M ~ ~ ~ ~  GO 88, 9  Nov 64. 

14 (1 )  MICOM GO 136, 16  Nov 67. (2) M I C O M  GO 109, 25 Oct 68. 

l5 (1) HICOM GO 38, 2  Apr 70. (2) MICOM GO 20, 1 Y f r  71. 
(3) MICOM GO 23, 1 Mar 71. 

1 6 ~ i s t  Rept,  TOW PM, FY 70, p. 10.  

l7 (1) AMC GO 135,  5  Jun 72. (2) Also s e e  below, pp. 177-98. 



and Readiness  command* r e d e s i g n a t e d  t h e  Produc t  Manager, AH-1 
COBRA S e r i e s  A i r c r a f t ,  as t h e  COBRA P r o j e c t  Manager e f f e c t i v e  
3 1  March 1976.18 Meanwhile, work on t h e  TOW~CHNENNE armament 
subsystem ceased  w i t h  t e r m i n a t i o n  o f  t h e  CHNENNE program i n  
August 1 9 7 2 . ~ 9  $\ 

The TOW P r o j e c t  Manager's manpower a u t h o r i z a t i o n  i n c r e a s e d  
from 49 (3  m i l i t a r y ;  46 c i v i l i a n )  i n  June  1965,  t o  59 (4 m i l i t a r y ;  
55 c i v i l i a n )  as of 30 June  1966. During t h e  same p e r i o d ,  h i s  
a s s i g n e d  s t r e n g t h  went from 38 (2 m i l i t a r y ;  36 c i v i l i a n )  t o  49 
(2  m i l i t a r y ;  47 c i v i l i a n ) .  On 30 June  1968,  s h o r t l y  a f t e r  
r e l e a s e  o f  t h e  TOW f o r  l i m i t e d  p r o d u c t i o n ,  a l l  4  o f  t h e  a u t h o r i z e d  
m i l i t a r y  s p a c e s  and 50 o f  t h e  55 a u t h o r i z e d  c i v i l i a n  s p a c e s  were  
f i l l e d ,  f o r  a t o t a l  a s s i g n e d  s t r e n g t h  o f  54. 

A t  t h e  end of December 1970, f o l l o w i n g  i n i t i a l  deployment o f  
t h e  ground-based TOW system,  t h e  P r o j e c t  Manager had a peak 
a u t h o r i z e d  s t r e n g t h  o f  61  (7 m i l i t a r y ;  54 c i v i l i a n ) ,  w i t h  an  
a s s i g n e d  s t a f f  of 62 ( 5  m i l i t a r y ;  57 c i v i l i a n ) .  From t h a t  p o i n t  
on,  h i s  p e r s o n n e l  s t a f f  g r a d u a l l y  d e c l i n e d .  A s  o f  3 1  December 
1976, t h e r e  were  6  o f f i c e r s  and 49 c i v i l i a n s  a s s i g n e d  a g a i n s t  a n  
a u t h o r i z e d  s t r e n g t h  o f  6  o f f i c e r s  and 47 c i ~ i l i a n s . ~ o  T h i r t e e n  
o f  t h e  49 c i v i l i a n s  had been w i t h  t h e  TOW P r o j e c t  O f f i c e  s i n c e  
i ts  i n c e p t i o n  on 1 October 1964. 

On 1 8  November 1976,  COL Rober t  W. Huntz inger  was g u e s t  o f  
honor  a t  a combinat ion f a r e w e l l  p a r t y  f o r  him and t h e  TOW P r o j e c t  
O f f i c e ' s  1 2 t h  a n n i v e r s a r y .  Colonel  Huntz inger  r e t i r e d  on 30 
November 1976,  a f t e r  s e r v i n g  as t h e  TOW P r o j e c t  Manager f o r  8  
y e a r s  and 5  months-the l o n g e s t  c o n t i n u o u s  t o u r  o f  any p r o j e c t  
manager i n  t h e  Department of t h e  ~ r m ~  . 2 1  M r .  Rober t  Q. T a y l o r ,  
t h e  Deputy TOW P r o j e c t  Manager, s e r v e d  as t h e  Act ing P r o j e c t  
Manager u n t i l  t h e  a r r i v a l  of COL James H. B r i l l  on 3  January  1977. i2 

* 
The U. S .  Army ? f a t e r i e l  Command (AEC) was r e d e s i g n a t e d  t h e  U. S .  
Army h h t e r i e l  Development and Readiness  Command (DARCW) e f f e c -  
t i v e  23 January  1976. DA GO 1, 26 J a n  76. 

1 8 ~ A R c 0 ~  GO 8 3 ,  28 May 76. 

"(1) TT, AAH PM, AVSCOM, t o  DA, 5  Oct 72,  s u b j :  C a n c e l l a t i o n  
o f  CTP f o r  CHEYENNE. HDF. (2) AMC GO 1 6 5 ,  3  J u l  72. 

2 0 ~ ~ ~ ~ ~  P e r s  S t a  Rep ts ,  1965-76. HDF. 

21fie Rocke t ,  24 Nov 76. 

2 2 ~ ~ ,  Cdr, DARCOM, t o  Cdr, !iICOM, 30 Dec 76. TOW P r o j  Ofc, 



CHAPTER I V  

fl DEVELOPMENT OF THE TOW WEAPON SYSTEM (U) 

(U) Although t h e  TOW weapon system proposed by t h e  Hughes 
A i r c r a f t  Company embodied t e c h n i c a l  concepts  considered t o  be 
wi th in  t h e  s t a t e  of t h e  a r t ,  i t s  development proved t o  be much 
more d i f f i c u l t  than o r i g i n a l l y  a n t i c i p a t e d .  Major changes i n  
q u a l i t a t i v e  system requirements  and t h e  accompanying component 
des ign  changes, t oge the r  wi th  r e l i a b i l i t y  and t e c h n i c a l  problems 
and a l a c k  of adequate  and t imely  funding suppor t ,  l e d  t o  a 
s t r e t c h o u t  i n  t h e  development and product ion schedules  and an 
i n c r e a s e  i n  development c o s t s .  The i n f a n t r y  (ground-based) TOW 
system was approved f o r  l i m i t e d  product ion i n  Apr i l  1968, a 
s l i p p a g e  of  38 months from t h e  February 1965 t a r g e t  d a t e  es tab-  
l i s h e d  i n  March 1963. A t o t a l  of $96,255,000 was o b l i g a t e d  f o r  
TOW development dur ing  t h e  FY 1962-68 per iod ,  and i t  was es t imated  
t h a t  $6,030,000 more would be  r equ i r ed  dur ing  t h e  1969-71 per iod ,  
f o r  a t o t a l  p ro j ec t ed  development c o s t  of $102,285,000. This 
represented  an inc rease  of n e a r l y  100 percent  over  t h e  $51,377,000 
development c o s t  p ro j ec t ed  i n  March 1963 

(U) This chap te r  t r a c e s  t h e  development of t h e  i n f a n t r y  TOW 
system from .January 1963 t o  t h e  r e l e a s e  f o r  l i m i t e d  product ion i n  
Apr i l  1968, and development of t h e  TOW/UH-1B and TOW/CHEYENIE 
h e l i c o p t e r  armament subsystems which were never  r e l e a s e d  f o r  
product ion.  The XM-65 TOW/COBRA h e l i c o p t e r  armament subsystem, 
which was r e l ea sed  f o r  product ion i n  1974, w i l l  b e  d iscussed  i n  
a l a t e r  chapter .  The i n f a n t r y  TOW system would r e p l a c e  t h e  106mm 
r e c o i l l e s s  r i f l e  and ENTAC a n t i t a n k  weapons, wh i l e  t h e  a i r b o r n e  
TOW would supplant  t h e  M22 (helicopter-mounted SS-11) system. 

Revision of t h e  Q>Q? and Technical  Requirements 

(U) The i n i t i a l  QMR and t e n t a t i v e  t e c h n i c a l  requirements  used 
i n  t h e  predevelopment s t u d i e s  of t h e  TOW system were r ev i sed  e a r l y  
i n  t h e  system development phase. Among t h e  primary changes were 
t h e  a d d i t i o n  of a n i g h t  f i r i n g  c a p a b i l i t y ,  d e l e t i o n  of t h e  unguided 

'(1) TOW PM2P, 30 Jun 68, p. 111.13.1. BDF. ( 2 )  Also s e e  
above, p. 33. 



companion round,  and an  e x t e n s i o n  of t h e  maximum range  of t h e  TOW 
missile . 

(U) It w i l l  b e  r e c a l l e d  t h a t  t h e  e f f e c t  o f  i n c r e a s i n g  t h e  
range  o f  t h e  TOW m i s s i l e  was i n v e s t i g a t e d  d u r i n g  t h e  f e a s i b i l i t y  
s t u d y  phase  i n  1962.2 I n  February 1963, s h o r t l y  a f t e r  i n i t i a t i o n  
o f  t h e  component development phase ,  t h e  Army Materiel Command 
r e q u e s t e d  t h e  Army M i s s i l e  Command t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  
o f  i n c r e a s i n g  t h e  range  of t h e  TOW m i s s i l e  from 2,000 t o  3,000 
meters, w h i l e  m a i n t a i n i n g  t h e  r e q u i r e d  a c c u r a c y  and h o l d i n g  any 
i n c r e a s e  i n  missile weight  t o  less t h a n  2  pounds. The r e s u l t s  of 
t h i s  s t u d y  i n d i c a t e d  t h a t  t h e  a d d i t i o n a l  r a n g e  cou ld  b e  ach ieved  
w i t h  a m i s s i l e  weight  i n c r e a s e  of abou t  1 . 4  pounds. The main a r e a  
o f  concern was whether  t h e  i n f r a r e d  t r a c k i n g  l o o p  would f u n c t i o n  
p a s t  t h e  2,000-meter range .  

(U) The Commanding General  of t h e  Army M a t e r i e l  Command t h e n  
amended t h e  TOW s p e c i f i c a t i o n  t o  i n c l u d e  a d e s i r e d  maximum range  
of 3,000 meters w i t h  t h e  r e q u i r e d  maximum range  remain ing  a t  2,300 
mete r s .  The range  e x t e n s i o n ,  however, was n o t  t o  d e l a y  TOW deve l -  
opment, c a u s e  s i g n i f i c a n t  changes  i n  t h e  b a s i c  m i s s i l e  d e s i g n ,  o r  
degrade  sys tem performance a t  2,000 meters . 3  The assumpt ion  t h a t  
t h e s e  p r e r e q u i s i t e s  c o u l d  be  m e t  proved t o  b e  e r r o n e o u s .  Conpli-  
c a t i o n s  r e s u l t i n g  from t h e  range  e x t e n s i o n  l a t e r  l e d  t o  s i g n i f i -  
c a n t  d e s i g n  changes  i n  t h e  m i s s i l e  sys tem,  a  d e l a y  i n  t h e  program 
s c h e d u l e ,  and an  i n c r e a s e  i n  development c o s t s .  

(U) Under t h e  r e v i s i o n  of TOW T e c h n i c a l  Requirement No. 398, 
i s s u e d  on 1 5  May 1963, t h e  TOW sys tem was t o  be  c a p a b l e  of 
d e l i v e r i n g  a c c u r a t e ,  e f f e c t i v e  f i r e  a g a i n s t  a v a r i e t y  o f  
s t a t i o n a r y  and moving t a r g e t s  a t  a l l  r anges  from 100 t o  2,000 
meters, w i t h  a u s e f u l  h i t  p r o b a b i l i t y  a g a i n s t  b o t h  s t a t i o n a r y  
and  moving t a r g e t s  a t  3,000 m e t e r s  d e s i r e d .  The d e v i a t i o n  from 
l i n e - o f - s i g h t  was t o  be  no g r e a t e r  t h a n  2 f e e t .  F i r s t  round h i t  
p r o b a b i l i t i e s  on a  7.5 by 7.5-foot s t a t i o n a r y  o r  moving t a r g e t  
was t o  be  a t  l e a s t  90 p e r c e n t  a t  1 ,500 mete r s  and 75 p e r c e n t  a t  
2,000 meters. A f i r m  h i t  p r o b a b i l i t y  f o r  t h e  extended range  of 
3,000 mete r s  was y e t  t o  b e  e s t a b l i s h e d .  The weigh t  o f  complete  
ground equipment and one m i s s i l e  was n o t  t o  exceed 200 pounds- 
42 pounds f o r  t h e  m i s s i l e  w i t h  i t s  c o n t a i n e r  and 158 pounds f o r  
t h e  l a u n c h e r  and ground s u p p o r t  equipment.4 

2 ~ e e  above,  pp. 18-19. 

3(1) FICOM H i s t  Sum, FY 63, pp. 148-49. (2) Also s e e  TOW TDP, 
1 Mar 63,  p.  11-4. RSIC. 

'TOW TR 398, Rev 11, 1 5  Nay 63,  pp. 3-1, 3-2. R M  3x 7-53. 



(U) On 1 4  May 1964, t h e  Combat Developments Command p r e p a r e d  
a proposed r e v i s i o n  of t h e  TOW/HAW QMR, which was approved by t h e  
Army Chief of Research and Development on 1 0  November 1964. C e r -  
t a i n  changes and a d d i t i o n s  were  adop ted  i n  1965 and i n c o r p o r a t e d  
i n t o  t h e  b a s i c  QMR, which was r e c o r d e d  in AMC T e c h n i c a l  Committee 
I t e m  6455 i n  November 1968. The TOW/HAW sys tem was t o  r e p l a c e  t h e  
ENTAC a n t i t a n k  guided missile and t h e  106rnm r e c o i l l e s s  r i f l e ,  
n e i t h e r  o f  which m e t  e x i s t i n g  and a n t i c i p a t e d  r e q u i r e m e n t s  f o r  a 
s u i t a b l e  a n t i t a n k / a s s a u l t  c a p a b i l i t y .  It was t o  be  c a p a b l e  of 
k i l l i n g  t h e  most f o r m i d a b l e  enemy armor expec ted  on t h e  b a t t l e f i e l d  
i n  t h e  1970-75 t imeframe,  and w a s  t o  b e  a v a i l a b l e  f o r  f i e l d  u s e  
d u r i n g  FY 1967. Major o p e r a t i o n a l  r e q u i r e m e n t s  and o b j e c t i v e s  of 
t h e  weapon sys tem are l i s t e d  i n  Table  1. The complete  QMR, as 
r e v i s e d ,  is  r e c o r d e d  i n  Appendix A. 

Component Development 

(U) The Hughes A i r c r a f t  Company conducted t h e  component de- 
velopment phase  o f  t h e  TOW program under  t h e  d e f i n i t i z e d  CPIF R&D 
c o n t r a c t  (AMC-12), which covered t h e  p e r i o d  th rough  1 9  September 
1963.5  This  phase  c o n s i s t e d  of t h e  d e s i g n ,  f a b r i c a t i o n ,  t e s t i n g ,  
and demons t ra t ion  of a l l  i n d i v i d u a l  components of t h e  system. It  
ended w i t h  comple t ion  of t h e  f i r s t  e x p e r i m e n t a l  model i n  September 
1963. 

(U) Because of u n f o r e s e e n  t e c h n i c a l  problems r e l a t i n g  t o  
c e r t a i n  components and u n a n t i c i p a t e d  d i f f i c u l t i e s  i n  t h e  f a b r i c a -  
t i o n  and assembly o f  p a r t s  from t h e  f i r s t  e x p e r i m e n t a l  d rawings ,  
Hughes A i r c r a f t  r e p o r t e d ,  on 1 5  August 1963, t h a t  a n  a d d i t i o n a l  
$555,000 would be  r e q u i r e d  t o  c a r r y  t h e  c o n t r a c t  e f f o r t  th rough  
1 9  September 1963. Of t h e  t o t a l  c o n t r a c t  o v e r r u n ,  $395,200 w a s  
needed f o r  added work on t h e  d e s i g n  and f a b r i c a t i o n  o f  missile 
components, a b o u t  $192,400 of t h a t  amount b e i n g  r e q u i r e d  t o  s o l v e  
problems a s s o c i a t e d  w i t h  t h e  p r o p u l s i o n  system.  The i n i t i a l  l aunch  
and f l i g h t  motor c a s e s  f a i l e d  when s u b j e c t e d  t o  h y d r o s t a t i c  tests 
and unexpected d i f f i c u l t i e s  were  encounte red  w i t h  t h e  l a u n c h  motor 
b l a s t  t u b e  d u r i n g  s t a t i c  f i r i n g s .  The r e m i n i n g  p o r t i o n  of t h e  
o v e r r u n  was d i s t r i b u t e d  among t a s k s  r e l a t i n g  t o  t h e  l a u n c h e r ,  
s y s  t e m  a n a l y s e s  and e n g i n e e r i n g ,  f i e l d  t e s t s ,  and o t h e r  work. 

5 See above,  p. 33. 

6 ( 1 )  L t r ,  HAC t o  LAPD, 1 5  Aug 63,  s u b j  : Cont r  EA-04-495-AX- 
1 2  - A r t  131,  Lmtn o f  Cost  Clause .  (2) HAC Rept t o  MICOM, 16 Aug 
53, s u b j :  TOV Overrun Sum. Both i n  RHA Bx 7-58. 



TABLE 1-(U) TOWIHAW Q u a l i t a t i v e  M a t e r i e l  Requirement 

RANGE---------------------------- Near 0 t o  2000 meters  r equ i r ed ;  3000 meters  d e s i r e d  

FII?.ST ROUND HIT PROBABILITY------ Fixed Targe ts  (2.3 meters  square  [7.5 x 7.5 f t ] )  
Required: .90 a t  1500 meters ;  .75 a t  1500-2000 meters  
Desired : .75 a t  3000 meters  

Moving Targe ts  (2.3 meters  square  [7.5 x 7.5 f t ] )  
.75 a g a i n s t  35-KPH t a r g e t s  e s s e n t i a l  (50 KPH des i r ed )  o u t  t o  
ranges  of 2000 meters  e s s e n t i a l  (3000 meters  d e s i r e d ) .  

A l l  Targets :  .90 t o  2000 meters  des i r ed .  

REL,IABILI~---------------------- A t  l e a s t  95% e s s e n t i a l ;  99% des i r ed .  

PATE OF ENGAGEMENT--------------- F i r s t  h i t  15 seconds a f t e r  i d e n t i f i c a t i o n ;  3 moving t a r g e t s  i n  
90" a r c  w i th in  90 seconds e s s e n t i a l ,  w i t h i n  60 seconds des i r ed .  

COUNTERMEASURES & INTERFERENCE--- Weapon must be immune t o  enemy e lec t romagnet ic  countermeasures 
and s o l a r  e f f e c t s ,  and must no t  cause i n t e r f e r e n c e  t o ,  o r  be 
a f f e c t e d  by, o t h e r  equipment ope ra t i ng  i n  t h e  v i c i n i t y .  

WEIGHT LIMITATION---------------- Miss i le IConta iner :  Not t o  exceed 42 l b s .  (30 l b s .  d e s i r e d ) .  
~ a u n c h e r l ~ r o u n d  Support Equipment: Not t o  exceed 160 l b s .  
(120 l b s .  de s i r ed ) . ,  

PERSONNEL & TRAINING------------- Crew f o r  each weapon no t  t o  exceed 4 men. S k i l l s  and time 
r equ i r ed  f o r ,  and complexity o f ,  t r a i n i n g  no t  t o  exceed t h a t  
r equ i r ed  f o r  t h e  106mm Reco i l l e s s  R i f l e  crew. 

LAUNCH SIGNATURE----------------- Less than t h a t  of r e c o i l l e s s  r i f l e s .  

MOUNTS & TRANSPORTS-------------- Tripod (Ground); M113 Armored Personnel  C a r r i e r ;  XM561 1 114- 
ton  6x6 Vehicle (GAFIA GOAT); M274 112-ton Light  Weapons C a r r i e r  
(MULE); & M151 114-ton I J t i l i t y  Truck. Mounting on s e l e c t e d  
Army h e l i c o p t e r s  d e s i r a b l e .  Keapon must be capable  of para- 
chute  d e l i v e r y  i n  Phase I of a i rbo rne  ope ra t i ons .  

IIAtl-P0RTAEI.E FOR SHORT DISTANCES 

A L I ,  \~JEATIIER G DAY-IJIGHT CAPABILITY 
-- 

S0IJI:CE: ANCTC Item 6455,  7 1Tov 63.  RSIC. 



Funds a l l o c a t e d  t o  cover t h e  c o s t  overrun increased  t h e  va lue  of 
t h e  c o n t r a c t  from $5,550,000 t o  $6,105,000, w i th  no change i n  t he  
f i x e d  f e e  which remained a t  $415,000.7 

(U) E f f o r t  dur ing  t h e  component development phase was concen- 
t r a t e d  on c r i t i c a l  a r e a s  of u n c e r t a i n t y ,  p a r t i c u l a r l y  f l i g h t  
dynamics of t h e  m i s s i l e  and t r a c k i n g  dynamics of t h e  launcher  and 
guidance systems. Analog computer s imu la t ions  conducted by t h e  
c o n t r a c t o r  i nd ica t ed  t h a t  t h e  t r a c k i n g  accuracy necessary  f o r  a  
high h i t  p r o b a b i l i t y  was achievable .  Deviat ions of t h e  m i s s i l e  
from t h e  l i n e  of s i g h t  f o r  t h e  computer run were w i t h i n  the  
boundaries  of t h e  7.5-foot square  t a r g e t  f o r  t h e  e n t i r e  f l i g h t  
t o  2,000 meters .  

(U) The m i s s i l e  e x t e r n a l  con f igu ra t ion ,  based on d a t a  from 
two previous wind tunnel  t e s t s ,  was designed t o  provide maximum 
performance a t  2,000 meters ,  p lus  a  u s e f u l  c a p a b i l i t y  t o  3,000 
meters .  The extended range t o  3,000 meters was obta ined  by pro- 
v id ing  an  a d d i t i o n a l  1,000 meters  of w i re ,  co ld  gas f o r  t h e  
c o n t r o l  a c t u a t o r s  f o r  5 .5  more seconds of f l i g h t ,  and a d d i t i o n a l  
t h r u s t  t o  t h e  launch motor t o  main ta in  launch v e l o c i t y  of t he  
heav ie r  m i s s i l e  a t  250 f e e t  pe r  second. The t o t a l  weight increment 
t o  provide t h i s  added c a p a b i l i t y  was about  1 .4  pounds. Other 
changes i n  t h e  pre l iminary  m i s s i l e  des ign  were a s  fo l lows:  t h e  
m i s s i l e  l eng th  was increased  by 0.28 inch ;  t h e  wing p i v o t  was 
moved forward; t h e  wings were fo lded  a f t  i n t o  t h e  m i s s i l e  body; 
t h e  wing a r e a  was increased  23 percent  and t h e  c o n t r o l  s u r f a c e  by 
51 percent ;  and t h e  gyro was r e l o ~ a t e d . ~  

(U) Sled t e s t s  t o  eva lua t e  t h e  m i s s i l e  w i re  l i n k  were con- 
ducted a t  Holloman A i r  Force Base. These t e s t s  were i n t e r r u p t e d  
i n  A p r i l  1963, when t h e  wire  p u l l i n g  s l e d  blew up r i g h t  a f t e r  
reaching a  maximum v e l o c i t y  of 1,035 f e e t  per  second. The s l e d  
l e f t  t h e  r a i l ,  bu t  t h e  wi re  cont inued t o  pay ou t  w e l l  f o r  a s  much 
a s  150 t o  200 f e e t ,  g iv ing  a  f avo rab le  i n d i c a t i o n  of t h e  pay ou t  
c h a r a c t e r i s t i c s .  This i n c i d e n t ,  t oge the r  wi th  t h e  need t o  redes ign  
t h e  o u t r i g g e r ,  increased  t h e  importance of doing a d d i t i o n a l  t u r b i n e  
ins t rumenta t ion  work and a s s o c i a t e d  d a t a  r educ t ion  and ana lyses .9  
I n  subsequent s l e d  t e s t s  a t  Holloman A i r  Force Base, wi re  was 

' I ~ o n t r  AMC-12, Plod 18 ,  22 Nov 63. RHA Bx 7-58. 

8(1)  TOW TDP, 1 Mar 63, p. 11-4. RSIC. (2) M I C O M H i s t  Sum, 
FY 63, pp. 149-50. 

'(1) TOW Prog Rept,  S t r u c  & Mech Lab, D/R&D,  20 Mar - 20 Apr 
63. (2) HAC Rept t o  MICOM, 16 Aug 63, sub j :  TOW Overrun Sum. 
Both i n  RHA Bx 7-58. 



dispensed s u c c e s s f u l l y  from each of t h e  two bobbins over a  10,000- 
f o o t  course  a t  1 ,130 f e e t  per  second without  breakage.10 

(U) The Test & Evaluat ion Laboratory of t h e  MICOM Di rec to ra t e  
of R&D conducted t h e  TOW launcher  r e a c t i o n  t e s t s ,  u s ing  a  f i x t u r e  
w i th  load  c e l l s  f o r  mounting t h e  Hughes A i r c r a f t  t e s t  launcher  and 
dummy m i s s i l e s  wi th  pro to type  boost  motors. The purpose of t hese  
t e s t s  was t o  determine r e a c t i o n  f o r c e s  exe r t ed  on t h e  launcher  and 
m i s s i l e  t ip -of f  r a t e s  dur ing  t h e  boost  phase. F a i l u r e  of t h e  
launcher  i n  t h e  f i r s t  t e s t ,  on 1 5  Apr i l  1963, l e d  t o  t h e  suspension 
of f i r i n g s  pending modi f ica t ion  of t h e  t e s t  hardware. The t e s t s  
were resumed on 27 June, w i th  fou r  f l i g h t s  conducted through 2  Ju ly  
1963. A l l  of t h e  rounds func t ioned  proper ly  wi th  except ion of 
i g n i t i o n  de lays  i n  two of t h e  f i r i n g s ,  and t h e r e  was no apparent  
damage t o  t h e  launch tube  o r  t h e  m i s s i l e .  The d a t a  obta ined  from 
these  t e s t s  would be used i n  des igning  t h e  t a c t i c a l  l auncher .11  

(U) Major problems were encountered i n  t h e  des ign  of a  t r a -  
v e r s e  mechanism t h a t  would meet requirements  f o r  smooth manual 
t r a c k i n g  throughout t he  complete range of t a c t i c a l  ope ra t ing  
condi t ions .  To achieve t r ack ing  accu rac i e s  of .1 t o  . 3  m i l i -  
r ad i ans  wi th  a  device  weighing 50 pounds o r  l e s s  r equ i r ed  a  major 
advance i n  t h e  s t a t e  of t h e  a r t .  End dampers wi th  s i l i c o n e  f l u i d s  
were designed,  b u i l t ,  and t e s t e d ,  a long  wi th  r a t e  s enso r s  of a  
l i k e  s e n s i t i v i t y  t o  provide m i s s i l e  f l i g h t  c o r r e c t i o n s  proport ion-  
a t e  t o  t h e  angular  t r ack ing  v e l o c i t i e s .  The r e s u l t s  of f i e l d  and 
l a b o r a t o r y  t e s t s  of t h e  t r ack ing  c a p a b i l i t y  of t h e  t r a v e r s e  
mechanism showed l i t t l e  d i f f e r e n c e  i n  performance between 
experienced and inexperienced ope ra to r s ,  i n d i c a t i n g  minimum 
t r a i n i n g  requirements  f o r  s o l d i e r s  who would use  t h e  TOW system. 

(U) The t r i p o d  designed f o r  t h e  ground mounted system weighed 
27 pounds, i nc lud ing  a  6-pound l e v e l i n g  device.  The f i r s t  l i g h t -  
weight ,  f i be rg l a s l epoxy ,  honeycomb launch tubes  t o  be manufactured 
and t e s t e d  weighed about 30 pounds and could be mounted t o  t he  
t r a v e r s e  mechanism wi th in  5  seconds'. A l i gh twe igh t ,  expendable 
launch con ta ine r  was designed f o r  p r o t e c t i o n  of t h e  m i s s i l e  from 
manufacture t o  t h e  i n s t a n t  of f i r i n g .  This con ta ine r  a l s o  formed 
t h e  breech of t h e  launcher  from which t h e  TOW was f i r e d  and t h e  
r e a r  48 inches  of t h e  90-inch launch tube .  The launch con ta ine r  
p ro t ec t ed  t h e  m i s s i l e  a g a i n s t  a l l  environmental s t r e s s e s  except  

''TOW Prog Rept, Dev Div, D/R&D,  12 Sep 63 - 10 Oct 63. RHA 
BX 7-58. 

"TOW Prog Repts ,  T&E Lab, D/R&D, Jan 63 - Aug 63. W Z  Bx 
7-58. 



shocks  and v i b r a t i o n s  induced d u r i n g  t r a n s p o r t a t i o n  from t h e  
f a c t o r y  t o  t h e  t i m e  of l o a d i n g  i n t o  a combat v e h i c l e . 1 2  

(U) P r o t e c t i o n  o f  t h e  missile and l a u n c h  c o n t a i n e r  a g a i n s t  
shocks  and v i b r a t i o n s  was p rov ided  by an overpack  which c o n t a i n e d  
two missiles. The overpack was d e s i g n e d ,  deve loped ,  and t e s t e d  by 
t h e  Package Research Labora to ry  o f  t h e  MICOM D i r e c t o r a t e  o f  R&D, 
i n  c o n j u n c t i o n  w i t h  t h e  Hughes A i r c r a f t  Company and Watertown 
A r s e n a l ,  and w i t h  f u l l  c o o p e r a t i o n  of t h e  wirebound box and 
p l a s t i c  i n d u s t r i e s .  It c o n s i s t e d  of a wirebound wooden box 58 by 
20 by 11 i n c h e s ,  w i t h i n  which t h e  missiles were  suppor ted  by 
expanded p o l y s t y r e n e  end pads  and  s a d d l e s . 1 3  

(U) I n  d e s i g n i n g  t h e  k i t  f o r  a d a p t i n g  t h e  TOW sys tem t o  t h e  
Ml.13 armored p e r s o n n e l  c a r r i e r ,  i t  became a p p a r e n t  t h a t  an  e labo-  
r a t e ,  power-operated t u r r e t  would b e  r e q u i r e d ,  w i t h  a r e s u l t a n t  
g r o s s  m o d i f i c a t i o n  o f  t h e  v e h i c l e ,  i f  t h e  QMR was t o  be  f u l l y  and 
l i t e r a l l y  m e t .  F i n d i n g  such  a n  approach i n t o l e r a b l e ,  t h e  u s e r  
e x p r e s s e d  a w i l l i n g n e s s  t o  t r a d e  o f f  some weapon c a p a b i l i t y  i n  
r e t u r n  f o r  a s i m p l e  k i t  r e q u i r i n g  a minimum a l t e r a t i o n  of t h e  
v e h i c l e .  Hughes A i r c r a f t  t h e n  des igned  and f a b r i c a t e d  a s i m p l e r  
k i t  which c o n s i s t e d  p r i m a r i l y  of a p e d e s t a l  u n i t  mounted on double  
v e r t i c a l  rails which were p i v o t e d  a t  f h e  v e h i c l e  f l o o r  under  t h e  
main ca rgo  h a t c h .  The p e d e s t a l  u n i t ,  t r a v e r s i n g  u n i t ,  l e v e l i n g  
d e v i c e ,  and s i g h t l s e n s o r  u n i t  were r a i s e d  on t h e  rails t o  an 
above-deck p o s i t i o n ,  where t h e  l a u n c h  t u b e  was a t t a c h e d  and t h e  
weapon loaded f o r  f i r i n g .  I n  t e s t s  o f  t h e  k i t  mounted on an MI13 
v e h i c l e ,  a team of  s o l d i e r s  (two l o a d e r s  and a gunner)  p r e p a r e d  
t h e  TOW sys tem f o r  a c t i o n  i n  less t h a n  30 seconds .  Of f - load ing  
an  empty c o n t a i n e r ,  a f t e r  a s i m u l a t e d  f i r i n g ,  and r e l o a d i n g  took  
l e s s  t h a n  1 0  seconds .14 The d e s i g n  of mounting k i t s  f o r  o t h e r  
c a r r i e r s  was begun l a te r  i n  t h e  program. 

Exper imenta l  Model Phase  

(U) The e x p e r i m e n t a l  model phase  of t h e  development t e s t  
program c o n s i s t e d  o f  t h e  i n t e g r a t i o n ,  assembly,  t e s t i n g ,  and 

1 2 ~ i s t  Rept ,  Dev Div,  D/R&D,  FY 64 ,  pp. 12-13. 

1 3 ( 1 )  Ibid., p .  14.  (2) L t r ,  Dep D i r ,  D/P&P, M I C O M ,  t o  C O ,  
Watertown Ars ,  1 5  Nov 63,  s u b j :  TOW M s l  Sys Area of Resp. HDF. 
(3)  DF, D / R & D ,  MICOM, t o  CO,  Watertown A r s ,  6  J a n  64 ,  s u b j :  TOW 
Overpack Suspension Concept.  HDF. 

1 4 ~ i s t  Rept ,  Dev Div,  D/R&D,  EY 64 ,  pp. 14-15. 



demonstration of t h e  experimental  system. It commenced on 18  
September 1963, wi th  a s e r i e s  of s i x  unguided f l i g h t  t e s t s .  The 
experimental  guided m i s s i l e  f i r i n g s  began on 27 November 1963, 
e s s e n t i a l l y  on schedule,  bu t  were no t  completed u n t i l  17 December 
1964, some 5 months behind schedule.15 A s  a r e s u l t  of t h i s  s l i p -  
page, t h e  pre l iminary  des ign  r e l e a s e  f o r  i n i t i a t i o n  of advance 
product ion engineering was moved from June t o  August 1964 and t h e  
commencement of R&D acceptance (prototype)  f i r i n g s  was delayed t o  
January 1965, wi th  corresponding changes i n  o t h e r  major mi les tones  
a s  fol lows.  16  

From - 
In te r im Release Feb 65 
C l a s s i f i c a t i o n  - Limited Product ion Feb 65 
ET/sT S t a r t  Feb 65 
Engineering Design Complete* Feb 65 
ET/ST Complete Sep 65 
F i n a l  Design Release Dec 65 
C l a s s i f i c a t i o n  - Standard A Dec 65 

Mar 66 
Jun 66 
Jun 66 
Sep 66 
Aug 67 
May 67 
Nov 67 

*Experimental and R&D Prototype Phases 

(U) A s  a r e s u l t  o f  cont inuing  t e c h n i c a l  problems and t h e  need 
f o r  prev ious ly  unprogrammed design and development e f f o r t ,  t h e  
p ro j ec t ed  RDTE c o s t  f o r  t h e  FY 1962-67 per iod  r o s e  from $51,377,000 
a s  of March 1963 t o  $86,228,000 a s  of May 1965. Following i s  a 
breakdown of t h e  r ev i sed  RDTE funding requirements.17 

To ta l  : 

As  of Mar 63 A s  of May 65 

$ 2,100,000 $ 2,216,000 
7,877,000 7,873,000 

18,300,000 18,300,000 
16,350,000 22,034,000 

5,500,000 23,785,000 
1,250,000 12,020,000 

$51,377,000 $86,228,000 

15(1)  TOW Prog Rept,  Dev Div, D / R & D ,  1 2  Sep 63 - 10 Oct 63. 
RHA Bx 7-58. (2) H i s t  Rept,  Dev Div, D / R & D ,  FY 64, p. 15. HDF. 
(3) TOW PM2P, 30 Jun 65, pp. 1 .5.6 & 1.5.7.  HDF. 

1 6 ~ 0 w  TDP, 18  May 65, p. 11-6. HDF. - T 
I / 

(1) TOW TDP, 1 Mar 63. RSIC. (2) TOW TDP, 1 8  May 65, p. 
1-3. HDF. 



FY 1964-65 Funding Program 

(U) The RDTE program a u t h o r i t y  r e c e i v e d  f o r  FY 1964-65 t o t a l e d  
$40,319,000-$18,300,000 f o r  1964 and $22,019,000 f o r  1965. Of 
t h i s  sum, $35,365,000 was a l l o c a t e d  t o  t h e  Hughes A i r c r a f t  Company 
and $112,000 t o  o t h e r  c o n t r a c t o r s .  The remain ing  $4,842,000 was 
d i s t r i b u t e d  among Government a g e n c i e s ,  most of i t  going t o  M I C O M  
f o r  t e c h n i c a l  s u p e r v i s i o n  and development and q u a l i f i c a t i o n  tests, 
and t o  t h e  Army Muni t ions  Command f o r  warhead development . I 8  

(U) An amendment t o  Hughes1 R&D c o n t r a c t  (AMC-12) on 25 
August 1963 prov ided  f o r  c o n t i n u a t i o n  of t h e  program from 
1 9  September 1963 t o  24 August 1964 a t  a c o s t  o f  $15,432,059 
( i n c l u d i n g  t h e  i n c e n t i v e  f e e )  . I 9  T h i s  i n c r e a s e d  t h e  v a l u e  of 
t h e  c o n t r a c t  from $6,105,000 t o  $21,537,059. Subsequent amend- 
ments r a i s e d  t h e  c o n t r a c t  v a l u e  f o r  t h e  FY 1963-64 development 
e f f o r t  t o  $24,695,845, which inc luded  a n e t  c o s t  o v e r r u n  of 
$2,692,083. 20 Hardware p rocured  th rough  FY 1964 c o n s i s t e d  o f  42 
e x p e r i m e n t a l  and 42 p r o t o t y p e  missiles, 5 e x p e r i m e n t a l  l a u n c h i n g  
sys tems ,  3 p r o t o t  pe  l a u n c h i n g  sys tems ,  and components f o r  
l a b o r a t o r y  t e s t .  2 1 

(U) Hughes A i r c r a f t  conducted t h e  FY 1965 R&D e f f o r t  under  a 
new CPIF c o n t r a c t  (DA-04-495-AMC-516) awarded on 25 August 1964. 
The o r i g i n a l  c o n t r a c t  t a r g e t  c o s t  o f  $14,375,776 was i n c r e a s e d  
t o  $17,535,492, which i n c l u d e d  $1,102,226 f o r  a n  augmented re-  
l i a b i l i t y  t e s t  program. The t o t a l  c o s t  o v e r r u n  a t  t h e  end of t h e  
f i s c a l  y e a r  was $3,376,642, o f  which $1,586,596 was t o  b e  funded 
i n  J u l y  1965 .22 

(U) Meanwhile, i n  October  1963, FiICOM r e q u e s t e d  program and 
p r o j e c t  a p p r o v a l  f o r  Advance P r o d u c t i o n  Engineer ing  (APE), c o s t i n g  
$4,787,000, i n  s u p p o r t  of t h e  planned FY 1965 i n d u s t r i a l  produc- 
t i o n  o f  t h e  TOW system. The p l a n  was t o  e x e c u t e  an  APE c o n t r a c t  
w i t h  Hughes A i r c r a f t  i n  t h e  amount o f  $3,894,000 and r e s e r v e  t h e  
remaining $893,000 t o  cover  t h e  c o s t  o f  in-house APE e f f o r t  a t  

"TOW PMzP, 30 Jun 6 5 ,  p. 1.10.2. HDF. 

"(1) SS AMSMI-1-306, D/P&P, 30 Aug 63 ,  s u b j  : Req f o r  Apprl  
o f  Awd. (2) H i s t  Rep t ,  Dev Div,  D/R&D,  FY 64 ,  p .  5 .  Both i n  EIDF. 

2 0 ~ i s t  Rept ,  TOW OM, N 70,  p. 1. HDF. 

21~t r ,  DCG/LCS t h r u  C G ,  AIYC, t o  ASA(I&L) , 1 5  J u l  64,  sub j : 
Req f o r  Apprl  o f  D&F. HDF. 

22(1)  TOW Pi"2P, 30 Jun 6 5 ,  p .  1 .5 .7 .  HDF. (2)  H i s t  Rep t ,  
TOW PM, FY 65 ,  p.  11. 



M I C O M ,  P i c a t i n n y  A r s e n a l ,  and Frankford  Arsena l .  To a s s u r e  t i m e l y  
implementat ion of t h e  APE e f f o r t ,  M I C O M  recommended t h a t  t h e  re- 
q u i r e d  PEMA* funds  b e  made a v a i l a b l e  d u r i n g  t h e  f i r s t  q u a r t e r  of 
FY 1965.23 

(U) I n  June  1964, t h e  Army Missile Command s u b m i t t e d  a  
r e q u e s t  f o r  a p p r o v a l  o f  a D&F f o r  a u t h o r i t y  t o  n e g o t i a t e  t h e  FY 
1965 APE c o n t r a c t  i n  t h e  amount o f  $3,894,000. It was p lanned  t o  
award t h e  c o n t r a c t  by 30 September 1964 ,  s o  t h a t  t h e  APE e f f o r t  
would be conducted s i m u l t a n e o u s l y  w i t h  t h e  FY 1965 R&D c o n t r a c t ,  
under which 85 p r o t o t y p e  missiles and 7  p r o t o t y p e  l a u n c h i n g  
systems would be  p rocured  f o r  development t e s t s .  The d a t a  t o  be  
o b t a i n e d  under  t h e  i n i t i a l  APE c o n t r a c t  would a s s u r e  t h e  o r d e r l y  
and e x p e d i t i o u s  t r a n s i t i o n  of t h e  TOW from t h e  R&D phase  t o  t h e  
p r o d u c t i o n  phase ,  p r o v i d e  f o r  t h e  e s t a b l i s h m e n t  of component and 
sys tem r e l i a b i l i t y ,  and reduce  p r o d u c t i o n  and end i t e m  c o s t  and 
l e a d t i m e .  24 

(U) With t h e  subsequen t  ass ignment  of TOW f i e l d  and depo t  
t e s t  s u p p o r t  t o  t h e  Mul t i sys tem T e s t  Equipment (MTE) program a t  
M I C O M ,  t h e  TOW-peculiar NTE modules were  d e l e t e d  from t h e  APE 
program, r e d u c i n g  t h e  FY 1965 PEMA f u n d i n g  requ i rement  by 
$1,553,000 (from $4,787,000 t o  $3,234,000) .  The amount of t h e  
proposed FY 1965 APE c o n t r a c t  w i t h  Hughes A i r c r a f t  was reduced  
t o  $2,561,000,  l e a v i n g  $673,000 f o r  t h e  in-house APE e f f o r t .  25 

(U) A PEMA Program Change P r o p o s a l  (PCP) s u b m i t t e d  t o  M4C 
i n  September 1964 sought  a p p r o v a l  of t h e  $3,234,000 i n  FY 1965 
PEMA funds  f o r  t h e  APE e f f o r t  and $33 m i l l i o n  f o r  i n i t i a l  TOW 
procurement i n  FY 1966. Immediate a p p r o v a l  of t h i s  PCP, p a r t i c -  
u l a r l y  t h e  FY 1965 APE f u n d s ,  was e s s e n t i a l  i n  o r d e r  t o  keep t h e  
TOW program on s c h e d u l e .  However, because  of t e c h n i c a l  and 
r e l i a b i l i t y  problems encounte red  i n  t h e  e x p e r i m e n t a l  m i s s i l e  
f i r i n g s ,  t h e  Army M a t e r i e l  Comand d i sapproved  t h e  PCP, and 
i n i t i a t i o n  of t h e  advance 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  was 

* 
Procurement o f  Equipment and Missiles, Army. 

2 3 ~ ~  AMSMI-1-340, D/P&P t o  DCG/LCS,  n . d . ,  s u b j  : APE P r o j  J u s t ,  
FY 65 ,  AElCMS 4930.1.82909 (TOW), w i n c l  : L t r ,  DCG/LCS t o  C G ,  AMC , 
22 Oct 63,  s u b j :  same. HDF. 

2 4 ~ t r ,  D C G ~ L C S  t o  C G ,  AMC, 5  Jun 64 ,  s u b j  : Rcq f o r  Apprl  of 
D&F, as r e v i s e d  by L t r ,  same t o  same, 1 5  J u l  6 4 ,  s u b j :  same. H2F. - 

2 5 ~ ~  AMSMI-1-177-64, D/P&P,  24 Aug 64,  s u b j :  APE P r o j  J u s t ,  
FY 65 ,  AMCMS 42OO.X.32909 (TOW), w i n c l :  L t r ,  D C G ~ L C S  t o  C G ,  a ! C ,  
1 7  Sep 64,  s u b j :  same. HDF. 



u l t i m a t e l y  d e f e r r e d  t o  t h e  las t  q u a r t e r  of FY 1966.26 

Exper imental  F l i g h t  T e s t  R e s u l t s  

(U) T e c h n i c a l  problems w i t h  t h e  TOW missile s e t  i n  w i t h  t h e  
unguided test  f i r i n g s  begun a t  MICOM i n  September 1963 and  con- 
t i n u e d  th roughout  t h e  32-round guided missile f i r i n g  program which 
ended i n  mid-December 1964. The d e s i g n  problems of  prime concern  
invo lved  t h e  l a u n c h  and f l i g h t  motors ,  t h e  w i r e  l i n k ,  t h e  m i s s i l e  
b a t t e r y ,  t h e  i n f r a r e d  s o u r c e ,  and t h e  gyroscope.  

(U) The o b j e c t i v e s  of t h e  six-round unguided f l i g h t  test 
program were t o  o b t a i n  env i ronmenta l  and aerodynamic d a t a  on t h e  
missile and i n v e s t i g a t e  l a u n c h e r  c o n t r i b u t i o n s  t o  missile d i s p e r -  
s i o n s .  I n  t h e  f i r s t  f i r i n g ,  on  1 8  September 1963,  t h e  l a u n c h  
motor b l a s t  t u b e  f a i l e d  w h i l e  t h e  missile was s t i l l  i n  t h e  
l a u n c h e r ,  d e s t r o y i n g  a l l  o f  t h e  a f t  s e c t i o n  o f  t h e  m i s s i l e .  Be- 
c a u s e  o f  t h e  l a u n c h  m o t o r ' s  q u e s t i o n a b l e  s a f e t y ,  t h e  p e l l e t - t y p e  
motor was c a n c e l l e d  i n  f a v o r  of one u s i n g  s i x  s t i c k s  of M7 
p r o p e l l a n t .  The new motor would have a 2.1-inch o u t s i d e  d iamete r  
and a l l o w  more s p a c e  i n  t h e  a f t  end of t h e  m i s s i l e  f o r  gu idance  
components. The A t l a n t i c  Research  C o r p o r a t i o n  developed t h e  
a l t e r n a t e  l a u n c h  motor under a s u b c o n t r a c t  w i t h  Hughes A i r c r a f t .  

(U) S i n c e  t h e  f i n a l  f i x  on t h e  l a u n c h  motor had n o t  been made, 
t h e  p r o p e l l a n t  c h a r g e  i n  t h e  motor of t h e  second test missile was 
reduced  f rom 1.5 t o  1 .2  pounds, w i t h  a c o r r e s p o n d i n g  d e c r e a s e  i n  
muzzle v e l o c i t y  from 250 t o  200 f e e t  p e r  second.  Th is  round was 
f i r e d  on 4 October  1963 t o  e v a l u a t e  o p e r a t i o n  of t h e  w i r e  pay-out 
sys tem,  f l a r e ,  and f l i g h t  motor.  The xenon a r c  lamp i g n i t e d  
p r o p e r l y ,  t h e  s e n s o r  p icked  up t h e  f l a r e  s i g n a l ,  and t h e  w i r e  pay- 
o u t  sys tem o p e r a t e d  s a t i s f a c t o r i l y  u n t i l  f l i g h t  motor i g n i t i o n  a t  
a b o u t  25 f e e t  from t h e  muzzle. At t h a t  p o i n t ,  t h e  f l i g h t  motor 
c a s e  f a i l e d  and t h e  round was d e s t r o y e d  i n  f l i g h t .  An examina t ion  
of t h e  recovered  d e b r i s  i n d i c a t e d  t h a t  t h e  f a i l u r e  stemmed from a 
q u a l i t y  c o n t r o l  problem; i .e. ,  t h e  headcap of t h e  f l i g h t  motor 
was n o t  p r o p e r l y  a t t a c h e d ,  o n l y  h a l f  o f  t h e  t h r e a d s  b e i n g  engaged. 
Because o f  t h e  d i f f i c u l t i e s  be ing  exper ienced  w i t h  t h e  p r o p u l s i o n  
system,  i n i t i a t i o n  of t h e  r o c k e t  motor q u a l i f i c a t i o n  test was 
postponed from March t o  June  1964.27 

2 6 ( 1 ) H i s t R e p t s ,  TOWPM, F Y 6 5 ,  p.  4 ,  & F Y 6 6 ,  p. 6. ( 2 )  
L t r ,  TOW PM t o  C G ,  A X ,  9 Dec 64,  s u b j :  TOW PCP. HDF. 

2 7 ( 1 )  TOW Prog Rept ,  Dev Div,  D / R & D ,  1 2  Sep 63 - 1 0  Oct 63. 
RHA Bx 7-58. (2) H i s t  R e p t ,  Dev Div,  D / R & D ,  N 64 ,  pp. 1 0 ,  15-16. 



(U) The t h i r d  unguided missile,  f i r e d  on 17  October  1963,  
was comple te ly  s u c c e s s f u l .  During t h e  remaining t h r e e  unguided 
f l i g h t s ,  conducted e a r l y  i n  1964,  t h e  f l i g h t  motor exper ienced  a 
r e s o n a n t  burn ing  problem which was c o r r e c t e d  by i n s e r t i n g  b a f f l e s  
i n s i d e  t h e  motor case .  Other  known random f a i l u r e s  o c c u r r e d  i n  
t h e  w i r e  l i n k ,  b a t t e r y ,  and i n f r a r e d  s o u r c e .  28 

(U) The main o b j e c t i v e s  of t h e  32-round guided m i s s i l e  test  
program were t o  e v a l u a t e  t h e  d a t a  a c q u i s i t i o n  subsystems;  a n a l y z e  
t h e  guidance sys tem m i s s i l e  c a p t u r e  t r a n s i e n t s ;  a n a l y z e  guided 
missile dynamics d u r i n g  t h e  b o o s t  and c o a s t  p e r i o d s ;  and e v a l u a t e  
performance of t r a c k i n g  and command d a t a  l i n k s .  The test program 
began a t  M I C O M  on 27 November 1963 and was t e m p o r a r i l y  suspended 
a f t e r  t h e  1 4 t h  f i r i n g  on 26 May 1964,  t o  a l l o w  a r e l i a b i l i t y  
e v a l u a t i o n  o f  c r i t i c a l  components. Ten o f  t h e  1 4  m i s s i l e s  f a i l e d  
t o  r e a c h  t h e  t a r g e t  because  of component mal func t ions .  There  were 
known f a i l u r e s  o r  p a r t i a l  f a i l u r e s  i n  t h e  m i s s i l e  aerodynamic 
s u r f a c e s ,  b a t t e r y ,  sequencer ,  c o n t r o l  w i r e s ,  gyroscope,  a c t u a t o r s ,  
and i n f r a r e d  s o u r c e .  Only one o f  t h e  u n s u c c e s s f u l  f l i g h t s  was 
a t t r i b u t e d  t o  l a u n c h e r  performance and i t  i n v o l v e d  a p a r t i a l  
f a i l u r e  o f  t h e  s i g h t l s e n s o r  and e r r o r  d e t e c t o r .  The f l i g h t  and 
l a u n c h  motors  performed t o  t h e  e x p e r i m e n t a l  d e s i g n  r e q u i r e m e n t s .  

(I?) The r e l i a b i l i t y  e v a l u a t i o n ,  which con t inued  u n t i l  e a r l y  
July  1964,  i n d i c a t e d  t h a t  most o f  t h e  component m a l f u n c t i o n s  
stemmed from q u a l i t y  c o n t r o l  and n o t  from d e s i g n  problems. A 
major  rede-sign of t h e  gu idance  sys tem was r e q u i r e d ,  however, t o  
overcome d e f i c i e n c i e s  i n  t h e  t r a n s m i s s i o n  o f  guidance s i g n a l s  
a l o n g  t h e  f u l l  3,000 meters of t h e  w i r e  l i n k .  A d e s i g n  change i n  
t h e  xenon b u l b  e l i m i n a t e d  some of t h e  d i f f i c u l t y ,  and a change i n  
t h e  lamp modulator  c i r c u i t  showed promise  o f  overcoming t h e  r e -  
maining problems.29 Changes i n  t h e  guidance sys tem r e s u l t e d  i n  
a s u b s t a n t i a l l y  more complex d e s i g n  which i n c r e a s e d  t h e  number of 
e l e c t r o n i c  p a r t s  on t h e  missile from 136  t o  591) and on t h e  
l a u n c h e r  (from 1,100 t o  1 ,900)  . 6 

(U) The TOW e x p e r i m e n t a l  f i r i n g s  were  resumed i n  J u l y  1964. 
C e s p i t e  more s t r i n g e n t  q u a l i t y  c o n t r o l  p r o c e d u r e s  and i ~ ~ p r o v e d  
e n g i n e e r i n g  p r a c t i c e s ,  r e l i a b i l i t y  problems con t inued  t o  p lague  
t h e  system. By 4 December 1964,  1 4  more guided rounds  had been 
f i r e d ,  on ly  7 of which reached  t h e i r  t a r g e t .  T h i s  b rought  t h e  

2 8 
(1)  a i d .  (2 )  AMC TIR CD-5, Suppl  111, Dec 63 ,  p.  2.  RSIC. - .  

2 9 ~ i s t  Rept ,  Dev Div,  D/RLD, FY 64,  pp.  9-11, 16-17, HDF. 

3 0 ~ ~  Study of Cost  Growth i n  A c q u i s i t i o n  of t h e  TOW Weapon 
System ( d r a f t ) ,  27 J u l  76, p .  7. TOW P r o j  Ofc, 



t o t a l  e x p e r i m e n t a l  f i r i n g s  t o  28,  a b o u t  50 p e r c e n t  of which were  
s u c c e s s f u l  o r  p a r t i a l l y  s u c c e s s f u l .  Eleven of t h e  missiles s c o r e d  
d i r e c t  h i t s  w i t h  a c i r c u l a r  p r o b a b l e  e r r o r  o f  1 f o o t  a g a i n s t  b o t h  
moving and  f i x e d  t a r g e t s  a t  r a n g e s  r e q u i r e d  by t h e  m i l i t a r y  char -  
a c t e r i s t i c s .  T h i s  demonstra ted t h e  adequacy and accuracy  of t h e  
d e s i g n ,  b u t  d i d  n o t  r e f l e c t  t h e  h i g h  r e l i a b i l i t y  expec ted  i n  t h e  
p r o t o t y p e  and p r o d u c t i o n  rounds .  Design r e f i n e m e n t s  i n  t h e  R&D 
p r o t o t y p e  would p r o v i d e  r e l i a b i l i t y  improvements based upon t h e  
f i n d i n g s  of t h e  e x p e r i m e n t a l  test  program. To s u p p o r t  t h e  
. inc reased  r e l i a b i l i t y  e f f o r t  c o n s i d e r e d  n e c e s s a r y  f o r  t h e  p ro to -  
t y p e  missile,  t h e  ~ ~ ~ k r o j e c t  Manager r e q u e s t e d  $1.7 m i l l i o n  i n  
a d d i t i o n a l  FY 1965 RDTE funds .  

(U) It was because  o f  concern  o v e r  sys tem r e l i a b i l i t y  t h a t  
t h e  AMC Headquar te r s  d i sapproved  t h e  TOW PCP s u b m i t t e d  by M I C O M  
i n  September 1964. The Procurement and P r o d u c t i o n  D i r e c t o r a t e  of 
AMC i n s i s t e d  t h a t  t h e  e x p e r i m e n t a l  missile f i r i n g  program through 
4 December 1964 was n o t  s u f f i c i e n t l y  s u c c e s s f u l  t o  j u s t i f y  a p p r o v a l  
o f  a PEW program and t h a t  t h e  remainder  o f  t h e  f i r i n g s  shou ld  be  
e v a l u a t e d  b e f o r e  any d e c i s i o n .  A t  t h e  same t i m e ,  t h e  AMC Research 
and Development D i r e c t o r a t e ,  i n  a c o n t r a d i c t i o n  of AEIC p o s i t i o n s ,  
q u e s t i o n e d  t h e  need f o r  an  i n c r e a s e d  r e l i a b i l i t y  program. 31 The 
TOW P r o j e c t  O f f i c e  l a te r  r e c e i v e d  $1,177,000 i n  a d d i t i o n a l  FY 1965 
RDTE funds  f o r  an  augnented r e l i a b i l i t y  (p roduc t  a s s u r a n c e )  program, 
$1,102,226 of which was a l l o c a t e d  t o  Hughes' R&D c o n t r a c t . 3 2  How- 
e v e r ,  t h e  FY 1965 APE f u n d s  r e q u e s t e d  i n  t h e  PCP of  Sep tenber  1964 
were n e v e r  approved. 

(U)  A s  e x p e c t e d ,  t h e  r a t i o  o f  s u c c e s s e s  t o  f a i l u r e s  was n o t  
s i g n i f i c a n t l y  changed by t h e  remain ing  f o u r  e x p e r i m e n t a l  f i r i n g s ,  
o n l y  two of  which reached  t h e i r  t a r g e t .  The p l a n  had c a l l e d  f o r  
a t o t a l  o f  34 e x p e r i m e n t a l  f l i g h t  tests, b u t  t h e  program was 
t e r m i n a t e d  w i t h  t h e  32nd f i r i n g  on 1 7  December 1964. The 32 
guided missile f i r i n g s  r e s u l t e d  i n  1 3  d i r e c t  h i t s  w i t h  a mean 
c i r c u l a r  p r o b a b l e  e r r o r  o f  less t h a n  1 f o o t :  1 n e a r  m i s s ;  
1 m a l f u n c t i o n  caused 
m a l f u n c t i o n ;  1 r a d i o  
e x p e r i m e n t a l  s u p p o r t  
by v a r i o u s  component 
t a r g e t s  t r a v e l i n g  a t  
s t a t i o n a r y  t a r g e t s .  

by range  equipment f a i l u r e s ;  1 l a u n c h e r  
command r e c e i v e r  f a i l u r e  (a  n o n - t a c t i c a l  
i t e m ) ;  and 1 5  u n s u c c e s s f u l  f l i g h t s  caused 
f a i l u r e s .  H i t s  were s c o r e d  on c r o s s i n g  
a maximum rate o f  30 mph, as w e l l  as 
S i n c e  missiles were  c o n t r o l l e d  as f a r  o u t  

31(1) L t r ,  TOW PM t o  CG,  AMC, 9 Dec 64 ,  s u b j  : TOW PCP. ( 2 )  . 
L t r ,  TOW PM t o  D r .  A. E. P u c k e t t ,  HAC, 9 Dec 64 ,  n . s .  Both i n  HDF. 

32(1) H i s t  Rept ,  TOW PM, FY 65,  pp. 8 ,  11. HDF. (2)  Also 
see above,  p .  48. 



as 3,450 m e t e r s ,  t h e  a b i l i t y  of t h e  TOW t o  r e a c h  t h e  p r e s c r i b e d  
maximum range  of 3,000 m e t e r s  was s u c c e s s f u l l y  demons t ra ted .  33 

R&D P r o t o t y p e  T e s t  Phase  

(U) The R&D p r o t o t y p e  t e s t  program commenced on 6 January  
1965 and ended on 20 June 1966, w i t h  a t o t a l  o f  62 f i r i n g s .  Th i s  
phase  of t h e  program was c h a r a c t e r i z e d  by c o n t i n u i n g  component 
r e l i a b i l i t y  problems, a l a c k  of t i m e l y  d e c i s i o n s  and fund ing  
guidance from h i g h e r  h e a d q u a r t e r s ,  deferment  o f  i n i t i a l  p roduc t ion  
from FY 1967 t o  FY 1968,  a 1-year s l i p p a g e  i n  t h e  Army Read iness  
Date  from March 1968 t o  March 1969,  and an e s c a l a t i o n  i n  sys tem 
development c o s t s .  

Techn ica l  Management Review 

(U) By January  1965, t h e  TOW sys tem had reached  t h e  p o i n t  i n  
t h e  development c y c l e  when p r o d u c t i o n  d e c i s i o n s  were e s s e n t ' i a l .  
While t h e  o v e r a l l  r e s u l t s  of t h e  e x p e r i m e n t a l  f i r i n g s  i n d i c a t e d  
r e a l  p r o g r e s s  toward meet ing thme development o b j e c t i v e s ,  t e c h n i c a l  
problems a f f e c t i n g  sys tem r e l i a b i l i t y  had g iven  r i s e  t o  q u e s t i o n s  
r e l a t i v e  t o  t h e  a t t a i n a b i l i t y  o f  t h e  e x i s t i n g  m i l i t a r y  r e q u i r e -  
ments w i t h i n  t h e  p u b l i s h e d  development s c h e d u l e ,  and hence t h e  
p r o p r i e t y  o f  r e l e a s i n g  PEMA funds  f o r  p r o d u c t i o n  p l a n n i n g .  To 
e s t a b l i s h  f u r t h e r  c o n f i d e n c e  i n  t h e  TOW development program, t h e  
Commanding General  o f  AMC d i r e c t e d  t h a t  MICOM a p p o i n t  a TOW 
Program Review Group t o  conduct a n  in-depth  t e c h n i c a l  management 
s u r v e y  o f  t h e  sys tem and f o r m u l a t e  a r e a l i s t i c  m a s t e r  p l a n  
r e f l e c t i n g  a v a l i d  a v a i l a b i l i t y  d a t e . 3 4  The s u r v e y  began on 
5 February and was completed on 29 March 1965. 

(U) Members o f  t h e  rev iew group concluded t h a t  t h e  TOW s y s t e n  
concept  was v a l i d  and t h a t  a l l  components were w i t h i n  t h e  s ta te  of  
t h e  a r t ,  b u t  t h a t  more emphasis was needed on t h e  f l i g h t  motor ,  
i n f r a r e d  s o u r c e ,  and l a u n c h e r .  The group s t a t e d  i n  i t s  r e p o r t  
t h a t  t h e  amount of t ime  and q u a n t i t y  o f  R&0 hardware i n  t h e  
e x i s t i n g  program were i n a d e q u a t e  t o  complete  t h e  development 
program. It e s t i m a t e d  t h a t  a n  a d d i t i o n a l  11 months o f  development 
t i m e  would be  r e q u i r e d  b e f o r e  s t a r t i n g  e n g i n e e r i n g  s e r v i c e  t e s t s ,  
t o g e t h e r  w i t h  abou t  $15 m i l l i o n  i n  a d d i t i o n a l  RDTE funds  ($5 
m i l l i o n  i n  FY 1966 and $10 m i l l i o n  i n  FY 1967) .  I n  o r d e r  t o  

3 3 ~ 0 ~  PMzP, 30 Jun 65,  p.  I. 5.6. HDF. 

3 4 ~ t r ,  C G ,  AMC, t o  DCG/ADS, LIICOM, 28 J a n  65 ,  n . s .  HDF. 



a s s u r e  a l o g i c a l  and economical  p r o d u c t i o n  program commencing 
e a r l y  i n  FY 1967,  t h e  group emphasized t h a t  a  minimum of $1.2 
m i l l i o n  i n  FY 1965 APE funds  would be r e q u i r e d  f o r  t h e  d e s i g n  and 
e v a l u a t i o n  o f  p r o d u c t  i o n  equipment and p r o c e s s e s  f o r  t h e  xenon 
s o u r c e ,  bobbin wind ing ,  and f l i g h t  motor n o z z l e .  Funds r e q u i r e d  
f o r  t h e  t o t a l  APE e f f o r t  were e s t i m a t e d  a t  $5.5 m i l l i o n ,  a n  i n -  
c r e a s e  o f  some $2.3 m i l l i o n  o v e r  t h e  e x i s t i n g  program. S u b j e c t  
t o  t h e  t i m e l y  r e l e a s e  o f  t h e  r e q u i r e d  FY 1965 APE funds  and 
a d e q u a t e  RDTE funds  f o r  FY 1966-67, t h e  group concluded t h a t  a  
l i m i t e d  p r o d u c t i o n  release d a t e  o f  June  1966 cou ld  b e  m e t ,  and 
t h a t  p r o d u c t i o n  d e l i v e r i e s  c o u l d  b e g i n  i n  September 1967.35 

Program Change P r o p o s a l  

'(U) A PCP, based on recommendations of t h e  TOW Program Review 
Group, was approved by AMC Headquar te r s  on 1 0  Hay 1965 and sub- 
m i t t e d  t o  t h e  Department o f  t h e  Army. T h i s  PCP r e q u e s t e d  a u t h o r i t y  
t o  proceed w i t h  TOW system development,  p r o d u c t i o n ,  and deployment 
a s  schedu led .  S p e c i f i c a l l y ,  i t  r e q u e s t e d  a u t h o r i t y  t o  p r o c u r e  
110,430 HEAT missiles, 58,638 t r a i n i n g  missiles, 3,512 l a u n c h  and 
guidance sets, and a u x i l i a r y  equipment d u r i n g  t h e  FY 1967-71 p e r i o d  
a t  a  t o t a l  c o s t  of $296,838,000. It proposed a p r o d u c t i o n  go-ahead 
i n  August 1966 f o r  a n  i n i t i a l  FY 1967 p r o d u c t i o n  increment  of 8,192 
HEAT missiles, 1 , 7 6 3  t r a i n i n g  missiles, 417 l a u n c h  and guidance 
sets,  and a u x i l i a r y  equipment,  a t  a t o t a l  c o s t  o f  $53.2 m i l l i o n  
i n c l u d i n g  $1.7 m i l l i o n  f o r  advance p r o d u c t i o n  e n g i n e e r i n g .  36 

(U) The TOW PCP i n c l u d e d  $1.2 m i l l i o n  f o r  APE i n  FY 1965;  
$4.1 m i l l i o n  f o r  APE i n  FY 1966;  $23,785,000 f o r  RDTE i n  FY 1966; 
and $12,034,000 f o r  RDTE i n  FY 1967. It recommended immediate 
( June  1965) i n i t i a t i o n  of APE on t h r e e  missile hardware  i t e m s  
( w i r e  bobbin ,  xenon s o u r c e  lamp, and f l i g h t  motor n o z z l e )  con- 
s i d e r e d  t o  be  major  o b s t a c l e s  t o  h i g h - r a t e  p r o d u c t i o n .  However, 
h i g h e r  h e a d q u a r t e r s  a d v i s e d  AMC t h a t  APE funds  would n o t  be  
r e l e a s e d  u n t i l  a p p r o v a l  o f  t h e  PCP, which was n o t  expec ted  b e f o r e  
mid-August 1965. T h i s  d e l a y  meant t h a t  handmade l i g h t  s o u r c e s  
and bobbins  would c o n t i n u e  t o  be  used i n s t e a d  of t h e  more r e l i a b l e  
automated ones .  It a l s o  p r e v e n t e d  t h e  u s e  o f  t h e  most r e l i a b l e  

35(1) L t r ,  Chmn, TOW Program Review Gp, t o  C G ,  A X ,  4 Har 6 5 ,  
s u b j :  I n t e r i m  Rept - TOW Program Review Gp. (2)  H i s t  R e p t ,  TOW P?!, 
FY 65,  pp. 4-5. Both i n  HDF. 

36(1)  TOW PCP A-5-038, c i t e d  i n  DOD S u b j e c t / I s s u e  363, 26 Nov 
65. (2)  TOW PM2P, 30 Jun 65 ,  pp. 1 .5 .4  & 11.14.2 .  Both in HDF.  



hardware  i n  e n g i n e e r i n g  s e r v i c e  tests. 37 

(U) With t h e  d i s a p p r o v a l  of t h e  p r o j e c t  r e q u e s t  f o r  $1.2 
m i l l i o n  i n  FY 1965 APE f u n d s ,  t h e  TOW P r o j e c t  O f f i c e  conducted 
new s t u d i e s  t o  de te rmine  t h e  t o t a l  FY 1966 funds  n e c e s s a r y  t o  
complete  t h e  APE program by 1 August 1966. It was determined 
t h a t  a minimum of $4.9 m i l l i o n  would be  r e q u i r e d  t o  complete  t h e  
program. I n  t h e  r e v i s e d  p r o j e c t  r e q u e s t ,  submi t t ed  t o  AMC i n  
l a t e  J u l y  1965,  t h e  Commanding General  o f  MICOM recommended t h a t  
program a p p r o v a l  and funds  be  made a v a i l a b l e  no l a te r  t h a n  1 5  
August 1965,  i n  o r d e r  t o  a s s u r e  an APE c o n t r a c t  by 1 October 1965 
and comple t ion  o f  t h e  APE e f f o r t  by 1 August 1966.38 

(U) The Department o f  t h e  Army s e n t  t h e  TOW change p r o p o s a l  
t o  t h e  Department of Defense (DOD) on 3 1  J u l y  1965, b u t  a d e c i s i o n  
was n o t  fo r thcoming  u n t i l  26 November 1965. D e s p i t e  t h e  u r g e n t  
need f o r  t h e  TOW and t h e  improved r e l i a b i l i t y  e x h i b i t e d  i n  t h e  
on-going p r o t o t y p e  f i r i n g s ,  DOD was n o t  convinced t h a t  t h e  weapon 
sys tem had a t t a i n e d  s u f f i c i e n t  r e l i a b i l i t y  t o  w a r r a n t  i t s  commit- 
ment t o  p r o d u c t i o n .  Because t h e  TOW d e s i g n  w a s  based on a "wooden 
round" concep t  which p e r m i t t e d  no t e s t i n g  a f t e r  p r o d u c t i o n  and 
b e f o r e  i s s u e  t o  t r o o p s ,  and because  o f  t h e  h i g h  u n i t  c o s t  of 
i n i t i a l  p r o d u c t i o n  u n i t s ,  i t  was c o n s i d e r e d  e s s e n t i a l  t h a t  sys tem 
r e l i a b i l i t y  and i n t e g r i t y  b e  proven b e f o r e  t h e  r e l e a s e  t o  produc- 
t i o n .  The DOD d e c i s i o n  paper  s t a t e d  t h a t  t h e  TOW test  f i r i n g s  t o  
d a t e  had n o t  p rov ided  t h i s  a s s u r a n c e ,  n o t i n g  t h a t  23 o u t  of t h e  
t o t a l  o f  49 guided f i r i n g s  had been f a i l u r e s . "  The DOD d e c i s i o n  
approved APE funds  i n  t h e  amount of $4.9 m i l l i o n  f o r  FY 1966 and 

* 
T h i s  c o n c l u s i o n  was o b v i o u s l y  based on a c o n s o l i d a t i o n  of e x p e r i -  
m e n t a l  and  p r o t o t y p e  f i r i n g s  and t h e r e f o r e  d i d  n o t  a c c u r a t e l y  
p o r t r a y  t h e  c u r r e n t  development s t a t u s  o f  t h e  sys tem.  A t  t h e  
t i m e  o f  t h e  DOD d e c i s i o n  on 25 November 1965, o n l y  31 TOW p r o t o -  
t y p e  m i s s i l e s  had been f i r e d .  Twenty o f  t h e s e  were  f u l l y  guided 
(accuracy)  f i r i n g s  a g a i n s t  f i x e d  and moving t a r g e t s ,  and 11 were 
c a t c h e r  and programmed b a l l i s t i c  f i r i n g s .  Four teen  of t h e  20 
a c c u r a c y  f i r i n g s  were  s u c c e s s f u l  w i t h  d i r e c t  h i t s  on t a rg ' e t s  a t  
v a r i o u s  r a n g e s  o u t  t o  3,000 meters. T h i s  y i e l d e d  a sample 
r e l i a b i l i t y  o f  70 p e r c e n t ,  i n  c o n t r a s t  t o  t h e  5 3  p e r c e n t  n o t e d  
i n  t h e  DOD d e c i s i o n  paper .  TOW PM2P, Ch 3 ,  31 Dec 65,  pp. I . 5 . 7 a Y  
I .5 .7b ,  & 1.5.8.  HDF. 

37(1)  I b i d . ,  pp. 1 .5 .4  & 1 .5 .5 .  (2 )  L t r ,  DCG/LCS,  I I C O M ,  t o  
CG,  AMC, 29 Nar 65, s u b j  : PEVA FY 65 APE P r o j  AXMS 4220.X.32909 
(TOW). HDF. 

3 8 ~ t r ,  C G ,  MICOM, t o  CG,  AMC, 23 J u l  65 ,  s u b j :  PEVA FY 66 
APE P r o j  MCMS 4290.X.32947 (TOW). HDF. 



$1.7 m i l l i o n  f o r  FY 1967,  b u t  d e f e r r e d  i n i t i a l  p r o d u c t i o n  u n t i l  
FY 1968. The FY 1966 APE fund ing  r e q u i r e m e n t ,  however, was t o  b e  
m e t  by reprogramming w i t h i n  a v a i l a b l e  Army r e s o u r c e s .  39 

(U) The d e l a y  i n  i n i t i a t i n g  t h e  APE program was p a r t i a l l y  
o f f s e t  by a l l o c a t i n g  $500,000 RDTE funds  t o  t h e  development of 
automated t e c h n i q u e s  f o r  xenon lamp and w i r e  bobbin  manufacture .  
The A s s i s t a n t  S e c r e t a r y  of t h e  Army (R&D) approve2 D&F a u t h o r i t y  
f o r  n e g o t i a t i n g  t h e  c o n t r a c t  f o r  t h i s  work on 1 5  October  1965. 
Though DOD approved t h e  FY 1966 APE p r o j e c t  r e q u e s t  f o r  $4.9 
m i l l i o n ,  t h e  funds  were  n o t  immediate ly  a v a i l a b l e  from Army 
r e s o u r c e s .  Program a u t h o r i t y  f o r  t h e  APE c o n t r a c t  was e x p e c t e d  
i n  January  1966,  b u t  was n o t  fo r thcoming  u n t i l  ~ ~ r i l . ~ O  

(U) The APE s t u d i e s  begun by Hughes A i r c r a f t  i n  A p r i l  1966 
invo lved  a l l  phases  o f  TOW sys tem p r o d u c t i o n ,  i n c l u d i n g  t h e  e s t a b -  
l i s h m e n t  of p i l o t  l i n e s  f o r  hardware c o n s i d e r e d  t o  b e  major  
o b s t a c l e s  t o  h i g h - r a t e  p r o d u c t i o n ;  i . e . ,  bobbin  winding,  f l i g h t  
motor n o z z l e s ,  and t h e  i n f r a r e d  s o u r c e  lamp. Hughes A i r c r a f t  
conducted t h e  APE s t u d i e s  under  C o n t r a c t  ANC-14824 i s s u e d  on 
1 5  A p r i l  1966 f o r  $864,578. On 1 May 1966,  $937,422 was s e n t  t o  
t h e  Army Muni t ions  Command (PluCOM) f o r  APE e f f o r t  a t  P i c a t i n n y  
A r s e n a l  on t h e  TOW warhead,  l a u n c h - m o t o r ,  and f l i g h t  motor pro- 
p e l l a n t .  Th i s  was fo l lowed  on 30 June  1966 by t h e  award of 
a n o t h e r  c o n t r a c t  (AMC-15537) t o  Hughes A i r c r a f t  f o r  t h e  b a l a n c e  
of t h e  FY 1966 APE program. The l a t t e r  c o n t r a c t ,  i n  t h e  amount 
o f  $3,098,000,  completed t h e  o b l i g a t i o n  of $4.9 m i l l i o n  i n  
a u t h o r i z e d  FY 1966 APE funds .  

(U) Program a u t h o r i t y  f o r  t h e  FY 1966 RDTE e f f o r t  was a l s o  
de layed .  To a v o i d  e x c e s s i v e  s l i p p a g e  o f  t h e  development program 
w h i l e  a w a i t i n g  a p p r o v a l  of t h e  proposed FY 1966 f u n d i n g ,  t h e  
TOW P r o j e c t  Manager ex tended  t h e  FY 1965 development c o n t r a c t  
(AMC-516) from 1 September t o  27 November 1965. The c o s t s  
i n c u r r e d  under  t h i s  e x t e n s i o n ,  i n c l u d i n g  t e c h n i c a l  r e q u i r e m e n t s  
r e v i s i o n s  and p r o d u c t  a s s u r a n c e  p r o v i s i o n s ,  i n c r e a s e d  t h e  p r i c e  ' 

of  t h e  FY 1965 c o n t r a c t  by $8,142,148. The f i n a l  v a l u e  o f  
C o n t r a c t  MC-516 was $25,217,572, which i n c l u d e d  a n e t  over run  of 
$2,593,454 o r  10 .28  p e r c e n t .  On 28 November 1965, Hughes A i r c r a f t  

3 9 ~ 0 ~  S u b j e c t / I s s u e  363, 26 Nov 65,  a t c h d  as i n c l  t o  DF, Act 
C&DP, t o  TOW PM, e t  aZ., 23 Dec 65 ,  s u b j :  PCP - TOW M s l  Sys .  HDF. 

"(1) PM2P, Ch 3 ,  31 Dec 65,  p .  I. 5.5 .  (2) SS AMCPM-TO-1-66, 
TOW P r o j  Ofc, 7 Feb 66,  s u b j :  TOW APE, w i n c l :  L t r ,  C G ,  M I C O M ,  t o  
CG,  AMC, 8 Feb 66 ,  s u b j  : TOW APE ( P r o j  Req 4290.X. 32947).  (3)  H i s t  
F.ept, TOW PM, FY 66,  p.  6 .  A l l  i n  HDF. 



r e c e i v e d  a CPIF c o n t r a c t  (AMC-13626) i n  t h e  amount o f  $12,674,886 
f o r  t h e  b a l a n c e  o f  t h e  FY 1966 development program, which i n c l u d e d  
108  missiles, 1 2  l a u n c h e r s ,  and components f o r  l a b o r a t o r y  t e s t i n g .  
The t o t a l  v a l u e  o f  t h e  Fi 1966 c o n t r a c t  was la ter  i n c r e a s e d  t o  
$13,128,403.41 

Realignment o f  P l a n s  and Schedules  

(U) With t h e  deferment  of i n i t i a l  p r o d u c t i o n  from FY 1967 t o  
FY 1968,  t h e  TOW P r o j e c t  Manager p r e p a r e d  a r e v i s e d  program 
s c h e d u l e  which was approved on 28 May 1966. Changes i n  some of 
t h e  major  m i l e s t o n e s  were  as f o l l o w s  :42 

Schedule  
6130165 6130166 

C l a s s i f i c a t i o n  - Limited P r o d u c t i o n  Jun 66 Mar 67 
Award 1st Produc t ion  C o n t r a c t  Aug 66 Aug 67 
Award 2d P r o d u c t i o n  C o n t r a c t  Sep 67 Oct 68 
D e l i v e r y  o f  1st Produc t ion  I t e m  Sep 67 Sep 68 
1st Uni t  Equipped Mar 68 Plar 69 
Army Read iness  Date Mar 68 Plar 69 

(U) The s t r e t c h o u t  i n  development e f f o r t ,  t o g e t h e r  w i t h  t h e  
added work i n  p roduc t  a s s u r a n c e ,  l e d  t o  a s i g n i f i c a n t  i n c r e a s e  i n  
development c o s t s .  A t o t a l  o f  $76,145,000 was a l l o c a t e d  t o  TOW 
development through FY 1966, and i t  was e s t i m a t e d  t h a t  $19,600,000 
more would b e  r e q u i r e d  d u r i n g  t h e  FY 1967-69 p e r i o d ,  f o r  a t o t a l  
p r o j e c t e d  RDTE c o s t  o f  $95,745,000. T h i s  r e p r e s e n t e d  a n  i n c r e a s e  
o f  $9,517,000 o v e r  t h e  May 1965 estimate o f  $86,228,000 f o r  t h e  
FY 1962-67 p e r i o d .  The RDTE o u t l a y  f o r  FY 1966 i n c r e a s e d  from 
$23,785,000 t o  $25,709,000, and t h e  f u n d i n g  requ i rement  f o r  
FY 1967 r o s e  from $12,020,000 t o  $13,600,000. P r o j e c t e d  r e q u i r e -  
ments i n c l u d e d  $5 m i l l i o n  f o r  FY 1968 and $1 m i l l i o n  f o r  FY 1 9 6 9 . ~ ~  

R e s u l t s  o f  P r o t o t y p e  T e s t  F i r i n g s  

(U) The pr imary o b j e c t i v e  o f  t h e  R&D p r o t o t y p e  test  phase  was 

- 

41~is t  R e p t s ,  TOW PM, FY 66,  pp. 4 ,  6 ;  FY 67,  pp. 3-4. HDF. 

4 2 ( 1 )  TOW PM2P, 30 Jun  65,  pp. 11 .20 .3  - 11.20.17,  (2)  TOY 
PM2P, 30 Jun  66 ,  Ch 5 ,  pp. 11.20.3  - 11.20.13.  (3) H i s t  R e p t ,  
TOW PM, FY 66 ,  p. 6. A l l  i n  HDF. 

43(1) TOW PM2P, 30 Jun 66 ,  Ch 5 ,  p .  111.21.2 .  (2)  TOW TDP, 
1 8  May 65,  p .  1-3. Both i n  HPF. (3)  Also see above ,  p .  47.  



t o  r e f i n e  t h e  sys tem d e s i g n  t o  meet t h e  complete  p h y s i c a l  and 
performance r e q u i r e m e n t s  set f o r t h  i n  t h e  QMR. As a r e s u l t  of 
t h e  sys tem performance e x h i b i t e d  i n  t h e  e x p e r i m e n t a l  f i r i n g s ,  t h e  
p r o t o t y p e  test program was d i r e c t e d  toward g r e a t e r  component 
r e l i a b i l i t y  and env i ronmenta l  t e s t i n g . 4 4  R e l i a b i l i t y  problems,  
however, c o n t i n u e d  t o  p lague  t h e  system. 

(U) The TOW p r o t o t y p e  missile, d e s i g n a t e d  as t h e  XBGM-71A, 
was 5.85 i n c h e s  i n  d i a m e t e r  and 45.9 i n c h e s  l o n g ,  and weighed 
about  38.5 pounds. Its major components i n c l u d e d  t h e  ANITSQ-67 
(XO-1) guidance se t ,  XM-207 HEAT and XM-220 t r a i n i n g  warhead 
s e c t i o n s ,  XN-114 l a u n c h  motor,  and XM-113 f l i g h t  motor.  The 
missile was sh ipped  i n  and f i r e d  from a spool-shaped,  t u b u l a r ,  
f i b e r g l a s s  c o n t a i n e r  which,  when loaded  i n  t h e  TOW l a u n c h e r ,  
s e r v e d  as t h e  b r e e c h  end o f  t h e  l aunch  t u b e .  The c o n t a i n e r  
weighed 8.5 pounds and was 50.3  i n c h e s  l o n g  and 8.6 i n c h e s  i n  
d iamete r .  The p r o t o t y p e  m i s s i l e - c o n t a i n e r  combinat ion weighed 
47 pounds,  i n  c o n t r a s t  t o  t h e  QMR o b j e c t i v e  of 42 pounds. 

(U) The XM-151 TOW l a u n c h e r  c o n s i s t e d  of a l i g h t w e i g h t  launch 
t u b e ,  t r i p o d ,  t r a v e r s i n g  u n i t ,  s i g h t l s e n s o r  u n i t  and c a s e ,  e l e c -  
t r o n i c s  u n i t ,  and b a t t e r y .  Its t o t a l  weight  of 166 pounds 
exceeded t h e  QMR o b j e c t i v e  by 6 pounds .45 

(U) A t o t a l  o f  62 missiles of t h e  Block I and Block I1 con- 
f i g u r a t i o n  were  f i r e d  from 6 January  1965 th rough  20 June  1966. 
S i x  of t h e s e  were "ca tcher"  f i r i n g s  u s i n g  missiles w i t h  i n e r t  
f l i g h t  m o t o r s ,  6 were f l i g h t s  a g a i n s t  a p o i n t  i n  s p a c e ,  
and 50 were  accuracy  f i r i n g s  a g a i n s t  f i x e d  and moving t a r g e t s .  
Forty-two of  t h e  50 a c c u r a c y  rounds  were  f i r e d  a t  Redstone 
A r s e n a l ,  w i t h  11 f a i l u r e s  and 3 1  s u c c e s s e s  f o r  a sample r e l i a b i l -  
i t y  of 73.8 p e r c e n t .  The remain ing  e i g h t  accuracy  rounds  were 
f i r e d  i n  a r c t i c  tests a t  F o r t  G r e e l y ,  A l a s k a ,  d u r i n g  January  and 
February 1966,  w i t h  two s u c c e s s e s  and s i x  f a i l u r e s ,  b r i n g i n g  t h e  
sample r e l i a b i l i t y  down t o  66 p e r c e n t .  The r e s u l t s  o f  t h e  
accuracy  tests by t y p e  t a r g e t  were as f o l l o w s :  

TYP e 
T a r g e t  

Range Number o f  F i r i n g s  
(mete r s )  S u c c e s s f u l  IJnsuccessful  T o t a l  

S t a t i o n a r y  1,500-3.000 1 6  8 24 
Moving (10-30 mph) - 65-3;ooo - 1 7  - 9 

33 (66%) 1 7  

4 4 ~ 0 ~  TDP, 1 8  May 65 ,  pp. 11-4, 11-5. HDF. 

45(1)  TOW PE12P, Ch 5 ,  30 Jun 66,  pp. I. 2 .3  & I. 3.2 - I. 3.6 .  
FDF. (2)  AHCTCM I t e m  4467, 22 Feb 66. RSIC. 



(U) F i v e  o f  t h e  1 7  f a i l u r e s  were a t t r i b u t e d  t o  w i r e  b r e a k s ,  
4  t o  m a l f u n c t i o n  of t h e  i n f r a r e d  s o u r c e  lamp, 3  t o  m a l f u n c t i o n  of 
missile e l e c t r o n i c s ,  2  t o  f l i g h t  motor c a s e  burn- through,  and t h e  
remaining 3  t o  m a l f u n c t i o n s  i n  t h e  l a u n c h e r  programmer t ime ,  
a c t u a t o r  s q u i b ,  and gyro s q u i b .  The c i r c u l a r  e r r o r  p r o b a b l e  (CEP) 
ach ieved  i n  t h e  R&D p r o t o t y p e  f i r i n g s  was about  1 . 6  f e e t . 4 6  

(U) A number o f  d e s i g n  changes were  i n t r o d u c e d  i n  t h e  c o u r s e  
o f  t h e  program t o  improve system performance and r e l i a b i l i t y .  
Improvements t o  t h e  l a u n c h e r  e l e c t r o n i c s  u n i t  i n c l u d e d  an  in -  
c r e a s e d  s e l f - t e s t  c a p a b i l i t y  and a new t h r e e - s e c t i o n  power s u p p l y .  
Among changes and improvements t o  t h e  TOW-missile were (1) u s e  o f  
low a i r - d r a g  j o i n t s  on t h e  Block I1 c o n f i g u r a t i o n ;  (2) change i n  
t h e  two-ba t t e ry  power supp ly  t o  i n c o r p o r a t e  t h r e e  i d e n t i c a l  t h e r -  
m a l  b a t t e r i e s ;  (3) change i n  t h e  a c t u a t o r  g a s  supp ly  t o  h i g h e r  
p r e s s u r e  hel ium;  (4) development o f  a Block I1 i n f r a r e d  s o u r c e  
u s i n g  a new c y l i n d r i c a l  lamp and a  f i x e d  du ty  c y c l e ;  (5) i n t r o -  
d u c t i o n  o f  semi-automatic winding t e c h n i q u e s  f o r  t h e  w i r e  bobbin ;  
(6)  r ep lacement  of t h e  h o t  gas  gyro w i t h  a  c o l d  g a s  (N2) g y r o ;  
and (7) r e d e s i g n  of missile e l e c t r o n i c s  t o  improve env i ronmenta l  
o p e r a t i o n  r e l a t i v e  t o  shock ,  v i b r a t i o n ,  and t e m p e r a t u r e .  4  7  

P r o t o t y p e  In-Process .  Review 

(U) The TOW P r o t o t y p e  In-Process  Review (IPR) was h e l d  a t  
MICOM 18-20 May 1966. The purpose  of t h e  IPR was t o  examine t h e  
p r o t o t y p e  system d e s i g n  and de te rmine  i t s  a c c e p t a b i l i t y  t o  t h e  
Army. Among t h e  a g e n c i e s  r e p r e s e n t e d  were  t h e  O f f i c e ,  Chief  of 
~ e s e a r c h  and Development; A s s i s t a n t  Chief S t a f f  f o r  Force  
Development; Army Materiel Command; Combat Developments Command; 
C o n t i n e n t a l  Army Command; Army T e s t  and E v a l u a t i o n  Command; Army 
Muni t ions  Command; Army Tank-Automotive Command; Naval T r a i n i n g  
Devices C e n t e r ;  B a l l i s t i c  Research L a b o r a t o r i e s  and Human 
Engineer ing  Labora to ry  of t h e  Aberdeen Prov ing  Ground; E l e c t r o n i c s  
Command; U. S. Marine Corps;  A i r c r a f t  Weaponization P r o j e c t  
Manager; General  Purpose  Vehic le  P r o j e c t  Manager; Annis ton Army 
Depot; and t h e  Hughes A i r c r a f t  Company. 

(U) A comprehensive rev iew and e v a l u a t i o n  of t h e  TOW sys tem 
d e s i g n  i n d i c a t e d  t h a t  t h e  o v e r a l l  weapon w a s  p r o g r e s s i n g  w e l l  

46(1)  H i s t  Rep t ,  TOW PM, N 66,  pp. 8-9. (2)  TOW PMzP, Ch 5 ,  
30 Jun  66,  pp. I .5.7a - I .5 .7c ,  & 1.5 .8 .  Both i n  HDF. 

471bid., pp. 1 . 5 . 3  & 1 .5 .4 .  



toward mee t ing  t h e  QMR e x c e p t  i n  missile and l a u n c h e r  w e i g h t ,  
which exceeded t h e  o b j e c t i v e  by 11 pounds. An a n a l y s i s  o f  t h e  
p r o t o t y p e  f l i g h t  t e s t  f i r i n g s  through'  1 0  May 1966 showed a n  
o v e r a l l  f l i g h t  r e l i a b i l i t y  o f  74 p e r c e n t  e x c l u d i n g  t h e  e i g h t  
a r c t i c  f i r i n g s .  The f l i g h t  s u c c e s s  r a t i o  was 85 p e r c e n t  f o r  a  
20-round moving average .  It was concluded t h a t  t h e  sys tem had 
p r o g r e s s e d  s u f f i c i e n t l y  t o  e n t e r  t h e  e n g i n e e r i n g  s e r v i c e  t e s t  
w i t h  c o n f i d e n c e  and t h a t  a n  a c c e p t a b l e  showing would be  made. 

System Weight Problems 

(U) The QMR o b j e c t i v e  we igh t  o f  42 pounds f o r  t h e  encased 
missile was based  on a  36-pound missile and a 6-pound launch  
c o n t a i n e r .  The weight  of t h e  l a t e s t  f l i g h t  t e s t  missiles a t  
Redstbne Arsena l  was 38.5 pounds. Some missile weigh t  r e d u c t i o n s  
had been i n t r o d u c e d ,  b u t  t h e s e  were  o f f s e t  by n e c e s s a r y  weigh t  
i n c r e a s e s  f o r  t h e  3,000-meter r a n g e  c a p a b i l i t y .  F u r t h e r  we igh t  
r e d u c t i o n s  i n  t h e  missile would n o t  be p o s s i b l e  w i t h o u t  jeopard-  
i z i n g  performance and r e l i a b i l i t y .  The m i s s i l e  c o n t a i n e r  weight  
ranged from t h e  i n i t i a l  p r e d i c t i o n  o f  6  pounds t o  t h e  p r o t o t y p e  
weigh t  of 8.5 pounds. By October 1965,  i t  was r e a l i z e d  t h a t  a  
c o n t a i n e r  we igh t  of less t h a n  8 . 5  pounds cou ld  n o t  b e  expec ted  
and s t i l l  p r o v i d e  t h e  r e q u i r e d  env i ronmenta l  p r o t e c t i o n  f o r  t h e  
m i s s i l e .  

(U) Meeting t h e  QMR f o r  a l a u n c h e r  we igh t  o f  160  pounds a l s o  
appeared d o u b t f u l .  The l a t e s t  l a u n c h e r  c o n f i g u r a t i o n  (System it161 
weighed 166  pounds (13.7 f o r  t h e  t u b e ;  1 9 . 8  f o r  t h e  t r i p o d ;  50.2 
f o r  t h e  t r a v e r s i n g  u n i t ;  29.2 f o r  t h e  s i g h t  s e n s o r  and c a s e ;  and 
53.1 f o r  t h e  e l e c t r o n i c s  u n i t  and b a t t e r y ) .  T h i s  i n c r e a s e  i n  
weight  r e s u l t e d  from a g e n e r a l  upgrad ing  o f  t h e  d e s i g n  t o  c o r r e c t  
d e f i c i e n c i e s  r e v e a l e d  i n  env i ronmenta l  tests.  

(U) S u b s t a n t i a l  w e i g h t  r e d u c t i o n  cou ld  b e  r e a l i z e d  th rough  
d e s i g n  improvements and changes ,  such  a s  m i c r o m i n i a t u r i z a t i o n  and 
u s e  of p l a s t i c s  o r  o t h e r  l i g h t w e i g h t  m a t e r i a l s ;  however, a  p r i c e  
would be  p a i d  n o t  o n l y  i n  d o l l a r s ,  b u t  a l s o  i n  t i m e  needed t o  
r e t e s t ,  r e q u a l i f y ,  and r e c e r t i f y  sys tem components b e f o r e  produc- 
t i o n  d e l i v e r i e s  cou ld  b e  made. I n  o r d e r  t o  f i e l d  t h e  sys tem 
w i t h i n  t h e  schedu led  t imef rame,  t h e  d e s i g n  was t h e r e f o r e  f r o z e n .  

(U) The r e v i e w e r s  recommended t h a t  no d r a s t i c  measures  be 
t a k e n  t o  r e d u c e  t h e  sys tem weight  by t h e  i n t r o d u c t i o n  of new, 
u n t r i e d  m a t e r i a l s  o r  r e d e s i g n .  I n s t e a d ,  development o f  t h e  
e x i s t i n g  d e s i g n  would be  c o n t i n u e d ,  w i t h  e v e r y  e f f o r t  b e i n g  
made t o  r e d u c e  weigh t  w i t h i n  t h e  c u r r e n t  d e s i g n  c o n c e p t s  and 
r e s o u r c e s .  They f u r t h e r  a g r e e d  t h a t  t h e  s c h e d u l e  f o r  e n t e r i n g  



t h e  engineer ing  s e r v i c e  t e s t s  should be maintained a s  planned and 
t h a t  waivers  t o  t h e  QMR would be  considered a t  a  l a t e r  d a t e  i f  
t h e  r e s u l t i n g  system performance warranted .48 

Vehicle  Adapter Kits 

(U) Although t h e  QMR d id  no t  s p e c i f y  which v e h i c l e  would be 
employed i n  c e r t a i n  u n i t s ,  i t  s t a t e d  t h a t  adapter  k i t s  should be 
developed f o r  t h e  MI13 armored personnel  c a r r i e r ,  t h e  M274 
mechanical mule, t h e  XM-561 Gama Goat, and t h e  M151 jeep.  By 
s e p a r a t e  l e t t e r ,  t h e  Department of t h e  Army e s t a b l i s h e d  t h a t  t h e  
b a s i s  of i s s u e  would r e q u i r e  t h e  MI13 i n  t h e  mechanized b a t t a l i o n ,  
t h e  PI274 i n  a i r b o r n e  and a i rmobi le  b a t t a l i o n s ,  and t h e  IM-561 i n  
i n f a n t r y  b a t t a l i o n s .  The Ml51 was t o  be used i n  a i r  cava l ry  
squadrons and poss ib ly  i n f a n t r y  b a t t a l i o n s ,  depending upon the  
outcome of f i r i n g  mount proposa ls  f o r  t h e  XM-561. The QMR s t a t e d  
t h a t  a  f i r i n g  c a p a b i l i t y  from t h e  s e l e c t e d  v e h i c l e  was d e s i r a b l e ,  
bu t  i t  should no t  degrade t h e  ground mount c a p a b i l i t y .  

(U) A t  t h e  t ime of t h e  TOW IPR, mounting k i t s  had been 
developed f o r  a  f i r i n g  c a p a b i l i t y  from t h e  MI13 v e h i c l e ,  t h e  I4151 
114-ton j eep ,  and t h e  M274 mechanical mule. The design of t he  
I4113 mounting k i t  had been approved and f a b r i c a t i o n  of engineer ing  
s e r v i c e  t e s t  u n i t s  was underway. The Ml51 adap te r ,  approved i n  
A p r i l  1966, was based on a  two-jeep concept :  t h e  f i r s t  o r  lead  
jeep would c a r r y  two crew members, a  center-mounted f i r i n g  
p e d e s t a l ,  one complete launcher  system, and two m i s s i l e s ;  t h e  
second jeep would c a r r y  two crew members and s i x  a d d i t i o n a l  m i s -  
s i l e s .  The MICON R&D D i r e c t o r a t e  developed t h e  M274 adap te r  k i t  
t o  meet Army and Marine corps* requirements .  Except f o r  t h e  
a d d i t i o n  of an a i r d r o p  c a p a b i l i t y  f o r  t h e  Army, t h e  requirements 
were t h e  same f o r  both use r s .  Four M274 adap te r  k i t s  were being 
f a b r i c a t e d  a t  M I C O M  f o r  t h e  engineer ing  s e r v i c e  t e s t  program. 

(U) The Hughes A i r c r a f t  c o n t r a c t  c a l l e d  f o r  t h e  development 
of a  TOW f i r i n g  c a p a b i l i t y  from t h e  XM-561 Gama Goat; however, no 
f e a s i b l e  f i r i n g  p la t form had evolved f o r  t h i s  v e h i c l e .  Dismount- 
ing  and s e t t i n g  up t h e  system on t h e  ground could be done i n  about 

* 
The Marine Corps suppl ied  t h e  Army $2,248,000 i n  RDTE funds f o r  
M274 adap te r  k i t  hardware and 20 TOW m i s s i l e s  f o r  t e s t .  

48(1) F i n a l  Rept,  TOW IPR, 18-20 Map 66, pp. x  - x i i ,  x x i i i ,  
60. HDF. (2) Also s e e  AMCTCM Item 5005, 5  Jan 67, s u b j :  Record- 
i ng  of Pro to type  IPR f o r  TOW HAW, P ro j  lX542409D336, AMCPlS Code 
5541.12.471. RSIC. 



90 seconds.  S i n c e  o n l y  a minimal g a i n  i n  t ime  cou ld  be expec ted  
by h a v i n g  a f i r i n g  c a p a b i l i t y  f rom t h e  v e h i c l e ,  and because  a 
mount hav ing  a 360' f i r i n g  c a p a b i l i t y  and low s i l h o u e t t e  was n o t  
p o s s i b l e ,  t h e  r e v i e w e r s  recommended t h a t  o n l y  a stowage and 
t r a n s p o r t  k i t  b e  p rov ided  f o r  t h e  XM-561. They a l s o  recommended 
t h a t  c o n s i d e r a t i o n  be  g i v e n  t o  changing t h e  b a s i s  o f  i s s u e  f rom 
t h e  1 114-ton XM-561 t o  two 114-ton M151 v e h i c l e s  f o r  t h e  i n f a n t r y  
b a t t a l i o n ,  t h u s  p r o v i d i n g  a v e h i c l e  f i r i n g  c a p a b i l i t y . 4 9  With t h e  
subsequen t  a p p r o v a l  o f  t h e  proposed change i n  b a s i s  o f  i s s u e ,  a l l  
a d a p t e r  k i t  r e q u i r e m e n t s  f o r  t h e  XM-561 v e h i c l e  were  c a n c e l l e d . 5 0  

S t a t u s  of t h e  TOW Mieht S i e h t  

(U) Employment o f  t h e  TOW sys tem d u r i n g  h o u r s  o f  d a r k n e s s  
requi- red t h e  development of a n i g h t  s i g h t  t h a t  would permi t  t h e  
gunner t o  a c q u i r e  a t a r g e t ,  a c c u r a t e l y  a i m  t h e  l a u n c h e r ,  and s e e  
and t r a c k  t h e  t a r g e t  beyond t h e  v e i l i n g  g l a r e  o f  t h e  f l i g h t  motor 
plume and xenon beacon l i g h t .  The E l e c t r o n i c s  Command Night  
V i s i o n  L a b o r a t o r i e s  ( f o r m e r l y  Engineer ing  R&D L a b o r a t o r i e s )  began 
f e a s i b i l i t y  s t u d i e s  o f  such  a sys tem i n  A p r i l  1965 w i t h  a b a s i c  
budget  o f  $350,000. The o r i g i n a l  program c o n s i s t e d  o f  a p a r a l l e l  
approach of two concepts-one a h y b r i d  p a s s i v e  sys tem and t h e  
o t h e r  a g a t e d  v i e w e r ,  p a s s i v e - a c t i v e  sys tem.  I n  August 1965,  t h e  
Night V i s i o n  L a b o r a t o r i e s  s o l i c i t e d  i n d u s t r y  f o r  new c o n c e p t s  of 
a n i g h t  s i g h t .  Ten companies s u b m i t t e d  p r o p o s a l s ,  b u t  o n l y  one- 
from t h e  Hughes A i r c r a f t  Company-met t h e  c r i t e r i a  o f  b e i n g  an  
improvement o v e r  t h e  p r e s e n t  e f f o r t ,  b e i n g  w i t h i n  t h e  s t a t e  o f  
t h e  a r t ,  and b e i n g  compat ib le  w i t h  t h e  r e q u i r e d  t imeframe.  The 
Hughes p r o p o s a l  was f o r  a p a s s i v e  the rmal  imaging sys tem u s i n g  a  
scanned l i n e a r  a r r a y  of l e a d  s e l e n i d e  d e t e c t o r s .  On 6  May 1966,  
t h e  Night  V i s i o n  L a b o r a t o r i e s  awarded Hughes a $150,000 c o n t r a c t  
f o r  a f e a s i b i l i t y  model o f  t h e  t h e r m a l  n i g h t  s i g h t .  

(U) F e a s i b i l i t y  t e s t s  o f  t h e  h y b r i d ,  g a t e d ,  and t h e r m a l  n i g h t  
s i g h t s  were  planned f o r  t h e  p e r i o d  1 June t o  1 5  J u l y  1966. The 
o b j e c t i v e s  o f  t h e s e  tests were  t o  e s t a b l i s h  f e a s i b i l i t y  and t o  
d e t e r m i n e  t h e  e x t e n t  t o  which t h e  sys tems  met t h e  QMR. One of 
t h e  t h r e e  sys tems  would be  s e l e c t e d  f o r  e n g i n e e r i n g  development 
by 20 August 1966. The development and procurement s c h e d u l e ,  

49(1)  B i d .  (2 )  F i n a l  Rept ,  TOW IPR, 18-20 May 66 ,  pp.  x i x ,  
xx, x x i i i ,  x x i v ,  9 ,  46,  61-62, 65, 93. HDF. (3)  Also s e e  PII?P, 
30 Jun  67,  pp. 1 .2 .4  - 1 .2 .5 .  HDF. 

5 0 ~ ~  Msg 767632, OACSFOB t o  C G ,  AMC, e t  al., 1 J u l  66,  s u b j :  
TOW Veh K i t s .  Atchd as i n c l  t o  METCM I t e m  5005, 5  J a n  67. RSIC. 



p r e s e n t e d  a t  t h e  IPR by t h e  Night S i g h t  C o m o d i t y  Manager, con- 
s i s t e d  of t h e  f o l l o w i n g  major m i l e s t o n e s :  

Phase  

F e a s i b i l i t y  ..................... 
Buy Engineer ing  Design U n i t s  .... 
Buy ET/ST U n i t s  ................. 
Engineer ing  Design T e s t  ......... 
LP Type C l a s s i f i c a t i o n  .......... 
ET/ST ........................... 
Buy F i e l d  U n i t s  ................. 
Standard  A Type C l a s s i f i c a t i o n  .. 

S t a r t  F i n i s h  - 
Apr 65 J u l  66 
A u g 6 6  M a r 6 7  
Jun 67 Oct 67 
Mar 67 Jun 67 

Sep 67 
Dec 67 Jun 68 
J a n 6 8  F e b 6 9  

J a n  69 

(U) The r e v i e w e r s  concur red  i n  t h e  n i g h t  s i g h t  program and 
recommended t h a t  development b e  c o n t i n u e d  a t  a rate t h a t  would 
keep pace w i t h  t h e  TOW system development and a l l o w  c o n c u r r e n t  
f i e l d i n g  of t h e  weapon system and n i g h t  ~ i ~ h t . 5 1  

Conduct of F i r e  T r a i n e r  

(U) The O f f i c e ,  Chief of Research and Development approved a 
Smal l  Development Requirement (SDR) f o r  t h e  TOW Conduct of F i r e  
T r a i n e r  (COFT) on 1 0  February  1966." The COFT ( l a t e r  r e d e s i g n a t e d  
as t h e  XM-70 T r a i n i n g  S e t )  w a s  r e q u i r e d  t o  p r o v i d e  r e a l i s t i c  t r a i n -  
i n g  w i t h  t h e  TOW weapon sys tem and t o  a c h i e v e  maximum economy i n  
t h e  u s e  o f  ammunition. To p r e c l u d e  e x c e s s i v e  t r a i n i n g  c o s t s  w i t h  
t h e  TOW sys tem,  i t  was i m p e r a t i v e  t h a t  t h e  COFT b e  made a v a i l a b l e  
c o n c u r r e n t l y  w i t h  t h e  weapon i t s e l f .  It w a s  e s t i m a t e d  t h a t  
$1,115,000 i n  FY 1966-67 RDTE funds  and 1 8  months '  t i m e  would be  
r e q u i r e d  t o  complete  d e ~ e l o p m e n t . 5 ~  

- * 
The requ i rement  s t a t e d  i n  t h e  SDR superseded  t h e  requ i rement  f o r  
t h e  o p t i c a l  elbow t e l e s c o p e  d e v i c e  d e s c r i b e d  i n  pa ragraph  14a of 
t h e  DA-approved TOW QMR d a t e d  7 December 1964. See Appendix A. 

51(1) F i n a l  Rept ,  TOW IPR, 18-20 May 66,  pp. x x i v ,  115-17, 
119,  122-23, 138-39. HDF. (2)  TOW PM2P1s, Ch 4 ,  3 1 M a r  66 ,  pp.  
1 .2 .2  & 1.5 .6;  Ch 5 ,  30 Jun 66 ,  pp. 1 .5 .6  & 1.5 .7 .  HDF. (3)  
Also see AMCTCM I t e m  3887, 18 Nov 65. RSIC. 

52(1)  L t r ,  OCRD, DA, t o  CG,  CDC, & CG, AMC, 1 0  Feb 66 ,  s u b j :  
Apprl  of SDR f o r  COFT f o r  HAW & P r o j  I n i t i a t i o n .  (2) I n c l  t o  L t r ,  
CG, CDC, t o  D i s t r ,  24 Feb 66,  s u b j :  DA Apprd SDR f o r  COFT f o r  HAIJ 
(CDOG P a r a  2 7 b [ 3 ] ) .  Both a t c h d  t o  AMCTCM I tem 6165, 3 J u l  68. 
RSIC. 



(U) During t h e  IPR, a working committee was appointed f o r  
t h e  purpose of dec id ing  whether a s tandard  type  t r a i n e r  f o r  
s i m i l a r  a n t i t a n k  weapons was f e a s i b l e  and p r a c t i c a l ,  and whether 
t h e  s imple t r a i n e r  planned f o r  t a c t i c a l  u n i t s  would be s u i t a b l e  
f o r  t r a i n i n g  c e n t e r s  and schools .  The committee reaf f i rmed t h e  
need f o r  a TOW COFT and agreed t h a t  i t  should be b u i l t  a g a i n s t  
t h e  SDR us ing  t h e  t a c t i c a l  TOW system a s  t h e  b a s i s .  It concluded 
t h a t  t h e  only p o s s i b i l i t y  f o r  t r a i n e r  s t a n d a r d i z a t i o n  would be i n  
t h e  t a r g e t  source ,  and t h a t  t h e  same t r a i n e r  would b e  i s sued  t o  
t roop  u n i t s  and t r a i n i n g  c e n t e r s .  

(U) The reviewers  concurred i n  t h e  committee's r e p o r t  and 
recommended t h a t  development of t h e  COFT be continued a t  a r a t e  
t h a t  would a l low concurrent  d e l i v e r y  wi th  t h e  TOW weapon system. 
They f u r t h e r  recornended t h a t  t h e  requirement f o r  an indoor (25- 
meter)  range employment of t h e  TOW t r a i n e r  be d e l e t e d  and t h a t  
t h e  t r a i n e r  be au thor ized  f o r  i s s u e  w i t h i n  t h e  u n i t  Table of 
Organizat ion and Equipment (TOE) so  t h a t  maintenance could be 
performed by t h e  Combat M i s s i l e  System Repairman (MOS 27C) .53 

Land Combat Support System (LCSS) 

(U)'The LCSS des ign  evolved from t h e  Multisystem Test  Equip- 
ment (MTE) p r o j e c t  begun a t  t h e  M i s s i l e  Command i n  1958. The 
change i n  t i t l e  t o  LCSS was o f f i c i a l l y  au tho r i zed  on 20 January 
1966, a l though t h e  term began appearing i n  Command d i r e c t o r y  
c h a r t s  i n  September 1965. The LCSS cons i s t ed  of tape-program- 
c o n t r o l l e d  automatic  checkout equipment f o r  provid ing  a complete 
t e s t  and r e p a i r  c a p a b i l i t y  a p p l i c a b l e  t o  combat s e r v i c e  support  
of t h e  TOW, SHILLELAGH, LANCE, and o t h e r  f u t u r e  Army l and  combat 
m i s s i l e  systems. It would be  o rgan ic  t o  d i r e c t  and genera l  
support  maintenance u n i t s  and would be employed i n  t h e  d i v i s i o n ,  
corps ,  f i e l d  army, communications zone, and t h e  Cont inenta l  United 
S t a t e s  (CONUS). For t h e  systems suppor ted ,  it would e l i m i n a t e  
about 90 percent  of t h e  requirement f o r  system-peculiar equipment 
experienced wi th  previously-developed m i s s i l e  systems.  

(U) Funding f o r  t h e  TOW, SHILLELAGH, and LANCE support  
systems was approved i n  FY 1966. The equipment was expected t o  
be a v a i l a b l e  t o  meet t h e  t a c t i c a l  support  requirement of t h e  
TOW system; however, i t  would n o t  be ready i n  t ime f o r  t h e  T0i.J 
engineer ing  s e r v i c e  t e s t s .  During t h e s e  t e s t s ,  t h e  TOW would be 

5 3 ~ i n a l  Rept,  TON IPR, 18-20 May 66, pp. x v i  - x v i i i ,  xxiv.  
HDF. 



s u p p o r t e d  w i t h  maintenance and test equipment b u i l t  and o p e r a t e d  
by t h e  Hughes A i r c r a f t  Company. 54 

F u t u r e  P l a n s  

(U) A t  t h e  t i m e  of t h e  p r o t o t y p e  IPR i n  May 1966, TOW sys tem 
documentat ion was n e a r i n g  complet ion and was expec ted  t o  b e  re- 
l e a s e d  and p l a c e d  i n t o  fo rmal  Army change c o n t r o l  w i t h  t h e  
commencement o f  e n g i n e e r i n g  s e r v i c e  tests i n  J u l y  1966. Th i r ty -  
one S e r v i c e  T e s t  Model (STM) missiles and 11 l a u n c h e r  sys tems 
were  under c o n t r a c t  and d e l i v e r i e s  were  i n  p r o g r e s s .  The Hughes 
A i r c r a f t  Company was p r e p a r i n g  a p r o p o s a l  f o r  342 a d d i t i o n a l  STM's 
f o r  t h e  FY 1967 c o n t r a c t i n g  p e r i o d .  With t h e  31 missiles a l r e a d y  
c o n t r a c t e d ,  a t o t a l  of 373 STM's would b e  b u i l t  by August 1967, 
t h e  d a t e  schedu led  f o r  award o f  t h e  f i r s t  p r o d u c t i o n  c o n t r a c t .  
Of t h e s e  373 missiles, 200 would b e  used f o r  e n g i n e e r i n g  s e r v i c e  
tests, 56 f o r  t h e  f i n a l  phase  of R&D t e s t  f i r i n g s  a t  Redstone 
A r s e n a l ,  39 f o r  v a r i o u s  e v a l u a t i o n  tests, and 58 f o r  a g i n g  t e s t s .  
The remaining 20 rounds  would be  d e l i v e r e d  t o  t h e  Marine Corps 
f o r  e v a l u a t i o n  tests w i t h  t h e  M274 v e h i c l e  a d a p t e r  k i t .  

(U) The Hughes A i r c r a f t  Company was b u i l d i n g  TOlJ R&D m i s s i l e s  
i n  t h e  U. S. A i r  Force  P l a n t  44 a t  Tucson, Ar izona ,  under a f a c i l -  
i t i es  c o n t r a c t  f i n a l i z e d  on 24 August 1965. The c o n t r a c t o r  w a s  
p rov ided  $29.7 m i l l i o n  wor th  o f  Government-furnished equipment 
($13.3 m i l l i o n  i n  l a n d  and b u i l d i n g s  and $14.6 m i l l i o n  i n  machinery 
and equipment) .  About $5 m i l l i o n  of t h e  machinery and  equipment 
would b e  used f o r  p r o d u c t i o n  of t h e  TOW system. The f a c i l i t i e s  
c o n t r a c t  provided f o r  no-charge, n o n i n t e r f e r e n c e  u s e  of Government- 
owned f a c i l i t i e s  i n  t h e  performance of o t h e r  DOD c o n t r a c t s .  It was 
e s t i m a t e d  t h a t  2 1  months would b e  r e q u i r e d  f o r  d e l i v e r y  of i n i t i a l  
p r o d u c t i o n  equipment,  t h i s  i n c l u d i n g  1 0  months of APE e f f o r t  and 
11 months o f  procurement l e a d t i m e .  

(U) The missile i t e m s  t o  be  f u r n i s h e d  by t h e  Government 
i n c l u d e d  t h e  t a c t i c a l  warhead (Iowa Army Ammunition P l a n t ) ,  t h e  
f l i g h t  motor and i g n i t e r  (Radford Army Ammunition P l a n t ) ,  and t h e  
l a u n c h  motor and i g n i t e r  ( P i c a t i n n y  A r s e n a l ) .  The Army E l e c t r o n i c s  
Command was t o  f u r n i s h  t h e  missile and l a u n c h e r  b a t t e r i e s  through 
c o m p e t i t i v e  procurement .  The XM-151 TOW l a u n c h e r  w a s  b e i n g  b u i l t  

54 (1) Bid., pp. x x i v ,  161.  (2) AMCTCM I t e m  4037, 20 J a n  66.  
RSIC. (3) H i s t  Rep t ,  LCSS Div, Land Cbt Cmdty Ofc ,  FY 66 ,  p.  1. 
HDF. (4) TOW PM2P, Ch 5 ,  30 Jun 66,  p .  1 . 7 . 3 .  HDF. 



and assembled a t  t h e  Hughes p l a n t  i n  E l  Segundo, C a l i f o r n i a .  55 

Engineer ing Se rv i ce  Tes t  Program 

(U) The i n t e g r a t e d  engineer ing  t e s t l s e r v i c e  test  (ETIST) 
program began i n  December 1966, some 22 months behind t h e  t i m e  
o r i g i n a l l y  scheduled.  * F l i g h t  test f i r i n g s  commenced on 1 March 
1967 and cont inued u n t i l  1 May 1969. Overlapping t h e s e  f i r i n g s  
were engineer ing  des ign  f l i g h t  tests of 69 STM missiles a t  
Redstone Arsena l ,  from 9 J u l y  1966 t o  18  September 1968, which 
concluded t h e  b a s i c  TOW R&D tes t  program. The d i s c u s s i o n  which 
fo l lows  d e a l s  w i th  t h e  TOW development and t e s t  a c t i v i t i e s  through 
approva l  of  t h e  l i m i t e d  product ion  (LP) t ype  c l a s s i f i c a t i o n  i n  
A p r i l  1968. 

FY 1967-68 Fundinn Program 

(U) The FY 1967 funds approved and r e l e a s e d  f o r  t h e  TOW 
program inc luded  $14,040,000 i n  RDTE money f o r  cont inued develop- 
ment and test  of t h e  system; $7,441,000 i n  PEMA funds  f o r  t h e  APE 
e f f o r t ;  and $586,000 i n  OM** funds f o r  in-house t e c h n i c a l  super- 
v i s i o n ,  depot maintenance and suppor t ,  and personnel  t r a i n i n g .  

(U) Hughes A i r c r a f t  rece ived  a CPIF c o n t r a c t  (DA-AH01-67-C- 
0023) on 16  J u l y  1966 f o r  c o n t i n u a t i o n  of t h e  R&D e f f o r t  through 
30 June 1967. The t a r g e t  c o s t  of t h e  c o n t r a c t  was $12,786,150; 
however, - t he  va lue  a t  t h e  end of t h e  yea r  was $15,084,864, 
i nc lud ing  an i n t e r i m  c o s t  over run  of $1,675,600 (13.5 pe rcen t  of 
t h e  t a r g e t  c o s t ) .  The FY 1967 c o n t r a c t  covered t h e  procurement 
of engineer ing  s e r v i c e  test  hardware (220 STM missiles and 7 
launchers )  and test  suppor t ,  complete q u a l i f i c a t i o n  t e s t i n g  of 
a l l  system components l e s s  t h e  m i s s i l e  c o n t a i n e r ,  demonstrat ion 
of  system c a p a b i l i t i e s  through f l i g h t  and o p e r a t i o n a l  t e s t s ,  and 
complete documentation. 56 

(U) The APE e f f o r t  was cont inued du r ing  FY 1967 and extended 

*see above, p. 47. 
** 

Operat ions and Maintenance, Army. 

55 (1)  B i d .  , pp. I. 10.3 & 11.17.2. (2) F i n a l  Rept , TOW IPR, 
18-20 May 66, pp. 60-61, 72, 233. HDF. 

56 (1) H i s t  Rept , TOW PM, FY 67,  p.  4. (2) TOW PM2P, 30 Jun 
67, pp. 1 .2 .5  & 1.2.6. HDF. 



i n t o  FY 1968 by a d d i n g  funds  t o  t h e  e x i s t i n g  c o n t r a c t s .  Hughes' 
APE c o n t r a c t  AMC-15537, i s s u e d  on 30 June 1966,  was i n c r e a s e d  by 
$2.5 m i l l i o n  (from $3,098,000 t o  $5,598,000) and ex tended  through 
August 1967,  t h e  d a t e  planned f o r  award o f  t h e  f i r s t  p r o d u c t i o n  
c o n t r a c t .  The v a l u e  o f  t h e  i n i t i a l  APE c o n t r a c t  (MIC-14824), 
i s s u e d  i n  A p r i l  1966,  was i n c r e a s e d  by $119,427, from $864,578 t o  
$984,005. Also,  t h e  Army Muni t ions  Command (NUCOM) r e c e i v e d  an  
a d d i t i o n a l  $550,000 f o r  APE e f f o r t  on t h e  warhead,  and t h e  
E l e c t r o n i c s  Command was a l l o c a t e d  $1,500,000 f o r  APE on t h e  n i g h t  
s i g h t .  57 

(U) The FY 1968 RDTE f u n d i n g  program o f  $5,908,000 s u p p o r t e d  
development of t h e  XM-70 t r a i n e r ,  "clean-up" development of t h e  
TOW system, c o n t r a c t o r  s u p p o r t  o f  t h e  e n g i n e e r i n g  s e r v i c e  tests,  
and conduct  o f  t h e  e n g i n e e r i n g  s e r v i c e  test  program. The R&D 
progfam a u t h o r i t y  a l s o  i n c l u d e d  $1,908,000 f o r  a p r i o r - y e a r  
c o n t r a c t  over run .  The FY 1967 R&D c o n t r a c t  (DA-AH01-67-C-0023) 
was extended from 1 J u l y  1967 t o  March 1968 t o  a l l o w  f o r  t h e  
d e l i v e r y  of a l l  hardware ,  i n c r e a s i n g  i t s  v a l u e  from $15,084,864 
t o  $18,228,000. The FY 1968 R&D c o n t r a c t  (DA-AHOl-68-C-OOO7), 
awarded t o  Hughes on 1 J u l y  1967 and d e f i n i t i z e d  on 20 December 
1967,  p rov ided  f o r  development and test  o f  t h e  XM-70 t r a i n e r ,  
e n g i n e e r i n g  s u p p o r t  o f  t h e  e n g i n e e r i n g  s e r v i c e  tests,  and 
maintenance of hardware.  The t o t a l  c o n t r a c t  p r i c e  as of 30 June 
1968 was .$l,995,429.58 

(U) The APE and p r o d u c t i o n  b a s e  s u p p o r t  (PEMA 4290) f u n d s  
programmed f o r  FY 1968 t o t a l e d  $3,566,000; however, t h e  p r o j e c t  
was l i m i t e d  t o  a $596,000 p r o d u c t i o n  b a s e  s u p p o r t  program f o r  
p r e p a r a t i o n  o f  a TOW motor g r a i n  manufac tu r ing  f a c i l i t y  a t  Radford 
Arsenal .  The APE e f f o r t  c o n t i n u e d  i n  FY 1968 w i t h  funds  provided 
i n  FY 1967. 

(U) The FY 1968 TOW p r o d u c t i o n  program s u f f e r e d  a s e r i o u s  
s e t b a c k .  The p l a n  w a s  t o  i n i t i a t e  p r o d u c t i o n  i n  August 1967 
w i t h  a program of  $53,837,000. A s p e c i a l  IPR was h e l d  a t  t h e  
Army M i s s i l e  Command on 1 2  A p r i l  1967 t o  o b t a i n  concur rence  f o r  
t h e  LP t y p e  c l a s s i f i c a t i o n  of t h e  TOW system.  The Combat Develop- 
ments Command nonconcurred i n  t h e  a c t i o n ,  p r e f e r r i n g  t o  w a i t  u n t i l  
f u r t h e r  e n g i n e e r i n g  s e r v i c e  test r e s u l t s  were a v a i l a b l e .  F i n a l  
a p p r o v a l  o f  t h e  a c t i o n  was expec ted  i n  t ime  f o r  t h e  schedu led  
award o f  t h e  f i r s t  p r o d u c t i o n  c o n t r a c t ;  however, r e l i a b i l i t y  

5 7 ~ i s t  Rept ,  TOW PM, FY 67,  pp. 4-5. HDF. 

58(1) H i s t  Rep t ,  TOW PM, FY 68,  pp. 1-2. (2 )  TOW PMzP, 30 
Jun  68,  p .  1 .2 .6 .  Both i n  HDF. 



problems and a  f a i l u r e  i n  t h e  missile c o n t a i n e r  l e d  t o  t h e  
s u s p e n s i o n  of t h e  test program i n  August 1967. 

(U) The A s s i s t a n t  Chief o f  S t a f f  f o r  Force  Development 
(ACSFOR) t h e n  dec ided  t o  d e l a y  a p p r o v a l  of t h e  LP r e l e a s e  u n t i l  
a  h i g h e r  c o n f i d e n c e  l e v e l  i n  sys tem r e l i a b i l i t y  cou ld  be  e s t a b -  
l i s h e d .  The s e r v i c e  tests were  resumed a t  F o r t  Benning on 20 
November 1967,  and subsequen t  missile f i r i n g s  i n d i c a t e d  a  
s i g n i f i c a n t  improvement i n  missile r e l i a b i l i t y .  Although ACSFOR 
approved t h e  LP t y p e  c l a s s i f i c a t i o n  on 22 A p r i l  1968,  i n i t i a l  
p r o d u c t i o n  o f  t h e  TOW sys tem was d e f e r r e d  t o  FY 1969 and t h e  
Army r e a d i n e s s  d a t e  ( f i r s t  u n i t  equipped)  was s l i p p e d  from March 
1969 t o  30 September 1970. The r e v i s e d  s c h e d u l e  c a l l e d  f o r  award 
o f  t h e  f i r s t  p r o d u c t i o n  c o n t r a c t  on 30 November 1968,  d e l i v e r y  of 
t h e  f i r s t  p r o d u c t i o n  i t e m s  on 31 January  1970,  and c l a s s i f i c a t i o n  
of the sys tem a s  S tandard  A on 31 J u l y  1970. 

(U) The FY 1968 PEMA program, i n i t i a l l y  r e l e a s e d  f o r  $42.1 
m i l l i o n ,  was reduced t o  $11 m i l l i o n ,  which p rov ided  f o r  eng ineer -  
i n g  s e r v i c e s  o n l y .  Supplemental  program a u t h o r i t y  o f  $3,349,000 
r e c e i v e d  d u r i n g  t h e  y e a r  covered v a l u e  e n g i n e e r i n g  change 
p r o p o s a l s  and d e s i g n  and f a b r i c a t i o n  of s p e c i a l  a c c e p t a n c e  
i n s p e c t i o n  equipment.  Hughes A i r c r a f t  i n i t i a t e d  i n d u s t r i a l  
e n g i n e e r i n g  s e r v i c e s  on t h e  TOW sys tem i n  Sep.tember 1967 under  
L e t t e r  C o n t r a c t  DA-AJ301-68-C-0272, which was d e f i n i t i z e d  f o r  
$9,960,000 on 8  March 1968. Th is  c o n t r a c t  covered p r o d u c t i o n  and 
p r o d u c t  e n g i n e e r i n g ,  p r o d u c t  improvement, and maintenance of t h e  . 
t e c h n i c a l  d a t a  package.  I n  June  1968,  Hughes r e c e i v e d  a n o t h e r  
c o n t r a c t  f o r  $3 m i l l i o n  t o  complete  t h e  d e s i g n  and p r o t o t y p e  
f a b r i c a t i o n  o f  s p e c i a l  a c c e p t a n c e  test equipment.  59 

ET/ST O b j e c t i v e s  and Equipment 

(U) The pr imary o b j e c t i v e  o f  t h e  i n t e g r a t e d  e n g i n e e r i n g  tes t /  
s e r v i c e  test program was t o  conduct  a n  independen t  e v a l u a t i o n  of 
t h e  TOW sys tem t o  a s s e s s  i t s  r e a d i n e s s  f o r  r e l e a s e  t o  p r o d u c t i o n .  
The program was d e s i g n e d  t o  answer two b a s i c  q u e s t i o n s :  (1) To 
what d e g r e e  does  t h e  TOW sys tem meet t h e  QFX? and (2)  Is t h e  
sys tem r e l i a b l e ,  a c c u r a t e ,  e f f e c t i v e ,  and s a f e  when employed by 
t r o o p s ?  

59(1)  H i s t  R e p t s ,  TOW PM: FY 67, pp.  9-10; FY 68, pp. 1-3. 
HDF. (2)  TOW PM2P's: 30 J u n  67 ,  p .  11.13.3;  3 1  Mar 68,  p .  1 . 2 . 4 ;  
& 30 Jun  68, pp. 1 .2 .6 ,  111.9.5 - 111.9 .7 ,  & 111.13.1.  HDF. (3) 
AMCTCM I t e m s  6166, 3  J u l  68,  & 6363, 3  Oct 68. RSIC. (4)  L t r ,  
ACSFOR t o  C G ,  AIC, 22 Apr 68,  s u b j  : LP Auth f o r  TOW Wpn Sys .  EDF. 



(U) The t e s t s  were conducted by agencies  of t h e  Army Tes t  and 
Evaluat ion Command (TECOM). The White Sands Miss i l e  Range (WSPR) 
served a s  t h e  execu t ive  agency f o r  a l l  engineer ing  s e r v i c e  t e s t s ,  
and conducted t h e  engineer ing  t e s t  eva lua t ion  and t r o p i c  t e s t s .  
The U. S. Army I n f a n t r y  Board a t  F o r t  Benning, Georgia,  conducted 
t h e  s e r v i c e  t e s t  eva lua t ion  and s imulated combat t e s t s ,  and pro- 
vided m i l i t a r y  personnel  f o r  po r t ions  of o t h e r  t e s t s .  Other TECOM 
agencies  p a r t i c i p a t i n g  i n  t h e  program were t h e  U .  S .  Army A r c t i c  
Test  Center ,  Fo r t  Greely, Alaska; U.  S. Army Tropic Test  Center ,  
Fo r t  Clayton,  Panama; Yuma Proving Ground, Arizona ( d e s e r t  t e s t s ) ;  
Aberdeen Proving Ground, Maryland ( v e h i c l e  and warhead t e s t s ) ;  and 
U. S. Army Airborne, E lec t ron ic s ,  and Spec ia l  Warfare Board, Fo r t  
Bragg, North Carol ina ( a i rd rop  and a i r  t r a n s p o r t a b i l i t y  t e s t s ) .  
The i n t e g r a t e d  engineer ing  des ign/engineer ing  t e s t s  (ED/ET) were 
conducted a t  Redstone Arsenal.  

(U) The equipment de l ive red  f o r  t e s t  cons i s t ed  of encased STX 
m i s s i l e s  s to red  and shipped i n  an overpack con ta ine r ;  t h e  XM-151 
launcher  assembly wi th  t r i p o d  f o r  t h e  b a s i c  ground-mounted system; 
t h e  .XM-233 mounting k i t  f o r  t h e  MI13 v e h i c l e ;  t h e  XM-225 mounting 
k i t  f o r  t h e  M274 t ruck ;  and t h e  D2-232 and XE1-236 mounting k i t s  
f o r  t h e  Ml51A1 jeep .  The n i g h t  s i g h t ,  m.1-70 t r a i n e r ,  and Land 
Combat Support System (LCSS) were s t i l l  under development and no t  
a v a i l a b l e  f o r  t e s t .  In  t h e  absence of t h e  l a t t e r ,  t h e  TOW s y s t e ~  
was supported by maintenance and t e s t  equipment b u i l t  and opera ted  
by Hughes A i r c r a f t .  The m i s s i l e s  d e l i v e r e d  f o r  t e s t  included t h e  
b a s i c  XBGM-71A round wi th  t h e  XM-207 HEAT warhead; t h e  XBTPI-71A 
wi th  t h e  XM-220 p r a c t i c e  i n e r t  warhead and no fuz ing;  t h e  XBEM-71)- 
te lemet ry  round wi th  no warhead; and nonstandard rounds wi th  f l a sh -  
smoke ( s p o t t i n g  charge)  warheads. 60 

Personnel T ra in ing  

(U) The New Equipment Tra in ing  (NET) program was a  j o i n t  
e f f o r t  of Hughes A i r c r a f t  and t h e  NET Divis ion  of t h e  MICOFI Supply 
and Maintenance Di rec to ra t e .  I t  included a l l  t r a i n i n g  f o r  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  e s t a b l i s h  a  
t r a i n i n g  base f o r  t h e  TOW weapon system i n  major commands. 

(U) S t a f f  Planner  Or i en ta t ion  Courses. Seven TOW s t a f f  
planner  courses  were presented:  t h r e e  by Hughes and four  by FIICOM 

60(1)  F i n a l  Rept,  TOW IPR, 18-20 May 66, pp. 232-39. HDF. 
(2) TECOPZ/WSPR TOW Rept 1 3 ,  USATECOM Pro j  8-4-5200-01 (8-MI-000- 
TOW-005), Vol. I, Aug 69, subj  : IEhST of TOW HAK Sys . TOW Pro j Ofc . 



personnel .  These courses  covered an o v e r a l l  nontechnica l  f a m i l i a r -  
i z a t i o n  of t h e  system, inc lud ing  f i e l d  deployment and l o g i s t i c a l  
a spec t s .  They were o f f e r e d  t o  a l l  Army and Marine Corps personnel  
engaged i n  planning,  budgeting , and approving programs f o r  t h e  
development, product ion,  and d i s t r i b u t i o n  of t h e  system. A t o t a l  
of 146 personnel  were t r a i n e d  i n  t h e  seven courses-62 i n  t h e  
t h r e e  courses  a t  Hughes A i r c r a f t  i n  A p r i l  1966, and 84 i n  t h e  fou r  
courses  a t  MICOM dur ing  September and October 1966. Two of t h e  
l a t t e r  were 14-hour courses  presented  exc lus ive ly  f o r  MICOM per- 
sonnel .  The o t h e r  two courses  f o r  personnel  of o t h e r  commands 
were 18 hours long.  - 

(U) Technical  Tra in ing  Courses.  During t h e  l a s t  q u a r t e r  of 
FY 1966, Hughes A i r c r a f t  conducted t e c h n i c a l  t r a i n i n g  courses  f o r  
TECOM personnel  who were t o  perform t h e  engineer ing  s e r v i c e  t e s t s .  
The course  was completed by 32 key o p e r a t o r ,  t e s t  and e v a l u a t i o n ,  
and maintenance engineer ing  personnel  from TECOM, t h e  U. S. Army 
I n f a n t r y  Board, and MICOM. The engineer - leve l  course  of 1-week 
d u r a t i o n  was presented  i n  May 1966 a t  t h e  ~ u g h e s '  p l a n t  i n  Los 
Angeles. Hughes A i r c r a f t  conducted t h e  opera tor - leve l  course  a t  
Redstone Arsenal  where adequate range f a c i l i t i e s  were a v a i l a b l e  
f o r  t r ack ing  e x e r c i s e s .  This t r a i n i n g ,  completed i n  June 1966, 
included an i n t r o d u c t i o n  t o  t h e  TOW system, theory  of system 
ope ra t ion ,  o rgan iza t iona l  and f i e l d  maintenance, and system 
o p e r a t i o n a l  t a s k s .  During t h e  t r a i n i n g ,  t h e  operator-gunner 
t racked  a  t r u c k  equipped wi th  a  s imulated TOW source .  Readouts 
a t  t h e  launcher  i nd ica t ed  how w e l l  t h e  gunner could t r a c k  t h e  
l i g h t  a t  vary ing  ranges and t a r g e t  speeds.  A blank shotgun s h e l l ,  
loaded i n  a  s p e c i a l  r i g  i n  t h e  launcher ,  was used i n  p l ace  of 
m i s s i l e  s l u g s  t o  s imu la t e  t h e  launcher  motor b l a s t .  This  gave 
t h e  gunner a f e e l  f o r  f i r i n g  t h e  weapon and prepared him f o r  
a c t u a l  m i s s i l e  f i r i n g s .  61  

F l i g h t  Test  S u m r y  

(U) F l i g h t  t e s t  f i r i n g s  of t h e  ET/ST conf igu ra t ion  m i s s i l e s ,  
r ep re sen t ing  t h e  f i n a l  phase of t h e  TOW R&D t e s t  program, began 
a t  Redstone Arsenal on 9 J u l y  1966. The n o n f i r i n g  po r t ion  of t h e  
f i e l d a b i l i t y  t e s t s  began a t  WSMR i n  December 1966, followed by 
f l i g h t  t e s t  f i r i n g s  on 1 March 1967. The user-oriente 'd s e r v i c e  

61(1) F i n a l  Rept,  TOW IPR, 18-20 May 66, pp. 217, 265. (2) 
TOW PM2P, 30 Jun 66, pp. 11.18.2 & IV.24.2. (3) TOW PQP, 31 Dec 
66, pp. IV.25.1 & IV.25.2. A l l  i n  HDF. (4) Amy Research and 
Development ?Jewsmagazine, Sep 66, p. 24. 



t e s t  f i r i n g s  s t a r t e d  a t  Fo r t  Benning, Georgia,  on 14 June 1967. 

(U) A l l  of t h e  engineer ing  des ign  f i r i n g s  a t  Redstone Arsenal 
were conducted i n  t h e  ground mode. Evidence of m i s s i l e  r e l i a b i l i t y  
problems showed up very e a r l y  i n  t h e  f i r i n g s ,  f o u r  of t h e  f i r s t  s i x  
t e s t s ,  completed i n  J u l y  1966, ending i n  f a i l u r e  because of m a l -  
f unc t ions  i n  t h e  xenon source  lamp and wi re  assembly. By 20 J u l y  
1967, 29 m i s s i l e s  of t h e  100 and 200 s e r i e s  had been f i r e d  a g a i n s t  
f i x e d  and moving t a r g e t s  a t  ranges of 500 t o  3,000 meters .  Only 
19 of t h e s e  were succes s fu l  f o r  a sample r e l i a b i l i t y  of  65.5 
percent .  

(U) The r e s u l t s  of t he  f i r s t  41 engineering s e r v i c e  t e s t s  
were equa l ly  d isappoin t ing .  Thirty-two STM rounds were f i r e d  a t  
WSMR from 1 March t o  26 J u l y  1967, and 9 rounds a t  For t  Benning 
from 1 4  June t o  20 J u l y  1967. Of t h e  41 rounds,  1 3  were f i r e d  a t  
f i xed  t a r g e t s  a t  ranges of 2,000 t o  3,000 meters ,  and 28 were 
f i r e d  a g a i n s t  t a r g e t s  moving a t  speeds of 10  t o  30 mph and a t  
ranges from 200 t o  3,000 meters.  Twenty-eight of t h e  rounds were 
f i r e d  from t h e  ground mount, 7 from t h e  M274 v e h i c l e ,  4 from t h e  
M151 jeep ,  and 2 from t h e  MI13 veh ic l e .  One of  t he  41 f i r i n g s  was 
scored  a s  no t e s t ,  1 3  were f a i l u r e s ,  and 27 were s u c c e s s f u l ,  y ie ld-  

. i ng  a sample r e l i a b i l i t y  of 67 pe rcen t .  Most of t h e  f a i l u r e s  were 
a t t r i b u t e d  t o  malfunct ions i n  t h e  xenon source  lamp, w i r e  a s senb ly ,  
and m i s s i l e  harness .  There w e r e ' a l s o  a t  l e a s t  two f a i l u r e s  of t he  
f l i g h t  motor .62 

(U) Because of r ecu r r ing  m i s s i l e  component f a i l u r e s ,  t h e  
engineer ing  design and engineer ing  s e r v i c e  t e s t s  were suspended 
i n  August 1967 t o  permit  a n  a n a l y s i s  of t h e  problem a r e a s  and 
i n s t a l l a t i o n  of c o r r e c t i v e  measures. I n  August and September 
1967, MICOM personnel  spent  about 6 weeks a t  ~ u g h e s '  p l a n t  working 
t o  improve m i s s i l e  r e l i a b i l i t y . 6 3  This e f f o r t  r e s u l t e d  i n  t h e  so- 
c a l l e d  "Golden 400" s e r i e s  m i s s i l e  which was l a t e r  r e l e a s e d  f o r  
l i m i t e d  product ion.  

(U) The engineer ing  s e r v i c e  t e s t  f i r i n g s  were resumed a t  For t  
Benning on 20 November 1967 and a t  White Sands on 6 December 1967, 
fol lowing a s p e c i a l  10-round f i r i n g  program a t  Redstone Arsenal 
from 2 October t o  9 November 1967. By 30 June 1968 , .35  of t h e  

62 (1) TECOM/WSMR TON Rept 13,  USATECOM Pro j  8-4-5200-01 (8- 
MI-000-TOW-005), Vol. I & 11, Aug 69, s u b j :  IE&ST of TOW EAIJ Sys. 
TOW Pro j  Ofc. (2) TOW PMzP, 30 Sep 67, p.  1.2.7.  HDF. (3) TOW 
F i r i n g  Data Furnished by Edwin E. Baker, TOW Pro j  Ofc. 

6 3 ~ 0 ~  PMzP, 30 Jun 68, p. 1.2.7.  HDF. 



400 s e r i e s  m i s s i l e s  had been f i r e d  i n  engineer ing  s e r v i c e  t e s t s -  
9 a t  WSMR and 26 a t  F o r t  Benning. One of t h e s e  was scored  a s  no 
t e s t ,  4 were f a i l u r e s ,  and 30 were s u c c e s s f u l ,  f o r  a r e l i a b i l i t y  
of 88 percent .  From 2 October 1967 through 1 May 1968, 20 STM 
m i s s i l e s  of t h e  400 s e r i e s  and 4 e a r l i e r  s e r i e s  m i s s i l e s  were 
f i r e d  a t  Redstone Arsenal.  S ix teen  of t h e s e  24 f i r i n g s  were 
s u c c e s s f u l ,  y i e l d i n g  a sample r e l i a b i l i t y  of 66 percent .  

(U) Between 19  January and 20 February 1968, 10 m i s s i l e s  of 
t h e  400 s e r i e s  were f i r e d  i n  engineer ing  des ign  a r c t i c  t e s t s  a t  
Fo r t  Greely, Alaska. A l l  of t h e  m i s s i l e s  were f i r e d  i n  t h e  ground 
mode a g a i n s t  f i x e d  t a r g e t s  a t  ranges of 1,900 t o  2,000 meters.  
One was scored a s  no t e s t  f o r  m i s s i l e  r e l i a b i l i t y  because of a 
condensat ion t r a i l ,  t h r e e  were marred by m i s s i l e  component f a i l -  
u r e s ,  and s i x  were succes s fu l .  A l l  s i x  of t h e  r e l i a b l e  rounds 
scored  accu ra t e  h i t s  except  one whose m i s s  d i s t a n c e  was exces s ive  
because of a gunner e r r o r .  

(U) Al l  t o l d ,  139 m i s s i l e s  were f i r e d  i n  engineer ing  des ign  
and engineer ing  s e r v i c e  t e s t s  between 9 J u l y  1966 and 30 June 
1968.53 a t  Redstone Arsenal ,  10  a t  F o r t  Greely,  Alaska, 4 1  a t  
WSMR, and 35 a t  F o r t  Benning, Georgia. Of t h e  76 eng inee r ing  
s e r v i c e  t e s t s ,  59 were succes s fu l  and 17 were f a i l u r e s ,  f o r  an 
o v e r a l l  m i s s i l e  r e l i a b i l i t y  of 77.6 percent .  There were no 
ground support  equipment f a i l u r e s  i n  t h e  ET/ST program. 64 A com- 
p l e t e  summary of t h e s e  and subsequent f i r i n g s  i n  t h e  i n t e g r a t e d  
engineer ing  s e r v i c e  t e s t  program w i l l  be presented  i n  t h e  succeed- 
i n g  chap te r .  

(U) I n  a d d i t i o n  t o  t h e  139-round Army t e s t  and eva lua t ion  
program, a Pffrine Corps u n i t  a t  Twentynine Palms, C a l i f o r n i a ,  
f i r e d  20 TOW m i s s i l e s  from t h e  M274 v e h i c l e  dur ing  February and 
Yarch 1968. Aside from eva lua t ing  t h e  M274 mounting k i t  and the  
TOW'S e f f e c t i v e n e s s  a g a i n s t  moving tank t a r g e t s ,  t h e  Marines were 
i n t e r e s t e d  i n  t r y i n g  t h e  m i s s i l e ' s  e f f e c t i v e n e s s  a g a i n s t  f o r t i f i e d  
ground t a r g e t s  and i n  t e s t i n g  un t r a ined  gunners i n  t h e  use  of t h e  
weapon. Ten of t h e  rounds were f i r e d  a g a i n s t  f i x e d  t a r g e t s  
(concre te  f o r t i f i c a t i o n s ,  sandbag bunkers ,  and tank  h u l l s )  a t  
ranges of 1,000 and 2,000 meters ,  and t h e  o t h e r  10  a g a i n s t  t a r g e t s  
t r a v e l i n g  a t  20 and 25 mph a t  a range of 2 ,000 .meters .  The 
Marines were very  impressed wi th  t h e  f i repower and accuracy of 

64 (1) B i d .  (2) TECOM/WSMR TOW Rept 13 ,  USATECOM Pro j  8-4- 
5200-01 (8-MI-000-TOW-005), Vol. I & 11, Aug 69,  sub j :  IE&ST of 
TOW HAW Sys. TOW P r o j  Ofc. (3) TOW F i r i n g  Data Furnished by 
Edwin E. Baker, TOW Pro j  Ofc. 





t h e  weapon, a s  t h e  gunners scored d i r e c t  h i t s  on 9 of t h e  10  f i x e d  
t a r g e t s  and 8 of t h e  1 0  moving t a r g e t s .  A photographer who was 
given 30 minutes of i n s t r u c t i o n  i n  use  of t h e  weapon scored a  
bu l l s eye  on a  concre te  w a l l  th ree- four ths  of a  mi le  away.65 

Release f o r  Limited Product ion 

(U) A s  noted above, t h e  A s s i s t a n t  Chief of S t a f f  f o r  Force 
Development approved t h e  LP type  c l a s s i f i c a t i o n  of t h e  TOW system 
on 22 A p r i l  1968, bu t  defer red  i n i t i a l  product ion t o  FY 1969. A t  
t h e  t ime of t h e  type  c l a s s i f i c a t i o n  approval ,  development of t h e  
system was e s s e n t i a l l y  complete, advance product ion engineer ing  
was complete, a  t e c h n i c a l  d a t a  package was a v a i l a b l e ,  and a l l  
changes were under Government con t ro l .  The engineer ing  s e r v i c e  
tests were scheduled f o r  completion by January 1969, except  f o r  
a r c t i c ,  d e s e r t ,  and t r o p i c  tests, which were expected t o  cont inue  
through June 1971. 

#) The r e s u l t s  of t h e  f l i g h t ,  l a b o r a t o r y ,  and f i e l d  tests 
ind ica t ed  t h a t  t h e  system m e t  most of t h e  p re sc r ibed  m a t e r i e l  
requirements  except  f o r  t h e  dev ia t ions  approved a s  a  r e s u l t  of 
t h e  pro to type  in-process review he ld  i n  May 1966. The system 
s t i l l  exceeded t h e  QMR weight o b j e c t i v e  by about 12  pounds and 
t h e  system r e l i a b i l i t y  f e l l  s h o r t  of t h e  95-percent ob jec t ive .  
F i r i n g s  s i n c e  in t roduc t ion  of t h e  improved 400 series m i s s i l e  i n  
November 1967 y i e lded  a  m i s s i l e  r e l i a b i l i t y  of 85.7 percent .  The 
achieved launcher  r e l i a b i l i t y  was 98.6 percent .  F i r s t  product ion 
e s t ima te  f o r  r e l i a b i l i t y  was 85 percent  f o r  t h e  m i s s i l e  and 98 
percent  f o r  t h e  launcher .  The p red ic t ed  r e l i a b i l i t y  f o r  follow- 
on product ion was 96.1 percent  f o r  t h e  m i s s i l e  and 99.1 percent  
f o r  t h e  launcher .  The achieved h i t  p r o b a b i l i t y ,  given a  r e l i a b l e  
round, exceeded t h e  QMR o b j e c t i v e  a g a i n s t  bo th  f i x e d  and moving 
t a r g e t s  a t  a l l  ranges from 65 t o  3,000 meters .  

(U) The major i tems of  t h e  i n f a n t r y  (ground-based) TOW weapon 
system re leased-  f o r  f i r s t - y e a r  s o l e  source  procurement i n  FY 1969, 
t oge the r  wi th  t h e  q u a n t i t i e s  needed t o  m e e t  Army requirements  and 
t h e  es t imated  u n i t  c o s t ,  inc luding  t o o l i n g ,  a r e  l i s t e d  below. The 
second-year buy was expected t o  be  under a  Standard A c l a s s i f i c a -  
t i o n .  

65(1) TOW F i r i n g  Data Furnished by Edwin E. Baker, TOW Pro j  
Ofc. (2) HmtsviZZe Times, 4 Sep 68. 



F e d e r a l  I t e m  I d e n t i f i c a t i o n  

Guided Missile, S u r f a c e  A t t a c k ,  
XBGM-71A (HEAT) ................... 

Guided Missile, S u r f a c e  At tack ,  ............... XBTM-71A ( P r a c t i c e )  
Launcher,  Tubula r ,  Guided Missile, 

XM-l51El.......................... 
Mounting K i t ,  V e h i c l e ,  GM System: .......... XM-233 (M113/M113Al APC) 

XM-225 (M274 Mechanical  Mule) ..... 
XM-232 (M151Al Jeep)  .............. 
XM-236 (M151Al Jeep)  .............. 

T r a i n i n g  S e t ,  GM System, XM-70...... 
Charger ,  B a t t e r y :  PP-4884(XO-1)/T ... 

Q u a n t i t y  

4,500 

1 ,050  

211 

56 
102 

45) 
45) 
7 7 
5 6 

Uni t  Cost  

$ 8,908 

9,379 

83,402 

15,822 
4,060 

8 ,482 

20,127 
21,621 

The o n l y  two major  i t e m s  of t h e  b a s i c  sys tem y e t  t o  b e  t y p e  
c l a s s i f i e d  f o r  l i m i t e d  p r o d u c t i o n  were  t h e  Land Combat Support  
System (LCSS) and t h e  n i g h t  s i g h t .  TOW s u p p o r t  i t e m s  were t o  b e  
t e s t e d  i n  t h e  LCSS ET/ST program and made a v a i l a b l e  i n  f i n a l  form 
b e f o r e  t h e  Army r e a d i n e s s  d a t e .  The n i g h t  s i g h t ,  however, would 
n o t  b e  a v a i l a b l e  i n  t i m e  f o r  f i e l d i n g  w i t h  t h e  TOW sys tem because  
o f  a s l i p p a g e  i n  t h e  development program a t  t h e  E l e c t r o n i c s  
command. 66 

(U) F e a s i b i l i t y  tests of t h e  h y b r i d ,  g a t e d ,  and the rmal  n i g h t  
s i g h t s  i n d i c a t e d  t h a t  a l l  t h r e e  approaches  m e t  t h e  minimum 
materiel r e q u i r e m e n t s ;  however, t h e  h y b r i d  d e s i g n  was dropped 
from c o n s i d e r a t i o n  because  of s u p e r i o r  performance by t h e  o t h e r  
two systems.  I n s t e a d  of s e l e c t i n g  one sys tem f o r  e n g i n e e r i n g  
development i n  August 1966, as o r i g i n a l l y  planned,  it  was d e c i d e d  
t o  c o n t i n u e  p a r a l l e l  development o f  t h e  g a t e d  and the rmal  sys tems 
u n t i l  1 March 1968. A t  t h e  end of FY 1967, t h e  n i g h t  s i g h t  pro- 
gram s c h e d u l e  was compat ib le  w i t h  t h a t  of t h e  TOW ~ ~ s t e m . 6 7  But 
subsequen t  t e c h n i c a l  problems caused major  s l i p p a g e s  i n  t h e  
schedu le .  

(U) Engineer ing  d e s i g n  tests of  t h e  ga ted  and the rmal  models 
began on 26 March 1968. The n o n f i r i n g  t e s t s ,  which were t o  have 
been completed i n  2 weeks, r e q u i r e d  4 weeks because  of bad 
wea ther ,  test v e h i c l e  breakdowns, and f a i l u r e  of t h e  n i g h t  s i g h t s .  

66(1)  AYCTCM I tem 6166, 3 J u l  68. RSIC. (2 )  L t r ,  ACSFOR t o  
CG,  AMC, 22 Apr 68, s u b j  : LP Auth f o r  TOW Wpn Sys.  HDF. 

67(1)  TOW PMzP, 30 Jun 67, pp. 11.10.2 & 111.15.3. (2)  H i s t  
Rept,  TOW PM, FY 67, p. 6. HDF. (3)  Also s e e  above,  pp. 62-63. 



Continuing n i g h t  s i g h t  f a i l u r e s  prevented t h e  l i v e  m i s s i l e  f i r i n g s  
and, on 19 Apr i l  1968, t h e  hardware was re turned  t o  t h e  c o n t r a c t o r s  
f o r  f u r t h e r  work t o  improve t h e  mean time between f a i l u r e .  Resump- 
t i o n  of engineer ing  design t e s t i n g  was scheduled f o r  e a r l y  August 
1968, and t h e  s e l e c t i o n  of one system f o r  t h e  TOW was rescheduled 
from March 1968 t o  October 1968.68 The r e s u l t s  of t h e  engineer ing  
des ign  t e s t s  and subsequent developments i n  t h e  program w i l l  b e  
d iscussed  l a t e r .  For t h e  moment, i t  w i l l  s u f f i c e  t o  s ay  t h a t  t h e  
gated n i g h t  s i g h t  concept was s e l e c t e d  f o r  development i n  March 
1969, b u t  i t  was l a t e r  dropped i n  f avo r  of t h e  thermal n i g h t  s i g h t  
which was y e t  t o  reach the  f i e l d  i n  l a t e  1976. 

The X M - ~ ~ / U H - ~ B  He l i cop te r  Armament Subsystem 

(U)  Another major TOW m a t e r i e l  requirement y e t  t o  be met was 
t h e  a i rbo rne  f i r i n g  c a p a b i l i t y .  A t  t he  t ime of t h e  TOW c l a s s i f i -  
c a t i o n  a c t l o n  i n  A p r i l  1968, t h e  XM-26/UIl-lB h e l i c o p t e r  armament 
subsystem had undergone succes s fu l  development t e s t s ;  however, t h e  
program was h a l t e d  s h o r t  of s e r v i c e  t e s t s  when t h e  Army decided t o  
r e d i r e c t  t h e  e f f o r t  t o  t he  TOW/CHEYENNE armament subsystem. 

(U) One of t h e  b igges t  problems involved i n  f i r i n g  m i s s i l e s  
from h e l i c o p t e r s  was s t a b i l i z i n g  t h e  l i n e  of s i g h t  from t h e  chopper 
t o  po in t  t a r g e t s  on t h e  ground. The Army Miss i l e  Command (MICOM) 
chose t h e  Hughes A i r c r a f t  Company, t h e  TOW prime c o n t r a c t o r ,  and 
t h e  Aeronutronic Div is ion  of t h e  Phi lco  Ford Corporat ion,  t h e  
SHILLELAGH prime c o n t r a c t o r ,  t o  work on a s o l u t i o n  t o  t h e  problem. 
In  December 1963, MICOM awarded c o n t r a c t s  of $1,380,000 each t o  
Hughes and Aeronutronic t o  des ign ,  f a b r i c a t e ,  and i n s t a l l  on t h e  
UH-1B h e l i c o p t e r  a s t a b i l i z e d  s i g h t l s e n s o r  t h a t  would be com- 
p a t i b l e  wi th  each company's a n t i t a n k  guided m i s s i l e .  The 
c o n t r a c t s  a l s o  c a l l e d  f o r  a pre l iminary  des ign  of t h e  complete 
t a c t i c a l  weapon subsystem, des igna ted  a s  t h e  XM-26, which was t o  
r e p l a c e  the  M22 (SS-11/UH-1B) subsystem by January 1969. 

(U) Hughes and Aeronutronic de l ive red  t h e i r  s t a b i l i z e d  
s i g h t s  and pre l iminary  des ign  packages on 2 September 1964. The 
Frankford Arsenal  t e s t e d  t h e  competing s i g h t s  under t h e  d i r e c t i o n  
of MICOM. A t  t h e  same time, MICOM eva lua ted  both c o n t r a c t o r  
des igns  f o r  t h e  t a c t i c a l  subsystem. A s  a r e s u l t  of t h e  eva lua t ion  
completed i n  February 1965, M I C O M  concluded t h a t  both systems were 
s u p e r i o r  t o  t h e  M22 and t h a t  t h e  Hughes s t a b i l i z e d  s i g h t / s e n s o r  
was s u p e r i o r  i n  performance t o  t h e  Aeronutronic device .  The 

6 8 ~ i s t  Rept,  TOW PM, N 68, p. 3. HDF. 



A i r c r a f t  Weaponization P r o j e c t  Manager t h e n  a u t h o r i z e d  MICOM t o  
deve lop  t h e  XM-26 a i r b o r n e  subsystem u s i n g  t h e  Hughes s t a b i l i z e d  
s i g h t  and t h e  TOW m i s s i l e .  

(U) On 8  October  1965, Hughes A i r c r a f t  r e c e i v e d  a CPIF con- 
t r a c t  f o r  $4.2 m i l l i o n  c o v e r i n g  t h e  f i r s t  6  months of R&D e f f o r t .  
N e g o t i a t i o n s  f o r  t h e  remain ing  2 1  months o f  t h e  development 
program began on 1 8  A p r i l  1966 and were  e s s e n t i a l l y  completed by 
1 7  June 1966. An i n c r e a s e  i n  t h e  c o n t r a c t o r ' s  c o s t  e s t i m a t e  from 
$12.3 m i l l i o n  t o  $18.6 m i l l i o n  r e s u l t e d  i n  a  r e v i s e d  s c o p e  of work 
w r i t t e n  t o  reduce  c o s t s  t o  a n  a b s o l u t e  minimum. This  r e v i s i o n ,  
t o g e t h e r  w i t h  f i n a l  n e g o t i a t i o n  e f f o r t s ,  he lped  t o  p u l l  t h e  f i n a l  
n e g o t i a t e d  t a r g e t  p r i c e  down t o  $15.3 m i l l i o n  f o r  t h e  21-month 
per iod .  The t o t a l  e s t i m a t e d  R&D c o s t  o f  t h e  XM-26 program, i n -  
c l u d i n g  in-house s u p p o r t ,  was $28 m i l l i o n .  Advance p r o d u c t i o n  
e n g i n e e r i n g  (APE) was expec ted  t o  c o s t  $3.6 m i l l i o n  and p r o d u c t i o n  
o f  165 u n i t s  abou t  $25.7 m i l l i o n ,  b r i n g i n g  t h e  t o t a l  e s t i m a t e d  
program c o s t  t o  $57.3 m i l l i o n .  

(U) Upon complet ion o f  t h e  c o n t r a c t  n e g o t i a t i o n s  i n  mid-June 
1966, MICOM recommended t o  t h e  A i r c r a f t  Weaponization P r o j e c t  
Manager t h a t  t h e  XM-26 program be  t e r m i n a t e d .  The r e a s o n s  were 
twofold:  e x c e s s i v e  c o s t s  and t h e  p r o j e c t e d  a v a i l a b i l i t y  o f  t h e  
advanced TOWICHEYENNE system w i t h i n  1 y e a r  a f t e r  f i e l d i n g  o f  t h e  
TOWIUH-1B (XM-26). With t h e  r e j e c t i o n  of M I C O M 1 s  recommendation, 
a n  R&D c o n t r a c t  (DA-01-021-AMC-14688Z) f o r  $15,364 400 was awarded 
t o  Hughes on 30 June  1966, r e t r o a c t i v e  t o  8  A p r i l .  6 9  

(U) During FY 1967, t h e  R&D program was h i n d e r e d  by fund ing  
problems. The development c o n t r a c t  o r i g i n a l l y  s p e c i f i e d  a n  
i n t e r i m  d e s i g n  r e l e a s e  i n  August 1967, and was i n c r e m e n t a l l y  
funded. It had t o  b e  r e n e g o t i a t e d  i n  December 1966, because  t h e  
A i r c r a f t  Weaponization P r o j e c t  Manager was unab le  t o  o b t a i n  fund- 
i n g  i n  t h e  n e g o t i a t e d  amount. The r e n e g o t i a t e d  c o n t r a c t ,  which 
was t o  c o n t i n u e  through 4  months o f  t h e  ET/ST program, s p e c i f i e d  
a n  i n t e r i m  r e l e a s e  d a t e  o f  1 March 1968. MICOM in-house funds  
p a i d  f o r  a n  o v e r r u n  of $650,000 t o  cover  e f f o r t  d u r i n g  June  1967. 
An a d d i t i o n a l  $506,000 from MICOli in-house funds  was t h e n  i n c l u d e d  
i n  t h e  c o n t r a c t  t o  cover  e f f o r t  through 17  J u l y  1967, and 
$3,613,953 more was needed t o  complete  t h e  development program. 
The M i s s i l e  Command r e c e i v e d  $1,576,000 t o  i n i t i a t e  a  reduced APE 
program, b u t  cou ld  n o t  i s s u e  a c o n t r a c t  because  t h e  A i r c r a f t  

69(1)  An1 H i s t  Sum, Acf t  Weaponization PM, AMC, Aug 64 - Aug 
65,  p. 25. (2) H i s t  Rept,  Smal l  Rkts  & A c f t  Armts B r ,  D / R & D ,  M I C O M ,  
FY 66. (3) H i s t  Rept ,  Land Cbt Cmdty Mgr, FY 66. A l l  i n  HDF. 



Weaponization P r o ' e c t  Manager had placed a hold on t h e  award u n t i l  
31 October 1967. 78 

(U) The o v e r a l l  des ign  conf igu ra t ion  of t h e  XM-26 subsystem 
was approved dur ing  t h e  design c h a r a c t e r i s t i c s  review he ld  a t  
MICOM e a r l y  i n  October 1966. As t h e  r e s u l t  of a Tank, Anti tank,  
Assaul t  Weapons Requirement Study completed i n  February 1967, t h e  
Combat Developments Command recommended c a n c e l l a t i o n  of t h e  XM-26 
program and t r a n s f e r  of t h e  e f f o r t  t o  t h e  TOW/CHEYENNE (TOW/AH-56A) 
program. The Deputy Commanding General,  Land Combat Systems, i n  
an unexplained r e v e r s a l  of t h e  previous M I C O M  p o s i t i o n ,  l a t e r  
n o t i f i e d  t h e  A i r c r a f t  Weaponization P r o j e c t  Manager t h a t  he  d i d  
n o t  ag ree  wi th  t h i s  recommendation.71 

(U) The XM-26 armament subsystem cons i s t ed  p r i n c i p a l l y  of two 
t r i a n g u l a r  th ree-miss i le  pods, each mounted on an outboard pylon; 
a gy ros t ab i l i zed  s i g h t  system designed t o  i s o l a t e  t h e  s i g h t  and 
sensor  from h e l i c o p t e r  motion and v i b r a t i o n ;  and t h r e e  e l e c t r o n i c  
u n i t s  f o r  s t a b i l i z a t i o n ,  genera t ion  of m i s s i l e  s i g n a l s ,  and regu- 
l a t i o n  of e l e c t r i c  power. The TOW m i s s i l e ,  a s  used i n  t h e  XM-26 
subsystem, was i d e n t i c a l  t o  t h a t  developed f o r  t h e  ground-based 
system. When used i n  t h e  XM-26, however, t h e  m i s s i l e  was launched 
from i t s  sh ipping  con ta ine r  inc losed  i n  t h e  th ree -mis s i l e  pod. 
Both pods were a t t ached  t o  MA-4A bomb racks  con ta in ing  e l e c t r i c a l  
and mechanical j e t t i s o n  equipment. Both t h e  p i l o t  and gunner 
could j e t t i s o n  i n d i v i d u a l  pods e l e c t r i c a l l y ,  o r  both pods could be 
j e t t i s o n e d  a t  once by mechanical means. The m i s s i l e  pods could be 
a t t ached  t o  t h e  pylons by two men i n  5 minutes ,  and they could be 
reloaded without  t h e  use  of s p e c i a l  t o o l s .  72 

(U) The XM-26 development t e s t  program began wi th  a s e r i e s  of 
20 unguided ("slug") m i s s i l e  f i r i n g s  (10 ground and 10 a i rbo rne )  
from t h e  experimental  launcher  i n  March, Apr i l ,  and May 1966, t o  
v e r i f y  launcher  design and determine mis s i l e -he l i cop te r  r e a c t i o n s .  
The experimental  subsystem was then  modified t o  f i r e  guided m i s -  
s i l e s ,  and des ign  of t h e  f i r s t  Advanced Development Model (ADM) 

70(1) SS AMSMI-1-130-66, D/P&P, 27 Oct 66, subj  : Req f o r  
Apprl of D&F XM26, TOw/Hel. (2) H i s t  Rept,  XM26 (TOw/Hel), Dev 
Div, D/R&D, FY 67, p. 1. (3) H i s t  Rept,  LCCO, FY 67, pp. 1-2. 
A l l  i n  HDF. 

71(1) B i d . ,  pp. 1-2. (2) AMCTCM I tem 6535, 18 Dec 68, sub j :  
A r m t  Subsys, Hel, GM Lchr: XM26 (TOW/Hel) - Apprl of Design Chars 
IPR, P ro j  DAlX164202D134 Task 05. RSIC. 

72AMC T I R  18.2 . l . l 5 ,  Jan  67, subj  : GM Lchr He1 Armt Subsys , 
XM26. RSIC. 
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subsystem was i n i t i a t e d .  73 

(U) Guided f l i g h t  tests from t h e  hel icopter-mounted e x p e r i -  
menta l  subsystem commenced a t  Redstone Arsena l  on 29 J u l y  1966 and 
c o n t i n u e d  through 1 3  J u l y  1967, w i t h  a t o t a l  o f  32 f i r i n g s  i n c l u d -  
i n g  1 2  w i r e  i n t e g r i t y  tests. The l a t t e r  r e s u l t e d  i n  seven t a r g e t  
h i t s ,  t h r e e  missile f a i l u r e s  u n r e l a t e d  t o  t h e  XM-26 system,  one 
w i r e  b r e a k  because  o f  snagg ing  i n  t h e  trees, and one t a r g e t  m i s s  
because  o f  gunner e r r o r .  The o t h e r  20 f i r i n g s  y i e l d e d  12 t a r g e t  
h i t s  and 8 f a i l u r e s ,  6 o f  which were a t t r i b u t e d  t o  t h e  missile, 
1 t o  t h e  subsystem, and 1 t o  i n s t r u m e n t a t i o n .  

(U) The f i r s t  ADM subsystem was f a b r i c a t e d  and i n s t a l l e d  on 
t h e  UH-1B h e l i c o p t e r  d u r i n g  June  1967. T e s t  f i r i n g s ,  however, 
were  de layed  u n t i l  e a r l y  October  1967 because  o f  missile s h o r t a g e s  
and e n g i n e e r i n g  changes .*  The 30-round e n g i n e e r i n g  d e s i g n  test  
program began on 5 October 1967 and con t inued  th rough  28 February 
1968. During t h e  tests, t h e  TOW missile s u c c e s s f u l l y  h i t  b o t h  
s t a t i o n a r y  and  moving t a r g e t s  w i t h  a h i g h  d e g r e e  of accuracy  w h i l e  
t h e  h e l i c o p t e r  was h o v e r i n g ,  t r a v e l i n g  a t  h i g h  s p e e d ,  o r  f l y i n g  a 
zig-zag course .  S p e c i f i c a l l y ,  22 o f  t h e  30 m i s s i l e s  f i r e d  s c o r e d  
t a r g e t  h i t s .  S i x  o f  t h e  e i g h t  f a i l u r e s  were  t h e  r e s u l t  o f  d e s i g n  
d e f i c i e n c i e s  la ter  c o r r e c t e d ,  one was a t t r i b u t e d  t o  missile 
f a i l u r e ,  and t h e  o t h e r  t o  a n  i n s t r u m e n t a t i o n  problem. Excluding 
t h e  round marred by i n s t r u m e n t a t i o n  f a i l u r e ,  which was s c o r e d  a s  
no tes t ,  1 7  of t h e  l a s t  20 missiles f i r e d  h i t  t h e i r  t a r g e t s  f o r  a 
20-round moving average  of 85 percen t .74  

(U) During t h e  t h i r d  q u a r t e r  of 1968 and t h e  f i r s t  h a l f  o f  
1971, a t o t a l  o f  62 demons t ra t ion  f i r i n g s  o f  t h e  m-26 a i r b o r n e  
TOW were conducted i n  t h e  F e d e r a l  Republ ic  of Germany. F i f t y -  
seven ,  92 p e r c e n t ,  o f  t h e  missiles s c o r e d  d i r e c t  h i t s .  Two of  t h e  
f i v e  misses were a t t r i b u t e d  t o  gunner e r r o r s  and t h r e e  t o  equip-  
ment f a i l u r e s .  75 

(U) I n  a d d i t i o n  t o  f i r i n g s  from t h e  f i r s t  ADM subsystem,  

* 
A s  no ted  earl ier ,  t h e  b a s i c  TOW e n g i n e e r i n g  d e s i g n  and eng ineer -  
i n g  s e r v i c e  tests were suspended i n  August 1967 because  o f  
m i s s i l e  r e l i a b i l i t y  problems. 

73(1)  H i s t  Rept ,  LCCO, FY 66. (2) H i s t  Rep t ,  Smal l  Rkts  & 
A c f t  A r m t s  B r ,  D /R&D,  FY 66. Both i n  HDF. 

74(1)  H i s t  R e p t s ,  LCCO, FY 1967-68. (2) H i s t  R e p t s ,  n f26  (TOW/ 
H e l ) ,  Dev Div, D/R&D,  FY 1967-68. (3) TOW F i r i n g  Data Furn i shed  by 
Edwin E. Baker,  TOW P r o j  Ofc. 

7 5 ~ b n  TOW F a c t  Book. TOW Pro i  Ofc. 



Hughes A i r c r a f t  conducted q u a l i f i c a t i o n  tests us ing  ADM Subsystem 
No. 2, MICOM performed r e l i a b i l i t y  tests us ing  Subsystem No. 3,  
and combined Government q u a l i f i c a t i o n  and r e l i a b i l i t y  t e s t s  were 
conducted on ADM Subsystem No. 4. The f i f t h  XM-26 subsystem was 
b u i l t  f o r  s e r v i c e  tests which were t o  have s t a r t e d  i n  A p r i l  1968; 
however, t h e s e  tests were cance l l ed  when t h e  Army decided t o  
r e d i r e c t  t h e  X11-26 e f f o r t  t o  t h e  TOWICHEYENNE program. Subsequent 
e f f o r t  was d i r e c t e d  toward v e r i f i c a t i o n  o f  t h e  contractor-developed 
Xl4-26 documentation package and completion of advance product ion 
engineer ing  on XM-~~ICHEYENNE common i t e m s .  The updated XM-26 
package was r e t a i n e d  a t  M I C O M  a g a i n s t  f u t u r e  requirements  f o r  a 
TOW c a p a b i l i t y  from t h e  UH-1B o r  o t h e r  r o t a r y  wing a i r c r a f t . 7 6  

(U) The Army's investment i n  t h e  XM-26 program ($28,534,920 
RDTE and $1,396,000 P E M A / A P E ~ ~ )  paid handsome d iv idends .  The TOW 
XM-261UH-1B system n o t  on ly  f u l f i l l e d  an urgent  t a c t i c a l  r equ i r e -  
ment i n  Vietnam, bu t  a l s o  provided t h e  b a s i s  f o r  development of an 
improved TOW armament subsystem f o r  t h e  COBRA a t t a c k  h e l i c o p t e r .  
The n4-26 subsystem was removed from s t o r a g e  and rushed t o  South 
Vietnam i n  t h e  s p r i n g  of 1972, when t h e  North Vietnamese swept 
a c r o s s  t h e  Demi l i ta r ized  Zone i n  an  a l l - o u t  tank-supported inva- 
~ i o n . ~ ~  The XM-65 TOW armament subsystem l a t e r  developed f o r  t h e  
AH-1 series COBRA h e l i c o p t e r  was a f u n c t i o n a l  upgrade of t h e  XM-26 
subsystem. 79 

The TOWICHEYENNE Program 

(U) Shor t l y  a f t e r  t h e  Xl4-26 TOWIUH-1B h e l i c o p t e r  system 
reached Vietnam, development of t h e  CHEYENNE advanced a t t a c k  
h e l i c o p t e r  (AH-56~) was te rmina ted  because of h igh  e s t ima ted  
product ion c o s t s .  Development of t h e  CHEYENNE Advanced A e r i a l  
F i r e  Support System (AAFSS) had begun i n  1963. F ive  yea r s  l a t e r ,  
i n  September 1968, f i r e  c o n t r o l  and armament systems had been 
s u c c e s s f u l l y  i n t e g r a t e d ;  t h e r e  had been ground and a i r  f i r i n g s  of  
t h e  TOW missile,  7 . 6 2 m  minigun, and 40mm grenade launcher ;  and 
10  CHEYENNE p ro to types  had been completed and accepted by t h e  Army. 

76(1) H i s t  Rept,  XM26 ( T D W / H ~ ~ ) ,  Dev Div, D/R&D, FY 68. (2) 
H i s t  Rept ,  Acft  Wpns Cmdty Ofc, FY 69. Both i n  HDF. 

7 7 ~ n c 1  t o  L t r ,  Cdr, AVSCOM, t o  ASA(I&L) , DA, 10  Jan 73, sub j  : 
Req f o r  Apprl of D&F f o r  t h e  Improved A r m t  Sys f o r  t h e  AH-1G Hel. 
TOW P r o j  Ofc. 

7 8 ~ o r  t h e  s t o r y  of t h e  TOW i n  combat, see below, pp. 163-76. 

7 9 ~ e e  Chap V I I I .  



By mid-1972, however, t h e  cos t  of t h e  CHEYENNE had nea r ly  doubled 
t h e  o r i g i n a l  1963 es t imates .  Moreover, t e s t s  conducted i n  1972 
showed t h a t  t h e  machine lacked t h e  v e r t i c a l  and l a t e r a l  a g i l i t y  
c a l l e d  f o r  by t h e  t a c t i c s  developed i n  Vietnam. p e c i f i c a l l y ,  
i nc reas ing  f i repower from an enemy l i b e r a l l y  equip $ ed with auto- 
matic weapons and l i g h t  a n t i a i r c r a f t  guns had taught  U.  S. Army 
a v i a t o r s  t h a t  t h e  h e l i c o p t e r  would have t o  hug t h e  ground i f  i t  
was going t o  su rv ive  and f i g h t  e f f e c t i v e l y ,  t ak ing  advantage of 
a v a i l a b l e  cover and d a r t i n g  i n t o  t h e  open t o  use i t s  weapons.80 

(U) In view of c o s t  cons ide ra t ions  and t h e  s h i f t  i n  emphasis 
t o  a  cheaper machine more c l o s e l y  t a i l o r e d  t o  t h e  t a s k ,  t h e  
Sec re t a ry  of t h e  Army d i r e c t e d  te rmina t ion  of t h e  CHEYENNE program 
on 9 August 1 9 7 2 . ~ ~  A t o t a l  of 115 TOW m i s s i l e s  were expended i n  
t h e  Tow/CHEYENNE program: 62 i n  f e a s i b i l i t y  demonstrat ion f i r i n g s  
from mid-1967 through 1970, and 53 i n  developmental f i r i n g s  from 
January 1970 through J u l y  1972. Thir ty-four  of t h e  l a t t e r  f i r i n g s  
r e s u l t e d  i n  h i t s ,  5 missed t h e  t a r g e t ,  and 14 were scored a s  no 
t e s t . 8 2  

(U) To f i l l  t h e  gap l e f t  by te rmina t ion  of t h e  CHEYENNE pro- 
gram, t h e  Army launched t h e  Improved COBRA Armament Program (ICAP) 
i n  March 1972, and followed t h i s  wi th  i n i t i a t i o n  of t h e  Advanced 
Attack Hel icopter  (AAH) development program i n  June 1973. The 
o b j e c t  of t h e  ICAP e f f o r t  was t o  provide s i g n i f i c a n t  improvement 
i n  an t ia rmor  firepower by mounting t h e  TOW m i s s i l e  on t h e  AH-1 
s e r i e s  COBRA h e l i c o p t e r  .a3 The TOW/COBRA program w i l l  be t r e a t e d  
i n  app ropr i a t e  d e t a i l  i n  a  l a t e r  chap te r .  

80(1) Army, Vol. 18 ,  NO. 11, NOV 68, p.  170. (2) A n y ,  Vol. 
23, No. 10 ,  Oct 73, pp. 129-30. 

8 1 ~ ~ ,  AAH PM, AVSCOM, t o  DAY 5 Oct 72, s u b j :  Cance l la t ion  of 
CTP f o r  CHEYENNE. HDF. 

8 2 ~ b n  TOW Fact  Book. TOW Pro j  Of c. - 

83 (1) A n y  Research and Devetopment News Magazine : Mar-Apr 
73, pp. 17-18; and Jul-Aug 73, p.  2. (2) Army, Vol. 22, No. 10 ,  
Oct 72, p. 37. (3) Army, Vol. 23, No. 1 0 ,  Oct 73, p .  133. 



CHAPTER V 

@ THE TOW INDUSTRIAL PROGRAM (U) 

(U) Procurement of  t h e  i n f a n t r y  TOW weapon sys tem began w i t h  
award of t h e  f i r s t  p r o d u c t i o n  c o n t r a c t  i n  November 1968 and 
c o n t i n u e d  under  LP c l a s s i f i c a t i o n  a u t h o r i t y  u n t i l  Sep tenber  1970 
when t h e  major p o r t i o n  of t h e  sys tem w a s  adop ted  as S tandard  A. 
Deployment of t h e  TOW system commenced i n  September 1970,  and 
p r o d u c t i o n  f o r  t h e  U .  S. Army and X a r i n e  Corps and numerous 
f o r e i g n  c o u n t r i e s  w a s  s t i l l  underway i n  1976. 

I n i t i a l  S o l e  Source  Procurement 

(U) The FY 1969 f u n d i n g  program f o r  t h e  TOFT missile sys tem 
t o t a l e d  $78,527,000.  The l a r g e s t  p o r t i o n  of  t h e  t o t a l ,  S75,065,000,  
c o n s i s t e d  of  PEMA funds  f o r  i n i t i a l  p r o d u c t i o n ,  p r o d u c t i o n  b a s e  
f a c i l i t i e s ,  and s e l e c t e d  r e p a i r  p a r t s .  RDTE f u n d s  r e l e a s e d  f o r  
c o n t i n u e d  r e s e a r c h  and development and test  program s u p p o r t  
atcounted t o  $2,016,000.  P r o v i d i n g  main tenance  s u p p o r t  and c e n t r a l  
s e r v i c e s  r e q u i r e d  $1,446,000 i n  O M  f u n d s . l  Of t h e  $75,065,000 i n  
PEW f u n d s ,  S2,600,000 was o b l i g a t e d  f o r  s e l e c t e d  r e p a i r  p a r t s ,  
$307,000 f o r  p r o d u c t i o n  b a s e  f a c i l i t i e s ,  and t h e  remain ing  
$72,158,000 f o r  f i r s t - y e a r  s o l e  s o u r c e  procurement  of  p r o d u c t i o n  
hardware.  

(U) The i n i t i a l  p r o d u c t i o n  c o n t r a c t  (DA-AB01-68-C-2141) was 
i s s u e d  t o  Hughes A i r c r a f t  i n  J u n e  1968 as a $200,000 l e t t e r  o r d e r .  
T h i s  e a r l y  award,  funded w i t h  FY 1968 RDTE money, was r e q u i r e d  t o  
p r o v i d e  163 missiles f o r  t h e  TOW/CHEYENNE q u a l i f i c a t i o n  t e s t  
program and 66 m i s s i l e s  f o r  t h e  TOW R&D t e s t  program. It was 
d e f i n i t i z e d  i n t o  a  2-year m u l t i y e a r  CPIF c o n t r a c t  on 29 Xovember 
1965,  w i t h  a  c e i l i n g  p r i c e  of  $168,234,958.  3 e  f i r s t  y e a r  of  the 
c o n t r a c t  covered  i n i t i a l  PEFlA hardware:  5 ,350 missiles, 211 
l a u n c h e r s ,  77 t r a i n e r s ,  56 X4-233 mounting k i t s ,  and 56 b a t t e r y  

'TOW PMP, 30 J u n  69,  p .  111.12.1 .  EDF. 
2  

(1 )  i d . ,  p.  1 1 1 1 2 . 2  (2)  AYCTCM 6166, 3  J u l  08. RSIC. 
(3)  Also  see AiviCTCM 7402, 1 4  J a n  70.  RSIC. (4 )  Also  s e e  L t r ,  
ACSFOR t o  C G ,  A X ,  22 Apr 68,  s u b j  : LP Auth f o r  TOW Wpr. Sys .  F3F. 



c h a r g e r s .  (The remaining 200 of t h e  5,550 m i s s i l e s  a u t h o r i z e d  f o r  
procurement i n  N 1969 were l a t e r  c o n t r a c t e d  w i t h  t h e  C h r y s l e r  
C o r p o r a t i o n  i n  a n  e d u c a t i o n a l  buy.)  A s  of  30 June  1969,  $56,555,547 
had been o b l i g a t e d .  The Army Muni t ions  Command (MUCOM) procured 
t a c t i c a l  warhead m e t a l  p a r t s  and c r u s h  s w i t c h e s  by s o l e  s o u r c e  
n e g o t i a t i o n  w i t h  t h e  F i r e s t o n e  T i r e  and Rubber Company, and s a f e t y  
and arming d e v i c e s  by award of a  s o l e  s o u r c e  c o n t r a c t  t o  t h e  
Z e n i t h  Radio ~ o r ~ o r a t i o n . 3  Sh ipp ing  and s t o r a g e  c o n t a i n e r s  f o r  t h e  
m i s s i l e ,  l a u n c h e r  components, and s i g h t / s e n s o r  were s u p p l i e d  t o  
Hughes a s  Government-furnished p r o p e r t y .  The m i s s i l e  and l a u n c h e r  
components were shipped i n  d i s p o s a b l e  wirebound wooden boxes ,  and 
t h e  s i g h t / s e n s o r  i n  a r e u s a b l e  m e t a l  c o n t a i n e r .  4  

(U) The terms o f  Hughes' p r o d u c t i o n  c o n t r a c t  i n c l u d e d  " f l y -  
before-buy" m i s s i l e  a c c e p t a n c e  c r i t e r i a  t o  make s u r e  t h e  Army 
r e c e i v e d  a  q u a l i t y  p roduc t  f o r  i t s  money. Under t h i s  p r o v i s i o n ,  a  
random sampling of p r o d u c t i o n  m i s s i l e s  would be  s e l e c t e d  each week 
f o r  t e s t  f i r i n g  b e f o r e  Army i n s p e c t o r s  a t  Redstone A r s e n a l .  I f  
t h o s e  m i s s i l e s  performed a c c o r d i n g  t o  s p e c i f i c a t i o n s ,  t h a t  p a r t i c -  
u l a r  l o t  would be  a c c e p t e d :  i f  n o t ,  t h e  c o n t r a c t o r  would have t o  
produce a n  a c c e p t a b l e  sampl ing b e f o r e  t h e  Army would be  o b l i g a t e d  
t o  buy. The Army Deputy Chief of S t a f f  f o r  L o g i s t i c s  approved 
$307,000 i n  FY 1969 PEPIA funds  f o r  p r e p a r a t i o n  of t h e  p r o d u c t i o n  
a c c e p t a n c e  t e s t  f a c i l i t i e s  a t  Redstone ~ r s e n a l .  

(U) The p l a n  was t o  i n t r o d u c e  c o m p e t i t i v e  procurement f o r  TOW 
m i s s i l e s  i n  FY 1971  between t h e  prime c o n t r a c t o r  (Hughes A i r c r a f t )  
and a n  a l t e r n a t e  p roducer .  The Army M i s s i l e  Command s o l i c i t e d  
p r o p o s a l s  f o r  second s o u r c e  p r o d u c t i o n  from 63 p r o s p e c t i v e  c o n t r a c -  
t o r s .  An e v a l u a t i o n  o f  t h e  p r o p o s a l s  submi t t ed  l e d  t o  t h e  s e l e c t i o n  
o f  t h e  C h r y s l e r  C o r p o r a t i o n  H u n t s v i l l e  D i v i s i o n  a s  t h e  a l t e r n a t e  
producer .  A $2,943,550 c o n t r a c t  f o r  a n  e d u c a t i o n a l  buy of 200 TOK 
m i s s i l e s  was awarded t o  C h r y s l e r  on 1 0  January  1969. T h i s  c o n t r a c t  
(DA-AB01-69-C-0928) c o n t a i n e d  two o p t i o n s  f o r  a n  a d d i t i o n a l  2 ,685 
m i s s i l e s  a f t e r  t h e  c o n t r a c t o r  s u c c e s s f u l l y  demons t ra ted  h i s  a b i l i t y  
t o  produce a n  a c c e p t a b l e  i t em.  The c o s t  of t h e  two o p t i o n s  was 

3  
(1) H i s t  R e p t s ,  TOW PM: FY 68, p.  2 ;  FY 69, a s  r e v  29 Oct 69,  

p.  2; FY 70,  p .  3 .  HDF. (2)  TOW Adv P r o c  P l a n  No. 2. Atchd a s  
i n c l  t o  L t r ,  M I C O M  CofS, t h r u  CG,  AMC, t o  D i r  of Mat Acq, OASA(IhL), 
5  Mar 69,  s u b j  : Adv Proc  P l a n  f o r  TOW Wpn Sys.  HDF. 

' ~ i s t  R e p t ,  TOWPN, N 69, p. 7.  

5 ( 1 )  2d I n d ,  DCSLOG, DA,  t o  CG,  AMC, 20 Feb 69,  on L t r ,  C G ,  
MICOM, t o  CG,  AMC, 1 6  Dec 68,  s u b j  : FY 09 L a t e - S t a r t  P r o j  4291 .- 
3092159, Bcq of Fac f o r  Pdn Acceptance T e s t i n g  (TOW). HDF. (2)  
iiuntsviZZe i!ai7s, 4 Jun  79,  p. 2. 



$14,057,955, making a t o t a l  of $17,001,505 f o r  t h e  f u l l  q u a n t i t y  
of 2,885 m i s s i l e s . 6  

(U) Hughes A i r c r a f t  r e c e i v e d  a  l e t t e r  c o n t r a c t  f o r  FY 1369 
i n d u s t r i a l  e n g i n e e r i n g  s e r v i c e s  on 28 J u n e  1968. C o n t r a c t  
amendments on  5  August ,  3 1  August, and 3  September 1968 preceded 
d e f i n i t i z a t i o n  i n t o  a cost-plus-award-fee (CPAF) c o n t r a c t  on 25 
November 1968, a t  a c o s t  of $11,559,159, which i n c l u d e d  a  3  per-  
c e n t  b a s e  f e e  o f  $336,674. T h i s  c o n t r a c t  (DA-AH01-68-C-2155) was 
funded w i t h  $3 m i l l i o n  i n  FY 1968 f u n d s  and t h e  b a l a n c e  w i t h  FY 
1969 funds .  I t  covered p r o d u c t i o n  and p r o d u c t  e n g i n e e r i n g ,  
p r o d u c t  improvement, s p e c i a l  a c c e p t a n c e  i n s p e c t i o n  equipment,  and 
maintenance of t h e  t e c h n i c a l  d a t a  package.7 

(U) During FY 1969, t h e  t o t a l  p r o j e c t e d  XDTE c o s t  of t h e  TOW 
system i n c r e a s e d  from $102,285,000 f o r  t h e  1962-71 p e r i o d ,  t o  
$lO9,256,OOO f o r  t h e  1962-72 p e r i o d . 9  The Army M i s s i l e  Command 
awarded Hughes A i r c r a f t  a CPIF R&D c o n t r a c t  on 1 J u l y  1968, 
c o v e r i n g  t h e  p e r i o d  from 1 J u l y  1968 th rough  3 1  J u l y  1969. The 
t o t a l  t a r g e t  p r i c e ,  i n c l u d i n g  f e e ,  was $901,752. T h i s  c o n t r a c t  
(DA-AH01-69-C-0004) p rov ided  program management, development 
e n g i n e e r i n g ,  q u a l i f i c a t i o n  and r e l i a b i l i t y  t e s t i n g  of any unqual-  
i f i e d  subassembl ies ,  maintenance o f -  TOW equipment,  e n g i n e e r i n g  
s u p p o r t  o f  ET/ST and XN-70 t r a i n e r  t e s t ,  and e n g i n e e r i n g  s e r v i c e  
t o  c o r r e c t  d e f i c i e n c i e s  . l o  On 25 February  1969, Hughes A i r c r a f t  
r e c e i v e d  a n o t h e r  R&D c o n t r a c t  (DA-AH01-69-C-1084) f o r  $746,300 
f o r  r e d e s i g n  o f  t h e  m i s s i l e  c o n t a i n e r  which f a i l e d  t o  meet d e s i g n  
r e q u i r e m e n t s  f o r  d u r a b i l i t y .  11 

6 ( 1 )  TOW PEP, 30 J u n  69,  p.  1 .2 .6 .  HDF. (2) Y i s t  R e p t ,  TOW 
PM, FY 69, p. 6 .  HDF. (3) TOW Adv Proc  P l a n  No. 2. Atchd a s  i n c l  
t o  L t r ,  M I C O M  CofS, t h r u  C G ,  AYC, t o  D i r  o f  Mat Acq, OASA(I&L), 5  
Xar 69,  s u b j :  Adv Proc  P l a n  f o r  TOW Wpn Sys.  3DP. (4)  Defense 
Industry Bu l le t in ,  Apr 69,  p. 25. 

(1) H i s t  Rep t ,  TOW PM, FY 69, as r e v i s e d  29 Oct  69. EEF. 
(2) SS DfSMI-I-160, D/P&P,  11 Oct 63,  s u b j :  Xeq f o r  Pre-Awd A ~ p r l  
of TOW FY 69 Engrg Svcs ,  DA-AH01-68-C-2155. HDF. 

8  
See above,  p .  40. 

'TOW PIIP, 30 Jun  69, p.  111.12.4.  3DF. 

"(1) Ib id . ,  p. 1 .2 .6 .  (2) i l i s t  R e p t ,  TOW PM, FY 69, p.  5 .  
HDF . 

11(1) B i d . ,  pp. 2-3. (2) Also s e e  below, pp. 90-91. 



Conclusion o f  t h e  ET/ST Program 

(U) Engineer ing  s e r v i c e  tests of  t h e  b a s i c  TOW weapon system 
began i n  December 1966 and were completed i n  June  1969. A d d i t i o n a l  
t e s t i n g  scheduled f o r  comple t ion  by e a r l y  1972 i n c l u d e d  env i ron-  
mental  ( t r o p i c ,  d e s e r t ,  and a r c t i c )  tests; ET/ST of t h e  b a t t e r y  
c h a r g e r ,  t r a i n e r ,  l a n d  combat s u p p o r t  sys tem,  and n i g h t  s i g h t ;  and 
c o u n t e r m e a s u r e s / r a d i o  f requency  i n t e r f e r e n c e ,  n u c l e a r  v u l n e r a b i l i t y ,  
and l a u n c h e r  equipment rough h a n d l i n g  tests. 

(U) The f l i g h t  test  phase  o f  t h e  program, begun i n  March 1367,  
c o n s i s t e d  of 63 f i r i n g s  a t  White Sands M i s s i l e  Range (WSMR) and 42 
f i r i n g s  by t h e  U .  S. Army I n f a n t r y  Board (USAIB) a t  F o r t  Benning, 
Georgia.  Also i n c l u d e d  i n  t h e  Army T e s t  and E v a l u a t i o n  Command 
(TECOM) test r e p o r t  were 1 0  e n g i n e e r i n g  d e s i g n / e n g i n e e r i n g  t e s t  
f i r i n g s  a t  F o r t  G r e e l y ,  Alaska ,  a l l  of them f i r e d  from t h e  ground 
mount a g a i n s t  f i x e d  t a r g e t s .  The ET/ST f i r i n g s  were conducted 
a g a i n s t  f i x e d  and moving t a r g e t s  a t  ranges  from 65 t o  3,OOC m e t e r s .  
I n  a d d i t i o n ,  two m i s s i l e s  were f i r e d  a t  d r o n e s  f l y i n g  beyond t h e  
r a n g e  c a p a b i l i t y  o f  t h e  system. F i f t y - f i v e  o f  t h e  105  ET/ST 
rounds were f i r e d  from t h e  b a s i c  ground mount, 22 frcm t h e  Y151 
j e e p ,  1 7  from t h e  11113 v e h i c l e ,  and 11 from t h e  M274 v e h i c l e .  
Except f o r  two remotely  f i r e d  m i s s i l e s ,  t h e  e n g i n e e r i n g  t e s t  
rounds  a t  WSMR were f i r e d  by a  crew of e i g h t  m i l i t a r y  members and 
one  c i v i l i a n .  The s e r v i c e  t e s t s  a t  F o r t  Benning were conducted by 
a crew of  1 3  n i l i t a r y  p e r s o n n e l .  Seven of t h e s e  men had s c h o o l  
t r a i n i n g  o n  t h e  TOW and t h e  o t h e r  s i x  had from 2 t o  3  h o u r s  o f  
f i e l d  t r a i n i n g .  Seven o u t  o f  n i n e  rounds  f i r e d  by t h e  f i e l d -  
t r a i n e d  gunners  s c o r e d  d i r e c t  h i t s .  

(U) F i f t e e n  of t h e  63 missiles f i r e d  a t  WS1R had been sub- 
j e c t e d  t o  t r a n s p o r t a t i o n  tests on v e h i c l e s  (M113, M151, and :1274) 
and rough h a n d l i n g  tests a t  Aberdeen Proving Ground. The Yuma 
Proving Ground conducted m a l f u n c t i o n  p a r a c h u t e  d rop  t e s t s  on two 
m i s s i l e s ,  and t h e  U.  S. Army A i r b o r n e ,  S l e c t r o n i c s ,  and S p e c i a l  
Warfare  Board (USAAE&SWEi) conducted normal a i r d r o p  t e s t s  u s i n g  
s i x  n i s s i l e s ,  a  c smple te  l a u n c h e r  s y s t e x ,  and v e h i c l e s  lc i th  T?" 
a d a p t e r  k i t s .  The la t ter  s i x  m i s s i l e s  were t h e n  f i r e d  by t h e  
I n f a n t r y  Board as p a r t  o f  t h e  42 tests mentioned above.  The 
l a u n c h e r  sys tem and v e h i c l e s  which had been a i r d r o p p e d  were  used 
f o r  t h e  s e r v i c e  test.  A l l  s i x  o f  t h e  a i r d r o p p e d  m i s s i l e s  s c o r e d  
h i t s  on s t a t i o n a r y  t a r g e t s  a t  3,000 meters .12 

l 2 ( 1 )  TECOM/WSNX TOW Rept 1 3 ,  USATECOM P r o j  8-4-5400-01 (8-HI- 
000-TOW-005), Vol. I & 11, Aug 69, s u b j  : IE&ST of  TOW HAU Sys . ( 2 )  
USAIB Rept ,  ST of H A W  (TOW), 30 Oct 63. 3 0 t h  i n  TOW P r o j  ldfc. 



R e l i a b i l i t y  

(U) A s  s t a t e d  i n  t h e  p r e c e d i n g  c h a p t e r ,  t h e  TOW ET/ST program 
was suspended i n  August 1967 because  of a  low m i s s i l e  r e l i a b i l i t y  
f i g u r e  o f  67 p e r c e n t  f o r  t h e  f i r s t  4 1  f i r i n g s .  The f l i g h t  t e s t s  
were  resumed a t  F o r t  Benning on  20 November 1967 and a t  White Sands 
on 6  December 1967, u s i n g  t h e  improved 4 0 0 - s e r i e s  m i s s i l e . 1 3  By 
e a r l y  May 1969, 74 missiles of t h e  post-400 series had been f i r e d ,  
i n c l u d i n g  1 0  a t  t h e  A r c t i c  T e s t  C e n t e r ,  F o r t  Gree ly ,  Alaska .  Seven 
o f  t h e s e  were f a i l u r e s ,  2  were s c o r e d  a s  no test (NT), and 65 were 
s u c c e s s f u l  f o r  a  f l i g h t  r e l i a b i l i t y  of 90 p e r c e n t .  I n d i c a t i v e  of 
t h e  v a s t  improvement i n  r e l i a b i l i t y  was t h e  f a c t  t h a t  t h e  l a s t  45 
m i s s i l e s  of t h e  post-400 series were f i r e d  w i t h o u t  a  s i n g l e  f a i l u r e .  
When c o n s i d e r i n g  o n l y  t h e  63 v a l i d  f i r i n g s  a t  White Sands and F o r t  
Benning, t h e  f l i g h t  r e l i a b i l i t y  o f  t h e  post-400 s e r i e s  m i s s i l e  was 
94 p e r c e n t ,  j u s t  s h o r t  of t h e  95 p e r c e n t  r e q u i r e d  by t h e  QXR. The 
o v e r a l l  f l i g h t  r e l i a b i l i t y  f o r  t h e  112 v a l i d  rounds  of a l l  s e r i e s  
f i r e d  d u r i n g  t h e  test program was 82 percent.14 T a b l e  2  c o n t a i n s  
a t a b u l a t e d  summary of a l l  rounds  f i r e d  i n  t h e  ET/ST program, to -  
g e t h e r  w i t h  a n  account  o f  t h e  f a i l u r e  modes f o r  t h e  20 u n r e l i a b l e  
rounds .  

Accuracy and Range 

(U) Both pre-  and post-400 s e r i e s  missiles f i r e d  w i t h  o l d  and 
new c o n f i g u r a t i o n  l a u n c h e r s  were c o n s i d e r e d  i n  t h e  a c c u r a c y  a n a l -  
y s i s  because  t h e  hardware d i f f e r e n c e s  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  
sys tem accuracy .  Accuracy i n  f i r i n g  was d e f i n e d  a s  t h e  p r o b a b i l i t y  
o f  t h e  missile h i t t i n g  a  2.3-meter s q u a r e  QMR t a r g e t ,  g i v e n  a  
r e l i a b l e  system. Only t h e  rounds  f i r e d  by gunners  a g a i n s t  a  
v i s i b l e  s c o r i n g  t a r g e t  were c o n s i d e r e d  i n  t h e  o v e r a l l  a n a l y s i s .  
Of t h e  115 rounds  f i r e d ,  29 were s c o r e d  a s  no t e s t ,  1 6  missed t h e  
t a r g e t ,  and 70 (81.4 p e r c e n t )  were  a c c u r a t e .  

(U) The r e s u l t s  of t h e  tests showed t h a t  f i r i x g s  a g a i n s t  t a r -  
g e t s  between 65 and abou t  150 m e t e r s  and c r o s s i n g  a t  t h e  Q?E speed 
of 35 kph would n o t  meet t h e  accuracy  r e q u i r e m e n t .  A t  t a r g e t  
a n g u l a r  r a t e s  h i g h e r . t h a n  abou t  65 m i l l i r a d i a n s / s e c o n d ,  a c c u r a c y  
would b e g i n  t o  d e t e r i o r a t e .  

- 
13See above,  pp. 70-72. 

1 4 ~ ~ ~ ~ ~ / ~ ~ ~ ~  TOW Rept 1 3 ,  USATECOM P r o j  8-4-5400-01 (8441- 
000-TOW-005), Vol. I & 11, Aug 69,  s u b j  : IELST of TOW HAL' SYS . 
TOW P r o j  Of c. 



TABLE 2-(U) RELIABILITY OF ET/ST MISSILES 

Pre-400 S e r i e s  Pos t -400 S e r i e s  A l l  S e r i e s  
Agency Yes No NT T o t a l  Yes No NT T o t a l  Yes No NT T o t a l  - - -  - - - - - -  
WSMR 2 1  (652)  11 0 32 30 (97%) 1 0 3 1  5 1  (81%) 1 2  0  6 3  

USAIB 6  (75%) 2  1 9 29 (91%) 3  1 33  35  (87%) 5  2  42 

A r c t i c  0  0  0  0  - -  - 6 (67%) 3  1 1 0  - -  - 6 (67%) 3 1 1 0  - - - 
T o t a l :  27 (67%) 1 3  1 4 1  6 5  (90%) 7  2  74 92 (82%) 20* 3  1 1 5  

* 
Summary o f  TOW F a i l u r e  Modes 

USAIB A r c t i c  
WSMR" ( F t  Benning)  T e s t  C e n t e r  T o t a l  - 

M 
Number o f  I J n r e l i a b l e  Rounds 1 2  5  3  20 - 

U3 
F a i l u r e  Modes: 

Wire Link 2  1 1 4 

IR S o u r c e  3  0  1 4 

Missile H a r n e s s ,  
E l e c t r o n i c s ,  o r  
Gyro F a i l u r e  

Launcher  E l e c t r o n i c s  1 1 

a 
More t h a n  o n e  f a i l u r e  mode was n o t e d  on  o n e  m i s s i l e .  

, 
SOURCE: TECOM/WSMR TOIJ Kept 1 3 ,  USATECON P r o j  8-4-5400-01 (8-llI-000-TOW-005), 

Vol. I & 11, Aug"9, s u b j  : IE&ST o f  TOW HAW Sys.  'TOW P r o j  Ofc.  



(U) The a c c u r a c y  r e q u i r e d  v e r s u s  a t t a i n e d  v a l u e s  was a s  
f o l l o w s  : 

Required T a r g e t  A t t a i n e d  

0.90 65 t o  1 , 5 0 0  meters, f i x e d  1 .00  
0 .75 1 , 5 0 0  t o  2,000 m e t e r s ,  f i x e d  0.95 
0.75" 1 , 5 0 0  t o  3,000 meters, f i x e d  0.97 
0.75 65 t o  2,000 m e t e r s ,  moving 0.75 
0.75* 65 t o  3 ,000 m e t e r s ,  moving 0 . 7 1  
0.90* 65 t o  2,000 meters, a l l  0 .83  

Immunity t o  I n t e r f e r e n c e  

(4 The TOW could  n o t  b e  f i r e d  d i r e c t l y  i n t o  t h e  sun because  
of p o s s i b l e  e y e  damage and gu idance  i n t e r f e r e n c e .  F i r i n g s  a t  sun 
a n g l e s  of between 3" and 12" would c a u s e  gu idance  i n t e r f e r e n c e  and 
some r e d u c t i o n  i n  h i t  p r o b a b i l i t y .  F i r i n g s  a t  sun  a n g l e s  of 12" 
o r  g r e a t e r  d i d  n o t  a f f e c t  sys tem performance.  E l e c t r o n i c  c o u n t e r -  
measures  t e s t i n g  was schedu led  t o  be  completed by December 1x69. 
The TOW system was n o t  s u s c e p t i b l e  t o  i n t e r f e r e n c e  from r a d i o s  
orgar& t o  t h e  TOW v e h i c l e s  i f  t h e  r a d i o s  were a t  l e a s t  50 f e e t  
from t h e  f i r i n g  i n s t a l l a t i o n .  I n t e r f e r e n c e  a t  d i s t a n c e s  l e s s  t h a n  
50 f e e t  was dependent  upon t r a n s m i t t e r  power l e v e l  and f requency  
and would r e s u l t  i n  some r e d u c t i o n  i n  h i t  p r o b a b i l i t y ,  e s p e c i a l l y  
a t  l o n g e r  ranges .  

L e t h a l i t y  

(d The requ i rement  t o  d e f e a t  t h e  q u a d r i p a r t i t e  Type I11 
heavy t a n k  t a r g e t  was met ;  i . e . ,  t h e  TOW warhead cou ld  d e f e a t  a  
minimum of 1 6  i n c h e s  of armor o r  6  f e e t  of r e i n f o r c e d  c o n c r e t e  
when f i r e d  a t  0" o b l i q u i t y .  I n  t h e  c o u r s e  of t h e  ET/ST program, 
t h e  s a f e t y  and arming u n i t  hous ing  and t h e  f l i g h t  motor s q u i b  w i r e  
l e a d s  were i n s u l a t e d  t o  e l i m i n a t e  p remature  warhead d e t o n a t i o n ,  
and t h e  c rush-swi tch  l e a d  was r e r o u t e d  t o  e l i m i n a t e  unba lance  of 
e x p l o s i v e  l o a d i n g  i n  t h e  warhead. Advance p r o d u c t i o n  e n g i n e e r i n g  
(APE) HEAT warheads (LY-207E1) were  t e s t e d  a l o n g  w i t h  t h e  o l d e r  
c o n f i g u r a t i o n  XX-207 warhead. 

D u r a b i l i t y  

(U) O v e r a l l  d u r a b i l i t y  o f  t h e  ground l a u n c h e r  was s a t i s f e c t o r y ,  



bu t  t h e  v e h i c l e  adapter  k i t s  needed t o  be ruggedized. The p a l l e t  
assembly l a t c h e s  were not  du rab le ,  were d i f f i c u l t  t o  ope ra t e ,  and 
came open when being t r anspor t ed .  The f l e x i b l e  s t r a p s  and sp r ings  
had a  tendency t o  r u s t ,  bend, and break ,  and t h e  screws became 
loose  and f e l l  ou t .  I n  a d d i t i o n ,  t h e  l e v e l e r  coupl ing on t h e  
t r i p o d  f a i l e d  a t  t h e  junc t ion  of t h e  locking  handle and t h e  clamp. 
Many of t h e  problems wi th  t h e  adapter  k i t s  were cor rec ted  i n  t h e  
course  of t h e  t e s t  program, bu t  a d d i t i o n a l  t e s t s  were r equ i r ed  t o  
confirm t h e s e  c o r r e c t i o n s .  

(U) With except ion of i t s  con ta ine r ,  t h e  m i s s i l e  gene ra l ly  
met t h e  des ign  requirements  f o r  d u r a b i l i t y ,  bu t  i t  would r e q u i r e  
c a r e f u l  handl ing and t r a n s p o r t a t i o n  t o  avoid p o s s i b l e  damage from 
a c c i d e n t a l  drops on hard su r f aces .  The a f t  p o r t i o n  of t h e  m i s s i l e  
con ta ine r  was ruptured on two occas ions  causing a  p o t e n t i a l  s a f e t y  
problem. An aluminum s a f e t y  s h i e l d  provided adequate  p r o t e c t i o n  
f o r  t h e  remaining f i r i n g s ,  but  i t s  u s e  was no t  t a c t i c a l l y  f e a s i b l e .  
The redesigned con ta ine r  was y e t  t o  be evaluated by t h e  Tes t  and 
Evaluat ion Command. 

Weight and P o r t a b i l i t y  

(U) The TOW system f a i l e d  t o  meet t h e  weight requirement 
s p e c i f i e d  i n  t h e  QMR. The weight of t h e  ground mount, t r a v e r s i n g  
u n i t ,  s i g h t / s e n s o r ,  launch tube ,  and guidance s e t  ( inc luding  
b a t t e r y )  was 173 pounds, which exceeded t h e  QMR requirement by 13  
pounds. The m i s s i l e  i n  i t s  con ta ine r  ( l a t e s t  400-ser ies  model) 
weighed abqut 50 pounds, which exceeded t h e  QMR by 8  pounds. This  
a d d i t i o n a l  weight ,  however, d i d  n o t  adverse ly  a f f e c t  t h e  opera- 
t i o n a l  c a p a b i l i t y  o r  p o r t a b i l i t y  of t h e  TOW system. The weight 
and p o r t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  TOW system, compared wi th  
those  of t h e  Y40 106mm r e c o i l l e s s  r i f l e  (RcLR), a r e  shown below. 

M40 RCLR TOW Sys tem 

WEIGHT: Launcher System 480 l b s .  173 l b s .  
1 rd Ammunition - 38 l b s .  50 l b s .  - 
Tota l  515 l b s .  223 l b s .  

PORTABILITY: Time f o r  4  Crew exhausted About 90 
men t o  move launcher  and a f t e r  moving minutes 
one m i s s i l e  (or  round) 100 meters  i n  
3,218 meters  (2 mi les )  30 minutes 
over  cross-country 
t e r r a i n  



Equipment Performance Reports  (EPR's) 

(U) I n  t h e  course  of t h e  ET/ST program, a  t o t a l  of 200 EPR's 
were prepared by a l l  TECOM t e s t  agencies .  Thi r ty- three  of t h e s e  
were o r i g i n a l l y  c l a s s i f i e d  a s  d e f i c i e n c i e s *  and t h e  remaining 167 

J; * 
a s  shortcomings. Most of t h e  shortcomings were co r r ec t ed  dur ing  
t h e  t e s t  program. of t h e  repor ted  d e f i c i e n c i e s  were r e l a t e d  
t o  t h e  same type  of f a i l u r e  and some were repor ted  more than  once 
by d i f f e r e n t  t e s t  agencies .  A conso l ida t ion  of s i m i l a r  de f i c i en -  
c i e s  reduced t h e  number from 33 t o  12. Of these ,  t h r e e  were c losed  
ou t  and t e s t e d ,  f i v e  were closed out  b u t  no t  t e s t e d ,  and four  
remained open. The open d e f i c i e n c i e s  cons i s t ed  of t h e  fol lowing:  
p e n e t r a t i o n  of t h e  launch con ta ine r  by p r o p e l l a n t  p a r t i c l e s ;  
f a i l u r e  of  adap te r  k i t  p a l l e t  assembly l a t c h e s ;  s e l f - t e s t  and 
f l i g h t  r a d i o  frequency i n t e r f e r e n c e  from nearby r a d i o  t ransmiss ion;  
and c o r r e c t i o n  of t h e  Premiminary Operat ing and Maintenance Xanual 
(POMM) t o  i n d i c a t e  s a f e  f i r i n g  ang le s .  With r e s p e c t  t o  t h e  l a t t e r ,  
t h e  gunners experienced excess ive  launch overpressure  when f i r i n g  
a t  a n  e l e v a t i o n  g r e a t e r  than  20°, whereas t h e  POMM s t a t e d  t h a t  t h e  
system could be s a f e l y  f i r e d  up t o  30' e l e v a t i o n .  

Conclusions. 

(U) The t e s t  agencies  concluded t h a t  t h e  TOW weapon system 
was a c c u r a t e ,  p o r t a b l e ,  easy t o  main ta in ,  and s imple t o  o p e r a t e ;  

- * 
A .def iciency i s  a  d e f e c t  o r  malfunct ion discovered dur ing  t h e  
l i f e  cyc l e  of an  equipment t h a t  c o n s t i t u t e s  a  s a f e t y  hazard t o  
personnel ;  w i l l  r e s u l t  i n  s e r i o u s  damage t o  t h e  equipment i f  
ope ra t ion  i s  cont inued;  o r  i n d i c a t e s  improper des ign  o r  o t h e r  
cause of f a i l u r e  of a n  i tem o r  p a r t ,  which s e r i o u s l y  impai rs  t h e  
equipment 's o p e r a t i o n a l  c a p a b i l i t y .  A de f i c i ency  normally d i s -  
a b l e s  o r  immobilizes t h e  equipment, and i f  occur r ing  dur ing  t h e  
t e s t  phases,  w i l l  s e rve  a s  a  bar  t o  type  c l a s s i f i c a t i o n  a c t i o n .  
AR 310-25, 15  Sep 75. * * 
A shortcoming i s  an imperfec t ion  o r  mal func t ion  occu r r ing  dur ing  
t h e  l i f e  c y c l e  of equipment, which should be r epo r t ed  and which 
must be co r r ec t ed  t o  i n c r e a s e  e f f i c i e n c y  and t o  render  t h e  equip- 
ment completely s e rv i ceab le .  It w i l l  n o t  cause a n  immediate 
breakdown, j eopard ize  s a f e  ope ra t ion ,  o r  m a t e r i a l l y  reduce t h e  
u s a b i l i t y  of t h e  m a t e r i e l  o r  end product .  I f  occu r r ing  dur ing  
t e s t  phases,  t h e  shortcoming should be  co r r ec t ed  i f  i t  can be 
done wi thout  unduly complicat ing t h e  i tem o r  inducing another  
undes i r ab le  c h a r a c t e r i s t i c ,  such a s  increased  c o s t ,  weight ,  e t c .  
A 8  310-25, 15  Sep 75. 



t h a t  i t  provided a  major improvement over  t h e  M40 r e c o i l l e s s  r i f l e  
a s  a n  a n t i t a n k  weapon; and t h a t  i t  would be s u i t a b l e  f o r  U .  S .  
Army u s e  i n  t empera te  environments  when t h e  d e f i c i e n c i e s  and a s  
many a s  p o s s i b l e  o f  t h e  shor tcomings  were c o r r e c t e d . 1 5  

Development Acceptance IPR 
e 
*- 

(U) The purpose  o f  t h e  TOW development a c c e p t a n c e  IPR, h e l d  
a t  M I C O M  on 13-14 August 1969, was t o  p r e s e n t  s u b s t a n t i a t i n g  d a t a  
t h a t  sys tem conformance w i t h  t h e  QMX was s u f f i c i e n t  t o  j u s t i f y  
con t inued  p r o d u c t i o n  and a 1-year e x t e n s i o n  o f  t h e  LP c l a s s i f i c a -  
t i o n  f o r  FY 1970 procurement.  The TOW system had been approved 
f o r  LP on 22 A p r i l  1968 t o  cover  o n l y  t h e  FY 1969 f i r s t - y e a r  

-1. 

produc-tion buy.^ The D&F approved by t h e  A s s i s t a n t  S e c r e t a r y  of 
t h e  Army ( I n s t a l l a t i o n s  and L o g i s t i c s )  i n  May 1968 a u t h o r i z e d  t h e  
n e g o t i a t i o n  of FY 1969 and 1970 buys. Under a u t h o r i t y  o f  t h i s  DhF 
and u s i n g  t h e  m i s s i l e s  and a s s o c i a t e d  hardware  c o n t a i n e d  i n  t h e  
approved FY 1969 program, MICOM had awarded Hughes A i r c r a f t  a  
2-year m u l t i y e a r  c o n t r a c t ,  and t h e  C h r y s l e r  C o r p o r a t i o n  a  s i n g l e -  
y e a r  c o n t r a c t  f o r  a s m a l l  e d u c a t i o n a l  q u a n t i t y  t o  deve lop  a  second 
p r o d u c t i o n  source .  I n  o r d e r  t o  proceed w i t h  FY 1970 procurement ,  
as v i s u a l i z e d  i n  t h e  approved D&F, i t  was e s s e n t i a l  t h a t  t h e  LP 
a u t h o r i t y  be extended and t h e  second y e a r ' s  c o n t r a c t  w i t h  E u g h s  
be executed by 1 October 1969. 

(U) The development a c c e p t a n c e  IPR concluded t h a t  t h e  TOW 
weapon system prov ided  a  major  improvement o v e r  t h e  106mm r e c o i l l e s s  
r i f l e  which i t  w a s  t o  r e p l a c e ,  and recommended t h a t  LP a u t h o r i t y  
f o r  FY 1970 procurement be  extended from 1 October 1969 th rough  
September 1970. A r ev iew of t h e  f l i g h t ,  l a b o r a t o r y ,  and f i e l d  
t e s t s  conducted th rough  J u l y  1969 showed t h a t  t h e r e  were some 
d e f i c i e n c i e s  i n  meet ing t h e  e x i s t i n g  QHR, b u t  t h e s e  were n o t  con- 
s i d e r e d  a b a r  t o  f i e l d i n g  t h e  sys tem o r  c o n t i n u i n g  p r o d u c t i o n .  
The r e v i e w e r s  agreed  t o  change t h e  QMR weight  requ i rements  t o  
r e f l e c t  c u r r e n t  sys tem c h a r a c t e r i s t i c s ,  and s e v e r a l  o t h e r  r e a u i r e -  
ments were e i t h e r  r e d e f i n e d  o r  c i t e d  f o r  f u r t h e r  s t u d y  and a n a l y s i s  
b e f o r e  making a d e c i s i o n .  

(U) The change i n  sys tem weight  requ i rement  was t o  s p e c i f y  t h e  

J. 

LP a u t h o r i t y  f o r  FY 1969 procurement w a s  s u b s e q u e n t l y  extended 
from A p r i l  1968 t o  30 June  1969, thence  t o  39 September 1969. 

15(1)  I b i d .  (2) USAIB Rept ,  Svc T e s t  of HAW (TOlJ), 30 Oct 
68. TOW F r o j  Ofc.  



c u r r e n t  weight  ( p roduc t i on  m i s s i l e ,  54 l b s . ;  l a u n c h e r ,  173  l b s . )  as 
a c c e p t a b l e  and t h e  o r i g i n a l  requirement  (42 l b s .  and 160 l b s . ,  
r e s p e c t i v e l y )  as d e s i r a b l e .  Also,  t h e  QMR f o r  a n c i l l a r y  n i g h t  
v i s i o n  equipment t hen  under development would be  changed t o  r e f l e c t  
a n  a c c e p t a b l e  weight  of 58 l b s . ,  w i t h  45 l b s .  d e s i r a b l e .  

& Requirements r e l a t i n g  t o  h i t  p r o b a b i l i t y  a g a i n s t  c r o s s i n g  
t a r g e t s  were r ede f ined .  The QMR s p e c i f i e d  a h i t  p r o b a b i l i t y  of 75 
p e r c e n t  a g a i n s t  2.3-meter s q u a r e  t a r g e t s  moving a t  35 kph from a 
minimum s a f e  arming d i s t a n c e  t o  2,000 meters. The ET/ST r e s u l t s  
showed t h a t  t h i s  requ i rement  could be  m e t  on ly  a t  r anges  beyond 
150 me te r s ;  whereas t ank  s i z e  t a r g e t s  (2 .3  me t e r s  by 4 .6  mete rs )  
moving a t  35 kph cou ld  be  h i t  a t  a l l  r anges .  It w a s  t h e r e f o r e  
agreed t h a t  t h e  QMR f o r  a c r o s s i n g  t a r g e t  should be de f i ned  as 2.3 
meters by 4.6 meters. 

(U) While t h e  hardware r e l i a b i l i t y  achieved i n  ET/ST (pos t -  
400 series missile 90%; l aunche r  p r e f l i g h t  94%; l aunche r  i n f l i g h t  
100%) f e l l  s l i g h t l y  s h o r t  of t h a t  s p e c i f i e d  i n  t h e  QF!R, t h e  
r ev i ewer s  concluded t h a t  t h e  fly-before-buy t e s t  program, t o g e t h e r  
w i t h  a good c o n t r a c t o r  q u a l i t y  a s su r ance  program, should a s s u r e  a 
f u l l y  r e l i a b l e  TOW weapon system i n  t h e  Army inven to ry .  

6 System l i m i t a t i o n s  stemming from s u s c e p t i b i l i t y  t o  
e l e c t romagne t i c  countermeasures ,  s o l a r  e f f e c t s ,  and r a d i o  f r e -  
quency i n t e r f e r e n c e  were t o  be  f u r t h e r  i n v e s t i g a t e d  w i t h  a view 
toward e l i m i n a t i n g  t h e  problems o r  r e d e f i n i n g  e x i s t i n g  r e q u i r e -  
ments. The sys tem d e s i g n  changes r e s u l t i n g  from t h e s e  and o t h e r  
d e f i c i e n c i e s  no ted  i n  t h e  ET/ST r e p o r t  were  t o  be  co2f i rmed by 
TECOM d u r i n g  t h e  roduc t i o n  v a l i d a t i o n  t e s t s  scheduled t o  Legin 
i n  Xovember 1969. E 6 

(U) The O f f i c e ,  Chief of Research and Development approved 
t h e  development accep tance  IPR on 19  September 1969.17 A week 
la ter ,  t h e  A s s i s t a n t  Chief of S t a f f  f o r  Fo rce  Development extended 
t h e  LP c l a s s i f i c a t i o n  a u t h o r i t y  through 30 September 1970 f o r  bo th  
t h e  p r e v i o u s l y  approved FY 1369 q u a n t i t i e s  and t h e  fo l l owing  

16 (1 )  Nins of  TOW Dev Acceptance (DEVA) IPR, 13-14 Aug 69. 
Atchd as i n c l  t o  MlCTCM 7254, 25 Nov 69. (2)  L t r ,  3 C G ,  A X ,  t o  
ACSFOR, 9 Sep 69,  s u b j :  Ex tens ion  of LP TCLAS (LPTC) f o r  TOW Wpn 
Sys. Atchd a s  i n c l  t o  AMCTCM 7402, 14 J a n  70. Both i n  RSIC. 

171st Ind ,  OCRD, DAY t o  C G ,  AMC, e t  aL., 19  Sep 69,  on L t r ,  
DCG f o r  Mat Acq, ANC, t o  CRD, D A Y  2 Sep 69,  s u b j  : TOW DEVA IPR. 
Atchd a s  i n c l  t o  AYCTCX 7254, 25 Xov 69. RSIC. 



a d d i t i o n a l  q u a n t i t i e s  f o r  FY 1970 procurement:l8 
-*. 

Guided M i s s i l e ,  Surface Attack,  XBGM-71A 15 ,  513i8i, 
Guided Miss i l e ,  P r a c t i c e ,  XBTM-71A 3,929 
Launcher, Tubular,  Guided M i s s i l e ,  XM-151E2 350 
Mounting K i t ,  Vehicle ,  XM-233 (M113) 360 
Training S e t ,  Guided M i s s i l e  System, XM-70 4 9 
Charger, Ba t t e ry ,  PP 4884 ( X O - 1 ) / ~  6 1 

*1,748 funded i n  FY 1971 
**937 funded i n  FY 1971 

Revival of TOW/SHILLELAGH C o m ~ e t i t i o n  

(U) The FY 1970-71 PEMA programs were threa tened  by a  r e v i v a l  
of t h e  TOW/SHILLELAGH duplication syndrome. It w i l l  be r e c a l l e d  
t h a t  t h e  f e a s i b i l i t y  of u s ing  t h e  TOW i n  both  t h e  HAW and Combat 
Vehicle  Weapon System (CVWS) a n t i t a n k  r o l e s  was i n v e s t i g a t e d  i n  
1962 a t  t h e  behest  of t h e  Di rec to r  of Defense Research and Engi- 
neer ing  (DDRE). The DDRE po l i cy  guidance a t  t h a t  time s t a t e d  t h a t  
i f  both t h e  TOW and SHILLELAGH were succes s fu l  and e i t h e r  could 
f i l l  both a n t i t a n k  r o l e s ,  only one of t h e  weapons would be con- 
t inued through development and product ion.  The B a l l i s t i c  Research 
Labora tor ies  (BRL) s tudy  ind ica t ed  t h a t ,  whi le  t he  TOW and SEIL- 
LELAGH very  l i k e l y  could be developed i n  a  ve r s ion  t h a t  would be 
usable  i n  both a p p l i c a t i o n s ,  t h e  s e l e c t i o n  of e i t h e r  weapon t o  
f u l f i l l  both r o l e s  would mean t h e  acceptance of l e s s  than t h e  b e s t  
system f o r  one r o l e  o r  t h e  c t h e r .  The Hughes A i r c r a f t  s tudy 
concluded t h a t  a  dual-purpose TOW m i s s i l e  could be designed t o  
meet both t h e  H A W  and CVWS requirements;  however, s o l u t i o n s  t o  
some of t h e  engineering problems were y e t  t o  be proven and t h e r e  
was some doubt t h a t  t h e  economic and l o g i s t i c  advantages would 
o f f s e t  t he  performance p e n a l t i e s  i nhe ren t  i n  such a  system. For 
t hese  and o the r  reasons ,  i t  was decided t o  proceed wi th  development 
of TOW f o r  t h e  H A W  r o l e  and t h e  SHILLELAGH f o r  t h e  CVWS r o l e . 1 9  

(U) I n  t h e  f a l l  of 1969, MICOM learned  t h a t  h igher  headquar te rs  
was aga in  g iv ing  cons ide ra t ion  t o  r ep l ac ing  t h e  TOW wi th  t h e  
SHILLELAGH system. The Department of t h e  Amy reduced t h e  TOW FY 

181st Ind ,  ACSFOR, D A Y  t o  C G ,  AilC, 27 Sep 54, on L t r ,  D C G ,  
AMC, t o  ACSFOR, 9 Sep 69, s u b j :  Extension of LP TCLAS (LPTC) f o r  
TOW Wpr! Sys. Atchd a s  i n c l  t o  LYCTCM 7402, 14 Jan  70. R S I C .  

''see above, pp. 22-25. 



1970 PEMA program from $156 m i l l i o n  t o  $142 m i l l i o n .  The House 
Armed Se rv ices  Committee (HASC) then de l e t ed  t h e  e n t i r e  program 
from t h e  FY 1970 budget on 25 September 1969. The committee r e p o r t  
pointed ou t  t h a t  t h e  range,  accuracy,  and l e t h a l i t y  of t h e  TOW and 
SHILLELAGH were v i r t u a l l y  i d e n t i c a l ,  but  t h a t  TOW was twice a s  
expensive. The committee suggested t h a t  t h e  guidance and c o n t r o l  
elements of t h e  SHILLELAGH could be repackaged so  t h a t  SHILLELAGH 
could r e p l a c e  t h e  more expensive TOW i n  i t s  ground r o l e .  20 

(U) I n  a l e t t e r  t o  Congressman L. Mendel Rivers  i n  October 
1969, t h e  Secre ta ry  of t h e  Army argued t h a t ,  i n  f u l l  p roduct ion ,  
t h e  cos t  of TOW would be about equal  t o  t h e  SHILLELAGH and t h a t  
conver t ing  SHILLELAGH t o  t h e  ground r o l e  would be expensive i n  
terms of time and money. 21 Af t e r  review of an  Aeronutronic 
proposa l  f o r  adapt ing t h e  SHILLELAGH m i s s i l e  t o  t h e  H A W  and a i r -  
b o r n e - a n t i t a n k  r o l e s  i n  p l ace  of t h e  TOW, DDRE concluded t h a t  t h i s  
adap ta t ion  might p re sen t  p o t e n t i a l  c o s t  sav ings  t o  t h e  Government. 
However, i n  view of t h e  urgent  requirement f o r  t h e  TOW and t h e  
3-year de lay  involved i n  f i e l d i n g  an  equiva len t  SHILLELAGH HAW 
system, he recommended t h a t  t h e  TOW/HAW FY 1970 PEMA program be 
r e i n s t a t e d .  He f u r t h e r  recommended a reassessment  of t he  TOW and 
SHILLELAGH f o r  t h e  h e l i c o p t e r  a n t i t a n k  m i s s i l e  ro l e .22  

(U) On 4 November 1969, a j o i n t  HASC and Senate  Armed Serv ices  
Committee (SASC) conference r e s t o r e d  $130 m i l l i o n  t o  t h e  FY 1970 
TOW program w i t h  t h e  agreement t h a t  TOW and SHILLELAGH would be 
reeva lua ted  i n  both t h e  a i r  and ground r o l e s . 2 3  This  compromise 
b i l l  l a t e r  survived s t i f f  oppos i t i on  from Congressman Samuel S. 
S t r a t t o n  (D-N.Y.) who c a l l e d  t h e  TOW a " b i l l i o n - d o l l a r  boo-boo" 
and a "wasteful  dupl ica t ion1 '  of t h e  SHILLELAGH m i s s i l e  which was 
a l r eady  i n  product ion.  24 

(U) Congressional  oppos i t i on  t o  t h e  TOW was c a r r i e d  over i n t o  

"(1) TOW PM?, 30 Jun 69, p. 111.12.1. (2) TOW PMP, 31  Piar 
70, p. 1 .2.4.  Both i n  HDF. (3) DA Study of Cost Growth i n  Acq of 
t h e  TOW Wpn Sys ( d r a f t ) ,  27 J u l  76, p. 10. TOW P ro j  Ofc. 

211bid. 

2 2 ~ t r ,  DDRE t o  Hon. John S tenn i s  , Chmn, Com on Armed SVCS, 
U .  S. Senate ,  6 Apr 70. HDF. 

23 (1) TOW PMP, 31  Mar 70, p. I. 2.4. HDF. ( 2 )  DA Study of 
Cost Growth i n  Acq of t h e  TOW Wpn Sys ( d r a f t ) ,  27 J u l  76, p .  11. 
TOW Pro j  Ofc. 

24777.e Hun t sv i l l e  Tines,  6 3ec 69, p .  1. 



h e a r i n g s  on t h e  FY 1971  budget .  E a r l y  i n  A p r i l  1970,  MICOM per-  
sonne l  went t o  Washington t o  b r i e f  AMC, DA, DOD (DDRE), and kL4SC 
on t h e  r e s u l t s  of t h e  Army's d e t a i l e d  e v a l u a t i o n  o f  A e r o n u t r o n i c ' s  
p r o p o s a l  t o  u s e  SHILLELAGH i n  l i e u  of TOW i n  t h e  HAW r o l e .  25 
Fol lowing t h e s e  b r i e f i n g s ,  DDRE a d v i s e d  t h e  Chairman of t h e  Sena te  
Committee on Armed S e r v i c e s  t h a t  he concur red  w i t h  t h e  Army's 
f i n d i n g s  t h a t  procurement of t h e  TOW f o r  t h e  HAW r o l e  shou ld  be  
c o n t i n u e d .  26 I n  t e s t imony  b e f o r e  t h e  House Armed S e r v i c e s  Com- 
m i t t e e ,  GEN Bruce Palmer,  J r . ,  t h e  Army Vice  Chief  o f  S t a f f ,  
r e i t e r a t e d  t h e  Army's c o n c l u s i o n s  t h a t  procurement of t h e  TOW 
should  b e  con t inued  and t h a t  "we shou ld  d i s c o n t i n u e  o u r  e f f o r t s  t o  
compare t h e  TOW t o  t h e  proposed SHILLELAGH ground system." The 
d e t a i l e d  s t u d i e s ,  h e  s a i d ,  showed t h a t  4  y e a r s  would be  r e q u i r e d  
t o  p r o v i d e  a n  a c c e p t a b l e  SBILLELAGHIHAW system w i t h  no e x p e c t a t i o n  
t h a t  i t  would b e  b e t t e r  t h a n  t h e  TOW and w i t h  no c o s t  s a v i n g s . 2 7  

(U) The House Armed S e r v i c e s  Committee s t i l l  w a s  n o t  conv inced ,  
however. I ts  r e p o r t  w i t h  r e g a r d  t o  t h e  TOWISHILLELAGE s t a t e d  t h a t  
t h e  committee r e f u s e d  t o  approve t h e  r e q u e s t  f o r  $106 m i l l i o n  f o r  
FY 1971 TOW m i s s i l e  procurement.  I n s t e a d ,  $106 m i l l i o n  was ap- 
proved f o r  t h e  HAW, w i t h  t h e  s t i p u l a t i o n  t h a t  t h e  Army (1) conduct  
tests, i f  n e c e s s a r y ,  t o  de te rmine  t h e  a d a p t a b i l i t y  of SHILLELAGH t o  
t h e  HAW r o l e ,  and (2) s o l i c i t  b i d s  from TOWISHILLELAGH p r o d u c e r s .  
The low b i d  would d e t e r m i n e  which of t h e  t v o  m i s s i l e s  ~ r o u l d  f u l f i l l  
t h e  HAW r o l e .  Assuming t h a t  t h e  f i n a l  a p p r o p r i a t i o n s  b i l l  would 
c o n t a i n  language similar t o  t h a t  i n  t h e  HASC r e p o r t ,  t h e  A s s i s t a n t  
Secre ta ry .  of t h e  Army ( I n s t a l l a t i o n s  and L o g i s t i c s )  d i r e c t e d  NICO?I 
t o  proceed w i t h  t h e  development of p l a n s  and s c h e d u l e s  t o  n i c i m i z e  
t h e  impact .  The r e s u l t s  of t h e  e x e r c i s e  showed, among o t h e r  t h i n g s ,  
t h a t  i t  would c o s t  $1,435,785 t o  a r r i v e  a t  a HAW buy d e c i s i o n  
th rough  t h e  p r o c e s s  imposed by MSC. The e s t i m a t e  f o r  t h e  S-mocth 
program i n c l u d e d  a  t o t a l  o f  $1,172,540 f o r  Aeronut ron ic  acd Eughes 
t o  f u r n i s h  c o n t r a c t  d e f i n i t i o n s  and $263,245 f o r  in-house s u p p o r t ,  
e x c l u d i n g  AMC c o s t s . 2 8  

2 5 ~ r i p  Rept ,  28 Apr 73,  s u b j :  TOW v s  SBIL/UIJ Cost  Con?ar ison.  
rnF  . 

2 6 ~ t r ,  DDRE t o  Hon. John S t e n n i s ,  Chmn, Com on Armed Svcs ,  
U. S. S e n a t e ,  6  Apr 70. tIDF. 

2 7 ~ ~  Review of  P p s l  f o r  SHIL E A W  Before  HASC, FY 71. Atchd t o  
T r i p  Xept,  2.3 Apr 7n,  s u b j :  TOW v s  SFIL/FAV Cost  Comparisoc. F3F. 

28(1) L t r ,  ASA(1LL) t o  C G ,  AMC, 1 8  Xay 70,  s u b j  : Hv AT Kpn 
(HAW). (2) DF C m t  #2,  D/P&P t o  Dep f o r  Land Cbt Sys ,  29 Apr 70,  
s u b j :  HAW Proc .  Atchd t o  SS AYS14I-1-71-70, 1 J u n  73,  s u b j :  Hv !lT 
Wpn (=hW). Both i n  HDF. 



(U) The TOWISHILLELAGH c o n t r o v e r s y  was p a r t i a l l y  s e t t l e d  i n  
September 1970, when t h e  J o i n t  S e s s i o n  of Congress vo ted  t o  con- 
t i n u e  w i t h  t h e  TOW i n  t h e  HAW r o l e ,  and approved $106,300,000 f o r  
FY 1971  procurement .29 But t h e  TOW/SHILLELAGH c o m p e t i t i o n  i n  t h e  
a i r b o r n e  r o l e  was y e t  t o  be r e s o l v e d .  

(U) An i n v e s t i g a t i o n  of t h e  m e r i t s  o f  t h e  TOW v e r s u s  SHILLELAGH 
w i t h  t h e  COBRA and CHEYENNE a t t a c k  h e l i c o p t e r s  showed t h a t  t o t a l  
program c o s t s  were less f o r  TOW i n  e a c h  c a s e .  For  t h e  COBRA, t h e  
comparison was $240 m i l l i o n  (TOW) v e r s u s  $268 m i l l i o n  (SHILLELAGH); 
and f o r  t h e  CHEYENNE, $99 m i l l i o n  (TOW) v e r s u s  $129 m i l l i o n  (SEIL- 
LELAGH), t h e s e  f i g u r e s  i n c l u d i n g  m i s s i l e  c o s t s .  The i n v e s t i g a t i o n  
c o n s i d e r e d  t h e  s h o r t e r  development t i m e  n e c e s s a r y  f o r  TOW and t h e  
f a c t  t h a t  TOW performance exceeded t h a t  of SHILLELAGH i n  c e r t a i n  
i n s t a n c e s ,  r a n g e  when f i r e d  from hover  and s u n  i n t e r f e r e n c e  b e i n g  
two c a s e s  i n  p o i n t .  The n e t  r e s u l t s  were program c o s t  d i f f e r e c -  
t i a l s  of $28 m i l l i o n  ( w i t h  COBRA) and $30 m i l l i o n  ( w i t h  CHEYEKNE), 
e x c l u s i v e l y  f a v o r i n g  TOW f o r  u s e  w i t h  b o t h  h e l i c o p t e r s .  30 

FY 1979 Procurement 

(U) Funds r e l e a s e d  f o r  s u p p o r t  of t h e  FY 1970 program t o t a l e d  
$115,413,000. The l a r g e s t  s h a r e  of t h e  t o t a l ,  $108,804,000, came 
from PEMA f u n d s ,  $100 m i l l i o n  b e i n g  programmed f o r  p r o d u c t i o n  
hardware and i n d u s t r i a l  e n g i n e e r i n g  s e r v i c e s ,  and $8,804,000 f o r  
p r o d u c t i o n  b a s e  f a c i l i t i e s  and s e l e c t e d  r e p a i r  p a r t s .  RDTE funds  
amounting t o  $2,102,000 provided f o r  con t inued  development and t e s t  
programs. The remainder  of t h e  f u n d s ,  $4,507,000,  c o n s i s t e d  of Om 
money f o r  maintenance s u p p o r t  and c e n t r a l  s e r v i c e s .  31 

( U )  A s  a r e s u l t  of t h e  c u t  i n  FY 1970 TOW p r o d u c t i o n  funds  
from $156 m i l l i o n  t o  $100 m i l l i o n ,  m i s s i l e  p r o d u c t i o n  was reduced 
b y  9 ,042,  from 19,442 t o  10,400,  and l a u n c h e r  p r o d u c t i o n  from 350 
t o  174. The number of m i s s i l e s  programmed f o r  procurement under  
t h e  second y e a r  o f  Hughes' m u l t i y e a r  c o n t r a c t  (C-2141) w a s  reduced 
by 6,357 (from 16,757 t o  10,400)  and t h e  2,685 m i s s i l e s  schedu led  
f o r  procurement under  o p t i o n s  t o  C h r y s l e r ' s  e d u c a t i o n a l  buy c o n t r a c t  

2 9 ~ i s t  Kept,  TOW PM, FY 71,  p .  1. 

30Rept,  Cost  B e n e f i t  Economic Analysis-A Management Tool f o r  
D e c i s i o n  Naking i n  MIC, Nov 71,  p. 1 9 .  HDF. 

31(1) H i s t  Rep t ,  TOW PM, FY 70, p. 1. 1 .  ( 2 )  TOW PIP ,  31 
Nar 70, pp. 111.12.1  - 111.12.5 .  HDF. 



(C-0928) were d e f e r r e d  t o  FY 1971. With t h e  d e c r e a s e  i n  FY 1970 
p r o d u c t i o n ,  t h e  c e i l i n g  p r i c e  of Hughes' m u l t i y e a r  c o n t r a c t  was 
lowered from $168,234,958 t o  $142,031,360. The t a r g e t  p r i c e  o f  
t h e  c o n t r a c t  a s  o f  30 June  1970 was $120,983,146. 

(U) The c o s t  o f  C h r y s l e r ' s  e d u c a t i o n a l  buy c o n t r a c t  f o r  200 
m i s s i l e s  i n  FY 1969 i n c r e a s e d  $456,450 (from $2,943,550 t o  
$3,400,000).  Th i s  c o s t  growth was a t t r i b u t e d  t o  e n g i n e e r i n g  
changes  and t o  a  s l i p  i n  s c h e d u l e  caused by l a t e  d e l i v e r y  of 
Government-furnished s p e c i a l  test equipment.  There  was a l s o  a  
small i n c r e a s e  of $55,022 i n  t h e  c o s t  o f  t h e  two o p t i o n s  f o r  2,585 
missiles (from $14,057,955 t o  $14,112,977).  These i n c r e a s e s  
r a i s e d  t h e  t o t a l  c o s t  of t h e  2,885 missiles from $17,001,505 t o  
$17,512,977.32 

( U )  The FY 1970 requ i rements  f o r  l a u n c h e r s  ( l e s s  t r i p o d ,  l a u n c h  
tube ,  and b a t t e r y  a s s e m b l i e s ) ,  t r a i n e r s ,  and a  major p o r t i o n  o f  t h e  
r e p a i r  p a r t s  were  procured on a  s o l e  s o u r c e  b a s i s  from Hughes k i r -  
c r a f t  under l e t t e r  c o n t r a c t  DA-AH01-70-C-0318 i s s u e d  on 3  December 
1969. T h i s  l e t t e r  o r d e r  was d e f i n i t i z e d  on 1 June  1970 i n t o  a CPIF 
c o n t r a c t  f o r  174 l a u n c h e r s ,  1 8  t r a i n e r s ,  and f i e l d  s e r v i c e  r € q u i r e -  
ments f o r  s p a r e s .  The t o t a l  v a l u e  of t h e  c o n t r a c t  a s  of 30 June  
1970 was $16,400,000. A q u a n t i t y  o f  244 Dl-233 mounting k i t s ,  
l auncher  t r i p o d s ,  and overpacks  were procured by fo rmal  a d v e r t i s i n g  
from t h e  Thompson I n t e r n a t i o n a l  C o r p o r a t i o n ,  G .  W.  Galloway Company, 
and Grea t  Sou thern  Wirebound Box Company, r e s p e c t i v e l y .  33 

(U) On 29 August 1969, Hughes r e c e i v e d  a  n o t i c e  of award f o r  
FY 1970 i n d u s t r i a l  e n g i n e e r i n g  s e r v i c e s .  The l e t t e r  o r d e r  was 
d e f i n i t i z e d  on 1 9  December 1969 i n t o  a  $9,185,848 CPAF c o n t r a c t  
(DA-AH01-70-C-0209) c a l l i n g  f o r  t h e  improvement, r e f i n e m e n t ,  and 

maintenance of t h e  TOW weapon system f o r  t h e  12-month p e r i o d  
beg inn ing  1 September 1969. Work under t h i s  c o n t r a c t  wouid be  
c o n t r o l l e d  by i n d i v i d u a l  e n g i n e e r i n g  s e r v i c e  memoranda c o v e r i n g  
s p e c i f i c  e f f o r t s .  34 

(U) Hughes A i r c r a f t  i n i t i a t e d  t h e  FY 1970 r e s e a r c h  and deve l -  
opment e f f o r t  (Phase V I I I )  under a  n o t i c e  o f  award i s s u e d  on 31 

32(1)  H i s t  Rept ,  TOW PY, FY 70, p.  3 .  W F .  (2)  WICOM An1 
H i s t  Sum, FY 70, p. 41. 

33(1) H i s t  Rep t ,  TOW PM, FY 70, p.  6.  F .  (2) Contr  L i s t ,  
TOW P r o j  Ofc. HDF. 

34(1)  H i s t  Rept,  TOW PM, FY 70, p. 4. imF. (2) TOWPMP, 3 1  
b r  70, p.  1.2.7.  HDF. 



J u l y  1969. The n o t i c e  was d e f i n i t i z e d  on 1 2  November 1969 i n t o  a 
combinat ion CPIF and CPFF c o n t r a c t  (DA-AH01-70-C-0997) w i t h  a per-  
formance p e r i o d  from 1 August 1969 th rough  31 J u l y  1970. The CPIF 
p o r t i o n  provided f o r  development o f  a  s o l i d  s ta te  beacon and 
c o n t i n u a t i o n  of t h e  counter-countermeasures  e f f o r t .  The CPFF p a r t  
covered maintenance o f  R&D equipment and performance of s p e c i a l  
s t u d i e s  as d i r e c t e d  by t h e  t e c h n i c a l  s u p e r v i s o r .  The t o t a l  con- 
t r a c t  amount was $1,304,718.35 

I n i t i a l  P r o d u c t i o n  T e s t s  

(U) The f i r s t  p r o d u c t i o n  m i l e s t o n e  was m e t  i n  August 1969 when 
Hughes A i r c r a f t  d e l i v e r e d  25 TOW missiles i n  accordance  w i t h  t h e  
c o n t r a c t  schedu le .  Beginning on 26 August and c o n t i n u i n g  th rough  
22 December 1969, Hughes A i r c r a f t  f i r e d  33 TOW missiles a t  Redstone 
A r s e n a l  t o  v e r i f y  t h e  adequacy of t h e  p r o d u c t i o n  p r o c e s s e s  f o r  
d e l i v e r i n g  r e l i a b l e  m i s s i l e s .  F i f t e e n  of t h e  33 rounds  were 
equipped w i t h  p r a c t i c e  warheads ,  1 4  w i t h  dummy ( t e l e m e t r y )  warheads ,  
and 4 w i t h  t a c t i c a l  (HEAT) warheads.  F i v e  of t h e  rounds  were f i r e d  
a g a i n s t  moving t a r g e t s  a t  r a n g e s  from 130 t o  270 m e t e r s ,  and 28 
a g a i n s t  f i x e d  t a r g e t s  a t  r a n g e s  from 2,000 t o  3,300 m e t e r s .  The 
f i r s t  21 rounds  were f i r e d  from t h e  R&D l a u n c h e r  and t h e  remaic ing  
12 rounds  from t h e  f i r s t  p r o d u c t i o n  l a u n c h e r  which was d e l i v e r e d  on 
3 1  October  1969, a l o n g  w i t h  t h e  f i r s t  b a t t e r y  c h a r g e r .  One of t h e  
f i r i n g s  w a s  r u l e d  a s  no t e s t  f o r  m i s s i l e  r e l i a b i l i t y .  Of t h e  
remain ing  32 rounds ,  29 were s u c c e s s f u l ,  y i e l d i n g  a m i s s i l e  reli- 
a b i l i t y  of 90.6 p e r c e n t .  Twenty-eight of t h e  29 r e l i a b l e  rounds  
s c o r e d  a c c u r a t e  h i t s . 3 6  

(U) The Army T e s t  and E v a l u a t i o n  Command (TECOM) began i n i t i a l  
p r o d u c t i o n  tests ( IPT ' s )  of t h e  b a s i c  ground-mounted TOW system i n  
January  1970 and completed t h e  98-round program i n  l a t e  A p r i l  197Q. 
The f i r i n g s  were conducted a t  Redstone A r s e n a l  under  t h e  d i r e c t i o r  
of White Sands Missile Range. The o b j e c t i v e s  of t h e  IPT program 
were  t o  d e t e r m i n e  t h e  s u i t a b i l i t y  of p r o d u c t i o n  hardware  f o r  
r e l e a s e  t o  t h e  f i e l d ,  t o  e v a l u a t e  sys tem performance a g a i n s t  t h e  
QMR, t o  d e t e r m i n e  whether  t h e  d e f i c i e n c i e s  and shor tcomings  found 
d u r i n g  t h e  ET/ST had been c o r r e c t e d ,  and t o  e v a l u a t e  e n g i n e e r i n g  
changes  made a f t e r  comple t ion  of t h e  ET/ST. S i x t y - e i g h t  of t h e  98 
IPT rounds were equipped w i t h  dummy ( t e l e m e t r y )  warheads and 30 

35 (1) a i d .  (2) H i s t  B e p t ,  TOW PM, FY 70,  p. 3 .  HDF. 

36(1)  TOW PI@, 3 i  Dec 69,  pp. 1 . 2 . 4 ,  1 . 2 . 9 ,  & 111.9 .5 .  3°F. 
(2) TOW T e s t  Data Furn i shed  by Edwin E .  Baker,  TOW P r o j  Of c .  



w i t h  HEAT heads .  A l l  of  them were  f i r e d  from t h e  ground-mounted 
t r i p o d  u s i n g  t h e  p r o d u c t i o n  l a u n c h e r .  For ty - four  o f  t h e  rounds  
were  f i r e d  a t  moving (32 t o  50 kph) t a r g e t s  l o c a t e d  a t  v a r i o u s  
r a n g e s  between 65 and 3,000 m e t e r s ,  and 54 a t  s t a t i o n a r y  t a r g e t s  
l o c a t e d  between 350 and 3 ,000 m e t e r s  from t h e  l aunch  s i t e .  Ten of 
t h e  missiles were remote ly  f i r e d  and t h e r e f o r e  were scored  a s  no 
test f o r  h i t  accuracy .  Gunners f o r  t h e  remaining 88 rounds  con- 
s i s t e d  o f  1 c i v i l i a n  and 3  m i l i t a r y  p e r s o n n e l .  

& The r e l i a b i l i t y  and h i t  p r o b a b i l i t y  v a l u e s  demonstra ted 
. i n  t h e  l P T 1 s  were abou t  t h e  same a s  t h o s e  ach ieved  i n  t h e  post-400 
s e r i e s  ET/ST f i r i n g s .  Of t h e  98 IPT m i s s i l e s  f i r e d ,  89 f u n c t i o n e d  
and 9  were  f a i l u r e s ,  y i e l d i n g  an  o v e r a l l  r e l i a b i l i t y  o f  90.8 per-  
c e n t .  The o v e r a l l  h i t  p r o b a b i l i t y  was a b o u t  80 p e r c e n t .  There  
were 19 no tests ( i n c l u d i n g  t h e  1 0  unmanned f i r i n g s ) ,  1 5  a c c u r v y  
f a i l u r e s ,  and 63 t a r g e t  h i t s .  

The r e q u i r e d  accuracy  ( p r o b a b i l i t y  of h i t ,  g iven  a  r e l i -  
a b l e  sys tem) v e r s u s  a t t a i n e d  v a l u e s  i n  IPT and ET/ST was a s  f o l l o v ~ s :  

Required T a r g e t  C o n d i t i o n s  A t t a i n e d  IPT A t t a i n e d  ET/ST 

0.90 55 t o  1 ,500  m . ,  f i x e d  0.83 1 .00  1 
0.75 1 ,500 t o  2,000 m. , f i x e d  0.85 0.95 
0.75" 1 , 5 0 0  t o  3,000 m . ,  f i x e d  0.94 0.97 
0 .75 05 t o  2,000 m . ,  moving 0.37"" 0  75"" 
0.75" 65 t o  3,000 m . ,  moving 0 .  g1;t;t 0.7lf:k 
0.90" 65 t o  2,000 m . ,  a l l  0.86"" 0.833;" 

3; 

D e s i r e d  
* ik 

Xoving t a r g e t  IPT f i r i n g s  scored  a g a i n s t  QMR 2.3  x  4.6 m. t a r g e t .  
Moving t a r g e t  ET/ST f i r i n g s  scored  a g a i n s t  QMX 2.3 x  2.3m. 
t a r g e t .  

Al though accuracy  decreased  a t  t h e  extreme s h o r t  and long  r a c g e s  
i n  I P T ' s ,  i t  decreased  t o  a n  even g r e a t e r  e x t e n t  a t  ext reme r a n g e s  
i n  ET/ST f i r i n g s .  The IPT improvement was a t t r i b u t e d  t o  t h e  
r e v i s e d  QMR a l l o w i n g  a  wider  moving t a r g e t .  Accuracy a g a i n s t  IFT 
c r o s s i n g  t a r g e t s  a t  r a n g e s  of 65 t o  132 m e t e r s  a lmos t  met t h a t  
s p e c i f i e d  i n  t h e  QPR and,  because  of t h e  low p r o b a b i l i t y  of 
ecgaging c r o s s i n g  t a r g e t s  i n  t h i s  r a n g e ,  no l o n g e r  r e p r e s e n t e d  a  
s i g n i f i c a n t  problem. Accuracy a g a i n s t  3,000-meter moving t a r g e t s  
met t h e  d e s i r e d  QPIR g o a l ,  whereas  i t  d i d  n o t  i n  ET/ST f i r i n g s .  

(U) A l l  b u t  one of t h e  d e f i c i e n c i e s  i d e n t i f i e d  i n  t h e  ET/ST 
f i r i n g s  had been c o r r e c t e d  and one new d e f i c i e n c y  occur red  d c r i n g  
t h e  IPT program. Eoth o f  t h e s e  d e f i c i e n c i e s  concerne6 s e r i o u s  



env i ronmenta l  problems w i t h  t h e  l a u n c h e r  sys tem.  The m i s s i l e  
gu idance  set (EfGS) was s t i l l  s e n s i t i v e  t o  v i b r a t i o n  and r e p e a t e d l y  
f a i l e d  t o  p a s s  s e l f  test because  of l e a k a g e  t o  m o i s t u r e  i n  r a i n  
and immersion tests. The new d e f i c i e n c y  invo lved  t h e  l a u n c h e r  
t r a v e r s i n g  u n i t  which a l s o  l a c k e d  w a t e r p r o o f n e s s .  

(U) A l l  b u t  1 0  of t h e  shor tcomings  found d u r i n g  ET/ST were 
c o r r e c t e d  o r  d i d  n o t  r e c u r  and 52 new shor tcomings  were n o t e d  
d u r i n g  t h e  IPT program. Twenty-seven of t h e  62 shor tcomings  were 
a s s o c i a t e d  w i t h  t h e  missile and i t s  overpack,  32 w i t h  t h e  l a u d h e r ,  
and 3  w i t h  t h e  b a t t e r y  c h a r g e r .  The l a r g e  number of shor tcomings  
found d u r i n g  t h e  IPT program i n d i c a t e d  t h e  need f o r  f u r t h e r  i m -  
provement i n  q u a l i t y  c o n t r o l  p r o c e d u r e s .  

(I) I n  a d d i t i o n  t o  t h e  f o r e g o i n g  d e f i c i e n c i e s  and shor tcomings ,  
c e r t a i n  sys tem l i m i t a t i o n s  i d e n t i f i e d  d u r i n g  ET/ST s t i l l  e x i s t e d .  
The TOW s t i l l  cou ld  n o t  be  f i r e d  d i r e c t l y  i n t o  t h e  sun a t  a n g w  of 
less t h a n  7.3" w i t h o u t  gu idance  i n t e r f e r e n c e  and possib1.e e y e  ' 

damage, and i t s  a c c u r a c y  cou ld  be  a d v e r s e l y  a f f e c t e d  by g u s t y  c r o s s  
winds.  The system was a l s o  s u s c e p t i b l e  t o  jamming by i n f r a r e d  
r a d i a t i o n  and  t o  r a d i o  f requency  i n t e r f e r e n c e .  

(1) An a n a l y s i s  o f  t h e  IPT r e s u l t s  i n d i c a t e d  t h a t  t h e  b a s i c  
ground-mounted TOW system m e t  a l l  e s s e n t i a l  c h a r a c t e r i s t i c s  o f  t h e  
QNR w i t h  e x c e p t i o n  of r e l i a b i l i t y ,  maintenance,  and weigh t .  The 
r e l i a b i l i t y  o f  t h e  sys tem s t i l l  f e l l  s h o r t  of t h e  95 p e r c e n t  
r equ i rement .  D i r e c t  and g e n e r a l  s u p p o r t  maintenance e v a l u a t i o n  
u s i n g  t h e  C o n t a c t  Support  T e s t  S e t  (CSTS) a n d / o r  Land Ccmbat Support  
System was n o t  conducted because  a comple te  maintenance package was 
n o t  a v a i l a b l e .  The a v e r a g e  weigh t  of t h e  i n i t i a l  p r o d u c t i o n  t e s t  
l a u n c h e r s  was 176 pounds, which exceeded t h e  r e v i s e d  r e q u i r e d  
weight  by 3  pounds. The encased missile m e t  t h e  r e v i s e d  r e q u i r e d  
weight  of 54 pounds. 

(U) The IPT r e p o r t  concluded t h a t  t h e  p r o d u c t i o n  c o n f i g u r a t i o n  
TOW m i s s i l e  and l a u n c h e r  would b e  s u i t a b l e  f o r  r e l e a s e  t o  t h e  f i e l d  
when t h e  two l a u n c h e r  d e f i c i e n c i e s  and as  many of t h e  shor tcomings  
as f e a s i b l e  were  c o r r e c t e d .  I t  recommended t h a t  c o r r e c t i o n  cf t h e  
l a u n c h e r  d e f i c i e n c i e s  b e  made a  c o n d i t i o n  t o  t y p e  c l a s s i f i c a t i o n  
and t h a t  ,. - such  c o r r e c t i o n s  b e  v e r i f i e d  by proof  and  a c c e p t a n c e  
t e s t s . "  

- 

37 L t r ,  CG,  TECOM, 
P a r t i a l  Rept of IPT of 
TOW-010, w i n c l :  TECOM 
TOW P r o j  Ofc. 

t o  CG,  A K ,  & CG, 24ICOP1, 22 J u n  70, s u b j :  
HAW Sys,  TOW, USATECOM P r o j  No. S-MI-000- 
TOW Rept  16 ,  J u n  70,  IPT of TOW PAW Sys.  



(U) I n i t i a l  p r o d u c t i o n  t e s t s  o f  t h e  v e h i c l e  mounting k i t s  and 
b a t t e r y  c h a r g e r  were  y e t  t o  b e  completed.  B a t t e r y  c h a r g e r  t e s t s  
were suspended b e c a u s e  o f  a c a p a c i t o r  f a i l u r e .  T e s t  r e p o r t s  on 
t h e  XM-232E1 (MI51 j e e p ) '  and XM-233E1 (M113 APC) mounting k i t s  
were  expec ted  t o  b e  a v a i l a b l e  by  28 August 1970.  The TOW P r o j e c t  
Manager had d e f e r r e d  i n i t i a l  p r o d u c t i o n  o f  t h e  XM-225 (M274 FIULE) 
and Xr1-236 (MI51 r e s u p p l y )  mounting k i t s  t o  FY 1971 pending a 
r e v i e w  of Army r e q u i r e m e n t s .  T e s t s  o f  t h e s e  k i t s  were  s c h e d u l e d  
t o  b e g i n  upon r e c e i p t  o f  t h e  i n i t i a l  p r o d u c t i o n  u n i t s  i n  August 
1 9 7 1  and c o n t i n u e  th rough  November 1971.  T e s t s  of p r o d u c t i o n  
b a t t e r y  c h a r g e r s  and t r a i n e r s  were  s c h e d u l e d  f o r  c o m p l e t i o n  i n  
December 1970 and F e b r u a r y  1971,  r e s p e c t i v e l y . 3 8  

6 Other  TOW p r o d u c t i o n  t e s t s  conducted d u r i n g  FY 1970 i n -  
c luded 35 New Equipment T r a i n i n g  f i r i n g s  which began i n  Eovember 
1969 and 28 f ly- to-buy f i r i n g s .  A t  t h e  end o f  J u n e  1970, a t o t a l  
o f  286 p r o d u c t i o n  m i s s i l e s  had been  f i r e d  i n  a l l  p h a s e s  of  t h e  
p r o d u c t i o n  t e s t  program. The f i r i n g s  demons t ra ted  a 93.6 Yercent  
r e l i a b i l i t y ,  w i t h  3 f i r i n g s  coun ted  as no t e s t  ( 1  R&D l a u n c h e r  
f a i l u r e  and 2 I t a l i a n  f i r i n g s  o v e r  w a t e r ) ,  1 7  m i s s i l e  f a i l u r e s ,  
and 1 p r o d u c t i o n  l a u n c h e r  f a i l u r e .  The h i t  p r o b a b i l i t y ,  g i v e n  a 
r e l i a b l e  sys tem,  w a s  95 .1  p e r c e n t ,  w i t h  o n e  gunner  n o - t e s t  and 1 2  
a c c u r a c y  f a i l u r e s .  39 

P r o d u c t i o n  V a l i d a t i o n  IPR/SSE 

%'. 

(U) By August 1970,  t h e  b a s i c  d e s i g n  of  t h e  TOW weapon sys tem,  
v e h i c l e  mounting k i t s ,  and a l l  i t e m s  o f  a n c i l l a r y  equipment e x c e p t  
t h e  n i g h t  s i g h t  had been completed.  The b a s i c  weapon sys tem had 
undergone e x t e n s i v e  f l i g h t ,  l a b o r a t o r y ,  env i ronmenta l ,  and f i e l d  
t e s t i n g ,  and had s u c c e s s f u l l y  completed t h e  t r a n s i t i o n  from 
development t o  p r o d u c t i o n .  S i n c e  t h e  i n i t i a t i o n  of  e x p e r i m e n t a l  
f i r i n g s  i n  November 1963,  a t o t a l  of  6 1 1  TOW m i s s i l e s  had been  
f i r e d  i n  a l l  p h a s e s  of  t h e  f l i g h t  t e s t  program, a s  f o l l o w s :  

38 (1)  I b i d .  (2 )  L t r ,  Chf,  Sys Engrg Div,  TOW PM Ofc,  t o  C G ,  
WSKR, 25 Feb 70,  s u b j :  TOW Veh K i t s .  HDF. (3)  L t r ,  TOW PX t o  C G ,  
TECOM, 28 Apr 70, s u b j :  I n i t  Pdn T e s t i n g  o f  TOW Veh K i t s .  HDF. 
(4)  I n c l  t o  L t r ,  TOW PM t o  C G ,  ANC, 30 Apr 70,  s u b j  : TOW I)A N i l e -  
s t o n e s  Scd - AMC DASSO Feeder  Prog Rept  (1-30 Apr 70) .  HGF. 

39(1)  H i s t  Xept ,  TOW PM, FY 70, pp. 6-7. HDF. (2 )  L t r ,  56 
A r t h u r  W. Kogstad,  Chmn, TOW SSE, t h r u  C G ,  AMC, t o  ACSFOR, DA,  19 
Aug 70,  s u b j  : TOW PV IPR/SSE, w i n c l :  Mins o f  TOW PV 1PR/SSE, 12- 
1 3  Aug 70. Atchd as i n c l  t o  AiCTCM I t e m  8176, 1 5  Dec 70. RSIC. 



T e s t  Phase  N r  . Rounds 

Exper imenta l  F i r i n g s  3  2  
R&D (Ground & V e h i c l e  Mounts) 157 
UH-1B H e l i c o p t e r  F i r i n g s  61  
ET/ST Program 106" 
U.  S. Marine  Corps F i r i n g s  2  0  
Demonstra t ion F i r i n g s  - Europe 4  
CHEYENNE H e l i c o p t e r  F i r i n g s  3  
Other  System Demonstra t ion F i r i n g s  24 
P r o d u c t i o n  V e r i f i c a t i o n  ( C o n t r a c t o r )  4  3  
I n i t i a l  P r o d u c t i o n  T e s t s  9 8  
Mew Equipment T r a i n i n g  (NET) tests 3  5  \ \ 
P r o d u c t i o n  Acceptance (Fly-to-Buy) - 2 8  

A 

611 

63 a t  WSMR; 42 a t  F t  Benning; 1 a t  F t  Knox, 

(U) The P r o d u c t i o n  V a l i d a t i o n  In -Process  Review and System 
S t a t u s  E v a l u a t i o n  (IPRISSE) f o r  t h e  TOW weapon system was h e l d  a t  
MICOY on 12-13 August 1970. The o b j e c t i v e s  of t h i s  mee t ing  were 
t o  d e t e r m i n e  t h e  a c c e p t a b i l i t y  o f  t h e  TOW p r o d u c t i o n  m i s s i l e  and 
l a u n c h e r  f o r  f i e l d  u s e  and t y p e  c l a s s i f i c a t i o n  as S tandard  A ,  and 
t o  recommend a n  e x t e n s i o n  o f  t h e  l i m i t e d  p r o d u c t i o n  (LP) c l a s s i -  
f i c a t i o n  f o r  t h e  mounting k i t s  and a n c i l l a r y  i t e m s .  

A f t e r  a rev iew of t h e  IPT r e s u l t s ,  members o f  t h e  c o m i t -  
t e e  agreed  t h a t  t h e  TOW missile and l a u n c h e r  were s u i t a b l e  f o r  
t y p e  r e c l a s s i f i c a t i o n  from LP t o  S tandard  A ,  and t h a t  c e r t a i n  
changes  should b e  made i n  t h e  QMR. S p e c i f i c a l l y ,  t h e y  recomnended 
t h a t  t h e  r e q u i r e d  k i l l  p r o b a b i l i t y ,  assuming a h i t  on  a  v u l n e r a b l e  
area, be  d e c r e a s e d  from 90 t o  85  p e r c e n t ,  and t h a t  t h e  o v e r a l l  
we igh t  o f  t h e  l a u n c h e r  sys tem (ground mount, l a u n c h e r ,  f i r e  c o n t r o l  
group, and power supp ly)  b e  i n c r e a s e d  t o  180 pounds e s s e n t i a l  (150 
pounds d e s i r a b l e ) .  The demonstra ted p r o d u c t i o n  c o n f i g u r a t i o n  
r e l i a b i l i t y  of 94 p e r c e n t  v e r s u s  t h e  95 p e r c e n t  s p e c i f i e d  i n  t h e  
QHR, was c o n s i d e r e d  t o  be  a c c e p t a b l e .  Recognizing t h a t  t h e  e x i s t -  
i n g  r a d i o  f requency  i n t e r f e r e n c e  l i m i t a t i o n  was u n d e s i r a b l e ,  t h e  
committee recommended t h e  e a r l i e s t  p r a c t i c a b l e  r e d u c t i o n  of t h e  
r e s t r i c t i o n  t o  pe rmi t  f u l l - t i m e  o p e r a t i o n  of r a d i o s  o r g a n i c  t o  
i n f a n t r y  b a t t a l i o n s  w i t h o u t  i n t e r f e r i n g  w i t h  t h e  TOW system.  I n  
a d d i t i o n ,  i t  recommended t h a t  t echnology  b e  developed t o  e l i m i n a t e  
t h e  sys tem's  s u s c e p t i b i l i t y  t o  jamming by i n f r a r e d  r a d i a t i o n .  
Other  sys tem l i m i t a t i o n s ,  such  a s  sun i n t e r f e r e n c e ,  c r o s s  wind 
e f f e c t ,  low t e m p e r a t u r e  performance,  and m i s s i l e  f l i g h t  t i m e ,  were  
c o n s i d e r e d  t o  b e  minor i n  n a t u r e  and n o t  a b a r  t o  t y p e  c l a s s i f i c a -  
t i o n .  To a s s u r e  maximum system a v a i l a b i l i t y  and o p e r a t i o n a l  
r e a d i n e s s ,  t h e  committee recommended t h a t  con t inued  emphasis b e  



placed  on hardware q u a l i t y  a s s u r a n c e ,  p a r t i c u l a r l y  t h e  m i s s i l e  
gu idance  set and b a t t e r y .  

(U) The b a t t e r y  c h a r g e r ,  t r a i n i n g  s e t ,  and mounting k i t s  
were l a t e r  i n  development t h a n  t h e  TOW m i s s i l e  and l a u n c h e r ,  
and t h e r e f o r e  were la ter  i n  comple t ing  e n g i n e e r i n g  t e s t l s e r v i c e  
test (ETIST) and p r o d u c t i o n  a c c e p t a n c e  t e s t s .  Members o f  t h e  
IPR committee recommended t h a t  t h e  l i m i t e d  p r o d u c t i o n  c l a s s i -  
f i c a t i o n  f o r  t h e s e  i t e m s  be  extended 20 months, from 1 October 
1970 th rough  3 1  May 1972. T h i s  e x t e n s i o n  would p e r m i t  comple- 
t i o n  of ETIST and i n i t i a l  p r o d u c t i o n  t e s t s  of t h e  i t e m s  invo lved .  
Adequate q u a n t i t i e s  o f  a l l  a n c i l l a r y  i t e m s  had a l r e a d y  been 
approved f o r  l i m i t e d  p r o d u c t i o n  e x c e p t  f o r  t h e  XM-233E1 (MI13 
A X )  mounting k i t .  An a d d i t i o n a l  q u a n t i t y  o f  152 of t h e s e  k i t s  
would be r e q u i r e d  f o r  t h e  p e r i o d  through FY 1971. Other  i t e m s  
r e q u i r e d  o n l y  a n  e x t e n s i o n  o f  t i m e .  The f o r e c a s t  f o r  t y p e  
c l a s s i f i c a t i o n  as Standard A w a s  as f o l l o w s :  XM-232E1 and 
XM-233E1 mounting k i t s  - January  1971; ,Dl-225 and Dl-236 mounting 
k i t s  - Xay 1972: b a t t e r y  c h a r g e r  - May 1971; and Dl-70 t r a i n e r  - 
3ecember 1971. 

(U) The n i g h t  s i g h t  w a s  n o t  expec ted  t o  b e  ready  f o r  t y p e  
c l a s s i f i c a t i o n  and f i e l d  u s e  u n t i l  t h e  f a l l  of  1974, sone  4  
y e a r s  a f t e r  i n i t i a l  deployment of t h e  TOW weapon s y s t e n .  The 
c o n t a c t  s u p p o r t  s e t  ( f o r m e r l y  known as t h e  Contac t  Support  T e s t  
Set-CSTS) w i t h  i t s  test and measurement equipment and manuals 
w a s  be ing  t e s t e d  and would be  a v a i l a b l e  f o r  deployment w i t h  
t h e  TOW weapon system.  It had been t y p e  c l a s s i f i e d  f o r  l i m i t e d  
p r o d u c t i o n  under  a s e p a r a t e  a c t i o n  approved by t h e  A s s i s t a n t  
Chief of S t a f f  f o r  F o r c e  Development on  1 6  J u n e  1970. The 
Land Combat Support  System (LCSS) and LCSS-TOW i n t e r f a c e  equip-  
ment would b e  t e s t e d  i n  November 1970. The t e s t ,  measurement, 
and d i a g n o s t i c  equipment and manuals o f  t h e  LCSS would be 
a v a i l a b l e  t o  s u p p o r t  t h e  TOFT weapon system i n  March 1971. 

Ja3 The TOW major items procured i n  FY 1969 and 1970 and 
t h e  r e q u i r e m e n t s  f o r  FY 1971  procurement ,  t o g e t h e r  w i t h  t h e  
wor ldb~ide  a s s e t  p o s i t i o n  (WJAP) as of  30 J u n e  1970,  w e r e  as 
f o l l o w s  : 40 

* 

4 0  
(1) B i d .  (2)  L t r ,  D C G ,  AMC, t o  ACSFOR, 4  Sep 70,  s u b j  : 

TOW Wpn Sys TCLAS P p s l s ,  w i n c l s :  Tech Subcom Rept U-1677 (Type 
R e c l a s  of Nsl & Lchr f r  LP-U t o  S td  A) Fi Tech Subcom Rept  V-1574 
(Extens ion  o f  LP-U TCLAS on A n c i l l a r y  I t e m s ) .  Atchd a s  i n c l  t o  
ANCTClI I t em 8176, 15 Dec 79.  ESIC. 



I t e m  

Guided M i s s i l e s  
EGM-71A (HEAT) 
BTM-71A ( P r a c t i c e )  

Launchers ,  Pi151 

Xounting K i t s  
XM-233 (MI13 APC) 
%"I-225 (MULE) 
IM-232 (M151 J e e p )  

Procured Rqrd TJI.JAP 
FY 1969 FY 1970 FY 1971 6/30/70 

IM-236 (XI51 ~ e s ~ ~ ~ l ~ )  0 

T r a i n e r s ,  mi-70 7 7 

B a t t e r y  Charger  56 

Type C l a s s i f i c a t i o n  and I n i t i a l  neployment 

(U) The A s s i s t a n t  Chief  o f  S t a f f  f o r  Force  Development (ACSFOR) 
approved t h e  f i n d i n g s  and recommendations o f  t h e  TOW P r o d u c t i o n  
V a l i d a t i o n  IPR/'SSE on 30 September 1970, a t  which t i m e  t h e  fo l low-  
i n g  i t e m s  were r e c l a s s i f i e d  from LP t o  S tandard  A:  

Guided M i s s f l e ,  S u r f a c e ,  A t t a c k ,  BGPf-71A 
Guided M i s s i l e ,  P r a c t i c e ,  BTFi-71A 
Guided M i s s i l e ,  S u r f a c e ,  A t t a c k ,  Te lemet ry ,  BDI-71A 
Launcher,  T u b u l a r ,  Guided M i s s i l e ,  MI51 (XM-151E2) 

The LP c l a s s i f i c a t i o n  f o r  mounting k i t s  and a n c i l l a r y  i t ems  w a s  
extended a s  f o l l o w s  : 4 1  

I t em 
"lL. 

E x p i r a t i o n  D a t e  

Dl-233 & Wl-232 i5ounting K i t s  3 1  Harch 1971  
Dl-225 & XM-236 Mounting Sits 30 June  1972 
:Of-70 T r a i n i n g  S e t  3 1  Yarsh 1972 
S a t t e r y  Charger  3C) June  1971 

The i n i t i a l  d i s t r i b u t i o n  and deployment of t h e  TOW weapon 
system were based on  t h e  approved procurement of 735 l a u n c h e r s  

4 1 ~ ~ ~ ~ M  I t em 8176, 1 5  Cec 70,  w i n c l s :  L t r ,  ACSFOR, DA, t o  
CG, A X ,  e t  aZ., 30 Sep 73,  s u b j :  TOW Wpn Sys,  and L t r ,  s a n e  t o  
same 8 Oct 70,  s u b j :  same. RSIC 



d u r i n g  t h e  FY 1969-71 p e r i o d .  Of t h e s e ,  608 were a l l o c a t e d  f o r  
s u p p o r t  o f  t h e  t a c t i c a l  Army Author ized  A c q u i s i t i o n  O b j e c t i v e  (AAO) 
and 127 f o r  s u p p o r t  o f  n o n t a c t i c a l  programs. The Annis ton Army 
Q e p o t  was o f f i c i a l l y  a s s i g n e d  a s  t h e  TOW m i s s i o n  depo t  d u r i n g  1979, 
and t h e  i n s t a l l a t i o n  of maintenance f a c i l i t i e s  was completed i n  
November 1971.42 

(U) The COWS TDA t r a i n i n g  b a s e  was equipped i n  August 1370 
and t h r e e  t r a i n i n g  b a t t a l i o n s  became o p e r a t i o n a l  i n  September 197q. 
Launchers and a n c i l l a r y  equipment were d i s t r i b u t e d  t o  t h e  U .  S .  
Army I n f a n t r y  School  (USAIS), F o r t  Benning, Georg ia ;  U. S.  Army 
Armor School ,  F o r t  Rnox, Kentucky; U .  S. Army X i s s i l e  and K u n i t i o n s  
Cen te r  and School (USAMIKS), Redstone A r s e n a l ,  Alabama; t h e  U. S. 
Army T r a i n i n g  Cente r  (USATC) I n f a n t r y ,  F o r t  Jackson ,  South C a r o l i n a ;  
and t h e  U .  S. Army Ordnance C e n t e r  and School (USAOCfiS), hbe.rdeen, 
Naryland . 

(U) R e s i d e n t  t r a i n i n g  on t h e  TOW began d u r i n g  t h e  f i r s t  quar-  
t e r  of FY 1971. F a m i l i a r i z a t i o n  and o r i e n t a t i o n  t r a i n i n g  was 
i n t e g r a t e d  i n t o  s e v e r a l  c o u r s e s  f o r  commissioned and noncommis- 
s i o n e d  o f f i c e r s  a t  t h e  USAIS, F o r t  Benning, Georg ia ,  by 3 1  August 
1970. The f i r s t  c l a s s  of TOW gunners  g radua ted  from t h e  USATS, 
I n f a n t r y ,  F o r t  Jackson ,  on 1 3  ~ & t e m b e r  1970. The f i r s t  c l a s s  i n  
t h e  TOW repa i rman  r e s i d e n t  c o u r s e  g radua ted  from t h e  USATBICS, Xed- 
s t o n e  A r s e n a l ,  on 4  December 1970. The 1st B a t t a l i o n ,  29 th  
I n f a n t r y ,  and t h e  1st B a t t a l i o n ,  5 8 t h  I n f a n t r y ,  1 9 7 t h  I n f a n t r y  
Brigade a t  F o r t  Benning, and t h e  4 t h  B a t t a l i o n ,  5 4 t h  I n f a n t r y ,  
1 9 4 t h  Armored Brigade a t  F o r t  Knox were equipped and o p e r a t i o n a l  
af  t e r  undergoing t r a i n i n g  a t  F o r t  Benning . 

f l  D i s t r i b u t i o n  of l a u n c h e r s  t o  U .  S. Army, Europe (USAYEUR) 
began i n  September 1970, and t h e  f i r s t  u n i t  was equipped by 1 3  
November 1970. A combined t r a i n i n g l e q u i p a g e  program provided f o r  
t h e  equ ipage  of t h r e e  b a t t a l i o n s  p e r  month a s  each  was c y c l e d  
through a  t r a i n i n g  program a t  t h e  Seventh  U .  S .  Army Combined Arns 
School and c o n c u r r e n t l y  i s s u e d  t h e i r  TOE equipment.  Twenty-four 
d i v i s i o n a l  b a t t a l i o n s  were equipped w i t h  s i x  l a u n c h e r s  each by  t h e  
end of t h e  y e a r .  A second round of an  a d d i t i o n a l  s i x  l a u n c h e r s  
p e r  b a t t a l i o n  was t o  f o l l o w  i n  J u l y  1971.43 

(U) The TOW m i s s i l e  d i d  n o t  r e q u i r e  any t e s t s ,  checkouts ,  o r  

. , 4 2 ( 1 )  .ins of TOW PV IPR/SSE, 12-13 Aug 70,  op. c-z., p.  6 .  
(2) H i s t  Rept ,  TOW PM, FY 71, p.  6. (3)  TOW XECAP by COL R. TJ. 
Runtz inger ,  t o  DCG,  "Iat Acq, MIC, 8 J a n  74,  p .  50.  FDF. 

4 3 ~ i s t  Rept ,  TOW PM, FY ii,  pp. 4-6. 935. 



r e p a i r  p r i o r  t o  f i r i n g .  Minimum maintenance and r e p a i r  p a r t s  would 
b e  r e q u i r e d  t o  s u p p o r t  t h e  l a u n c h e r ,  t h e  XM-70 t r a i n i n g  s e t ,  and 
a u x i l i a r y  TOW equipment.  The l a u n c h e r  had s e l f - t e s t  f e a t u r e s  which 
p rov ided  f a u l t  i s o l a t i o n  t o  t h e  major  assembly l e v e l .  The Land 
Combat Support  System (LCSS) began s u p p o r t i n g  t h e  deployed TOW 
system on 1 March 1 9 7 1 . ~ ~  

(U) I n i t i a l  p r o d u c t i o n  t e s t s  o f  t h e  XM-233E1 (11113A1) and 
XN-232E1 (M151A1 Lead J e e p )  mounting k i t s  were  s u c c e s s f u l l y  
completed i n  J u l y  1970, and t h e s e  assemblages  were  r e c l a s s i f i e d  
from LP t o  S tandard  A on 20 August 1971. The e s t i m a t e d  program 
u n i t  c o s t  of t h e s e  i t e m s  i n  q u a n t i t y  procurement w a s  as f o l l o w s : 4 5  

Mounting K i t ,  M233 (Unmounted) $ L ,  667 
M113A1 APC w i t h  M233 Xount ing K i t  I n s t a l l e d  40,569 

hiounting K i t ,  M232 (Unmounted) 6,589 
MI51 Truck w i t h  M232 Mounting K i t  I n s t a l l e d  11,015 

(U) A breakdown of t h e  b a t t e r y  c h a r g e r  equipment d u r i n g  h i g h  
v o l t a g e  t e s t s ,  t o g e t h e r  w i t h  t h e  l o n g  l e a d t i m e  r e q u i r e d  on r e p a i r  
p a r t s  t o  modify t h e  equipment f o r  comple te  retest,  n e c e s s i t a t e d  a n  
e x t e n s i o n  o f  t h e  LP c l a s s i f i c a t i o n  from 30 June  1971  t o  30 June  
1972. The LP c l a s s i f i c a t i o n  f o r  t h e  XM-70 t r a i n i n g  set was a l s o  
ex tended ,  from 3 1  March 1972 t o  30 J u n e  1972.46 

(U) The XI4-70 t r a i n i n g  set was r e c l a s s i f i e d  from LP t o  
S tandard  A on  1 8  November 1972, f o l l o w i n g  a n  IPR i n  September 1972. 
The e s t i m a t e d  program u n i t  c o s t  o f  t h i s  i t e m  i n  q u a n t i t y  p r o c u r e r e n t  
was $22,300. The Pi70 t r a i n e r  c o n s i s t e d  of a n  i n s t r u c t o r s  c o n s o l e  
which moni tored t h e  g u n n e r ' s  performance i n  d r y  f i r i n g  exerc-s 
and p rov ided  a  v i s u a l  d i s p l a y  o f  t h e  r e s u l t s ;  a  t a r g e t  s o u r c e  c i t h  
a power s u p p l y  modulator  t o  s i m u l a t e  t h e  i n f r a r e d  s o u r c e  i n  t h e  
m i s s i l e ;  a t a r g e t  board t h a t  se rved  as a n  a impoin t  r e f e r e n c e  f o r  
t h e  gunner ;  and t h e  missile s i m u l a t i o n  round f o r  h a n d l i n g  and 
f i r i n g  f a m i l i a r i z a t i o n .  The m i s s i l e  s i m u l a t i o n  round was i d e ~ t i c a l  

-- 

4 4 ( 1 )  Nins of TOW PV I P R ~ S S E ,  12-13 Aug 70,  op. ch., p. 7 .  
(2) DF, Prod Ngr,  LCSS, t o  C G ,  M I C O M ,  2  Mar 71,  s u b j  : Attainment  
of TOW S p t  M i l e s t o n e  by LCSS. E3F. 

4 5 A M ~ ~ ~  I tem 9503, 1 9  J u l  72,  & i n c l  t h e r e t o :  1st I n d ,  ACEFOR, 
3 A ,  t o  CG,  APE, 20 Aug 71,  on  L t r ,  Chmn, AMCTC, t o  ACSFOR, DA,  17  
Xar 71, s u b j  : Type R e c l a s  f r  LP-U t o  S t d  A of t h e  XN232El Sr XYX33E1 
Flaunting K i t s  f o r  t h e  TOW X s l  Sys.  TOW P r o j  Ofc. 

46(1)  SS AMCPL1-TO-11-71, TOW P r o j  Ofc ,  23 Mar 71,  s u b j  : Ti711 
'Tpn Sys,  w  i n c l s .  ( 2 )  1st I n d ,  ACSFOR, DA,  t o  C G ,  AMC, 2 2  ?!ov 71,  
;ubj : TCUS LP-I: f o r  TOIJ B t r y  Charger & X4-70 Tnr .  Both i n  XlF. 



i n  e x t e r n a l  c o n f i g u r a t i o n ,  w e i g h t ,  and c e n t e r  of g r a v i t y  t o  t h e  
encased missile. A b l a s t  s i m u l a t i o n  d e v i c e  was c o n t a i n e d  i n  t h e  
round. 47 

(U) The b a t t e r y  c h a r g e r  was r e c l a s s i f i e d  from LP t o  S tandard  
A on 4 October 1972. The e s t i m a t e d  program u n i t  c o s t  of t h e  PP- 
4884 (XO-1) /TT b a t t e r y  c h a r g e r  i n  q u a n t i t y  procurement was $6,891. 48 

(U) The XM-236 and XM-225 mounting k i t s ,  i n i t i a l  procurement 
of which had been d e f e r r e d  t o  FY 1971,  were  r e c l a s s i f i e d  from LP 
t o  S tandard  A on  26 September 1972 and 24 October 1972,  r e s p e c -  
t i v e l y .  The e s t i m a t e d  program u n i t  c o s t  of t h e s e  i t e m s  i n  quan- 
t i t y  procurement was a s  fo l lows :49  

Mounting K i t ,  T4236 (Unmounted) $3,248 
IvI151Al Truck w i t h  M236 Nounting K i t  I n s t a l l e d  5 ,375 

Mounting K i t ,  M225 (Unmounted) 1 ,924 
M274 NULE w i t h  M225 Mounting K i t  I n s t a l l e d  4 ,991  

Development Cost  Through Type C l a s s i f i c a t i o n  

(U) From t h e  i n c e p t i o n  o f  t h e  b a s i c  TOW p r o j e c t  i n  FY 1952 
through i n i t i a l  p r o d u c t i o n  t e s t  and t y p e  c l a s s i f i c a t i o n  of t h e  

4 7 ( 1 )  Mat S t a  Rec 0173623, 1 8  Nov 72. (2) I n c l  6 t o  L t r ,  C G ,  
M I C O M ,  t o  CG,  AMC, 12 Sep 72,  s u b j :  Type R e c l a s  of t h e  Tng S e t  f o r  
t h e  TOW Wpn Sys. Both i n  HDF. 

48?4at S t a  Xec 017621, 25 Oct 72,  w i n c l :  2d I n d ,  ACSFOR, 7.4, 
t o  CG,  AMC, 4 Oct 72, on L t r ,  CG,  M I C O M ,  t o  C G ,  NiC, 28 Jun 72,  
s u b j :  Type Rec las  of t h e  B t r y  Charger  f o r  t h e  TOW !Jpn Sys.  TOW 
P r o j  Ofc. 

49(1)  Ha t  S t a  Rec 0173620, 25 Oct 72, r, i n c l :  1st Ind ,  ACSFOB, 
D A Y  t o  CG,  AEC, 26 Sep 71, on  L t r ,  C G ,  AMC, t o  ACSFOR, 1 3  Jun  72, 
s u b j :  Type l l ec las  o f  t h e  [l4151A1] Trk ,  GbI Assemblage f o r  t h e  TO!: 
Wpn Sys. (2) L t r ,  CG,  MlC, t o  ACSFOR, 4 Aug 72,  s u b j :  Type R e c l a s  
f r  LP-U t o  S t d  A:  The [?I2741 Trk GI1 Equip Assemblage (11225) f o r  t h e  
TOW Wpn Sys,  & I n c l  7 t h e r e t o ,  AFICTC Subcom Rept U-1800. (3) L t r ,  
Chf, M s l  Sys Div,  Rsch, Dev, & Engrg Drte, AMC, t o  AMC Tech Com 
(LYCTC), 6 Nov 73, s u b j :  Mat S t a  Rec Sbm. Atchd a s  i n c l  t o  1st I n d ,  
Chf, M s l  Sys Div,  Rsch, Dev, & Engrg Drte, AXC, t o  Cdr,  XICOX, 5 ITov 
73, on L t r ,  TOW P1.I t o  Cdr,  AFIC, 26 Oct 73, s u b j  : Type R e c l a s  of t h e  
Trk,  GH Equip Assemblage [I12251 f o r  t h e  TOW Wpn Sys.  A 1 1  i n  TCl j  
P r o j  Ofc, 



l a s t  major  i t e m s  i n  FY 1973, Army RDTE fund ing  s u p p o r t  t o t a l e d  
$104.1 m i l l i o n ,  more t h a n  double  t h e  p r o j e c t e d  c o s t  o f  $51,377,009 
f o r  t h e  FY 1962-67 p e r i o d .  I n  a d d i t i o n  t o  t h e  Army's i n v e s t m e n t ,  
t h e  U .  S. Marine  Corps f u r n i s h e d  $3,348,000 i n  RDTE f u n d s  d u r i n g  
t h e  1965-69 p e r i o d ,  b r i n g i n g  t h e  t o t a l  o b l i g a t i o n  t o  $107,448,000 
as of  30 J u n e  1973 ( s e e  Tab le  3 ) .  The s t r e t c h o u t  i n  development 
t ime  and a l a r g e  p o r t i o n  of t h e  i n d i c a t e d  c o s t  growth were  a t t r i b -  
u t e d  t o  t e c h n i c a l  problems a s s o c i a t e d  w i t h  t h e  m i s s i l e  i n f r a r e d  
s o u r c e  lamp and guidance w i r e  subsystem; d i f f i c u l t i e s  i n  meet ing 
t h e  r e q u i r e d  sys tem r e l i a b i l i t y  and o t h e r  e lements  of t h e  QMR; t h e  
i n a b i l i t y  of t h e  c o n t r a c t o r  t o  pe r fo rm w i t h i n  t h e  c o n t r a c t  t a r g e t  
p r i c e s ;  and t h e  supp lementa l  e f f o r t  n e c e s s a r y  t o  c o r r e c t  d e s i g n  
d e f i c i e n c i e s  no ted  i n  t h e  ET/ST program.50 

Tab le  3  
(U) P r o j e c t e d  v s  A c t u a l  TOW RDTE Cost - FY 1962-73 

( i n  m i l l i o n s )  

P r o j e c t e d  A c t u a l  
Mar 63 Army U SMC T o t a l  

(1) TOV TDP, 1 ZIar 63.  RSIC . (2)  TOW 
TDP, 1 J a n  72. (3) TOK SAR' s ,  1971-73. 
TOW P r o j  Ofc.  

50(1)  TOW TDP, 1 Har 63. RSIC. (2)  TOW TDP, 1 J a n  72.  
P r o j  Ofc. (3) TOW SAR's, 1971-73. TOW P r o j  Ofc. (4 )  Cost  Growth 
I n f o  f r  P&P Div,  TOW P r o j  Ofc ,  27 Aug 70. HI)F. (5) I n t w ,  ?I. T .  
Cag le  w Gary K. Smallwood, TOY Program Mgt Ofc,  22 J u n  76.  



(U) About $87.6 m i l l i o n  o r  81.6 p e r c e n t  of t h e  $1Q7,448,300 
RDTE inves tment  went t o  Hughes A i r c r a f t ,  t h e  TOW system prime 
c o n t r a c t o r .  I n c r e a s e s  i n  t h e  v a l u e  of Hughes' R&D c o n t r a c t s  a i s o  
accounted f o r  most of t h e  development c o s t  growth.  A s  shown i n  
Tab le  4 ,  t h e  c o n t r a c t  o v e r r u n s  and c o s t  i n c r e a s e s  r e s u l t i n g  f r o a  
changes  beyond t h e  c o n t r o l  o f  t h e  c o n t r a c t o r  t o t a l e d  $35 .1  m i l l i o n .  

(U) The follow-on development and p roduc t  improvement e f f o r t  
c o n s i s t e d  p r i m a r i l y  o f  coun te rmeasures  s t u d i e s  ( s o l i d  s t a t e  t r a c k  
l i n k ) ,  t h e  commonality n i g h t  s i g h t  program, a n  e x t e n s i o n  i n  max- 
imum m i s s i l e  r a n g e  t o  p r o v i d e  a n  i n c r e a s e d  p r o t e c t i v e  s t a n d o f f  f o r  
h e l i c o p t e r s ,  and d e s i g n  of t h e  under armor TOW f o r  gunner p r o t e c -  
t i o n .  These and o t h e r  a s p e c t s  of t h e  p r o d u c t  improvement e f f o r t  
w i l l  be  d e a l t  w i t h  f o l l o w i n g  a  summary of t h e  TOW procurement and 
p r o d u c t i o n  program and d e s c r i p t i o n  o f  t h e  s t a n d a r d  weapon system. 

Procurenen t  and P r o d u c t i o n  S u m a r y  

(U) The TOW i n d u s t r i a l  program g o t  underway w i t h  award of t h e  
i n i t i a l  e n g i n e e r i n g  s e r v i c e s  c o n t r a c t  on 28 June  1968,  fo l lowed by 
t h e  f i r s t  mass p r o d u c t i o n  c o n t r a c t  on 29 Yovember 1963. Seven and 
a  h a l f  y e a r s  l a t e r ,  t h e  TOW was s t i l l  i n  p r o d u c t i o n  f o r  t h e  C .  S .  
Army and Var ine  Corps and f o r e i g n  m i l i t a r y  s a l e s  of t h e  weapon 
con t inued  t o  s o a r .  So g r e a t  was t h e - i n t e r n a t i o n a l  demand f o r  t h e  
TOW t h a t  t h e  Army was o f t e n  hard-pressed t o  keep enough i n  t h e  
i n v e n t o r y  t o  meet i t s  own requ i rements .  

Army and b r i n e  Corps Procurement 

(U) A s  s t a t e d  e a r l i e r ,  MICOll p lanned t o  i n t r o d u c e  c o m p e t i t i v e  
m u i t i y e a r  buyout procurement f o r  TOW m i s s i l e s  i n  FY 1971  between 
t h e  prime c o n t r a c t o r ,  Hughes A i r c r a f t ,  and t h e  a l t e r n a t e  p roducer ,  
t h e  C h r y s l e r  C o r p o r a t i o n  H u n t s v i l l e  3 i v i s i o n .  Yaving been s e l e c t &  
as t h e  a l t e r n a t e  p roducer ,  C h r y s l e r  was awarded a  c o n t r a c t  I n  
January  1969 f o r  a n  e d u c a t i o n a l  buy of 200 m i s s i l e s ,  p l u s  two 
o p t i o n s  f o r  a n  a d d i t i o n a l  2 ,685 m i s s i l e s .  These o p t i o n s  were 
l a t e r  e x e r c i s e d  a f t e r  C h r y s l e r  demonstra ted i t s  a b i l i t y  t o  produce 
a n  a c c e p t a b l e  i t e m .  Hughes' i n i t i a l  p r o d u c t i o n  c o n t r a c t  was a  2- 
y e a r  m u l t i y e a r  CPIF p a c t  f o r  FY 1969-70 m i s s i l e  r e q u i r e m e n t s . j l  

(U) I n s t e a d  of t h e  planned m u l t i y e a r  buyout c o m p e t i t i o n  f o r  
t h e  FY 1971  buy of 15 ,685  m i s s i l e s ,  c o n t r a c t  n e g o t i a t i o n s  were 

5 1 ~ e e  above,  pp . 84-86, 99. 



TABLE 4-(U) TOW R&D C o n t r a c t s  w i t h  Hughes A i r c r a f t  Company 

C o n t r a c t  Number 

DA-04-495-AMC-12 
DA-04-495-AMC-516 
DA-01-021-AMC-13626 
DA-AH01-67-C-0023 
UA-AH01-68-C-0007 
DA-AH01-69-C-0004 
DA-AHO1-69-C-1084 
DA-AH01-70-C-0097 
IlA-AH01-71-C-0062 
DA-NiO1-72-(2-0052 
DA-AH01-72-C-1116 
:)A-AHO1-7 3-A-0020 

Date - 
Aug 62) 
Aug 64) 
Nov 65) 
Sep 66)  
.Tun 67) 
J u l  68 
Feb 69 
J u l  69 
J u l  70 
J u l  71 
Jun 72 
Dec 72 

O r i g i n a l  Value  a / T o t a l  Cost  Growth- F i n a l  ~ a l u g ~  Source  

a/ 
N - I n c l u d e s  c o n t r a c t  o v e r r u n s ,  added s u p p o r t ,  and p r i c e  a d j u s t m e n t s ;  s y s t e m  performance,  q u a n t i t y ,  

e n g i n e e r i n g ,  s c h e d u l e ,  economic, e s t i m a t i n g ,  and u n p r e d i c t a b l e  changes ;  and added t a s k s .  

klAs of  l a t e s t  d a t e  of a v a i l a b l e  s o u r c e  documents. 

C / T o t a l  f o r  c o n t r a c t s ,  August 1962 th rough  June  1967. 

Y F i x e d  P r i c e  B a s i c  Order ing  Agreement - R&D. No p r i c e  shown i n  c . o n t r a c t .  

1. Contr  Pe r f  Eva1 - Cost  Growth - A n a l y s i s ,  a t c h d  a s  i n c l  t o  L t r ,  TOW PI4 t o  CG,  AMC, 4 Feb 70, 
s u b j  : Contr  Pe r f  - Cost /Tech/Scds .  

2 .  (1)  Hist Kept ,  TOW PM, FY 69.  (2)  MICOM Cont r  L i s t i n g s ,  1 J u l  73 ( F i n a l  Payment Feb 72) .  
1 .  (1 )  I l i s t  Rept ,  TOW PtI, FY 70. (2)  l I I C O M  Cont r  L i s t i n g s ,  1 Apr 74. 
4. (1 )  l l i s t  Rep t ,  TOV I'M, FY 70. ( 2 )  PIICOM Cont r  L i s t i n g s ,  1 Apr 74. 
5 .  C o n t r a c t  71-C-0062. 
b .  C o n t r a c t  72-C-0052. 
I .  FlI(:OPI Contr  L i s t i n g s ,  1 J u l  7 2  & 1 Apr 74. 



based o n  a  high-low q u a n t i t y  mix 
r e c e i v e  t h e  g r e a t e r  q u a n t i t y  and 

whereby t h e  low b i d d e r  would 
t h e  h i g h  b i d d e r  t h e  l e s s e r  quan- 

t i t y .  T h i s  r e v i s e d  c o n t r a c t u a l  p rocedure  n o t  o n l y  a l lowed C h r y s l e r  
t o  g a i n  more e x p e r i e n c e  b e f o r e  competing f o r  t h e  remain ing  program 
m u l t i y e a r  buyout ,  b u t  a l s o  saved t h e  Government some $6.5 m i l l i o n  
i n  m i s s i l e  c o s t s .  F i r s t  s e t  a t  $106.3 m i l l i o n ,  PEP4A funds  f o r  FY 
1971  were l a t e r  reduced t o  $99.8 m i l l i o n  by t h e  s a v i n g s  r e a l i z e d  
i n  c o n t r a c t  n e g o t i a t i o n s .  52 

(U) I n  t h e  FY 1971  c o m p e t i t i v e  s p l i t  m i s s i l e  buy, Kughes 
A i r c r a f t  submi t t ed  t h e  low b id  and won t h e  c o n t r a c t  f o r  t h e  l a r g e r  
q u a n t i t y ,  l e a v i n g  C h r y s l e r  w i t h  t h e  c o n t r a c t  f o r  t h e  l e s s e r  quan- 
t i t y .  Bidding f o r  t h e  m u l t i y e a r  buyout i n  FY 1972 would b e  on  a  
"winner- take-al l"  b a s i s .  The FY 1 9 7 1  m i s s i l e  c o n t r a c t  w i t h  Hughes 
(DA-AH01-71-C-0994) was s i g n e d  on  29 A p r i l  1971  f o r  $24,32L,130. 

A t  t h e  same t ime ,  C h r y s l e r  r e c e i v e d  a $16,680,000 c o n t r a c t  (3A- 
AH01-71-C-0995) f o r  4,000 m i s s i l e s .  T h i s  was t h e  s i n g l e  l a r g e s t  
M i s s i l e  Command c o n t r a c t  e v e r  awarded t o  a  B u n t s v i l l e - b a s e d  

I company, and t h e  TOW became t h e  f i r s t  Arny m i s s i l e  t o  be corn 
p l e t e l y  produced and f i r e d  i n  t h e  H u n t s v i l l e  c o ~ m u n i t y .  The 
H u n t s v i l l e  D i v i s i o n  of t h e  Th ioko l  Chemical C o r p o r a t i o n ,  u s i n g  
f a c i l i t i e s  a t  Redstone A r s e n a l ,  assembled t h e  TOW m i s s i l e s ,  
i n c l u d i n g  e x p l o s i v e s  l o a d i n g ,  under  c o n t r a c t  t o  C h r y s l e r .  Both 
t h e  Hughes and C h r y s l e r  c o n t r a c t s  were  f i r m  f i x e d  p r i c e  p a c t s  and 
i n c l u d e d  "fly-before-buy" m i s s i l e  a c c e p t a n c e  c r i t e r i a .  A l l  of  
t h e  p r o d u c t i o n  a c c e p t a n c e  f i r i n g s  were  conducted a t  Redstone 
~ r s e n a l .  5 3  

\ 
(U) The M I C O M  e f f o r t  t o  deve lop  a second s o u r c e  m i s s i l e  

p roducer ,  which began i n  January  1969,  cu lmina ted  i n  a "winner- 
t a k e - a l l "  c o m p e t i t i o n  i n  FY 1972 between Hughes A i r c r a f t  and 
C h r y s l e r .  I n  t h i s  c o m p e t i t i o n ,  Hughes A i r c r a f t  won a  m u l t i y e a r  
c o n t r a c t  f o r  p r o d u c t i o n  of TOW m i s s i l e s  o v e r  a  4-year p e r i o d  
beg inn ing  i n  FY 1972 and end ing  i n  FY 1975. The c o m p e t i t i v e  
f i r m  f i x e d  p r i c e  (FYP) c o n t r a c t  (DA-AH01-72-C-0418), awarded on 
1 9  !Jovember 1971, reduced t h e  m i s s i l e  u n i t  p r i c e  some 42 p e r c e n t  
below p r e v i o u s  c o s t s  and r e s u l t e d  i n  a t o t a l  s a v i n g s  o f  abou t  
$25 m i l l i o n .  The c o n t r a c t  provided a s p e c i f i c  economical ,  . 
predetermined p r i c e  f o r  TOW m i s s i l e  d e l i v e r i e s  d u r i n g  t h e  &year  
p e r i o d ,  t h u s  a v o i d i n g  c o s t l y  and time-consuming follow-on 

52(1)  Mins of TOW PV IPRISSE, 12-13 Aug 70. Atchd a s  i n c l  t o  
AMCTCM I t e m  8176, 1 5  Dec 70. RSIC. (2) H i s t  R e p t ,  TOW PX, FY 71,  
as amended Oct 71, p. 1. 

53(1) B i d . ,  pp. 2-3. (2) The Rocket, 2 Dec 70. 



c o n t r a c t  n e g o t i a t i o n s .  54 

(U) Dur ing  FY 1975, w i t h  f o r e i g n  m i l i t a r y  s a l e s  of t h e  TOW 
weapon sys tem c o n t i n u i n g  t o  s p i r a l ,  t h e  Army Missile Command 
a g a i n  i n v i t e d  t h e  C h r y s l e r  C o r p o r a t i o n  t o  e n t e r  c o m p e t i t i o n  
w i t h  t h e  Hughes A i r c r a f t  Company f o r  t h e  m u l t i y e a r  p r o d u c t i o n  
c o n t r a c t  beg inn ing  i n  FY 1976. The o b j e c t i v e s  of t h i s  second 
dead-on c o m p e t i t i o n  were t o  d e t e r m i n e  t h e  c o s t  of s e t t i n g  up 
a second-source  p roducer  as a n  i n s u r a n c e  p o l i c y ,  and t o  b r i n g  
down t h e  c o s t  of b u i l d i n g  t h e  TOW m i s s i l e . 5 5  The Hughes 
A i r c r a f t  Company a g a i n  won t h e  c o m p e t i t i o n  and r e c e i v e d  a 
new m u l t i y e a r  c o n t r a c t  (DA-AH01-75-C-0626) on 28 February  
1975 f o r  p r o d u c t i o n  of 57,229 m i s s i l e s  a t  a c o s t  of $142.6 
m i l l i o n .  A s  o f  30 J u n e  1975, t h e  m u l t i y e a r  m i s s i l e  produc- 
t i o n  c o n t r a c t s  awarded t o  t h e  IIughes A i r c r a f t  Company i n  FY 
1972 -and 1975 were  wor th  o v e r  $271.3 rn i l l ion .56  

@f) A s  o f  30 J u n e  1976, 88,887 TOW p r o d u c t i o n  m i s s i l e s  had 
been d e l i v e r e d  (82,912 f o r  t h e  Arny and 5 ,975 f o r  t h e  X a r i n e  
Corps) a g a i n s t  a  t o t a l  procurement of 134,210 d u r i n g  t h e  FP 
1969-76 p e r i o d .  Planned missile p r o d u c t i o n  d u r i n g  FY 1977-75 
t o t a l e d  23,113, f o r  a procurement o b j e c t i v e  of 157,323.  Aside  
from 660 p r o d u c t i o n  missiles bought w i t h  RDTE money, t h e  
procurement o b j e c t i v e  i n c l u d e d  a n  a u t h o r i z a t i o n  of 134,249 
missiles f o r  t h e  Army and 22,414 f c r  t h e  Marine Corps.57 

6 From t h e  beg inn ing  of i n i t i a l  p r o d u c t i o n  t e s t s  i n  
August 1969 th rough  4  J u n e  1976, a t o t a l  of 6,347 TOW pro- 
d u c t i o n  missiles were f i r e d  a t  Redstone A r s e n a l  and o t h e r  
test s i tes ,  5 ,215 o f  which were  manned and 1 ,132  unmanned. 
Inc luded  i n  t h e  unmanned f i r i n g s  were  941 fly-to-buy (pro- 
d u c t i o n  a c c e p t a n c e )  tests a t  Redstone Arsenal-107 by 
C h r y s l e r  and 834 by Hughes A i r c r a f t .  The o v e r a l l  r e s u l t s  of 
t h e  p r o d u c t i o n  f i r i n g s  are shown below:58 

54(1)  H i s t  R e p t ,  TOW PM, FY 72,  p. 2.  (2) H i s t  P e p t ,  D/P&P,  
FY 72. Both i n  HDF. (3) TOW SAR, 1 9  J a n  72,  p.  2. TOW P r o j  Ofc 
F i l e s .  (4) L t r ,  C G ,  M I C O M ,  t o  D i r ,  D / P & P ,  7  Feb 72,  s u b j  : L t r  
of Commendation. HDF. (5)  The Rocket,  25 Nov 71,  p. 1. 

552"ne f l u n t s v i t t e  Times. 7  r 75. 

56(1)  TOW RECAP P r e s n  by COL R.  \I. E u n t z i n g e r ,  t o  AMC, 1 J u l  
75, p. 10.  (2) H i s t  Rep t ,  TOW PM, FY 75,  p. 1. Both i n  HDF. 

5 7 ~ n f o  f u r n i s h e d  by Xober t  U .  Biss, TOW P r o j  Ofc.  

5 8 ~ n f o  f u r n i s h e d  by Edwin E .  Eaker , TOW P r o j  Ofc.  



Rounds F i r e d  6,347 
Funct ioned ( R e l i a b l e )  5,810 
H i t s  4,260 
Xo T e s t  ( R e l i a b i l i t y )  3  7  
No T e s t  (Accuracy) 1 ,132  
R e l i a b i l i t y  92.1% 
Accuracy (Nanned) ( H i t  P r o b a b i l i t y  59.22 

g iven  a r e l i a b l e  sys tem) 

(U) The TOW l a u n c h e r  sys tem ( l e s s  t r i p o d ,  l a u n c h  t u b e ,  and 
b a t t e r y  a s s e m b l i e s )  was procured s o l e  source '  from Hughes A i r c r a f t  
through FY 1971. A m u l t i y e a r  l a u n c h e r  procurement c o n t r a c t  w a s  
awarded c o m p e t i t i v e l y  f o r  t h e  f i r s t  t i m e  i n  ?larch 1972. A f t e r  
s o l i c i t a t i o n s  t o  35 f i r m s  evoked 7  t e c h n i c a l  r e s p o n s e s ,  t h e  Emerson 
E l e c t r i c  Company of S t .  Lou is ,  M i s s o u r i ,  w a s  s e l e c t e d  t o  r e c e i v e  t h o  
3-year c o n t r a c t  (3A-AH01-72-C-0611) w i t h  a t o t a l  m u l t i y e a r  v a l u e  o f  
$22,746,380. The s a v i n g s  under t h e  m u l t i y e a r  Firm-Fixed-Price 
(FFP) c o n t r a c t  were e s t i m a t e d  a t  $7,549,000 f o r  t h e  f i r s t - y e a r  
(FY 1972) procurement of 350 l a u n c h e r s ;  $10,153,000 f o r  t h e  
second-year (FY 1974) q u a n t i t y  o f  1 ,618  u n i t s :  and $9,627,000 
f o r  t h e  t h i r d - y e a r  (FY 1975) procurement o f  1 , 0 4 1  u n i t s .  There  
were no l a u n c h e r s  procured i n  FY 1973.59 

(U) On 28 February  1975,  a new m u l t i y e a r  c o m p e t i t i v e  c o n t r a c t  
(DA-AH01-75-C-0628) was awarded t o  t h e  Emerson E l e c t r i c  Company 
f o r  a d d i t i o n a l  Army and Nar ine  Corps l a u n c h e r s .  Under t h i s  FFP 
c o n t r a c t ,  Emerson was t o  b u i l d  2,349 l a u n c h e r  sets and s p a r e s  f o r  
$55.5 m i l l i o n .  A s  of 30 June  1975,  t h e  m u l t i y e a r  l a u n c h e r  pro- 
d u c t i o n  c o n t r a c t s  awarded t o  Emerson i n  FY1s 1972 and 1975 were 
va lued  a t  more than  $108 m i l l i o n . 6 0  

(U) By t h e  end of FY 1976, 3,693 TOW p r o d u c t i o n  l a u n c 5 e r s  
had been d e l i v e r e d  (3 ,322 f o r  t h e  Army and 371 f o r  t h e  X a r i n e  
Corps) a g a i n s t  a  t o t a l  procurement o f  5,637 d u r i n g  t h e  FY 1969- 
76 p e r i o d .  Planned l a u n c h e r  p r o d u c t i o n  f o r  t h e  FY 1977-78 p e r i o d  
t o t a l e d  1 ,747 ,  f o r  a procurement o b j e c t i v e  of 7 ,384.61 

(U) The a c t u a l  and planned p rocurenen t  o f  major TOV l i n e  
i t e m s  and t h e  d i s t r i b u t i o n  of e q u i p ~ e n t  between t h e  G. S.  Army 
and Xar ine  Corps a r e  d e p i c t e d  i n  Tab le  5.  

5 9 ( 1 )  H i s t  Rept ,  TOWPM, FY 72, p. 3. (2 )  B i s t  Rep t ,  ~ / P & P ,  
FY 72. (3)  Also see T a b l e  5.  

60(1)  H i s t  Rept ,  TOW PM, FY 75,  p .  1. ( 2 )  YICOFI An1 Rept of 
&j Actvs ,  FY 75, p. 47. 

6 1 ~ n f o  f u r n i s h e d  by Rober t  U. Biss, TOW P r o j  Ofc. 
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nMmHMm 
'TABLE 5 - m  'TOW Weapon System Procurement - U. S. Army 6 Marine Corps (U) - 

A s  OF 30 A p r i l  1976 

ACTUAL 

- ITEM FY 1969 F'Y 1970 FY 1 9 7 1  F'Y 1972 FY 1973 FY 1974 FY 1975 FY 1976 TOTAL- 

Launchers ,  MI51 211 174 350 350 0  1 , 6 1 8  1 , 0 4 1  1.893 5.637 

BGM-71A ( ' T a c t i c a l )  4 , 4 6 5  9 , 5 4 3  1 3 , 5 9 5  11 ,760 1 1 , 5 7 8  20,479 28,583 1 9 , 2 0 3  119,206 
W M - 7 1 ~  ( P r a c t i c e )  

T o t a l M i s s i l e s :  

T r a i n e r s ,  M70 1 7 7  
1 8  0  71 1 9  144 1 6 1  0  

1 , 0 8 5  857 2 ,090 240 722"' 3,094b1 1 . 8 0 8 ~ '  5 ,108 15 ,004 
5 , 5 5 0  10.400 15 ,685 1 2 , 0 0 0  1 2 , 3 0 0  23 ,573 30,391 24 ,311 134,210 

Mounting K i t s  
El233 (M113 APC) 
El225 (HZ74 MULE) 
M232 (H151A2 J e e p )  
k1236 (M151A2 J e e p )  

56 244 350 2E>/ 0  716 
514 0  2.148 

0  0  9  0  34 5  0  4  39 
4  5  0  0  0  204 1 , 2 9 3  1 , 3 3 7  0  2 ,879 

0  0  4 5  0  1 9 8  1.148 1 ,145 245 2 ,781 

- 

a / I n c l u d e s  300 p r o d u c t i o n  m i s s i l e s  bought w i t h  RDTE.money. 

k ' l n c l u d e s  148 p r o d u c t i o n  m i s s i l e s  bought w i t h  RDTE money. 

 includes 212 p r o d u c t i o n  m i s s i l e s  bought w i t h  RDTE money. 

L'Excludrs F i r s t  a r t i c l e  d e l i v e r e d  f o r  i n i t i a l  p r o d u c t i o n  t e s t .  

B a t t e r y  C h a r g e r s  

PLANNED TOTAL 
)Y 197T FY 1977 FY 1918 TOTAL I 

56 0  7  64 4 9  1 9 1  43  157 567 

DISTRIBUTION 

- -  

U. S. Army U.  S .  Marine Corps USA + USMC 
I t e m  - A c t u a l  P lanned T o t a l  A c t u a l  Planned T o t a l  A c t u a l  P lanned T o t a l  --------- 

M i s s i l e s  
BGM-71A ( T a c t i c a l )  
BTM-71A ( P r a c t i c e )  

T o t a l  M i s s i l e s :  

Launchers ,  M151 

Mounting K i t s  
M233 (M113 APC) 
HZ25 (M274 MULE) 
M232 (M151A2 J e e p )  
M236 (M151A2 J e e p )  

T r a i n e r s .  M70 

BatLery C h a r g e r s  

SOIIRCE: (1)  Rober t  U .  B l s s  6 Louis  E. Nevels .  TOW P r o j  Ofc .  (2)  AMC'TCM I tem 8176, 1 5  Uec 70. 



PEXA Investment  

LC) A s  of 30 June  1976, t h e  U .  S. Government had i n v e s t e d  
$838,800,000 i n  t h e  TOW i n d u s t r i a l  program. Planned procurement 
f o r  t h e  FY 1977-81 p e r i o d  amounted t o  $442,900,000, f o r  a  t o t a l  
p r o j e c t e d  inves tment  of $ l , 2 8 l ,  7OO,OOO ( s e e  T a b l e  6 ) .  The 30D 
M i l i t a r y  A s s i s t a n c e  Program (MAP) of $13.5 m i l l i o n  was a u t h o r i z e d  
f o r  J o r d a n  and Turkey (2,068 m i s s i l e s  and 88 l a u n c h e r s  f o r  t h e  
former  and 780 missiles and 56 l a u n c h e r s  f o r  t h e  l a t t e r ) .  TOW 
equipment f o r  t h e  Republ ic  of Vietnam (3,220 m i s s i l e s  and 1 4 1  
l a u n c h e r s )  was s u p p l i e d  from Army-funded p r o d u c t i o n .  6  2 

(U) A c o s t  growth of abou t  10.7 p e r c e n t  was r e p o r t e d  f o r  t h e  
Advance P r o d u c t i o n  Engineer ing  (APE) and I n d u s t r i a l  Eng ineer ing  
S e r v i c e s  (IES) e f f o r t  a t  Hughes A i r c r a f t .  The t o t a l  v a l u e  of t h e  
two APE c o n t r a c t s  (AMC-14824 and AXC-15537) i n c r e a s e d  from 
$3,962,578 t o  $6,551,724. Most of t h e  $2,589,146 c o s t  i n c r e a s e  
was a t t r i b u t e d  t o  problems w i t h  t h e  o r i g i n a l  w i r e  winding machine 
which had t o  b e  r e d e s i g n e d .  The t o t a l  v a l u e  o f  IES c o n t r a c t s  
c o v e r i n g  t h e  FY 1968-76 p e r i o d  i n c r e a s e d  from $58,864,326 t o  
$62,999,069, f o r  a  n e t  c o s t  growth o f  $4,134,743.  The major  
p o r t i o n  of t h e  IES c o s t  i n c r e a s e  stemme6 from e n g i n e e r i n g  changes 
t o  t o o l i n g ,  supp lementa l  fund ing  f o r  v a l u e  e n g i n e e r i n g ,  and t h e  
c o n t r a c t o r ' s  i n a b i l i t y  t o  perform w i t h i n  o r i g i n a l  t a r g e t  c o s t s . 6 3  
The APE and IES c o n t r a c t s  w i t h  Fughes A i r c r a f t  a r e  l i s t e d  i n  
Tab le  7 .  

F o r e i g n  P I i l i t a r y  S a l e s  (34s )  

(U) The TOW'S combat and c o s t  e f f e c t i v e n e s s ,  v e r s a t i l i t y ,  
and s i m p l i c i t y  made i t  one  of t h e  Army's most p c p u l a r  commodities.  
F o r e i g n  i n t e r e s t  i n  t h e  weapon system began t o  burgeon a t  t h e  t i n e  
o f  i t s  s e r v i c e  a v a i l a b i l i t y  i n  1970. By J u l y  1976,  t k e  ?!IRE 
HERCULES had recorded  t h e  g r e a t e s t  number of f o r e i g n  s a l e s  c a s e s  
and t h e  'rlAWK t h e  g r e a t e s t  d o l l a r  volume, b u t  t h e  TO\< h e l d  t h e  
r e c o r d  f o r  s a l e s  t o  t h e  g r e a t e s t  number of f o r e i g n  n a t i o n s . 6 L  

6 2 
(1) TOW SAR, 30 Jun  76.  (2)  PDIARS Scd D ,  3 1  Xay 76.  (3)  

Sum, FMS/~IAP Cases ,  30 Jun  76 ,  compiled by Mildred H. V h i t l o c k .  
A l l  i n  TOW P r o j  Ofc.  

63(1)  I n c l  t o  L t r ,  TOW PM t o  C G ,  4 ,  4 Feb 7 0 ,  s u b j  : Contr  
Per f  - Cost /Tech/Scds .  ( 2 )  Cost  Growth Data f u r n i s h e d  by P&P 3 i v ,  
TOV P r o j  Ofc ,  27 Aug 70. Eoth  i n  FDF. 

6 4 3 e  " o c k z i ,  1 6  Jun  76,  p.  1 6 .  



T a b l e  6 
(U) TOW PENT Funding Program ( A c t u a l  & P r o j e c t e d )  

( i n  m i l l i o n s  of d o l l a r s )  

I 
f 
1 TOTAL ACTUAL: 1 P r o j  e;;;;; 

I 

j 1977 
! 1978  

1979 

TOTAL PROJ'D: 

F i s c a l  Year 

1966 
1967 
1968  
1969 
1 9 7 0  
1 9 7 1  
1972  
1 9 7 3  
1974 
1975 
1976 

PBS 

4.9* 
7.4* 

.6  

. 4  

.1 

.1 

. 8  

Army 

1 5 . 1  
81.8 

107.0  
97.3 
55.6 
44.9 

% 

TOTAL 

4.9 
7.4 

15 .7  
82.2 

107 .1  
97.4 
55.6 
45.6 

138 .3  
132.0 
152 .6  

838.8  

9.4 
124 .5  
132.7  

75 .8  
67.8 
32.7 

442.9 

*Advance P r o d u c t i o n  E n g i n e e r i n g  (APE). O t h e r  P r o d u c t i o n  Ease  
Suppor t  (PBS) f u n d s  f o r  f a c i l i t i e s .  

SOURCE: (1 )  TOW S e l e c t e d  A c q u i s i t i o n  R e p o r t ,  30 J u n  76,  
(2 )  PEMARS Scd D ,  3 1  May 76 ( D O D ~ I I A P  Funds ) .  



TABLE 7-(U)  TOW APE and IES C o n t r a c t s  w i t h  Hughes A i r c r a f t  Company 

C o n t r a c t  Number Date  O r i g i n a l  Value T o t a l  Cost  Growth- a' F i n a l  Value- b' s o u r c e  

DA-01-021-AMC-14824 Apr 66)  
1)A-01-021-AMC-15537 Jun 66)  

$ 3 , 9 6 2 , 5 7 g 1  

Sep 67 
Jun 68 
Aug 69 
Sep 70 
Aug 71 
Jun  72 
Oct 73 
Oct 74 
Oct 75 

I l ' Includes c o n t r a c t  o v e r r u n s ,  added s u p p o r t ,  and p r i c e  a d j u s t m e n t s ;  sys tem performance,  q u a n t i t y ,  
t P 

It e n g i n e e r i n g ,  s c h e d u l e ,  economic, e s t i m a t i n g ,  and u n p r e d i c t a b l e  changes;  and added t a s k s .  
P 

J b'As o f  l a t e s t  d a t e  of  a v a i l a b l e  s o u r c e  documents. 

C /To ta l  f o r  2  APE c o n t r a c t s  (performance p e r i o d  1 5  Apr 66 t o  30 J u l  6 8 ) .  

SOURCES : 

Contr  Pe r f  Eva1 - Cost  Growth - A n a l y s i s ,  a t c h d  a s  i n c l  t o  L t r ,  TOW PM t o  CG, AMC, 4  Feb 70,  
s u b j :  Con t r  P e r f  - ~ o s t / T e c h / S c d s .  
(1 )  H i s t  Rep t ,  TOW PPI, FY 68. (2)  llICOP1 Contr  L i s t i n g s ,  1 Apr 74 ( F i n a l  Payment Nov 73) .  
(1 )  Ilist Rept ,  TOW PI.1, FY 68.  ( 2 )  MICOM Cont r  L i s t i n g s ,  1 Apr 74. 
(1)  Hist Rep t ,  TOW PM, FY 70. (2 )  MICOM Contr  L i s t i n g s ,  1 Apr 74. 
MICOM Cont r  L i s t i n g s ,  1 J u l  72 & 1 Apr 74. 
( 1 )  MICOM Contr  L i s t i n g s ,  1 J u l  72. (2 )  D/P&P Computer, 3  Aug 76. 
C o n t r a c t  724-1056 .  
C o n t r a c t  74-C-0261 (Mod. 9 ,  2 Dec 7 4 j .  
C o n t r a c t  75-C-0218 (Mod. 1 5 ,  12  J u l  76) .  
C o n t r a c t  76-C-0252. 



f i  A s  o f  30 J u n e  1976, a t o t a l  of 22 f o r e i g n  c o u n t r i e s  had 
a c q u i r e d  t h e  TOW weapon system f o r  t h e i r  armed f o r c e s :  Canada, 
Denmark, E thop ia ,  F e d e r a l  Republ ic  of Germany, Greece,  I r a n ,  
I s r a e l ,  I t a l y ,  J o r d a n  ( h W ) ,  Korea, Kuwait, Lebanon, Luxembourg, 
Morocco, NATO Maintenance & Supply Agency (NAMSA), N e t h e r l a n d s ,  
Norway, Oman, P a k i s t a n ,  Saudi  Arab ia ,  Turkey ( U P ) ,  and Republ ic  
of Vietnam (MAP). I n  a d d i t i o n  t o  t h e s e ,  Sweden was i n  t h e  p r o c e s s  
of e v a l u a t i n g  t h e  TOW w i t h  t h e  p o t e n t i a l  of a d o p t i o n ,  and e i g h t  
o t h e r  c o u n t r i e s  (Taiwan, Japan ,  Kenya, Spa in ,  Belgium, A u s t r a l i a ,  
Uni ted  Kingdom, and S w i t z e r l a n d )  had e x p r e s s e d  v a r y i n g  d e g r e e s  of 
i n t e r e s t  i n  a c q u i r i n g  t h e  system. The MMTSA Depot w a s  o f f i c i a l l y  
opened on  24 September 1975 t o  s u p p o r t  NATO (North  A t l a n t i c  T r e a t y  
O r g a n i z a t i o n )  cus tomers ,  and depo t  c a p a b i l i t i e s  were be ing  e s t a b -  
l i s h e d  i n  I r a n  and I s r a e l .  

(U) Firm TOW sales ( e x c l u s i v e  of MAP c a s e s )  as of  39  June  
1976 were  as f o l l o w s :  

M i s s i l e s  76,770 
Launchers  2,247 
Mounting K i t s :  

M233 (MI13 APC) 1 , 0 1 1  
M232 (FT15U2 J e e p )  1 , 0 0 3  
M236 (E115U2 J e e p )  9  7  2  

T r a i n e r s  24 2  
B a t t e r y  Chargers  1 3 1  

The e s t i m a t e d  v a l u e  of t h e s e  s a l e s  was $458 m i l l i o n .  About $69.2 
m i l l i o n  o r  1 5 . 1  p e r c e n t  o f  t h e  sales t o t a l  was b e i n g  r e t u r n e d  t o  
t h e  U .  S .  Treasury  a s  r e c o v e r y  of inves tment ,  t h u s  r e d u c i n g  t h e  
c o s t  of t h e  TOW f o r  U.  S. F o r c e s .  The recoupment of n o n r e c u r r i n g  
(RDTE and PDA) c o s t s  was a p r o r a t i o n  a g a i n s t  t h e  t o t a l  mS/DOD 

m i s s i l e  q u a n t i t y .  The i n i t i a l  p r o r a t i o n  of $358 p e r  round w a s  
r a i s e d  t o  t h e  e x i s t i n g  l e v e l  of $551, and a f u r t h e r  i n c r e a s e  t o  
$820 p e r  round was under  c o n s i d e r a t i o n .  65 

D e s c r i p t i o n  of t h e  S tandard  Weapon System 

(U) The s t a n d a r d  TOW Heavy A n t i t a n k I A s s a u l t  Weapon (FAW) w a s  
des igned  t o  s a t i s f y  a q u a l i t a t i v e  m a t e r i e l  r equ i rement  e s t a b l i s h e d  

65(1)  TOW SAR,30 J u n  76. (2)  TOW DAPR, 1 0  J u n  76.  Both i n  
TOW P r o j  Ofc. (3) In tvw,  M.  T. Cag le  w L o u i s  E. Nevels ,  TOLJ P r o j  
Ofc, 30 J u n  76.  (4)  In tvw,  M .  T. Cagle  w J e r r y  H.  Wise, TOW P r o i  
, X C ,  1 2  J u l  76. 



i n  J u l y  1958 and r ev i sed  i n  December 1964, as w e l l  a s  a require-  
ment s e t  f o r t h  i n  subparagraph 273b(10) of t h e  Combat Development 
Objec t ives  Guide. I n i t i a l l y  deployed i n  September 1970, i t  was 
capable of d e l i v e r i n g  f i r s t  round accu ra t e ,  e f f e c t i v e  f i r e  a g a i n s t  
t a r g e t s  from 65 t o  3,000 meters .  I n  i t s  primary a n t i t a n k  r o l e ,  
t h e  TOW was used t o  des t roy  formations of armored v e h i c l e s  be fo re  
t h e  enemy armor could be  brought t o  bear  e f f e c t i v e l y .  I n  t h e  
a s s a u l t  r o l e ,  it was employed aga ins t  v e h i c l e s ,  f i e l d  f o r t i f i c a -  
t i o n s ,  and emplacements. The TOW system was made organic  t o  
i n f a n t r y ,  mechanized i n f a n t r y ,  a i rbo rne ,  a i r  mobile,  and tank  
b a t t a l i o n s ,  and armored ca lva ry  squadrons. The TOW m i s s i l e  was 
a l s o  designated a s  t h e  p o i n t  t a r g e t  weapon on h e l i c o p t e r s  of 
s e l e c t e d  a v i a t i o n  u n i t s .  The b a s i c  weapon system had a four-man 
crew and could be f i r e d  from a ground t r i p o d  o r  from s p e c i f i c a l l y  
adapted veh ic l e s .  66 

(U) The TOW ground system was programmed t o  r e p l a c e  t h e  
wire-guided ENTAC a n t i t a n k  m i s s i l e  system and t h e  M40A1 106mm. 
r e c o i l l e s s  r i f l e  on a one-for-one b a s i s .  I n  a n t i c i p a t i o n  of t h i s ,  
t h e  Army had completed phaseout of t h e  ENTAC when t h e  TOW was 
s tandard ized  on 30 September 1970. A s  t h e  106mrn r e c o i l l e s s  r i f l e  
was replaced b t h e  TOW, it  was r e d i s t r i b u t e d  t o  t h e  r e s e r v e s  and 
depot s tocks .  6T Among t h e  b e n e f i t s  of TOW over t h e  M40A1 106- 
r e c o i l l e s s  r i f l e  were a r educ t ion  i n  gunner e r r o r ,  s i m p l i f i e d  
gunner t r a i n i n g ,  and a g r e a t l y  increased  h i t  c a p a b i l i t y  a g a i n s t  
moving t a r g e t s  a t  a l l  ranges from 65 t o  3,000 meters.  Other 
b e n e f i t s  included an increased  maximum e f f e c t i v e  range from 1,100 
t o  3,000 meters ,  and a r educ t ion  of s e v e r a l  hundred pounds i n  
launcher  system weight. 68 

(U) Major elements of t h e  s tandard  TOW weapon system were t h e  
guided m i s s i l e  subsystem, launcher  subsystem, v e h i c l e  mounting 
k i t s ,  t r a i n i n g  s e t ,  b a t t e r y  charger ,  and con tac t  support  s e t  (CSS). 
A b r i e f  d e s c r i p t i o n  fol lows.  

Guided M i s s i l e  Subsystem 

(U) The guided m i s s i l e  subsystem was comprised of t h e  m i s s i l e  

66 (1) TOW/HAW New Mate r i e l  In t roduc to ry  L t r  , r ev i sed  J u l  76. 
TOW P r o j  Ofc. (2) AMC TIR 24.1.8.1(2), Feb 68, s u b j :  HAW Sys 
(TOW), p. 1. RSIC. 

6 7 A M ~ ~ ~ ~  8176, 15  Dec 70, w i n c l s .  RSIC. 
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and i t s  con ta ine r .  There w e r e  two b a s i c  types  of missiles: t h e  
BGM-71A t a c t i c a l  m i s s i l e  w i th  a  h igh  explos ive  a n t i t a n k  (HEAT) 
warhead and t h e  BTM-71A p r a c t i c e  m i s s i l e  w i t h  an  i n e r t  warhead. 
The m i s s i l e  was s ea l ed  i n  a  t u b u l a r ,  f i b e r g l a s s ,  epoxy c o n t a i n e r  
a t  t h e  f a c t o r y  and was t r anspo r t ed ,  handled,  and f i r e d  wi thout  
being removed from t h e  con ta ine r  which served  a s  t h e  breech  end 
of  t h e  launch tube .  The encased m i s s i l e  was shipped from t h e  
f a c t o r y  i n  a  wooden overpack con ta in ing  contoured cushioning 
m a t e r i a l  t o  absorb shocks from t r a n s p o r t a t i o n ,  v i b r a t i o n ,  and 
drops.  

(U) Major components of t h e  s tandard  m i s s i l e  w e r e  t h e  war- 
head s e c t i o n ,  e l e c t r o n i c s  u n i t ,  gyroscope, thermal  b a t t e r i e s ,  
launch motor, f l i g h t  motor, f ou r  c o n t r o l  s u r f a c e s ,  four  wings,  
two w i r e  d i s p e n s e r s ,  i n f r a r e d  sou rce ,  and aluminum a i r f r ame .  
The f i n a l  m i s s i l e  was 5.8 inches  i n  diameter  and 46.5 i nches  
long,  and weighed 42 pounds. The encased m i s s i l e  ( m i s s i l e  p l u s  
con ta ine r )  was 50.5 inches  long and weighed 56 pounds. The 
encased m i s s i l e  i n  overpack weighed 86 pounds. 

(U) The MI54 shaped charge HEAT warhead was 5 inches  i n  
diameter  and weighed 8 pounds, i nc lud ing  5.3 pounds of Octol .  
The M812 f u z e  system cons i s t ed  of t h e  nose c r u s h  swi tch  assem- 
b l y  and t h e  s a f e t y  and arming device .  The fuze  was armed i n  no 
less than  30 meters and no more than  65 meters from t h e  launcher .  
The M220 i n e r t  warhead had t h e  same weight and dimensions a s  t h e  
HEAT warhead. 

(U) The MI14 launch motor,  which completed burning b e f o r e  
t h e  m i s s i l e  l e f t  t h e  launch tube ,  was 15 inches  long ,  had an 
o u t s i d e  diameter  of 2 .1  i nches ,  and contained fou r  s i n g l e  per- 
f o r a t e d  s t i c k s  of M-7 double-base s o l i d  p r o p e l l a n t  weighing 1.25 
pounds. It had a  muzzle v e l o c i t y  (end of boos t )  of 220 f e e t  per  
second. 

(U) The MI13 f l i g h t  motor had an  o u t s i d e  diameter  of 5.8 
i nches ,  was 7.5 inches  long excluding nozz l e s ,  and conta ined  5.7 
pounds of double-base s o l i d  p r o p e l l a n t  which achieved a  n e a r l y  
smokeless and f l ame le s s  burn. It i g n i t e d  about  12 meters forward 
o f  t h e  launch tube  and burned about  1 .5  seconds,  a c c e l e r a t i n g  t h e  
missile t o  a  maximum v e l o c i t y  of about  1 ,025 f e e t  per  second. 

(U) The missile e l e c t r o n i c s  u n i t  rece ived  c o r r e c t i v e  guidance 
s i g n a l s  from t h e  launcher  through t h e  w i r e  command l i n k ,  and yaw 
and r o l l  e r r o r  s i g n a l s  from t h e  m i s s i l e  gyroscope. These s i g n a l s  
were processed i n t o  commands which opera ted  t h e  so l eno id  va lves  
of t h e  c o n t r o l  s u r f a c e  a c t u a t o r s .  





(U) The w i r e  subsystem c o n s i s t e d  of two bobbins  of w i r e  
mounted i n  t h e  a f t  end of t h e  m i s s i l e .  C o r r e c t i n g  commands were 
t r a n s m i t t e d  d u r i n g  f l i g h t  o v e r  t h e  w i r e  l i n k  from t h e  l a u n c h e r  t o  
t h e  m i s s i l e .  A s i n g l e  0.005-inch d i a m e t e r  s t r a n d  of w i r e ,  having 
a  t e n s i l e  s t r e n g t h  of 530,000 pounds p e r  s q u a r e  i n c h  and c o a t e d  
w i t h  i n s u l a t i o n ,  was wound o n t o  each  o f  t h e  t a p e r e d  bobbins .  For  
t h e  b a s i c  TOV m i s s i l e ,  each  bobbin c o n t a i n e d  a b o u t  3079 m e t e r s  of 
w i r e .  

(U) The i n f r a r e d  s o u r c e  on t h e  a f t  end of t h e  m i s s i l e  sup- 
p l i e d  a  bean  of modulated energy  from t h e  m i s s i l e  t o  t h e  i n f r a r e d  
s e n s o r  on t h e  l auncher  f o r  p r e c i s i o n  t r a c k i n g  of t h e  m i s s i l e .  
The i n f r a r e d  s o u r c e  c o n s i s t e d  of a n  xenon a r c  lamp, ac e l e c t r o n i c  
modulator ,  and beam-forming o p t i c s .  The modulator  provided energy 
t o  t h e  lamp t o  start  t h e  a r c  and t h e n  main ta ined  t h e  a r c  ?:ith a 
modulated s i g n a l .  The o p t i c s  c o n s i s t e d  of a  r e f l e c t o r  and a  
s imple  l e n s  t o  form a  c o n c e n t r a t e d  beam of  r a d i a t e d  energy  from 
t h e  lamp. The l e n s  was coa ted  t o  f i l t e r  o u t  most of t5.e v i s i b l e  
r a d i a t i ~ n . ~ g  

Launcher Subsystem 

(U) The s t a n d a r d  l a u n c h e r  subsystem,  d e s i g n a t e d  a s  t h e  "151 
guided m i s s i l e  t u b u l a r  l a u c c h e r ,  weighed 1 7 3  pounds when a s s e n b l e d  
and was manportable .  The i n d i v i d u a l  a s s e m b l i e s  and t h e i r  we igh t s  
were as f o l l o w s : 7 0  

N i s s i l e  Guidance S e t  ( w i t h  B a t t e r y  Assembly) 53 l b s .  
B a t t e r y  Assembly 2h l b s  .+: 

O p t i c a l  S i g h t  32 l b s .  
T r a v e r s i n g  U n i t  56 l b s .  
Launch Tube 1 3  l b s .  
Tr ipod 2 1  l b s .  

<:Spare b a t t e r y  assembly n o t  i n c l u d e d  i n  t h e  t o t a l  
l a u n c h e r  we igh t .  

(2) A s  impl ied  by i t s  name, t h e  ~ i s s i l e  gu idance  s e t  p rov ided  
t h e  sys tem a u t o m a t i c  guidance.  Ir r e c e i v e d  and p rocessed  c i s s i l e  
i n f l i g h t  p o s i t i o n  s i g n a l s  from t h e  o p t i c a l  s i g h t  and t r a n s m i t t e d  
a p p r o p r i a t e  c o r r e c t i v e  gu idance  s i g n a l s  t o  t h e  m i s s i l e  d u r i n g  
f l i g h t .  Housed i n  a  p o r t a b l e ,  a l l - v e a t h e r  c a s e ,  t h e  n i s s i l e  
gu idance  s e t  con ta ined  s i x  p r i n t e d  c i r c u i t  boards  des igned  f c r  

7'13~ Tnp C i r  23-23, J u l  7 Q .  TO!.: P r o j  Gfc. 



r a p i d  f a u l t  i s o l a t i o n  and rep lacement .  

(U) Power f o r  t h e  l a u n c h e r  was p rov ided  by a  r e c h a r g e a b l e  
b a t t e r y  assembly c a r r i e d  i n  t h e  m i s s i l e  guidance s e t .  The 
a s s e n b l y  w a s  a t h r e e - s e c t i o n  nickel-cadmium-potassium hydrox ide  
d e s i g n  c o n t a i n i n g  one 24-volt  and two 50-vol t  s e c t i o n s .  A s p a r e  
b a t t e r y  assembly was i s s u e d  w i t h  each  m i s s i l e  gu idance  s e t  t o  
p r o v i d e  f o r  r e c h a r g i n g .  

(U) The purpose  of t h e  o p t i c a l  s i g h t  was t o  e s t a b l i s h  t h e  
g u n n e r ' s  l i n e .  of s i g h t  and t o  d e t e c t  t h e  d e v i a t i o n  o f  t h e  m i s s i l e  
from t h i s  l i n e .  The u n i t  c o n s i s t e d  of 13-power o p t i c s  f o r  
t r a c k i n g  t h e  t a r g e t  and a  d u a l - f i e l d  i n f r a r e d  sensor-a wide 
f i e l d  of v iew f o r  m i s s i l e  a c q u i s i t i o n  and a  narrow f i e l d  f o r  
a c h i e v i n g  t h e  r e q u i r e d  accuracy  a t  l o n g  r a n g e .  The o p t i c a l  s i g h t  
was a t t a c h e d  t o  t h e  t r a v e r s i n g  u n i t  by a  mechanism t h a t  p e r m i t t e d  
r a p i d  mechanical  and e l e c t r i c a l  c o n n e c t i o n .  The s e n s o r  was 
a c t i v a t e d  by t r i g g e r  a c t i o n  and o p e r a t e d  u n t i l  t h e  m i s s i l e  
c o n t a i n e r  was removed from t h e  l a u n c h e r .  The o p t i c a l  s i g h t  a l s o  
provided a  mounting s u r f a c e  f o r  t h e  n i q h t  s i g h t .  

(U) The t r a v e r s i n g  u n i t  p rov ided  f o r  t h e  r e q u i r e d  t a r g e t  
t r a c k i n g  a c c u r a c y ,  s e r v e d  a s  t h e  mounting f i x t u r e  f o r  t h e  l aunch  
t u b e  and o p t i c a l  s i g h t ,  and p rov ided  f o r  t h e  e l e c t r i c a l  connec- 
t i o n  between t h e  m i s s i l e ,  t h e  o p t i c a l  s i g h t ,  and t h e  m i s s i l e  
gu idance  se t .  Launcher s l e w  prov ided  azimuth p o s i t i c n i n g ;  
e l e v a t i o n  p o s i t i o n i n g  was o b t a i n e d  by r o t a t i n g  t h e  c o n t r o l  knobs.  

(U) The f u n c t i o n  of t h e  l a u n c h  t u b e  was t o  p o s i t i o n  t h e  
encased m i s s i l e  i n  t h e  l a u n c h e r ,  p r o v i d e  m i s s i l e  s t a b i l i t y  d u r i n g  
t h e  i n i t i a l  p e r i o d  of t r a v e l ,  and p r o t e c t  t h e  gunner from l a u n c h  
motor e x h a u s t .  To accomodate t h e  m i s s i l e  c o n t a i n e r ,  which s e r v e d  
a l s o  a s  a r e a r  e x t e n s i o n  o f  t h e  l a u n c h  t u b e ,  t h e  d i a m e t e r  o f  t h e  
b r e e c h  was l a r g e r  t h a n  t h a t  of t h e  r e s t  o f  t h e  t u b e .  A quic!c-, 
r e l e a s e  l a t c h  s e c u r e d  t h e  l a u n c h  t u b e  t o  t h e  t r a v e r s i n g  u n i t . "  

V e h i c l e  Nounting K i t s  - 

(U) V e h i c l e  mounting k i t s  were  p rov ided  t o  mount t h e  TOT? 
weapon system o n  t h e  hill3Al APC, t h e  X151A2 1 /4 - ton  t r u c k ,  and 
t h e  M274A5 112-ton t r u c k  (mechanical  mule ) .  The t r i p o d  was 
c a r r i e d  c n  each f i r i n g  v e h i c l e .  A l l  k i t s  were des igned  f o r  r a n i d  
dismount of t h e  weapon f o r  ground deployment.  

71T~~l/EAK ::el, !fat I n t r o d u c t o r y  L t r ,  r e v i s e d  3 u l  7 6 .  TCIC 
P r o j  Ofc. 
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(U) The PI233 k i t  f o r  t h e  N113A1 APC provided f o r  stowage of 
t h e  TOW l a u n c h e r ,  1 0  m i s s i l e s ,  and t h e  four-man TOSJ crew w i t h i n  
t h e  v e h i c l e .  For o p e r a t i o n ,  t h e  l a u n c h e r  w a s  r a i s e d  th rough  t h e  
roof  h a t c h  t o  t h e  f i r i n g  p o s i t i o n  above t h e  v e h i c l e .  T h i s  could  
be  done w i t h i n  1 0  seconds .  Once r a i s e d  t o  t h e  f i r i n g  p o s i t i o n ,  
t h e  weapon o p e r a t e d  i n  t h e  same manner a s  on t h e  ground t r i p o d .  
The v e h i c l e  was c a p a b l e  of l i m i t e d  c r o s s  c o u n t r y  t r a v e l  w i t h  t h e  
l a u n c h e r  i n  t h e  r a i s e d  p o s i t i o n .  The APCITOW w a s  des igned  p r i -  
m a r i l y  f o r  u s e  by mechanized i n f a n t r y .  

(U) Two v e h i c l e s ,  each  w i t h  a n  a d a p t e r  k i t ,  were r e q u i r e d  
when employing t h e  TOW w i t h  t h e  M151A2 114-ton j e e p .  The f i r i n g  
v e h i c l e ,  w i t h  t h e  ?I232 mounting k i t ,  c a r r i e d  t h e  complete  TOW 
l a u n c h e r ,  two m i s s i l e s ,  and two of  t h e  crew. The second v e h i c l e ,  
w i t h  t h e  M236 k i t ,  c a r r i e d  s i x  m i s s i l e s  i n  r a c k s ,  t h e  remain ing  
two crewmembers, and t h e  s e c t i o n ' s  i n d i v i d u a l  equipment. The 
j e e p / ~ O ~  w a s  des igned  f o r  u s e  by i n f a n t r y  b a t t a l i o n s  and s e y a r a t e  
i n f a n t r y  b r i g a d e s .  

(E)  The M274 v e h i c l e  w i t h  t h e  M225 mounting 1c.i.t c a r r i e d  t h e  
complete  TOW weapon and s i x  encased m i s s i l e s .  F i r i n g  f rom t h e  
v e h i c l e  w a s  accomplished by t h e  gunner s t a n d i n g  a l o n g s i d e  t h e  
f i r i n g  p l a t f o r m .  The 1 1 2 - t o n 1 ~ 0 ~  was des igned  f o r  u s e  by a i r n o b i l e  
and a i r b o r n e  b a t t a l i o n s .  72  

T r a i n i n g  S e t  

( U )  The M70 t r a i n i n g  s e t  c o n s i s t e d  of t h e  i n s t r u c t o r s  c o n s o l e ,  
m i s s i l e  s i m u l a t i o n  round,  t a r g e t  s o u r c e ,  t a r g e t  b o a r d ,  power supp ly  
modula to r ,  and a s s o c i a t e d  c a b l e s .  The t a r g e t  s o u r c e ,  t a r g e t  board ,  
power supp ly  modulator ,  and two of t h e  t h r e e  c a b l e s  were a l s o  used 
f o r  t r a i n i n g  w i t h  t h e  DRAGON weapon system.  The m i s s i l e  s i ~ u l a t i o n  
round,  p rov ided  on t h e  b a s i s  of one per  l a u n c h e r ,  was used  f o r  
t r a i n i n g  i n  TOW h a n d l i n g ,  l o a d i n g ,  t r a c k i n g ,  f i r i n g ,  and un load ing .  
I n  o p e r a t i o n ,  t h e  m i s s i l e  s i m u l a t i o n  round was p laced  i n  t h e  
l a u n c h e r  i n  l i e u  of t h e  encased m i s s i l e .  A b l a s t  s i m u l a t i o n  d e v i c e  
connected i n t o  t h e  a f t  end of t h e  s i m u l a t i o n  round prcduced e f f e c t s  
which were r e p r e s e n t a t i v e  of t h e  TOW m i s s i l e  b l a s t .  

B a t t e r y  Charger  

(U) The TOW-peculiar b a t t e r y  c h a r g e r  was prov ided  f o r  
charg ing  t h e  b a t t e r i e s  used i n  t h e  m i s s i l e  guidance s e t  and 
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i n s t r u c t o r s  c o n s o l e .  T h i s  semi-automatic c h a r g e r  was c a p a b l e  of 
c h a r g i n g  two TOW b a t t e r i e s  s i m u l t a n e o u s l y  o r  i n d e p e n d e n t l y .  Once 
a b a t t e r y  was connected and t h e  c h a r g e r  s t a r t e d ,  t h e  remaining 
sequence was au tomat ic .  The maximum t ime  f o r  t h e  comple te  
d i scharge-charge  c y c l e  was 6 .5  hours .  

Shop Equipment, Contac t  Support  S e t  

(U) The c o n t a c t  s u p p o r t  s e t  (CSS) p rov ided  a h i g h l y  mobi le ,  
manual f a u l t  i s o l a t i o n  c a p a b i l i t y  i n  d i r e c t  s u p p o r t  of TOW. It 
c o u l d  a l s o  s u p p o r t  t h e  DRAGON weapon system.  The s e t  c o n s i s t e d  
of a s t a n d a r d  m i l i t a r y  e l e c t r o n i c s  s h e l t e r  equipped w i t h  b a t t e r y  
power m u l t i m e t e r  and o s c i l l o s c o p e ,  b reakout  boxes ,  and i n t e r -  
c o n n e c t i n g  c a b l e s .  Mountable on t h e  M715 1 114-ton t r u c k ,  t h e  
s h e l t e r  was equipped w i t h  h e a t e r ,  f a n ,  exhaus t  b lower ,  l i g h t s ,  
and e l e c t r i c a l  o u t l e t s .  E l e c t r i c a l  power was provided from t h e  
t r u c k .  

Land Combat Support  System (LCSS) 

(U) The LCSS was a m u l t i s y s t e m  u n i t  c a p a b l e  of s u p p o r t i n g  
t h e  TOW, LANCE, DRAGON, and SHILLELAGH m i s s i l e  sys tems ,  as w e l l  
as s e l f - t e s t  s u p p o r t  of i t s  own components. I t  was comprised o f  
two major  i t e m s :  t h e  AMITSM-93 t e s t  s t a t i o n ,  guided m i s s i l e  
sys tem,  and t h e  ANl75M-94 shop equipment,  guided m i s s i l e .  Xobi l -  
i t y  f o r  t h e  shop equipment was rov ided  by a 5- ton,  M55 t r u c k  
w i t h  a n  e x t r a  l o n g  wheel base .  75 

7 3 ~ ~ ~ / ~ ~  New Mat I n t r o d u c t o r y  L t r ,  r e v i s e d  J u l  76. T9i.T P r o j  
Ofc. 
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CHAPTER V I  

(@ PRODUCT IIPROVEMENT PROGRAM (U) 

#! Although t h e  TOW weapon system committed t o  t h e  f i e l d  i n  
September 1970 provided a  major improvement over t he  106mm r e c o i l -  
l e s s  r i f l e ,  i t  posgessed s e v e r a l  o p e r a t i o n a l  l i m i t a t i o n s  which 
needed t o  be e l imina ted .  Chief among these  were t h e  l a c k  of an 
adequate  n igh t  f i r i n g  c a p a b i l i t y ,  s u s c e p t i b i l i t y  of t h e  system t o  
r a d i o  frequency and i n f r a r e d  i n t e r f e r e n c e ,  and t h e  adverse e f f e c t  
of gusty c ros s  winds on system accuracy. Among o the r  product 
improvements addressed a f t e r  s t a n d a r d i z a t i o n  of t h e  b a s i c  system 
were an ex tens ion  of t h e  maximum m i s s i l e  range t o  provide an 
increased  p r o t e c t i v e  s tandoff  f o r  h e l i c o p t e r s ,  and development of 
t h e  under armor TOW f o r  p r o t e c t i o n  of t h e  weapon system and gunner 
a g a i n s t  a r t i l l e r y  round fragments.  

Continuat ion of t h e  Night S ight  Program 

(U) As  s t a t e d  e a r l i e r  i n  t h i s  s tudy ,  t h e  E lec t ron ic s  Command 
(ECOM) Night Vis ion  Labora tor ies  began f e a s i b i l i t y  s t u d i e s  of t h e  

n i g h t  s i g h t  i n  A p r i l  1965. A t  t he  t ime of t h e  TOW pro to type  IPR 
i n  May 1966, t h e  n i g h t  s i g h t  program was cont inuing  a t  a  r a t e  
c o n s i s t e n t  wi th  t h e  TOW development and deployment schedule.  
However, subsequent t e c h n i c a l  problems delayed engineer ing  des ign  
t e s t i n g  of t h e  gated and thermal n i g h t  s i g h t  concepts ,  and t h e  
s e l e c t i o n  of one system f o r  t h e  TOW was rescheduled from March 
1968 t o  October 1968. When t h e  TOW system was c l a s s i f i e d  a s  
Standard A i n  September 1970, t h e  n i g h t  s i g h t  had f a l l e n  4 pears  
behind schedule ,  i t s  a v a i l a b i l i t y  f o r  f i e l d  use  having been 
extended t o  t he  f a l l  of 1974. l  For reasons  noted below, t h e  
f i e l d  a v a i l a b i l i t y  d a t e  was subsequent ly s l i pped  5 more years  
t o  March 1979. 

(U) The Night Vision Labora to r i e s  (NVL) of ECOM completed 
engineer ing  des ign  t e s t i n g  of t h e  thermal  and gated n igh t  s i g h t s  
i n  September 1968, and submit ted t h e i r  r e p o r t  and recommendations 
t o  t h e  TOW P r o j e c t  Manager i n  October. On 18  Yarch 1969, a f t e r  
an  eva lua t ion  of t h e  concepts ,  t h e  TOW P r o j e c t  Manager announced 

'see above, pp. 62-63, 75-76, 105. 



that t h e  g a t e d  n i g h t  s i g h t  had been s e l e c t e d  f o r  con t inued  develop- 
ment. Although NVL had n e g o t i a t e d  a development c o n t r a c t  w i t h  
E l e c t r o - O p t i c a l  System, I n c . ,  s i g n i n g  of t h e  c o n t r a c t  was de layed  
pending f i r m  FY 1970 RDTE f u n d i n g  guidance.  The ccantract  w a s  
f i n a l l y  s i g n e d  on 1 9  March 1970,  f o l l o w i n g  DA a p p r o v a l  o f  t h e  
n i g h t  s i g h t  program on 27 February  1970. It prov ided  f o r  eng ineer -  
i n g  documentat ion and hardware  f o r  comple t ion  o f  t e s t i n g  th roygh  
ETIST and f o r  a s m a l l  p i l o t  p r o d u c t i o n  l i n e  q u a n t i t y .  The n i g h t  
s i g h t  was t o  b e  dep loyed  w i t h  t a c t i c a l  TOW u n i t s  i n  1974.2  

(U) Engineer ing  development of t h e  g a t e d  n i g h t  s i g h t  con t inued  
th rough  FY 1971,  and e n g i n e e r i n g  s e r v i c e  tests commenced a t  White 
Sands N i s s i l e  Range (WSMR) i n  1972. The ETIST program was h a l t e d  
i n  mid-1972, when t h e  Department o f  t h e  Army (DA) d i r e c t e d  t h a t  
t h e  n i g h t  s i g h t  hardware b e  sh ipped  t o  t h e  Republ ic  o f  Vietnam 
(RVN). The s i g h t s  were e v a l u a t e d  w h i l e  deployed w i t h  RVN u n i t s  
from August 1972 th rough  February  1973. By t h e  end of FY 1973,  
t h e  g a t e d  n i g h t  s i g h t  program had been t e r m i n a t e d  i n  f a v o r  of t h e  
t h e r m a l  c o n c e p t  b e i n g  developed f o r  t h e  DRAGON medium a n t i t a n k  
weapon system. Twenty g a t e d  n i g h t  s i g h t s  had been b u i l t  a t  a 
t o t a l  c o s t  of $10 m i l l i o n ,  which was p a i d  by NVL as p a r t  o f  t h e  
g e n e r a l  n i g h t  v i s i o n  program. 

(U) C o m p a t i b i l i t y  tests,  i n c l u d i n g  n i g h t  f i r i n g s ,  had d i s -  
c l o s e d  t h a t  b o t h  t h e  DRAGON g a t e d  and the rmal  n i g h t  s i g h t s  were 
compat ib le  w i t h  t h e  TOW system. A f t e r  t h e  DRAGON P r o j e c t  O f f i c e  
s e l e c t e d  t h e  ANITAS-3 t h e r m a l  n i g h t  s i g h t  f o r  follow-on develop- 
ment, t h e  TOW P r o j e c t  Manager r e c e i v e d  guidance t o  u s e  i t  as a n  
i n t e r i m  n i g h t  s i g h t  f o r  t h e  TOW. 

(U) During FY 1973,  DA approved t h e  M a t e r i e l  Need (?IN) f o r  a 
TOW t h e r m a l  n i g h t  s i g h t  and accorded  t h e  program P r i o r i t y  I. The 
MN r e q u i r e m e n t s  i n c l u d e d  r a n g e  c a p a b i l i t i e s  under  c l e a r  a i r  
c o n d i t i o n s  o f  2,500 t o  3 ,000 m e t e r s  t a r g e t  d e t e c t i o n ,  1 , 5 0 0  t o  
2,000 meters t a r g e t  r e c o g n i t i o n ,  and 500 t o  750 meters t a r g e t  
i d e n t i f i c a t i o n .  The TOW t h e r m a l  n i g h t  s i g h t ,  d e s i g n a t e d  as t h e  
ANITAS-4, would r e p l a c e  t h e  DRAGON t h e r m a l  n i g h t  s i g h t  (AI?/TiiS-3) 
d e s i g n a t e d  f o r  i n t e r i m  TOW u s e .  

(U) L ike  t h e  g a t e d  n i g h t  s i g h t ,  t h e  i n t e r i m  ANITAS-3 the rmal  
s i g h t  was developed bu t  n e v e r  r e l e a s e d  f o r  p r o d u c t i o n  and f i e l d  
u s e .  P a r a l l e l  TOWIDRAGON d e s i g n  and o p e r a t i o n a l  tests of t h e  
ANITAS-3 were s u c c e s s f u l l y  completed;  however, members of t h e  
development a c c e p t a n c e  IPR recommended that t h e  u n i t  n o t  be t y p e  

2 ( 1 )  H i s t  R e p t s ,  TOW PM: FY 69, p. 8 ;  FY 70, p.  8 .  (2)  TOW 
PMzP, 30 Jun  69,  p. 1 .2 .5 .  HDF. 



c l a s s i f i e d  and procured.  Consequently,  t h e  p l an  t o  use t h e  AN/ 
TAS-3 a s  t h e  i n t e r i m  n i g h t  s i g h t  f o r  TOW was cance l l ed .3  

(U) Meanwhile, t h e  TOW thermal  n i g h t  s i g h t  (ANITAS-4) program 
was begun i n  FY 1973, w i t h  compet i t ion  among t h e  P h i l i p s  Broadcast 
Equipment Corporat ion ( t h e  DRAGON n i g h t  s i g h t  deve lope r ) ,  t h e  
Hughes A i r c r a f t  Company, and t h e  Texas Ins t ruments  Company. 
P h i l i p s  o f f e r e d  a  moderate performance system which was b a s i c a l l y  
t h e  DRAGON n i g h t  s i g h t  w i t h  a  l a r g e r  o b j e c t i v e  l e n s .  The Hughes 
and Texas Ins t ruments  n i g h t  s i g h t s  were h igh  performance systems. 
Competit ive e v a l u a t i o n  of  t h e  t h r e e  pro to types  was completed i n  
June 1973 and t h e  v a l i d a t i o n  IPR was he ld  a t  NVL on 1 9  J u l y .  The 
review p a r t i c i p a n t s  recormended t h a t  engineer ing  development be  
i n i t i a t e d  on t h e  h igh  performance concepts .  Award of t h e  c o n t r a c t s ,  
however, had t o  awai t  a  DA d e c i s i o n  on t h e  n i g h t  s i g h t  commonality 
program. 4 

(U) The Army Materiel Command had taken  a c t i o n  t o  i n s u r e  
commonality of n i g h t  v i s i o n  dev ices  o r  components, i n  accordance 
w i t h  a  d i r e c t i v e  i s sued  by t h e  O f f i c e  of t h e  Chief ,  Research and 
Development (OCRD) i n  February 1971. The Night Vis ion  Labora to r i e s  
of  ECOM was des igna ted  a s  t h e  U. S. Arrny Lead Laboratory f o r  
developing n i g h t  v i s i o n  devices .  F u r t h e r ,  under t h e  a e g i s  of t h e  
J o i n t  L o g i s t i c  Commanders, a  J o i n t  Technical  Coordinat ing Group 
(JTCG) was e s t a b l i s h e d  f o r  coo rd ina t ion ,  e l i m i n a t i o n  of d u p l i c a t i v e  
e f f o r t s ,  and achievement of procurement economics based on compo- 
nen t  commonality. Composed of r e p r e s e n t a t i v e s  of t h e  t h r e e  
s e r v i c e s  and cha i r ed  by t h e  d i r e c t o r  of t h e  Army NVL, t h e  JTCG was 
charged .wi th  implementing a  DOD-wide thermal  imager s t a n d a r d i z a t i o n  
program which was expected t o  reduce development and product ion  
c o s t s  by 50 percent .  The o b j e c t i v e  was a  b a s i c  set of b u i l d i n g  
b lock  components t h a t  would meet commonality of p a r t s  goa l s  i n  
des ign ing  systems t o  meet s p e c i a l i z e d  requirements  of each of t h e  
m i l i t a r y  s e r v i c e s .  

(U)  A s tudy  completed i n  January 1973 by t h e  O f f i c e  of t h e  
D i r e c t o r  of Defense Research and Engineer ing (DDRE) revea led  t h a t  
t h e  Army, Navy, and A i r  Force c o l l e c t i v e l y  had a t  l e a s t  200 f a r -  
i n f r a r e d  ( thermal)  systems,  us ing  30 d i f f e r e n t  de s igns ,  e i t h e r  i n  

3(1)  H i s t  Repts ,  TOW PM, FY 1972-75. HDF. (2) DA Study of 
Cost Growth i n  Acqu i s i t i on  of t h e  TOW Wpn Sys ( d r a f t ) ,  27 J u l  76, 
p. 12. TOW Pro j  Ofc. 

4 (1 )  H i s t  Rept ,  TOW PM, FY 74. (2) TOW RECAP Presn by COL R. 
W. Huntzinger ,  t o  DCG, Mat Acq, AMC, 22 Aug 73, pp. 10 ,  34. Both 
i n  HDF. 



inventory  o r  under development. A subsequent Army review of on- 
going programs revea led  t h a t  commonality of  f a r - i n f r a r e d  systems/ 
components was f e a s i b l e  among m i s s i l e  n i g h t  s i g h t s  and t r i p o d  and 
veh icu la r  mounted systems. The Deputy Cormanding General f o r  
Ma te r i e l  Acquis i t ion ,  AMC, on 16 J u l y  1973, recommended approval  
of a c t i o n s  t o  implement t h e  adopt ion  of s tandard  modules f o r  
c e r t a i n  thermal imaging a p p l i c a t i o n s  .5 

(U) The Deputy Chief of Research and Development approved t h e  
concept of  s tandard  modules f o r  thermal  imaging a p p l i c a t i o n s  on 
21 September 1973. Because of weight ,  power, and performance 
c o n s t r a i n t s ,  complete u n i v e r s a l i t y  of components was no t  p r a c t i c a l .  
The concept of s t anda rd  modules embraced two gene ra l  f a m i l i e s  of 
thermal imaging systems: manportable and v e h i c u l a r / a i r c r a f t  
app l i ca t ions .  Within each of t h e s e  f a m i l i e s ,  common modules o r  
subsystems would be developed t o  reduce c o s t s  and l e s s e n  l o g i s t i c s .  
The manportable family encompassed a p p l i c a t i o n s  f o r  t h e  TOW and 
DRAGON n i g h t  s i g h t s ,  t h e  Night Observat ion Device, Long Range 
(NODLR), and t h e  Ground Laser Locator Designator  (GLLD). The 
v e h i c u l a r / a i r c r a f t  mounted fami ly ,  r e q u i r i n g  h ighe r  performance 
and power, included t h e  M60 tank  thermal s i g h t ,  t h e  CHAPARRAL 
t a r g e t  a c q u i s i t i o n  a i d ,  and s i g h t s  f o r  t h e  new XM-1 b a t t l e  tank 
and h e l i c o p t e r s .  6 

(U) Approval of t h e  v a l i d a t i o n  IPR recommendations f o r  engi- 
nee r ing  development of t h e  h igh  performance concepts  e l imina ted  
t h e  P h i l i p s  system from competi t ion.  The Department of t h e  Army 
d i r e c t e d  development of t h e  h igh  performance thermal  n igh t  s i g h t s  
proposed by Hughes A i r c r a f t  and Texas Instruments .  Engineering 
development of t h e  manportable thermal  n i g h t  s i g h t s  f i n a l l y  got  
underway wi th  t h e  award of c o n t r a c t s  t o  Texas Instruments  and 
Hughes A i r c r a f t  on 1 8  December 1973.7 The c o n t r a c t s ,  a s  i n i t i a l l y  
awarded, r equ i r ed  d e l i v e r y  of TOW n i g h t  s i g h t  pro to types  f o r  R&D 
acceptance t e s t s  .(RDAT) which were t o  begin i n  February 1975. I n  
June 1974, t h e  c o n t r a c t s  were modified t o  inc lude  d e l i v e r y  of 
DRAGON, GLLD, and NODLR hardware. The p l a n  was t o  c a r r y  both 

'(1) L t r ,  DCG, Mat Acq, AMC, t o  HQ DA, 16  J u l  73, s u b j :  Com- 
monal i ty  i n  Far  I R  Systems. HDF. (2) A r m y  Besearch and  Develop- 
ment iVms Magazine, Vol. 15 ,  No. 3, May-Jun 74, p. 16 .  

6 (1 )  L t r ,  Dep CRD, DA, t o  Cdr, AMC, 21 Sep 73, sub j :  Common- 
a l i t y  i n  Far  I R  Systems. ( 2 )  H i s t  Rept ,  TOW PM, FY 74. Both i n  
HDF . 

7 
(1) a i d .  ( 2 )  TOW RECAP Presn by COL R .  W .  Huntzinger,  t o  

DCG, Mat Acq, AMC, 8 Jan 74, pp. 1 0 ,  14 .  HDF. 



c o n t r a c t o r s  i n  a  compet i t ive  pro to typing  s i t u a t i o n  through t h e  
q u a l i f i c a t i o n  and RDAT phase of engineer ing  development, then  
s e l e c t  one c o n t r a c t o r  f o r  Development Tes t /Opera t iona l  Test  I1 
(DT/OT 11)  hardware and follow-on f u l l - s c a l e  development. 

(U) Ear ly  i n  FY 1975, both c o n t r a c t o r s  n o t i f i e d  t h e  Army of 
s i z a b l e  p ro j ec t ed  c o s t  overruns.  To cont inue  t h e  program wi th in  
a v a i l a b l e  funds, t h e  c o n t r a c t s  were r e s t r u c t u r e d  by reducing 
requirements  and conver t ing  t o  f i x e d  p r i c e .  The n i g h t  s i g h t  
pro to types  were de l ive red  i n  February 1975, and t h e  PaAT program 
was s u c c e s s f u l l y  completed on schedule i n  e a r l y  June 1975. The 
eva lua t ion  included m i s s i l e  f i r i n g s ,  t a r g e t  a c q u i s i t i o n  range 
t e s t s ,  and v e h i c l e  road t e s t s . 8  

(U) During FY 1975, t h e r e  was cons ide rab le  p re s su re  by h igher  
headquar te rs  t o  a c c e l e r a t e  t h e  TOW n i g h t  s i g h t  f i e l d  a v a i l a b i l i t y  
d a t e  of March 1979. The f i n a l  p lan  f o r  accomplishing t h e  acce l e r -  
a t i o n  c a l l e d  f o r  procurement of t h e  n igh t  s i g h t s  wi th  a  c o n t r a c t  
award concurrent  wi th  con t inua t ion  of t h e  development program and 
f o r  f i e l d i n g  of t h e  u n i t s  wi th  c o n t r a c t o r  l o g i s t i c  suppor t .  I n  
June 1975, however, t h e  U. S. Army, Europe (USAIIEUX) r e j e c t e d  t h i s  
p lan ,  e l e c t i n g  t o  wa i t  f o r  f i e l d i n g  u n t i l  a l l  develcpment t e s t i n g  
had been completed and t h e  Army l o g i s t i c  support  p lan  had been 
f i n a l i z e d .  9  

@ Requests f o r  quo ta t ion  f o r  t h e  DT/OT I1 and Low Ra 
I n i t i a l  Product ion (LRIP) phases were i ssued  t o  Texas Instrum % n t s  
and Hughes A i r c r a f t  i n  May 1975.10 The source s e l e c t i o n  conference 
he ld  i n  September 1975 r e s u l t e d  i n  t h e  award of a  c o n t r a c t  t o  Texas 
Instruments  on 17 October 1975 f o r  DT/OT I1 hardware and follow-on 
f u l l - s c a l e  development of t h e  manportable common thermal n i g h t  
s i g h t s .  Texas Instruments  s u c c e s s f u l l y  completed t h e  DT I1 con- 
t r a c t o r  t e s t s  i n  March and Apr i l  1976, and s e n t  t h e  s i g h t s  t o  NVL 
f o r  b a s e l i n e  examination be fo re  shipment t o  White Sands M i s s i l e  
Range. The DT I1 t e s t s  a t  White Sanis  were t o  be conducted by 
TECOM dur ing  t h e  period June 1976 t o  March 1977. The OT I1 t e s t s  
by USAREUR were scheduled t o  begin i n  September 1976 and cont inue 
through November 1976. The TOW n i g h t  s i g h t  was expected t o  be 
ready f o r  produc:ion and type  c l a s s i f i c a t i o n  a s  Standard A i n  

8 ~ i s t  Rept, TOW PM, FY 75. HDF. 

'(1) TT,  Cdr, M I C O N ,  t o  Cdr, AMC, 1 Aug 74, subj  : Commonality 
Night Vision Devices. . ( 2 )  H i s t  Rept,  TOW PM, FY 75. ( 3 )  TOW 
RECAP Presn by COL R. W. Huntzinger,  t o  AMC, 1 J u l  75, pp. 1 5 ,  27. 
A l l  i n  HDF. 
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FY 1977, DT/OT 111 i n  1978, and r e l e a s e  f o r  deployment w i th  u n i t s  
i n  USAREUR i n  March 1979.11 

(U) Pending a v a i l a b i l i t y  of t h e  TOW n i g h t  s i g h t ,  t h e  n i g h t  
f i r i n g  c a p a b i l i t y  f o r  t h e  t a c t i c a l  weapon system was provided by 
s tandard  Army f l a r e s  and s e a r c h l i g h t s .  The n i g h t  s i g h t  under 
development by Texas Instruments  incorpora ted  t h e  l a t e s t  thermal  
imaging techniques  (de t ec t ing  and d i sp l ay ing  t h e  d i f f e r e n c e  i n  
hea t  r a d i a t e d  between a  t a r g e t  and i t s  background). It was 
expected t o  provide  a  c a p a b i l i t y  of engaging t a r g e t s  i n  darkness  
out  t o  ranges n e a r l y  equal  t o  TOW'S d a y l i g h t  c a p a b i l i t y .  Weighing 
l e s s  t han  18 pounds, t h e  n i g h t  s i g h t  would be  mounted on t h e  
b racke t  on t o p  of t h e  TOW o p t i c a l  s i g h t ,  a s  shown i n  t h e  accom- 
panying photograph.12 

(U) The manportable common thermal  n igh t  s i g h t  fami ly  con- 
s i s t e d  of t h e  ANITAS-4 f o r  t h e  TOW and GLLD, t h e  ANITAS-5 f o r  t h e  
DRAGON, and t h e  ANITAS-6 f o r  t h e  NODLR. The p l an  was t o  procure 
3,370 ANITAS-4 n i g h t  s i g h t s  f o r  t h e  TOW during t h e  FY 1977-81 
per iod  a t  an  es t imated  c o s t  of $68.8 m i l l i o n  . I 3  

E l e c t r o n i c  Countermeasures 

E l e c t r o n i c  countermeasure t e s t i n g  on t h e  TOW confir&d 
t h a t  t h e  weapon system was s u s c e p t i b l e  t o  r a d i o  frequency and 
i n f r a r e d  i n t e r f  e rence .  To e l i m i n a t e  i n t e r f  e rence  from r a d i o s  
organic  t o  t h e  TOW v e h i c l e s ,  r a d i o  frequency i n t e r f e r e n c e  (RFI) 
f i l t e r  p i n s  were added t o  t h e  m i s s i l e  guidance s e t  and o p t i c a l  
s i g h t .  System improvements, us ing  ga l l ium a r s e n i d e  components f o r  
an improved i n f r a r e d  countermeasure c a p a b i l i t y ,  were proof t e s t e d  
i n  FY 1970. The c a p a b i l i t i e s  provided by t h e s e  improvements would 
d e f e a t  any known U. S. o r  enemy i n f r a r e d  countermeasures.  The 
e x i s t i n g  enemy t h r e a t  was a  tungs ten  i n f r a r e d  s e a r c h l i g h t  which 
presented no problem f o r  t h e   TOW.^^ Texas Ins t ruments ,  Inc .  , 
conducted a  TOW countermeasure s tudy  under a  $67,776 c o n t r a c t  
(DA-AH01-71-C-1090) awarded i n  Apr i l  1971 .I5 

"TOW Wpn Sys DAPR, 10 Jun 7 6. HDF . 
1 2 ~ 0 w  Wpn Sys New Mate r i e l  In t roduc to ry  L t r ,  r e v i s e d  J u l  76, 

p. 1. TOWProj Ofc. 

1 3 ~ 0 w  Wpn Sys DAPR, 10  Jun 76. HDF. 

14 (1 )  H i s t  Rept,  TOW PM, FY 70, p .  7. HDF. (2) M I C O M  Hi s t  
Sum, FY 71, p. 55. 

1 5 ~ ~ ~ ~ ~  Contr L i s t i n g s ,  1 J u l  72. HDF. 





y) Development of t h e  s o l i d  s t a t e  t r a c k  l i n k  t o  harden t h e  
TOW system a g a i n s t  a pos tu l a t ed  t h r e a t  was t o  have begun i n  FY 
1972, b u t  funds t o  support  t h e  e f f o r t  were no t  ava i lab le .16  The 
Department of t h e  Army approved a development program f o r  t h e  
s o l i d  s t a t e  t r a c k  l i n k  dur ing  t h e  f i r s t  h a l f  of FY 1974. The 
reques t  f o r  proposal  f o r  t h e  e l e c t r o n i c  counter-countermeasure 
(ECCM) program, r e l ea sed  t o  i ndus t ry  on 15  February 1974, brought 
responses from Texas Instruments  and Hughes A i r c r a f t .  A thorough 
eva lua t ion  of t h e  compet i t ive  proposals  r e s u l t e d  i n  t h e  award of 
a $3,546,944 development c o n t r a c t  (DA-A.01-74-C-0868) t o  Texas 
Instruments  on 31 May 1974. This  expedi ted 30-month development 
e f f o r t  was t o  conclude wi th  d e l i v e r y  of a f u l l y  t e s t e d  and 
approved engineer ing  change proposal  by 30 November 1976.17 

(U) The s o l i d  s t a t e  t r a c k  l i n k  was t o  i nc lude  a coded t r a c k e r  
and a s s o c i a t e d  s o l i d  s t a t e  beacon. The coded t r a c k e r  would be  
designed t o  f i r e  and t r a c k  t h e  s tandard  product ion m i s s i l e  o r  a 
product ion m i s s i l e  r e t r o f i t t e d  wi th  a s o l i d  s t a t e  beacon. The 
planned 64-round ECCM t e s t  program cons i s t ed  of 34 s tandard  m i s -  
s i l e s  and 30 modified product ion m i s s i l e s .  A l l  f i r i n g s  would use  
t h e  hardened ground launcher .  

#?) I n  May 1975, t h e  c o n t r a c t o r  conducted t h e  f i r s t  four  
development f i r i n g s  (two modified and two s tandard  m i s s i l e s ) .  
Three of t h e  f i r i n g s ' w e r e  succes s fu l  and one f a i l e d  because of 
a beacon malfunction.18 So l id  s t a t e  t r a c k  l i n k  f i r i n g s  were 
l a t e r  s t a r t e d  a t  MICOM, b u t  t h e  t e s t s  were suspended a f t e r  11 
f i r i n g s  because of excess ive  n o i s e  i n  t h e  guidance channels .  A s  
a r e s u l t  of t h e  n o i s e  problem and t h e  need f o r  des ign  ref inement ,  
t h e  development e f f o r t  was expected t o  r e q u i r e  6 months more than  
o r i g i n a l l y  planned. DT/OT I1 t e s t i n g  a t  White Sands was scheduled 
t o  s t a r t  i n  January 1977. An IPR was s l a t e d  f o r  February 1977, 
followed by award of t h e  f i r s t  product ion c o n t r a c t  i n  May 1977. 
Del ivery  of product ion modi f ica t ion  k i t s  would s t a r t  i n  J u l y  1978, 
and t h e  f i r s t  t a c t i c a l  u n i t s  would b e  equipped by 31 March 1979.19 

1 6 ~ t r ,  DCG, MICOM, t h r u  CG, AMC, t o  ASA(R&D), 17 Mar 71, sub j  : 
Req f o r  Apprl of FY72 D&F f o r  TOW Sys (R&D), w i n c l ,  & 1st Ind,  CG, 
AMC, t o  CG, MICOM, 8 Jun 71. HDF. 

17 (1 )  TOW RECAP Presns by COL R. W. Huntzinger,  t o  DCG, Mat 
Acq, AMC: 8 Jan  74, p. 10;  26 Mar 74, p. 10;  & 9 J u l  74, p. 11. 
HDF. (2) Contr DA-AH01-74-C-0868. TOW Proj  Ofc. 

1 8 ~ 0 w  RECAP by COL R. W. Huntr inger ,  t o  AMC, 1 J u l  75, p. 14. 
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(U) A s  of  4 August 1976, t h e  two R&D c o n t r a c t s  wi th  Texas 
Instruments were worth $6,275,740, r ep resen t ing  a t o t a l  c o s t  
growth of $2,664,020. Technical problems and de lays  encountered 
i n  t h e  s o l i d  s t a t e  t r a c k  l i n k  program increased  t h e  va lue  of 
con t rac t  74-C-0868 by $2,661,720, from $3,546,944 t o  $6,208,664. 20 
The value of t h e  countermeasure s tudy con t rac t  (71-C-1090) was 
increased by $2,300, from $64,776 t o  $ 6 7 , 0 7 6 . ~ ~  

Reduction i n  Cross Wind Ef fec t  

(U) Gusty c r o s s  winds a f f e c t e d  both  t h e  TOW gunner and 
launcher .  Because t h e  gunner must cont inuously keep t h e  launcher  
c r o s s h a i r s  a l igned  wi th  t h e  t a r g e t ,  wind d is turbance  t o  t h e  
launcher  o r  t h e  gunner could c o n t r i b u t e  t o  inaccuracy and cause 
some degradat ion i n  h i t  p r o b a b i l i t y  a t  longer  ranges. The e f f e c t  
of gusty c r o s s  wind was s u b s t a n t i a l l y  reduced by shor ten ing  t h e  
launch tube  by 24 inches,  from 66 t o  42 inches.  The wind e f f e c t s  
could be f u r t h e r  reduced o r  e l iminated  by p lac ing  t h e  launcher  
behind a wind screen ,  such as veh ic l e s  o r  bushes. The f i n a l  
weight of t h e  TOW launcher was 171 pounds, 2 pounds l e s s  than 
t h e  o r i g i n a l  Standard A ~ ~ s t e m . 2 ~  

Extended Range TOW 

6 The requirement f o r  an extended range TOW m i s s i l e  f o r  t h e  
a i rbo rne  r o l e  ma te r i a l i zed  i n  1972. Combat experience i n  Vietnam 
had shown t h a t  t h e  range of t h e  s tandard  3,000-meter TOW m i s s i l e  
made t h e  h e l i c o p t e r  and crewmen s u s c e p t i b l e  t o  f i r e  from radar- 
con t ro l l ed  a n t i a i r c r a f t  guns such a s  t h e  ZSU-23-4 and t h e  SA-7 
mis s i l e .  To improve t h e  s u r v i v a b i l i t y  of t h e  h e l i c o p t e r  a g a i n s t  
t h e  t h r e a t  posed by t h e  present-day b a t t l e f i e l d ,  MICOM recommended 
t h a t  t h e  range of t h e  a i rbo rne  TOW be extended t o  3,750 meters.  
Prel iminary s t u d i e s  and l abora to ry  t e s t s  i nd ica t ed  t h a t  t h e  
a d d i t i o n a l  range could be obtained by adding 750 meters  of wire  
t o  each of t h e  two spools  c a r r i e d  aboard t h e  TOW m i s s i l e .  To 
accommodate t h e  a d d i t i o n a l  wire  on t h e  spools ,  t h e  th ickness  of 

"(1) Contr DA-AH01-74-C-0868. TOW Proj  Ofc. (2) D/P&P 
Computer, 4 Aug 76. - 
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t h e  i n s u l a t i o n  on t h e  copper  c o a t e d ,  s t e e l  w i r e  w a s  reduced.  

@ The TOW'S extended range  c a p a b i l i t y  was s u c c e s s f u l l y  
demonstra ted i n  a series of f l i g h t  tests a t  Redstone A r s e n a l  i n  
May and J u n e  1973, u s i n g  t h e  XM-26 subsystem i n s t a l l e d  on a 'JH-l:? 
h e l i c o p t e r .  T h i r t e e n  missiles were f i r e d  i n  t h e  TOW h e l i c o p t e r  
a u t o m a t i c  t r a c k  program, w i t h  1 2  t a r g e t  h k t s .  A computer 
s i m u l a t i o n ,  based upon t h e  t r a c k i n g  a c c u r a c y  o f  t h e s e  f i r i n g s ,  
i n d i c a t e d  a h i t  p r o b a b i l i t y  o f  98 p e r c e n t  a t  3,750 meters. The 
r e s u l t s  o f  l a b o r a t o r y  and f i e l d  exper iments  r e v e a l e d  t h a t  t h e  
w i r e  w i t h  t h e  t h i n n e r  i n s u l a t i o n  was s u p e r i o r  i n  pack s t a b i l i t y ,  
d i s p e n s e  r e l i a b i l i t y ,  and s t o r a g e  o v e r  t h e  t h i c k e r  i n s u l a t e d  w i r e .  
The new w i r e  would be  i n f e r i o r  when f i r e d  o v e r  water from t h e  
ground l e v e l ,  b u t  t h i s  would n o t  a f f e c t  t h e  h e l i c o p t e r  a p p l i c a t i o n .  

& Although t h e  added w i r e  would i n c r e a s e  t h e  m i s s i l e  weight  
by a b o u t  1 pound, t h i s  was n o t  expec ted  t o  d e c r e a s e  t h e  sys tem h i t  
p r o b a b i l i t y  i n  t h e  ground o r  a i r  r o l e .  The c o n v e n t i o n a l  ground o r  
v e h i c l e  l a u n c h e r s  would b e  a b l e  t o  f i r e  t h e  extended r a n g e  m i s s i l e s ,  
b u t  would n o t  be  a b l e  t o  t a k e  maximum advan tage  of t h e  e x t r a  750 
meters of  w i r e  because  of t h e  e l e c t r o n i c  programming o f  t h e  m i s s i l e  
gu idance  set.  While c o n v e n t i o n a l  l a u n c h e r s  cou ld  s u c c e s s f u l l y  
g u i d e  t h e  extended r a n g e  m i s s i l e  to. 3,000 meters, t h e  h i t  proba- 
b i l i t y  beyond t h a t  would b e  reduced.  The s t a n d a r d  ground system 
w i t h  n o  changes was expec ted  t o  have a h i t  p r o b a b i l i t y  of 80 
p e r c e n t  a t  3,500 meters. 23 

(If Having completed t h e  i n v e s t i g a t i v e  program f o r  t h e  ex- 
tended range  TOW, MICOM forwarded a Required O p e r a t i o n a l  C a p a b i l i t y  
t o  AMC on 21  August 1973.24 Approval of t h e  Engineer ing  Change 
P r o p o s a l ,  however, was n o t  fo r thcoming  u n t i l  9 June  1975. I n i t i a l  
p r o d u c t i o n  o f  extended r a n g e  missiles began i n  January  1976. Be- 
g i n n i n g  i n  June  1976,  a l l  missiles produced were o f  t h e  extended 
range  d e s i g n .  The p e r  u n i t  c o s t  i n c r e a s e  was abou t  $45.25 
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23(1)  TOW RECAP P r e s n  by COL R. W .  Huntz inger ,  t o  DCG, M a t  
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Rg F i r i n g s ) ,  XM65 Abn TOW M s l  Sys M s l  F i r i n g  Sum, Mar 76, HAC. 
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Under Armor TOW 
'.'k 

(U) The immediate o b j e c t i v e  of t h e  under  armor TOW program 
was t o  p r o v i d e  i n t e r i m  armor p r o t e c t i o n  f o r  t h e  crew and weapon 
system pending development o f  t h e  Improved TOW V e h i c l e  (ITV). 
When mounted on t h e  s t a n d a r d  M113A1 v e h i c l e ,  n e i t h e r  t h e  weapon 
system n o r  t h e  gunner had armor p r o t e c t i o n .  To overcome t h e  
d e f i c i e n c y ,  p r o t e c t i o n  was r e q u i r e d  a g a i n s t  a r t i l l e r y  round f r a g -  
ments p e n e t r a t i n g  t h e  gunner and weapon s t a t i o n .  The most p r o b a b l e  
t h r e a t  was t h e  v a r i a b l e  t i m e  and p o i n t  d e t o n a t i n g  f u z e s  of t h e  
1 5 2 m  h i g h  e x p l o s i v e  round b u r s t i n g  above and around t h e  gunner 
and weapon system d u r i n g  t a r g e t  a c q u i s i t i o n ,  f i r i n g ,  and t r a c k i n g  
o p e r a t i o n s .  The system a l s o  needed p r o t e c t i o n  a g a i n s t  d i r e  t f i r e  
small arms. The b lanke t - type  TON CAP (Cover, A r t i l l e r y  P r o L t  i o n )  
adopted f o r  i n t e r i m  u s e  on  t h e  M113A1 v e h i c l e  evolved from t h e  
aluminum t u n n e l  o r  clam s h e l l  concep t  developed and e v a l u a t e d  
d u r i n g  FY 1975. 

E v o l u t i o n  of t h e  TOW CAP 

(U) E a r l y  i n  FY 1975, t h e  U .  S. Army I n f a n t r y  School  asked 
t h e  TOW P r o j e c t  Manager f o r  c o s t s  and s c h e d u l e  t o  p r o v i d e  p rb to -  
t y p e s  o f  under  armor TOW concep ts  p r e v i o u s l y  submi t t ed  t o  t h e  
Army M a t e r i e l  Systems A n a l y s i s  Agency (mSAA) f o r  i n c l u s i o n k i n  
TOW s u r v i v a b i l i t y  s t u d i e s .  The s c h e d u l e  i n d i c a t e d  t h a t  t h e r k  
could  be  a s h o r t  t e r m  s o l u t i o n  and a n  i n t e r m e d i a t e  t e r m  s o l u t i o n .  
The TOW P r o j e c t  Manager p rov ided  mockups of t h e  most p romis ing  
s h o r t  t e r m  s o l u t i o n s  f o r  e v a l u a t i o n  by t h e  I n f a n t r y  School.  I n  a  
j o i n t  meet ing,  Army Missile Command (MICOM) and I n f a n t r y  School  
p e r s o n n e l  s e l e c t e d  t h e  t u n n e l  o r  c lam s h e l l  v e r s i o n  f o r  immediate 
development,  w i t h  t h e  t u r r e t  and e l e v a t e d  c o n c e p t s  t o  be  c o n s i d e r e d  
i n  a Phase  I1 e f f o r t .  

(U) Using funds  p rov ided  by t h e  Army T r a i n i n g  and D o c t r i n ?  
Command (TRADOC), MICOM, under d i r e c t i o n  of t h e  TOW P r o j e c t  
Yanager, des igned  and f a b r i c a t e d  a p r o t o t y p e  of t h e  clam s h e l l  
concep t  of under  armor TOW f o r  t h e  >1113A1 armored p e r s o n n e l  
c a r r i e r  (APC). The c lam s h e l l  assembly was made of 1 112-inch 
aluminum and added 2,200 pounds t o  t h e  b a s i c  TOW-equipped APC. 
Open on t h e  v e h i c l e  f r o n t  and rear ends ,  t h e  squared tunne l - type  
cover  was 5 1  i n c h e s  h i g h ,  56.5  i n c h e s  wide,  and 60 i n c h e s  long .  
The modif ied N113A1 APC, c a l l e d  t h e  Under Armor TOW (UAT), was 
1 0  f e e t  3  i n c h e s  h i g h  w i t h  t h e  c lam s h e l l  i n  r a i s e d  p o s i t i o n ,  and 
7  f e e t  3  i n c h e s  w i t h  t h e  s h e l l  lowered.  The t o t a l  weight  of t h e  
UAT was 26,650 pounds 





(U) The tunne l  p ro to type  was d e l i v e r e d  t o  t h e  I n f a n t r y  School 
e a r l y  i n  May 1975 a f t e r  s a f e t y  t e s t i n g  a t  Redstone Arsenal .  The 
Army I n f a n t r y  Board conducted ex t ens ive  OT I tests of t h e  UAT from 
7 May t o  15  J u l y  1975. Two TOW crews of f o u r  m i l i t a r y  personnel  
each comprised t h e  b a s i c  test u n i t .  The f e a s i b i l i t y  t e s t l c o n c e p t  
e v a l u a t i o n  included crew t r a i n i n g ,  f i r i n g  accuracy,  f i e l d  of  f i r e ,  
r a t e  of f i r e ,  t r a n s f e r  and e r e c t i o n  t i m e s ,  s i g n a t u r e  e f f e c t s ,  
mob i l i t y ,  s a f e t y ,  and human f a c t o r s .  The I n f a n t r y  Board concluded 
t h a t  t h e  clam s h e l l  concept was f e a s i b l e ;  however, t h e  test i t e m  
reduced t o  some degree t h e  performance of t h e  weapon system. It 
was recommended t h a t  t h e  UAT des ign  be  r e f i n e d  t o  enhance system 
performance and crew p r o t e c t i o n ;  t h a t  t h e  noted shortcomings be 
co r r ec t ed  and suggested improvements be  made; and t h a t  t h e  e f f e c t s  
of  t h e  added weight on system r e l i a b i l i t y ,  a v a i l a b i l i t y ,  m i n t a i n -  
a b i l i t y ,  and mob i l i t y  be  f u r t h e r  eva lua ted .  26 

(U) I n  view of t h e  r epo r t ed  d i sadvantages  of t h e  aluminum 
clam s h e l l  des ign ,  t h e  DA, TRADOC, and I n f a n t r y  School,  on 21 
August 1975, reques ted  t h a t  t h e  Army Materiel Systems Analysis  
Agency (AMSAA) i n v e s t i g a t e  t h e  f e a s i b i l i t y  of a cheaper and 
l i g h t e r  cover  made of b a l l i s t i c  nylon.  AMSAA, i n  t u r n ,  t asked  
t h e  Human Fac to r s  Laboratory a t  Aberdeen Proving Ground t o  provide 
a f e a s i b i l i t y  p ro to type  of t h e  b a l l i s t i c  nylon cover ,  which became 
known a s  t h e  TOW CAP. 

(U) The TOW CAP p ro to type  was d e l i v e r e d  on 30 September 1975 
f o r  eva lua t ion  by t h e  I n f a n t r y  School and MICOM. A s  a r e s u l t  of 
t h e  DT/OT I program, t h e  b a l l i s t i c  nylon b lanke t  was s e l e c t e d  f o r  
i n t e r i m  use  on t h e  M113A1 v e h i c l e  i n  p l a c e  of t h e  aluminum clam 
s h e l l .  Engineer ing development of  t h e  TOW CAP began a t  t h e  Nat ick 
Development Center  (now Nat ick  Research and Development Command) on 
4 November 1975 and was completed w i t h i n  20 weeks. 

(U) The TRADOC Required Opera t iona l  Capab i l i t y  (ROC) Review 
Board approved t h e  requirement f o r  t h e  TOW CAP on 12 December 1975 
and s e n t  it, t o  AMC on 31 December 1975. The Army I n f a n t r y  Board 
was t hen  d i r e c t e d  t o  conduct t h e  TOW CAP OT 11, us ing  t h e  f i r s t  
preproduct ion p ro to type  which was d e l i v e r e d  on 1 February 1976. 
I n  view of t h e  prev ious  TOW CAP f i e l d  tests,  and because of t h e  
t i m e  c o n s t r a i n t s  on development and f i e l d i n g  of  t h e  system, t h e  
OT I1 program was conducted on an abb rev i a t ed  s c a l e  du r ing  
February and March 1976. 

26 
(1) H i s t  Rept,  TOW PM, FY 75. (2) TOW RECAP Presn  by COL R. 

W. Huntzinger,  t o  AMC, 1 J u l  75, p. 13.  Both i n  HDF. (3) USAIB 
Rept,  F e a s i b i l i t y  ~ e s t l c o n c e ~ t  Eva1 of C r e w  P r o t e c t i o n  f o r  TOW on 
M113A1, J u l  75. TOW P r o j  Ofc. 



(U) The TOW CAP was approved f o r  p r o d u c t i o n  d u r i n g  a  program 
rev iew h e l d  a t  t h e  Army I n f a n t r y  C e n t e r  on 23 March 1976. I n  t h e  
p l a n ,  t h e  Government was t o  produce t h e  i n i t i a l  q u a n t i t y  o f  k i t s ,  
which would be  used t o  s u p p o r t  t h e  t r a i n i n g  b a s e  and t h r e e  USARELTR 
b a t t a l i o n s .  I n i t i a l  O p e r a t i o n a l  C a p a b i l i t y  (IOC) f o r  t h e  f i r s t  
b a t t a l i o n  was schedu led  f o r  January  1977. A follow-on c o m p e t i t i v e  
c o n t r a c t  p r o d u c t i o n  from two s o u r c e s  was planned t o  p r o v i d e  t h e  
remaining q u a n t i t y  of k i t s .  I n s t a l l a t i o n  o f  a l l  k i t s  was s l a t e d  
f o r  comple t ion  by December 1977. Th is  s c h e d u l e  was p r e d i c a t e d  on 
t h e  a v a i l a b i l i t y  of p r o d u c t i o n  funds  by 23 A p r i l  1976. 

(U) The Department of t h e  Army, however, d i d  n o t  r e l e a s e  t h e  
p r o d u c t i o n  funds  u n t i l  21  May 1976,  and t h e  p r o d u c t i o n  s c h e d u l e  
had t o  be  r e e v a l u a t e d  t o  d e t e r m i n e  how t h e  January  1977 I O C  cou ld  
b e  a t t a i n e d .  I n s t e a d  o f  t h e  Government p roduc ing  t h e  i n i t i a l  
q u a n t i t y  o f  k i t s ,  t h e  program was r e o r i e n t e d  t o  award a competi- 
t i v e  c o n t r a c t .  

(U) The t e c h n i c a l  d a t a  package was f i n a l i z e d  and t h e  i n v i t a -  
t i o n  f o r  b i d  was r e l e a s e d  i n  June  1976. N a t i c k  awarded t h e  
i n i t i a l  p r o d u c t i o n  c o n t r a c t  t o  Regent J a c k  Manufactur ing Company 
of  Downey, C a l i f o r n i a ,  on 26 August 1976. T h i s  c o n t r a c t  covered 
t h e  f i r s t  216 p r o d u c t i o n  u n i t s  t o  b e  d e l i v e r e d  w i t h i n  a 90-day 
p e r i o d  b e g i n n i n g  i n  December 1976, p l u s  a n  o p t i o n  f o r  a n  add i -  
t i o n a l  120 u n i t s  t o  be  d e l i v e r e d  i n  March 1977. The N a t i c k  
c o n t r a c t u a l  c o s t  estimate f o r  t h e  i n i t i a l  216 TOW CAP u n i t s  was 
$928,800. However, a f t e r  c o m p e t i t i o n ,  t h e  award was f o r  $426,980, 
w i t h  a r e s u l t a n t  s a v i n g s  o f  $501,820. The e x e r c i s e  of t h e  o p t i o n  
was expec ted  t o  r e s u l t  i n  a n  a d d i t i o n a l  s a v i n g s  o f  $278,789. The 
F i r e  P r e c l u d e  Devices  r e q u i r e d  f o r  t h e  TOW CAP m o d i f i c a t i o n  were 
procured i n  a  s e p a r a t e  c o m p e t i t i v e  c o n t r a c t .  T h i s  e f f o r t  r e s u l t e d  
i n  a s a v i n g s  o f  $77,067. 

(U) The p l a n  was t o  p r o c u r e  1 ,067  TOW CAP u n i t s  i n  FY 1977,  
b r i n g i n g  t h e  t o t a l  p r o d u c t i o n  t o  1 ,403 .  Of t h e s e ,  803 were  
a l l o c a t e d  t o  USAREUR u n i t s ,  472 t o  CONUS u n i t s ,  and t h e  remainder  
t o  t h e  t r a i n i n g  b a s e  and ~ ~ a r e s . 2 7  

(U) The TOW CAP d e s i g n  n o t  o n l y  added less weight  t o  t h e  TO\,:- 
equipped APC, b u t  a l s o  p rov ided  t h e  crew and weapon sys tem more 
p r o t e c t i o n  t h a n  t h e  clam s h e l l .  It c o n s i s t e d  o f  a t u b u l a r  s t e e l  

27(1)  H i s t  Rep t ,  TOW PM, FY 76/7T, pp. 4-7. ( 2 )  TOW Wpn Sys 
DAPR, 1 0  Jun  76. (3) TOW CAP Chronology, 8  Aug 76,  compiled by 
Frank H. Case, Jr . ,  TOW P r o j  Ofc. (4) Proc  M i l e s t o n e s  f o r  TOW CAP 
Buy, 1 7  May 76. A l l  i n  HDF. (5) DARCOM News, Vol. 4 ,  Mo. 9 ,  J u l  
76, p. 6. 



f rame covered w i t h  f o u r  l a y e r e d  s e c t i o n s  o f  t h e  same 48-ply 
b a l l i s t i c  n y l o n  f a b r i c  used f o r  t h e  i n f a n t r y m a n ' s  armored v e s t .  
The f a b r i c  was sewn i n t o  b l a n k e t s ,  which were t h e n  b o l t e d  t o g e t h e r  
t o  form m u l t i l a y e r e d  p r o t e c t i v e  p a n e l s .  Four o f  t h e s e  p a n e l s  were  
hooked t o g e t h e r  and manually r a i s e d  on m e t a l  r i n g s  o v e r  a curved 
frame t o  form t h e  s i d e s  and r o o f .  There  was a l s o  a f r o n t  p a n e l  
below t h e  TOW l a u n c h e r  which p rov ided  some f r o n t a l  p r o t e c t i o n .  
The TOW CAP was 56 i n c h e s  h i g h ,  67 114 i n c h e s  wide ,  and 60 i n c h e s  
long .  It weighed 573 pounds,  compared t o  2,200 pounds f o r  t h e  
aluminum clam s h e l l .  The modi f i ed  TOW-equipped M113A1 APC weighed 
25,023 pounds and was 1 0  f e e t  8  i n c h e s  h i g h  w i t h  t h e  TOW CAP i n  
t h e  r a i s e d  p o s i t i o n .  When n o t  i n  u s e ,  t h e  c o v e r  was f o l d e d  i n t o  
two l o n g ,  low s t o r a g e  s e c t i o n s  on t h e  deck of t h e  v e h i c l e .  Two 
men cou ld  e r e c t  t h e  cover  i n  less t h a n  2  minu tes .  The e n t i r e  TOW 
CAP sys tem c o u l d  b e  dismounted from t h e  c a r r i e r  and mounted i n  
t h e  ground m 0 d e . ~ 8  

Improved TOW V e h i c l e  Program 

(U) The TOW CAP was t o  be  an  i n t e r i m  under  armor s y s t e n  pend- 
i n g  a v a i l a b i l i t y  o f  t h e  Improved TOW V e h i c l e  (ITV). The Army 
Tank-Automotive Command (TACOM) began t h e  ITV program, i n  coord i -  
n a t i o n  w i t h  t h e  TOW P r o j e c t  Manager and TRADOC, e a r l y  i n  FY 1976. 
The ITV sys tem,  as f i n a l l y  deve loped ,  would b e  p rocured  as a 
p r o d u c t i o n  k i t  t o  modify t h e  M113A1 APC t o  t h e  ITV conf i g u r a t i o n .  

(U) I n  view of  t h e  u r g e n t  need f o r  t h e  ITV system,  t h e  
Department of t h e  Army d i r e c t e d  t h a t  a c q u i s i t i o n  be  compressed 
as much as p o s s i b l e .  Accord ing ly ,  t h e  i n i t i a l  s o l i c i t a t i o n  was 
i s s u e d  o n l y  t o  t h o s e  f i r m s  known t o  have t h e  n e c e s s a r y  knowledge, 
background, and c a p a b i l i t y  t o  meet t h e  program o b j e c t i v e s  i n  t h e  
t i m e  r e q u i r e d .  Request  f o r  P r o p o s a l  DAAE 07-76-R-0046,- i s s u e d  by 
TACOP! on 6  January  1976 ,  b rought  r e s p o n s e s  from t h e  C h r y s l e r  
C o r p o r a t i o n ,  Emerson E l e c t r i c  Company, Northrop C o r p o r a t i o n ,  
P a c i f i c  Car and Foundry Company, and t h e  FMC* C o r p o r a t i o n  and 
Hughes A i r c r a f t  Company which s u b m i t t e d  a  combined p r o p o s a l .  
A f t e r  an  e v a l u a t i o n  o f  t h e  p r o p o s a l s ,  TACOF!, i n  A p r i l  1976 ,  
awarded c o m p e t i t i v e  p r o t o t y p e  v a l i d a t i o n  c o n t r a c t s  t o  t h e  C h r y s l e r  
C o r p o r a t i o n ,  t h e  Emerson E l e c t r i c  Company, and t h e  Northrop Corpo- 
r a t i o n .  C h r y s l e r ' s  p r o p o s a l  was based on t h e  t u r r e t  c o n c e p t ,  
w h i l e  Northrop o f f e r e d  a n  a r t i c u l a t e d  e l e v a t e d  concep t  and Emerson 

* 
Formerly Food Machinery C o r p o r a t i o n ,  now known by i n i t i a l s  o n l y .  
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(1) I b i d .  (2)  TOW/HAK New M a t e r i e l  I n t r o d u c t o r y  L t r ,  
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a combinat ion of bo th  concep t s  .29 

(U) The ITV compe t i t i ve  shoot-off  (DT/OT I )  commenced on 1 
September 1976, w i t h  t h e  TOW P r o j e c t  O f f i c e  p rov id ing  a l l  of  t h e  
Government-furnished TOW equipment and t h e  nece s sa ry  t e c h n i c a l  
and l o g i s t i c a l  suppo r t .  Upon complet ion of  t h e  3-month DT/OT I 
program, one of t h e  t h r e e  c o n t r a c t o r s  would be  s e l e c t e d  f o r  an 
Engineer ing Development/Producibility Engineer ing  and P lann ing  
(ED/PEP) c o n t r a c t ,  coupled w i t h  t h e  n e g o t i a t i o n  of  a p r i c e d  op t i on  
f o r  i n i t i a l  p roduc t i on  of about  550 ITV k i t s .  

(U) Meanwhile, two o t h e r  systems were added t o  t h e  under  
armor TOW fami ly :  t h e  Mechanized I n f a n t r y  Combat Veh i c l e  (MICV) 
and t h e  Combat Support  Vehic le  (CSV). In tended  a s  a complement 
t o ,  r a t h e r  t h a n  a replacement  f o r ,  t h e  ITV, t h e  M I C V  c o n s i s t e d  
of  two major programs: t h e  I n f a n t r y  Vehic le  and t h e  TOW- 
Bushmaster Armored T u r r e t  (TBAT) Scout Vehic le .  A s  of  30 Septem- 
b e r  1976, t h e  MICV had begun t h e  OT I1 phase ,  and t h e  TBAT was i n  
t h e  advanced development phase .  The Required Ope ra t i ona l  Capabi l -  
i t y  (ROC) f o r  t h e  Combat Support  Vehic le ,  c a l l i n g  f o r  a n  i n i t i a l  
o p e r a t i o n a l  c a p a b i l i t y  i n  t h e  f o u r t h  q u a r t e r  of FY 1979, w a s  y e t  
t o  b e  approved;  however, t h e  Department of t h e  Army had concurred 
i n  t h e  p roposa l  t o  u s e  t h e  new XR-311 a s  t h e  b a s i c  veh i c l e . 30  

(U) O f f i c i a l s  o f  t h e  Army M i s s i l e  Command g o t  t h e i r  f i r s t  
c l o s e  l ook  a t  t h e  v e r s a t i l e  XR-311 e a r l y  i n  February 1976,  when 
a p r o t o t y p e  of t h e  v e h i c l e  equipped w i t h  a TOW launche r  was 
checked ou t  by COL R. W. Huntz inger ,  TOW P r o j e c t  Manager, Rober t  
Q. Tay lor ,  Deputy P r o j e c t  Manager, and LTC Ben Bedford,  A s s i s t a n t  
P r o j e c t  Manager f o r  L o g i s t i c s .  Designed by t h e  FMC Corpora t ion  of - 
San J o s e ,  C a l i f o r n i a ,  t h e  advanced XR-311 v e h i c l e  extended t h e  
m o b i l i t y  of t h e  wheeled v e h i c l e  i n t o  r e g i o n s  normal ly  l i m i t e d  t o  
t r a cked  v e h i c l e s .  Th is  new concep t  i n  a l l - t e r r a i n  combat m o b i l i t y  
provided h igh  speed ,  d u r a b i l i t y ,  low n o i s e ,  low s i l h o u e t t e ,  low 
o p e r a t i o n a l  c o s t ,  and mu l t im i s s ion  a d a p t a b i l i t y .  Powered by a 
187-horsepower V8 g a s o l i n e  eng ine  coupled t o  a three-speed au to-  
ma t i c  t r a n s m i s s i o n ,  t h e  XR-311 "dune-buggy" had a maximum road 
speed o f  80 mph. According t o  t h e  c o n t r a c t o r ,  i t  cou ld  e a s i l y  

29(1)  Ch rys l e r  P p s l  D-0080, ITV Sys Compet i t ive  P ro to type  
V a l i d a t i o n  P p s l ,  6 Feb 76. (2)  Northrop P p s l  76Y020, Design & Adv 
Dev of an  ITV, 6 Feb 76. (3) Emerson Rept NB861-008-3, P p s l  f o r  
ITV Ml13/TOW T u r r e t  Concept,  6 Feb 76. A l l  i n  TOW P r o j  Ofc. ( 4 )  
Intvw, M. T. Cagle w Frank H. Case, Jr., 9 Aug 76. (5)  H i s t  Rept,  
TOW PM, N 76/7T, pp. 7-8. HDF. 



c l imb and descend s l o p e s  g r e a t e r  t h a n  60 p e r c e n t ,  n e g o t i a t e  s i d e  
s l o p e s  g r e a t e r  t h a n  50 p e r c e n t ,  f o r d  streams up t o  30 i n c h e s  deep ,  
and plow th rough  mud, snow, s a n d ,  and dense  v e g e t a t i o n .  The rugged 
four-wheel independent  s u s p e n s i o n  sys tem and heavy-duty shock  
a b s o r b e r s  a l lowed t h e  v e h i c l e  t o  move q u i e t l y  and q u i c k l y  o v e r  
ex t remely  rough t e r r a i n  and c l imb o b s t a c l e s  up t o  20 i n c h e s  h i g h  
w h i l e  p r o v i d i n g  a n  amazingly  smooth r i d e . 3 1  

Follow-On Development Cost  

(U) Excluding t h e  ITV program which w a s  funded th rough  TACOM, 
t h e  c o s t  o f  t h e  follow-on development e f f o r t  d u r i n g  t h e  FY 1974-76 
p e r i o d  t o t a l e d  $21.5 m i l l i o n ,  i n c r e a s i n g  t h e  a c t u a l  o b l i g a t i o n  t o  
$128,948,000 as of 30 June  1976. The p r o j e c t e d  estimate f o r  t h e  
FY 1977-79 p e r i o d  w a s  $4.4 m i l l i o n .  The l a t t e r  f u n d s ,  i f  appro- 
p r i a t e d ,  would b r i n g  t h e  t o t a l  RDTE c o s t  of t h e  TOW program t o  
$133,348,000, as shown below.32 

Phase  FY RDTE Cost ' 

B a s i c  System Development: 1962-73 

Produc t  Improvemerits: 1974 $5,700,000 
1975 7,400,000 

T o t a l  Cost  FY 1962-76: 

P r o j e c t e d  Es t imate :  197T $1,500,000 
1977 900,000 
1978 1 ,500 ,000  
19 7 9 500,000 

E s t i m a t e  a t  Completion: 

31(1) m e  Rocke t ,  11 Feb 76,  p.  8 .  (2) I n t w ,  M. T. Cag le  w 
Rober t  Q. T a y l o r ,  Dep TOW PM, 20 Aug 76. (3)  FMC Brochure on 
XR-311 Veh. HDF. 

32(1)  TOW SAR1s, 1974-76. TOW P r o j  Ofc. (2)  I n t w s ,  PI. T. 
Cagle  w Gary K. Smallwood, 22 Jun 76 & 1 2  Aug 76. (3)  Also see 
T a b l e  3 ,  p.  110. 





CHAPTER V I I  

fl W W O N  SYSTEM DEPLOYMENT (U) 

(U) From t h e  incep t ion  of i t s  deployment i n  September 1970, 
t h e  TOW weapon system continued t o  i n c r e a s e  i n  d e n s i t y  and repu- 
t a t i o n  throughout t h e  f r e e  world. One of t h e  most d i f f i c u l t  
problems faced by t h e  TOW P r o j e c t  Manager concerned t h e  d i s t r i b u -  
t i o n  of l i m i t e d  a s s e t s  among a s p i r a l i n g  number of  U. S. and 
fo re ign  c la imants .  Procurement and d i s t r i b u t i o n  planning was 
s u b j e c t  t o  cons tan t  r e v i s i o n  a s  changes occurred i n  worldwxde 
p r i o r i t i e s  and f o r c e  s t r u c t u r e s .  The TOW was s u c c e s s f u l l y  
deployed on an unprogrammed, urgent  b a s i s  t o  t h e  82d Airborne 
Div is ion  i n  December 1970, t o  South Vietnam i n  both  t h e  ground 
and h e l i c o p t e r  a p p l i c a t i o n s  i n  May 1972, and t o  I s r a e l  i n  October 
1973. To meet t h e s e  unprogrammed requirements ,  a v a i l a b l e  a s s e t s  
were d i v e r t e d  from scheduled U. S. deployments and a q u a n t i t y  of 
launchers  were borrowed from t a c t i c a l  u n i t s  i n  Europe. Despi te  
an  inc rease  i n  t h e  launcher  product ion capac i ty  a t  Emerson 
E l e c t r i c ,  only 22 percent  of t h e  scheduled U. S. deployments was 
complete a s  of e a r l y  January 1974. Deployments were s t i l l  under- 
way i n  September 1976 and were scheduled t o  cont inue  on a time- 
phased b a s i s  through 1980. 

L o g i s t i c  Support 

(U) The compilat ion of l o g i s t i c  suppor t  management information 
began wi th  t h e  i n i t i a t i o n  of t h e  ET/sT program i n  December 1966. 
Supply support  commenced i n  September 1970. The maintenance p lan  
was prepared i n  September 1965 and c o n t i n u a l l y  r e f i n e d  and updated 
u n t i l  November 1971, when t h e  Anniston Army Depot 'became f u l l y  
respons ive  t o  t h e  TOW maintenance suppor t  mission. The TOW 
suppor t  and t e s t  equipment was i d e n t i f i e d  i n  August 1968. 
Cont rac tor  suppor t  w i th  R&D type  t e s t  equipment was used f o r  TOW 
deployments u n t i l  t h e  Land Combat Support System (LCSS) became 
a v a i l a b l e  on 1 March 1971. 

(U) The TOW system was designed f o r  ea se  of maintenance. A t  
t h e  o r g a n i z a t i o n a l  l e v e l ,  maintenance was l i m i t e d  t o  keeping t h e  
equipment c l ean ,  i n spec t ing  f o r  damage, and performing a launcher  
s e l f - t e s t .  The l a t t e r  was r equ i r ed  a f t e r  emplacement, d a i l y  when 
emplaced, and a t  4-hour i n t e r v a l s  dur ing  opera t ion .  The launcher  
had s e l f - t e s t  f e a t u r e s  which provided f a u l t  i s o l a t i o n  t o  t h e  major 



assembly l e v e l .  F a u l t y  components c o u l d  be r e p l a c e d  by d i r e c t  
exchange u s i n g  a minimum of  t o o l s .  The TOW m i s s i l e  remained 
s e a l e d  i n  i t s  c o n t a i n e r  and r e q u i r e d  no t e s t s ,  checkout ,  o r  
r e p a i r  b e f o r e  f i r i n g .  

(U) D i r e c t  s u p p o r t  c o n t a c t  teams made o n - s i t e  r e p a i r s  by 
replacement  of f a u l t y  TOW a s s e m b l i e s .  The two-man teams were 
equipped w i t h  t h e  TOW Contac t  Support  S e t  (CSS) which had a n  
i n c r e a s e d  f a u l t  i s o l a t i o n  c a p a b i l i t y  o v e r  t h e  l a u n c h e r  s e l f - t e s t .  
Assemblies r e q u i r i n g  maintenance a c t i o n s  beyond t h e  c a p a b i l i t y  
of t h e  CSS were r e t u r n e d  t o  t h e  g e n e r a l  s u p p o r t  u n i t  f o r  r e p a i r  
w i t h  t h e  Land Combat Support  System. T e c h n i c a l  a s s i s t a n c e  per -  
s o n n e l  were  a v a i l a b l e  t o  assist w i t h  f a u l t  i s o l a t i o n ,  main tenance ,  
and d a t a  c o l l e c t i o n .  

(U) A s  t h e  maintenance s u p p o r t  d e p o t  f o r  t h e  TOW weapon 
system,  t h e  Annis ton Army Depot p rov ided  t h e  f o l l o w i n g  s e r v i c e s :  
r e c e i p t ,  s t o r a g e ,  and i s s u e  o f  end i t e m s  and a l l o c a t e d  v e h i c l e s ;  
depo t  maintenance,  r e p a i r ,  o v e r h a u l ,  and r e b u i l d  of d e s i g n a t e d  
end i t e m s ,  a s s e m b l i e s ,  s u b a s s e n b l i e s ,  and r e p a i r  p a r t s ;  r e c e i p t ,  
i n s t a l l a t i o n ,  and checkout  of v e h i c l e  a d a p t e r  k i t s ;  r e c e i p t ,  
assembly,  and checkout  o f  d e s i g n a t e d  c o n t a c t  s u p p o r t  t e s t  s e t  
components; f a b r i c a t i o n  of d e s i g n a t e d  TOW component hardware;  
and schedu led  depot  s u r v e i l l a n c e  of t h e  TOW i n v e n t o r y . l  

Basis of  I s s u e  

(U) Under t h e  o r i g i n a l  p l a n ,  a l l  i n f a n t r y  TOE u n i t s  were  
a l l o c a t e d  6 TOFj sys tems ( l a u n c h e r s )  p e r  b a t t a l i o n ,  excep t  t h e  
U.  S. Army, Europe (USAREUR) NATO-oriented mechanized b a t t a l i o n s  
which were  a u t h o r i z e d  1 2  l a u n c h e r s  each.2  On 1 March 1975 ,  t h e  
TOE w a s  changed t o  r e f l e c t  a n  i n c r e a s e  i n  l a u n c h e r  d e n s i t y  t o  
1 2  f o r  each  a i r b o r n e  b a t t a l i o n  and 1 8  f o r  each i n f a n t r y ,  mecha- 
n i z e d  i n f a n t r y ,  and a i r m o b i l e  b a t t a l i o n  and armored c a v a l r y  
squadron. On 7  March 1975,  t h e  a u t h o r i z e d  l a u n c h e r  d e n s i t y  f o r  
USAREUR mechanized b a t t a l i o n s  and p r e p o s i t i o n e d  f o r c e s  was 
i n c r e a s e d  from 1 8  t o  22. A t  t h e  same t i m e ,  t h e  Department o f  
t h e  Army a u t h o r i z e d  t h e  a d d i t i o n  of f o u r  TOW l a u n c h e r  sys tems  

'(1) TOUlHAW New &it I n t r o d u c t o r y  L t r ,  r e v i s e d  J u l  76. TCU 
P r o j  Ofc. (2)  TOW RECAP P r e s n  by COL R. W. Huntz inger ,  t o  PCG, 
Mat Acq, AEZC, 8  J a n  74,  p .  50. HDF. 

2 ( 1 )  AEXTCH I t e m  8176, 15 Dec 70. RSIC. ( 2 )  Also s e e  above,  
p.  107.  



f o r  each USAREUR t a n k  b a t t a l i o n . 3  

(U) The a u t h o r i z e d  b a s i c  l o a d  o f  TOW m i s s i l e s  p e r  l a u n c h e r  
was 20 e a c h  f o r  mechanized i n f a n t r y ,  armored c a v a l r y ,  and t a n k  
u n i t s ;  16  each  f o r  i n f a n t r y  and a i r b o r n e  u n i t s ;  and 1 2  e a c h  f o r  
a i r m o b i l e  u n i t s .  The i n i t i a l  u n i t  c o n v e r s i o n  t r a i n i n g  a l l o w a n c e  
of one HEAT and two p r a c t i c e  missiles p e r  l a u n c h e r  was a u t h o r i z e d  
f o r  s e l e c t e d  u n i t s  o n l y .  The TOW m i s s i l e  t r a i n i n g  a l lowance  f o r  
a n n u a l  s e r v i c e  p r a c t i c e  w a s  one  m i s s i l e  p e r  l a u n c h e r  p e r  y e a r  f o r  
s e l e c t e d  u n i t s .  Blast s i m u l a t i o n  d e v i c e s  were  a u t h o r i z e d  and 
r e q u i r e d  f o r  i n i t i a l  TOW gunner  q u a l i f i c a t i o n  and crewmember 
u n i t  t r a i n i n g .  

( U )  The DA-approved b a s i s  of  i s s u e  f o r  o t h e r  i t e m s  of t h e  
sys tem was as f o l l o w s  :4 

B a t t e r y  Charger :  1 p e r  b a t t a l i o n  equ ipped  w i t h  TOW 
2  p e r  d i v i s i o n  main tenance  b a t t a l i o n  
1 p e r  independen t  b r i g a d e  r ra in tenance u n i t  

T r a i n i n g  S e t :  2  p e r  b a t t a l i o n  equipped w i t h  TOW (excep t  
u n i t s  w i t h  l e s s  t h a n  1 2  l a u n c h e r s )  

Truck,  GPI Equipment (MULE): 1 8  p e r  a i r m o b i l e  b a t t a l i o n  

Truck,  GM Equipment ( J e e p )  & Truck ,  GM, M i s s i l e  Carrier 
( J e e p )  : 1 2  p e r  a i r b o r n e  b a t t a l i o n  

1 8  p e r  i n f a n t r y  b a t t a l i o n  

C a r r i e r ,  GM Equipment (APC) : 22 p e r  mechanized b a t  t a l i o n  
(NATO-oriented u n i t s )  

1 8  p e r  mechanized i n f a n t r y  
b a t t a l i o n  

Shop Equipment, GI! System, Contac t  S u p p o r t :  I s s u e d  t o  
d i r e c t  s u p p o r t  u n i t s  on b a s i s  of  1 p e r  TOW b a t t a l i o n  
s u p p o r t e d .  

Tool  K i t ,  GPl Maintenance:  1 p e r  MOS 27E Repairman 

Tool  K i t ,  GX Maintenance,  S p e c i a l :  1 p e r  d i r e c t  s u p p o r t  
Maintenance Base Shop 

(1)  TOW RECAP P r e s n  by COL R. W. H u n t z i n g e r ,  t o  AEC,  1 J u i  
75,  pp. 8 ,  1 2 .  HDF. (2 )  Also see TOW/HAW New >fat I n t r o d u c t o r y  
L t r ,  r e v i s e d  J u l  76,  p. 3 .  TOW P r o j  Ofc.  

4  Ibid.  , pp. 3-4. 



* 
CONUS Tra in ing  Base 

(U) Except f o r  changes i n  t h e  TOW gunner t r a i n i n g  s i t e ,  e l e -  
ments of t h e  CONUS t r a i n i n g  base  remained e s s e n t i a l l y  t h e  same a s  
p rev ious ly  recorded.  Gunner t r a i n i n g  was t r a n s f  e r r e d  from F o r t  
Jackson, South Ca ro l ina ,  t o  F o r t  Polk,  Louis iana ,  i n  J u l y  1973 ,6 
thence t o  For t  Benning, Georgia,  i n  June 1976.7 The d i s t r i b u t i o n  
of  equipment t o  COWS t r a i n i n g  agenc i e s  was completed i n  August 
1976, wi th  d e l i v e r y  of f o u r  launcher  systems t o  t h e  School Troop, 
4 t h  B a t t a l i o n / 3 l s t  I n f a n t r y ,  F o r t  S i l l ,  Oklahoma. The t r a i n i n g  
agenc i e s  and t h e i r  equipment a u t h o r i z a t i o n  a r e  l i s t e d  below.% 

Tra in ing  Agency 

USAIS, F o r t  Benning, Ga. 
USAMMCS, Redstone Arsena l ,  Ala. 
USAOCtiS, Aberdeen Proving Ground, Md. 
USA Armor School,  F o r t  Knox, Ky. 
USAMICOM, Redstone.Arsena1, Ala. 
E l e c t r o n i c  Warfare Lab, F o r t  Monmouth, N J  
Con t r ac to r  Equipment (Support of I T V  Program) 
Sch Trp, 4 t h  Bn/3 ls t  I n f ,  Fo r t  S i l l ,  Okla. 

Systems 
Auth 

48* 
12 
1 
3 
7 
1 
6 
4 %. - 

8 2 a 

*Includes 16 systems t r a n s f e r r e d  from F t  Polk, La. 

T a c t i c a l  Army Deployments 

(C) T a c t i c a l  deployment of t h e  TOW weapon system commenced 
i n  September 1970 wi th  equipage of t h e  197th I n f a n t r y  Brigade a t  
F o r t  Benning and t h e  194th  Armored Brigade a t  Fo r t  ~ a o x . 9  A s  of 

5 
See above, p. 107. 

6 ~ 0 ~  RECAP Presn by COL R. W. Huntzinger ,  t o  DCG, ?"at Hcq, 
AMC, 22 Aug 73, p. 12 .  HDF. 

7 H F ~ ,  LTC Ben C.  Bedford, A s s t  PM, Log, TOW P ro j  Ofc, 
t o  TOW PM, 7 Jun 76, sub j :  Trf of Tng Equip f r  Ft  Polk t o  F t  
Benning . TOW Pro j Of c . 

8~01: Mat F i e l d i n g  P l an  P a r t  11 (Dplmt) , 15 Aug 76. TOW Pro j 
Ofc. 

9 ~ ~ k ' / ~ ~ ~  New Mat In t roduc to ry  L t r ,  r e v i s e d  J u l  76, p. 3. 
TOW Proj  Ofc. 



1 5  August 1976,  1 , 8 8 2  TOW l a u n c h e r  sys tems  had been deployed w i t h  
a c t i v e  Army u n i t s  i n  Europe,  Korea ,  and CONUS, a g a i n s t  a  t o t a l  TOE 
a u t h o r i z a t i o n  of 2,230. The remainder  o f  t h e  a u t h o r i z e d  sys tems  
were t o  b e  deployed on a time-phased b a s i s  th rough  March 1978. 
I n  a d d i t i o n  t o  t h e  2,230 sys tems  a u t h o r i z e d  f o r  a c t i v e  Army u n i t s ,  
270 were  programmed f o r  roundout  N a t i o n a l  Guard u n i t s  and  2 ,058 
f o r  N a t i o n a l  Guard/U. S. Army Reserve (USAR) u n i t s .  Deployment of 
t h e s e  sys tems  was schedu led  t o  b e g i n  i n  September 1976 and c o n t i n u e  
th rough  1980 .lo 

6 Deployments t o  USAREUR began i n  November 1970 and were 
completed i n  February  1976 a f t e r  a b r e a k  i n  shipments  t o  meet- 
o t h e r  u r g e n t  r e q u i r e m e n t s .  I n  October  1973,  d u r i n g  t h e  Mideast  
war,  8 1  l a u n c h e r s  and 2,010 missiles were  rushed  t o  I s r a e l  under  
P r o j e c t  9DD. A t  D A I S  d i r e c t i o n ,  26 of t h e  l a u n c h e r s  were deployed 
from CONUS assets and 55 were  withdrawn from t a c t i c a l  u n i t s  i n  
Europe. The l a t t e r  sys tems  were  p a i d  back  i n  1975,  and equ ipage  
of t h e  remain ing  a u t h o r i z e d  t a c t i c a l  u n i t s  was resumed. D e l i v e r y  
of t h e  l a s t  138 sys tems  i n  February  1976 completed t h e  U. S. 7 t h  
Army's TOE a u t h o r i z a t i o n  of 760 s y s t e m s ,  i n c l u d i n g  2  f o r  t h e  
t r a i n i n g  c e n t e r  a t  Grafenwohr , Germany.ll 

<n Deployment o f  t h e  TOW weapon sys tem t o  t h e  2d I n f a n t r y  
D i v i s i o n ,  U. S. 8 t h  Army, Camp Casey,  Korea,  commenced i n  ??arch 
1975 and was completed i n  June  1975. The 2d I n f a n t r y  D i v i s i o n  
r e c e i v e d  126 l a u n c h e r  s y s t e m s ,  enough t o  e q u i p  7  b a t t a l i o n s . 1 2  

@ The U. S. Army Forces  Command (FORSCOM) /CONUS a c t i v e  
u n i t s  were  s low i n  r e c e i v i n g  t h e i r  a u t h o r i z e d  TOW sys tems  because  
o f  t h e  d i v e r s i o n  o f  a v a i l a b l e  assets t o  m e e t  u r g e n t ,  unprogrgmmed 
r e q u i r e m e n t s  a r i s i n g  d u r i n g  t h e  1970-73 p e r i o d .  The f i r s t  tw% 
CONUS u n i t s  ( t h e  1 9 7 t h  I n f a n t r y  Br igade  and 1 9 4 t h  Armored Br igade)  
were equipped i n  September 1970, b u t  s u b s e q u e n t l y  r e l e a s e d  t h e i r  
sys tems f o r  u s e  e lsewhere .  A s  of  31 December 1975,  270 systems 
had been d i s t r i b u t e d  among 6 FORSCOPI/CONJS u n i t s ,  enough t o  com- 
p l e t e  t h e  TOE a u t h o r i z a t i o n  o f  t h e  82d Ai rborne  D i v i s i o n  and t o  

''TOW Mat F i e l d i n g  P l a n  P a r t  I1 (Dplmt),  1 5  Aug 76. TOW P r o j  
Ofc. 

11 
(1) B i d .  (2) TOW/HAW New Mat I n t r o d u c t o r y  L t r ,  r e v i s e d  

J u l  76, p. 3. TOW P r o j  Ofc. (3) TOW RECAP P r e s n s  by COL R. W. 
Huntz inger ,  t o  DCG, Mat Acq, AMC: 8 J a n  74,  pp. 2 ,  10 :  & 9 J u l  
74, p. 10.  HDF. (4)  TOW DAPR, 1 0  J u n  76. TOW P r o j  Ofc. 

l 2 ( 1 )  TOW RECAP P r e s n  by COL R. W. Huntz inger ,  t o  AKC, 1 J u l  
75, p. 12.  HDF. (2) TOW Mat F i e l d i n g  P l a n  P a r t  I1 (Dplmt),  1 5  
Aug 76. TOW P r o j  Ofc. 



p r o v i d e  t h e  o t h e r  f i v e  
sys tems . 1 3  

u n i t s  w i t h  a p a r t  o f  t h e i r  a u t h o r i z e d  

fl Three b a t t a l i o n s  o f  t h e  82d Ai rborne  D i v i s i o n  had 
equipped w i t h  t h e  TOW sys tem i n  December 1970 under  a n  a c c e  pen e r a t e d  
d e l i v e r y  s c h e d u l e .  These u n i t s  were i n i t i a l l y  a u t h o r i z e d  t h e  MULE- 
mounted v e r s i o n  of TOW, b u t  r e c e i v e d  t h e  MI51 Jeep-mounted sys tem 
u n t i l  t h e  MULE became a v a i l a b l e .  I n  t h e  f a l l  of 1974,  t h e  82d 
Ai rborne  D i v i s i o n  swi tched  back t o  t h e  Jeep-mounted sys tem and t h e  
MULE v e h i c l e s  were r e t u r n e d  t o  t h e  depo t .  A s  of  December 1375, 
t h e  82d Ai rborne  was equipped w i t h  a f u l l  complement of 114 
l a u n c h e r  sys tems .I4 

&From 1 January  t o  1 5  August 1976,  726 more TOW systems 
were  d i s t r i b u t e d  among FORSCOM/CONUS u n i t s ,  i n c r e a s i n g  t h e  number 
deployed t o  996 a g a i n s t  a  t o t a l  a u t h o r i z a t i o n  of 1 ,344 .  The re -  
maining 348 sys tems  were schedu led  f o r  deployment d u r i n g  t h e  p e r i o d  
September 1976 t o  March 1978 ( s e e  Tab le  8)  -15 

The TOW i n  Vietnam 

(U) One of t h e  u r g e n t ,  unprogrammed r e q u i r e m e n t s  f o r  t h e  TOK 
weapon system m a t e r i a l i z e d  on 30 March 1972,  when t h e  North V i e t -  
namese swept a c r o s s  t h e  D e m i l i t a r i z e d  Zone i n  zn a l l - o u t  o f f e n s i v e  
s u p p o r t e d  by s u b s t a n t i a l  numbers of h e a v i l y  armored Russ ian  and 
c a p t u r e d  American t anks .  To c o u n t e r  t h i s ' n e w  t h r e a t ,  t h e  Depart-  
ment o f  t h e  Army, on 1 4  A p r i l  1972,  d i r e c t e d  M I C O M  t o  r u s h  two 
UH-1B (Huey) gunsh ips  equipped w i t h  t h e  XM-26 armament subsystem 
and a l o a d  of TOW m i s s i l e s  t o  t h e  b a t t l e f r o n t .  T h i s  was fo i lowed  
on 30 A p r i l  by o r d e r s  t o  dep loy  t h e  ground-based TOW system w i t h  
i n s t r u c t o r s  t o  t r a i n  U. S. and South Vietnamese crews t o  o p e r a t e  
t h e  weapon. 

(U) The o r d e r  t o  have t h e  e x p e r i m e n t a l  a i r b o r n e  TOW system 
on t h e  way t o  Vietnam, ready  t o  f i g h t ,  i n  7  days  sparked  one of 

1 3 ( 1 )  B i d .  (2)  TOW/HAW New Mat I n t r o d u c t o r y  L t r ,  r e v i s e d  
J u l  76,  p. 3.  TOW P r o j  Ofc. (3)  In tvw,  M. T. Cagle  w CPT J a c k  D. 
Conway, TOW P r o j  Ofc ,  1 7  Sep 76. 

l4 (1)  TOW RECAP P r e s n s  by COL R. W. H u n t z i n g e r ,  t o  D C G ,  ?a t  
Acq, hYC:  8  J a n  74,  p. 2 ;  & 8 Oct 74,  p .  11. (2)  H i s t   rep^, TOTJ 
PM, FY 71, p. 6. A l l  i n  tiDF. (3 )  TOW Nat F i e l d i n g  P lan  P a r t  I1 
(Dplmt), 1 5  Aug 76. TOW P r o j  Ofc. 

1 5 ~ i  d . 
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TABLE 8 I 
1 

(fj T a c t i c a l  Army Deployments - Actua l  & Pro jec t ed  (U) 1 

Unit  - 
USAREUR (U. S. 7 t h  Army) 

Korea (U. S. 8 t h  Army) 

FORSCOM/CO~TS Act ive  Army: 
82d Abn Div, F t  Bragg, NC 
1st Inf  Div, F t  R i l e y ,  Kan 
3d Armd Cav Regt,  F t  B l i s s ,  Tex 
2d Armd Div, F t  Hood, Tex 
1st ~ a v  Div, F t  Hood, Tex 
l O l s t  Ambl Div, F t  Campbell, Ky 
9 t h  Inf  Div, F t  Lewis, Wash 
25th In£ Div, Schoef ie ld  Bks, H i  
4 t h  In£ Div, F t  Carson, Colo 
194th Armd Bde, F t  Knox, Ky 
197th  Inf  Bde, F t  Benning, Ga 
7 t h  In£ Div, F t  Ord, Ca l i f  
24th Inf  Div, F t  S tewar t ,  Ga 
5 t h  Inf  Div, F t  Polk ,  La 

T o t a l  FORSCOM/CONUS Uni t s :  

Roundout Na t l  Guard Un i t s  

Na t l  G U ~ ~ ~ / U S A R  Uni t s  

GRAND TOTAL: 

Lchrs Dpld A0 1 
Auth 8/15/76 Deployments Scd 

30 - Sep 76 
12 - Dec 76 
36 - Oct 76 

108 - Jan-May 7 7  
1C8 - Feb77-Mar73 

a 
Inc ludes  two systems f o r  t h e  7 t h  U .  S. Army Tra in ing  Center a t  
Grafenwohr, Germany. 

b ~ l u s  one launcher  i s sued  over  TOE a u t h o r i z a t i o n  which was t o  be  
tu rned  i n  t o  f i e l d  s e r v i c e  s t o c k  a s  excess .  

SOURCE: TOW Fiat F i e ld ing  P lan  P a r t  11 (Deployment), 12 Xug 76. 



t h e  most unique deployments eve r  accomplished by t h e  Army. It was 
indeed a monumental t a s k  done i n  record  t i m e  through a w e l l -  
coord ina ted  team e f f o r t  headed by COL Robert  W. Huntzinger,  t h e  
TOW P r o j e c t  Manager. The two UH-1B gunships  o r i g i n a l l y  modified 
and used i n  t h e  XM-26 a i r b o r n e  TOW development tests a t  Redstone 
Arsenal  were loca t ed  a t  Fo r t  Lewis, Washington, where they were 
being used i n  t r a c k i n g  tests by t h e  Combat Developments Command 
Experimentation Center .  Only a p a r t  of t h e  XM-26 equipment was 
i n s t a l l e d  on t h e  h e l i c o p t e r s ,  t h e  remainder having been p laced  i n  
s t o r a g e  a t  t h e  Hughes A i r c r a f t  p l a n t  i n  Culver Ci ty ,  C a l i f o r n i a .  
The TOW-peculiar hardware was removed from t h e  h e l i c o p t e r s  and 
flown t o  Culver C i ty ,  where t h e  complete XM-26 subsystems were 
assembled, checked o u t ,  and packed f o r  pickup a t  E l  Segundo, 
Ca l i fo rn i a .  Maintenance was begun on t h e  two h e l i c o p t e r s  a t  
F o r t  Lewis as they  were r ead i ed  f o r  a i r l i f t .  TOW m i s s i l e s  were 
taken  from product ion l o t s  a t  Hughes' p l a n t  i n  Tucson and 
assembled f o r  pickup by a C-141 a i r c r a f t  a t  Davis Monthan A i r  
Base. 

(U) Rea l i z ing  t h a t  t h i s  was no t i m e  t o  break i n  new men, 
Colonel Huntzinger  handpicked t h e  t e c h n i c a l  suppor t  team t h a t  
would go w i t h  t h e  equipment t o  Vietnam. Heading t h e  team was 
Hughie J. McInnish, who spearheaded development of t h e  TOW a i r -  
borne system a t  Redstone Arsenal.  Included on t h e  team were an 
e x p e r t  on t h e  UH-1B h e l i c o p t e r  from B e l l  A i r c r a f t  and two engi- 
n e e r s  and two t e c h n i c i a n s  from Hughes A i r c r a f t ,  a l l  of them 
e x p e r t s  on t h e  TOW and i t s  a i r b o r n e  guidance and c o n t r o l  equip- 
ment. The a v i a t o r s  who had been f l y i n g  t h e  hueys i n  tests a t  
F o r t  Lewis vo lunteered  t o  deploy wi th  t h e  gunships t o  Vietnam. 
Members of t h e  f l i g h t  team, commanded by LTC P a t r i c k  L. Feore,  
Jr., were CWO's  S c o t t  E.  Fenwick, C a r r o l l  W. Lain,  and Edmond C. 
Smith, SFC Boyce A. H a r t s e l l ,  Sp5 Ronald G. Taylor ,  and Sp4 David 
W. Lehrscha l l .  CWO L e s t e r  Whiteis  of t h e  Aviat ion Systems Command, 
a q u a l i f i e d  test  p i l o t ,  i n s t r u c t o r ,  and maintenance o f f i c e r ,  was 
added t o  complete t h e  crew. 

(U) On 21  A p r i l  1972, e x a c t l y  7 days a f t e r  MICOM go t  t h e  word 
t o  go, t h r e e  C-141 a i r c r a f t  were en rou te  t o  Vietnam w i t h  t h e  two 
gunships ,  two sets of t h e  XM-26 subsystem, missiles, crews, and 
o t h e r  equipment. On t h e  morning of 24 A p r i l ,  t h e  p l anes  landed 
a t  Tan Son Nhut o u t s i d e  Saigon, where t h e  gunships were read ied  
f o r  f l i g h t  w i t h  t h e  XM-26 systems. S ince  none of t h e  Army 
a v i a t o r s  had eve r  f i r e d  a TOW missile, from t h e  UH-1B h e l i c o p t e r ,  
t h e  suppor t  team gave them a cram course  on t h e  XM-26 system. 
The crews checked out  i n  cockpi t  procedures ,  he ld  t r a c k i n g  d r i l l s  
t o  f a m i l i a r i z e  themselves wi th  t h e  s t a b i l i z e d  m i s s i l e  s i g h t  and 
i t s  c o n t r o l s ,  and, a s  a g radua t ion  e x e r c i s e ,  f i r e d  two missiles 
each from a i r b o r n e  h e l i c o p t e r s .  



Readying one of the TOW-armed UH-1B gunships for combat action. 



(U) A t  f i r s t  it appeared t h a t  t h e  TOW-equipped choppers 
would be committed t o  combat i n  t h e  a c t i o n  then  i n  progress  a t  
An Loc. The day t h e  TOW package a r r i v e d  i n  Vietnam, however, 
t h e  North Vietnamese had overrun Tan Canh northwest  of Kontum 
and t h e r e  had been numerous a c t i o n s  a t  f i r e b a s e s  guarding t h e  
no r the rn  and western approaches t o  t h e  c i t y .  North Vietnamese 
armor, inc luding  Soviet-made T-54 medium and PT-76 amphibious 
tanks ,  was known t o  be i n  t h e  a r e a .  Also, t h e  North Vietnamese 
had captured  a number of American M-41 tanks  and were us ing  them 
a g a i n s t  t h e  South Vietnamese u n i t s  f a l l i n g  back t o  Kontum, a 
p r o v i n c i a l  c a p i t a l  no r th  of P le iku .  On 28 Apr i l ,  wi th  a major 
enemy a t t a c k  on Kontum imminent, t h e  h e l i c o p t e r  crews and support  
team were ordered n o r t h  t o  Camp Holloway near  P le iku  i n  t h e  
Cen t r a l  Highlands. The gunships f lew up t h a t  day whi le  t h e  
remainder of t h e  group and equipment were a i r l i f t e d  by C-130 
a i r c r a f t  . I 6  

(U) As  t h e  a i r b o r n e  group a t  P le iku  prepared t o  t ake  t h e  
TOW i n t o  a c t i o n  a s  soon a s  s u i t a b l e  t a r g e t s  were l o c a t e d ,  prelim- 
ina ry  planning was underway a t  K I C O M  f o r  deployment of t h e  ground- 
based TOW. This deployment ope ra t ion ,  much l a r g e r  than t h e  f i r s t ,  
involved 87 TOW launcher  systems, about 2,500 m i s s i l e s ,  maintenance 
suppor t  personnel  and equipment, r e p a i r  p a r t s ,  t r a i n e r s ,  and in-  
s t r u c t o r s  t o  t r a i n  U. S. and South Vietnamese crews t o  ope ra t e  t h e  
weapon. On 5 May 1972, j u s t  5 days a f t e r  M I C O M  rece ived  movement 
o r d e r s ,  t h e  f i r s t  a i r c r a f t  landed i n  Vietnam. A l l  had a r r i v e d  by 
t h e  fol lowing day,  and t r a i n i n g  began soon t h e r e a f t e r .  YAJ Dale 
F. Norton of t h e  TOW P r o j e c t  Of f i ce  was named l o g i s t i c s  o f f i c e r  
f o r  t h e  ground system and deployed wi th  i t ,  along wi th  J e s s e  Rich, 
a c i v i l i a n  m i s s i l e  maintenance t echn ic i an  from HICOM's D i r e c t o r a t e  
f o r  ~ a i n t e n a n c e  . I 7  

(U) I n  a d d i t i o n  t o  t h e  above ground-based' TOW equipment, t h e  
Army of t h e  Republic of Vietnam (ARVN) was supp l i ed  wi th  t h e  
fol lowing equipment under t h e  M i l i t a r y  Ass is tance  Serv ice  Funding 
(MASF) program: 3,220 m i s s i l e s ,  141  launchers ,  14 t r a i n e r s ,  39 
M232 jeep adap te r  k i t s ,  35 M236 jeep  adap te r  k i t s ,  13  b a t t e r y  
cha rge r s ,  and 6 contac t  support  s e t s . 1 8  

(U) I n  y e t  another  TOW deployment e x e r c i s e ,  an 82d Airborne 

l6 (1) The Rocket,  26 J u l  72. (2) The Rocket,  6 Sep 72. 
., 7 
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(1) B id .  (2) The HmtsviZZe Times, 26 May 72. (3 )  H i s t  
Rept,  TOW PY, FY 72, p.  6. HDF. 

18~ntvw, 1. T. Cagle w LTC Robert C .  Darres, 1017 Pro j  Ofc, 
26 Aug 76. 



Divis ion  a n t i t a n k  t a s k  f o r c e  headed by 1LT David R. Hasket t  was 
a i r l i f t e d  t o  Vietnam wi th  24 jeep-mounted l aunche r s ,  500 m i s s i l e s ,  
and 2  314-ton t r u c k s  f o r  t h e  maintenance con tac t  team. The t a s k  
f o r c e  cons i s t ed  of  a  48-man crew p lus  a  maintenance con tac t  team 
of 10 personnel  from t h e  763d Ordnance Company (now Company E ,  
782d Maintenance B a t t a l i o n ) .  I n  Vietnam, u n i t s  of t h e  t a s k  f o r c e  
were a t t a c h e d  t o  t h e  3d Brigade,  1st Cavalry Div i s ion ,  whose per- 
sonnel  were t r a i n e d  t o  o p e r a t e  t h e  TOW weapon ~ ~ s t e m . 1 9  

(U) Meanwhile, t h e  TOW a i r b o r n e  system had gone i n t o  a c t i o n .  
The f i r s t  TOW combat launches orr t h e  morning of 2  May 1972 
r e s u l t e d  i n  t h e  d e s t r u c t i o n  of fou r  captured  American 11-41 t anks ,  
one a r t i l l e r y  gun, and one t r u c k  a t  t h e  s i t e  of one of t he  aban- 
doned f i r e b a s e s  nea r  Kontum. CWO C a r r o l l  W. Lain probably took 
no n o t e  of it a t  t h e  t ime,  bu t  he  made h i s t o r y  t h a t  morning, when 
a  TOW-missile he f i r e d  s t r u c k  t h e  f i r s t  t ank ,  marking t h e  f i r s t  
American-made guided m i s s i l e  t o  be f i r e d  by U. S. s o l d i e r s  i n  
combat .* I n  t h e  next  s e v e r a l  weeks, t h e  two Huey gunships f lew 
numerous s o r t i e s  i n  t h e  a r e a  around Kontum, knocking ou t  t anks ,  
armored v e h i c l e s ,  t r u c k s ,  a r t i l l e r y  p i eces ,  and o t h e r  p o i n t  
t a r g e t s .  

(U) The North Vietnamese launched t h e  expected a t t a c k  on t h e  
p r o v i n c i a l  c a p i t a l  of Kontum be fo re  dawn on 26 May 1972. T a c t i c a l  
a i r  s t r i k e s  pounded enemy f o r c e s  w i th in  a  mi le  of t he  c i t y ,  bu t  
were hampered by t h e  c loseness  of t h e  enemy f o r c e  t o  t h e  defenders  
i n  t h e  house-to-house b a t t l e  underway i n s i d e  t h e  c i t y .  The two 
Huey gunships went i n t o  a c t i o n  a t  0640 and be fo re  t h e  morning 
ended f lew s e v e r a l  s o r t i e s  ap i ece .  They expended 21 m i s s i l e s  
dur ing  s e v e r a l  hours  of cont inuous ope ra t ion  and scored n i n e  tank 
ki l ls-every one they  found-as w e l l  a s  des t roy ing  o t h e r  t a r g e t s ,  
i nc lud ing  a  machine gun on a  water  tank.  

(U) In  t h e  ensuing days,  t h e r e  were o t h e r  b a t t l e s  and o t h e r  

* 
The f i r s t  conbat f i r i n g s  of Army m i s s i l e s  occurred dur ing  t h e  S ix  
Day War i n  1967 when t h e  I s r a e l i s  downed s e v e r a l  Egypiian j e t s  
wi th  t h e  HAWK m i s s i l e .  HAWK m i s s i l e s  were deployed i n  Vietnam, 
but  were never f i r e d  i n  combat. Ear ly  i n  t h e  Vietnam war, U .  S . 
s o l d i e r s  f i r e d  some French-developed ENTAC wire-guided m i s s i l e s .  
MICOM-developed h e l i c o p t e r  rocke t  l aunche r s ,  f i r i n g  t h e  2.75-inch 
r o c k e t ,  and t h e  Light  Anti tank Weapon had been widely used i n  
Vietnam f o r  s e v e r a l  yea r s .  

"(1) Stmt by SSG Tom R.  Su t ton ,  Cbt Spt Co, 1st Bn1508th 
I n f ,  F t  Bragg, NC,  6  Sep 76. HDF. (2) FONECON, M. T. Cagle w 
SSG Tom R. Sut ton ,  F t  Bragg, MC, 5  Oct 76. 



t ank  k i l l s ,  b u t  t h e  oppor tun i t i e s  f o r  he l icopter - tank  engagements 
g radua l ly  diminished. During May and June 1972, t h e  months spent  
i n  Vietnam by t h e  temporary duty (TDY) team, t h e  two h e l i c o p t e r s  
f i r e d  a t o t a l  of 94 TOW missiles i n  combat engagements, s co r ing  8 1  
h i t s  on a v a r i e t y  of t a r g e t s ,  inc luding  24 tanks,  9 t r u c k s ,  4 
armored personnel  c a r r i e r s ,  3 bunkers,  2 machine gun emplacements, 
2 a r t i l l e r y  p i eces ,  2 ammunition dumps, a br idge ,  and a rocke t  
launcher.  According t o  Warrant Of f i ce r  Les t e r  Whiteis ,  n e i t h e r  of 
t h e  gunships w a s  h i t  by enemy f i r e .  They encountered cons iderable  
machine gun f i r e ,  b u t  avoided most of i t  by s t a y i n g  h igh .  Before 
l eav ing  Vietnam, t h e  TDY team t r a i n e d  replacements from t h e  1st 
Avia t ion  Brigade. The XM-26 a i r b o r n e  TOW system remained i n  
Vietnam u n t i l  l a t e  January 1973. 

(U) Between 30 A p r i l  1972 and 11 January 1973, t h e  two Huey 
gunships f i r e d  a t o t a l  of 199 TOW missiles-37 i n  t r a i n i n g  and 
162 i n  combat engagements. The 37 t r a i n i n g  f i r i n g s  began on 
30 A p r i l  1972 and cont inued through 7 August 1972. BG William J .  
Maddox, Jr. ,  t h e  D i r e c t o r  of Army Aviat ion,  f i r e d  one of t h e  
t r a i n i n g  rounds on 21 May 1972, dur ing  a 10-day v i s i t  t o  Vietnam, 
and scored a h i t  on a prev ious ly  destroyed M-41 tank.  

(U) Of t h e  162 a i rbo rne  TOW m i s s i l e s  f i r e d  i n  combat engage- 
ments, 151  (93 percent )  were r e l i a b l e  and 124 (82 percent )  of t h e  
l a t t e r  scored h i t s  on a v a r i e t y  of t a r g e t s .  Among t h e  t a r g e t s  
destroyed were 27 tanks ,  21 t rucks ,  5 armored personnel  c a r r i e r s ,  
3 a r t i l l e r y  p i eces ,  1 a n t i a i r c r a f t  gun, 1 122mm rocke t  launcher ,  
5 machine guns, 2 57mm guns, 5 caves ,  8 bunkers,  2 br idges ,  2 
mortars ,  2 ammunition s t o r a g e  dumps, 2 TOW jeeps  ( I  w i th  launcher  
and 1 wi th  m i s s i l e s ) ,  and 1 house. Eleven of t h e  m i s s i l e s  f i r e d  
malfunctioned and fou r  misses occurred when t h e  gunner f i r e d  t h e  
m i s s i l e  a t  a range i n  excess  of 3,000 meters  and l o s t  i t  when t h e  
guidance w i r e  r a n  out .  20 

(U) Nevertheless ,  t h e  supe r io r  t a c t i c a l  va lue  of t h e  a i r b o r n e  
TOW had been d rama t i ca l ly  demonstrated. BG William J.  Maddox, Jr . ,  
i n  confirming TOW'S use  i n  Vietnam, s a i d  he had been s t r o n g l y  
impressed wi th  two major l e s sons :  "The Army a t t a c k  h e l i c o p t e r  has  
played a key r o l e  i n  t h e  c u r r e n t  campaign which began 30 March. . 
. . The Army has  f i e l d e d  f o r  t he  f i r s t  t ime, a h igh ly  e f f e c t i v e  

20(1) Fact  Sheets :  XM-26 Sys Tes t  & Tng F i r i n g s ,  18 Sep 72; 
XM-26 Opera t iona l  F i r i n g s ,  14 Feb 73; & XM-26 Resu l t s  i n  Vietnam 
(Tac t i ca l  F i r i n g s ) ,  14 Feb 73. TOW P r o j  Ofc. (2) The ~untsviZZe 
Times, 26 May 72. (3) The HuntsviZZe Times, 2 J u l  72. (4) The 
Rocket, 26 J u l  72. (5) The Rocket, 6 Sep 72. 



Hughie J. McInnish wi th  one of t h e  two TOW-armed UH-1B h e l i c o p t e r s  
which scored 27 k i l l s ,  inc luding  17 tanks,  dur ing  May and June 1972. 



. - 

McInnish takes a look at the burned-out hull of a T-54 tank knocked out by a TOW on 27 May 1972. 



This Sovie t  t ank  sought s h e l t e r  i n  a  bu i ld ing  bu t  found a  deadly TOW m i s s i l e  i n s t ead .  



McInnish and an ARVN soldier inspect a T-54 Soviet tank knocked out by a TOW missile. 



a e r i a l  an t i - tank  weapon. This is t h e  TOW m i s s i l e .  . . ." Sum- 
marizing what he had observed of t h e  r o l e  of Army a v i a t o r s  and 
t h e i r  a t t a c k  h e l i c o p t e r s  i n  suppor t ing  t h e  South Vietnamese, 
General Maddox sa id :  

11 A major new dimension has been added by t h e i r  now 
proven combat e f f e c t i v e n e s s  us ing  t h e  TOW m i s s i l e  a g a i n s t  
modern tanks  a s  w e l l  a s  a g a i n s t  o t h e r  important p o i n t  
t a r g e t s .  With s o  few having proven s o  e f f e c t i v e  i n  Viet-  
nam, i t  is  now p o s s i b l e  t o  v i s u a l i z e  more c l e a r l y ,  t h e  
g r e a t  an t i - tank  p o t e n t i a l  which f a r  l a r g e r  numbers of 
modern a t t a c k  h e l i c o p t e r s  and TOW m i s s i l e s  would b r i n g  
t o  a modern American d i v i s i o n .  l t 2 l  

(U) Performance of t h e  ground-based TOW was equa l ly  impressive.  
As s t a t e d  e a r l i e r ,  new equipment t r a i n i n g  f o r  U. S. and South Viet-  
namese crews began upon a r r i v a l  of t h e  MICOM TDY team e a r l y  i n  May 
1972. Twenty-eight TOW m i s s i l e s  were expended i n  t r a i n i n g  person- 
n e l  of t h e  82d Airborne Div is ion  and t h e  3d  riga ad ell st Cavalry 
Div is ion  through 21 May 1972 .22  Gunners of t h e  82d Airborne t a s k  
f o r c e  f i r e d  12  t r a i n i n g  rounds a g a i n s t  an a r t i l l e r y  bunker a t  a 
range of about 2,800 meters  and scored  12 d i r e c t  h i t s . 2 3  Gunners 
of t h e  3d B r i g a d e l l s t  Cavalry Div is ion  f i r e d  16  t r a i n i n g  rounds, 
wi th  1 m i s s i l e  malfunct ion,  9 t a r g e t  h i t s ,  and 6 misses  because of 
poor l i g h t i n g  condi t ions .  Training f o r  personnel  of t h e  ARVN 
Marine Corps began on 10 May and cont inued through 22 J u l y  1972, 
wi th  a t o t a l  of 163 TOW m i s s i l e  f i r i n g s . 2 4  It was i n  t h e  course  
of t h e  l a t t e r  t r a i n i n g  program t h a t  t h e  f i r s t  ground-based TOW 
system was f i r e d  i n  a c t u a l  combat. Following is  an eyewitness 
account of t h a t  b a t t l e  a s  descr ibed  by Marine CPT P h i l l i p  C.  
Norton, an advisor  wi th  t h e  South Vietnamese Marines, i n  a l e t t e r  
t o  Infan t ry  Magazine a t  Fo r t  Benning: 

"The TOW r e a l l y  works! Espec ia l ly  a g a i n s t  t h e  
Russian-made T-54 tank. 

"Around 19  May 72 U. S. Army Sergeant  B i l l  L. 
Tillman, weapons i n s t r u c t o r  w i th  t h e  F i r s t  Regional 
Ass is tance  Command, Republic of Vietnam, was assigned 

21~he  Rocket, 5 J u l  72, p. 4. 

2 2 ~ a c t  Shee t ,  TOW Gnd Resu l t s ,  1 8  Sep 72. TOW Pro j  Ofc. 

23(1) B i d .  (2) s t m t  by SSG Tom R. Sut ton ,  Cbt Spt  Co, 1st 
~111508th I n f ,  F t  Bragg, NC,  6 Sep 76. HDF. 

2 4 ~ a c t  Shee t ,  TOW Gnd Resu l t s ,  1 8  Sep 72. TOW Pro j  Ofc. 



t o  Brigade 369 o f  t h e  Vietnamese Marine Corps t o  
i n s t r u c t  Marines  on t h e  Tube-launched, O p t i c a l l y -  
s i g h t e d ,  Wire-guided m i s s i l e .  

"Af te r  two days  o f  c l a s s e s  t h e  TOW w a s  c a l l e d  
upon t o  f i r e  a g a i n s t  a l i v e  enemy T-54 t a n k .  On t h e  
morning o f  22 Play t h e  369 Br igade  CP w a s  a t t a c k e d  by a  
combined t a n k - i n f a n t r y  f o r c e  c o n s i s t i n g  of 9  t a n k s  and 
approx imate ly  200 t r o o p s .  S g t  T i l lman  q u i c k l y  manned 
h i s  weapon and s i g h t e d  i n  on a T-54 a t  a range  of 900 
meters. Seconds la ter  t h e r e  w a s  t h e  u n f a m i l i a r  r o a r  
of t h e  TOW, fol lowed by a v i c t o r i o u s  c h e e r ,  more a k i n  
t o  g r i d i r o n  t h a n  t o  t h e  b a t t l e f i e l d ,  as t h e  T-54 was 
e n g u l f e d  i n  a b r i g h t  o range  b a l l  of f i r e .  The b a t t l e  
ended 2  h o u r s  la ter  w i t h  a l l  9  t a n k s  d e s t r o y e d  and 
117 enemy conf i rmed dead.  

"I know t h a t  t h i s  was t h e  f i r s t  k i l l  r ecorded  by 
t h e  TOW i n  t h e  Vietnamese Marine Corps,  p o s s i b l y  t h e  
f i r s t  k i l l  i n  a c t u a l  combat. I n  any c a s e  i t  was a  
f i n e  job  done by Sg t  T i l lman  w i t h  a f i n e  new weapon- 
t h e  TOW. "25 

(U) Meanwhile, t h e  82d Airborne D i v i s i o n  t a s k  f o r c e ,  hav ing  
completed in -count ry  t r a i n i n g  and r e c e i v e d  a n  i n t e l l i g e n c e  b r i e f -  
i n g  on t h e  enemy's armor t a c t i c s ,  were moved by C-130 a i r c r a f t  
from Bien Hoa t o  P l e i k u .  Four TOW squads  were t h e n  rushed  t o  
p o s i t i o n s  around Kontum, j u s t  as t h e  enemy t a n k  a s s a u l t  began. 
PFC Angel F i g u e r o a  s c o r e d  t h e  D i v i s i o n ' s  f i r s t  t a n k  k i l l  w i t h  t h e  
ground-based TOW on o r  abou t  26 May 1972. Through t h e  o p t i c a l  
s i g h t ,  h e  s a w  t h e  missile h i t  t h e  Russ ian  t a n k  and observed a  
secondary  e x p l o s i o n .  About a  week l a te r ,  t h e  48-man t a s k  f o r c e  
t u r n e d  t h e i r  TOW equipment o v e r  t o  t h e  3d B r i g a d e l l s t  Cavalry  
D i v i s i o n  and r e t u r n e d  t o  t h e  Uni ted S t a t e s .  The maintenance 
c o n t a c t  team remained i n  Vietnam u n t i l  1 August 1972.26 

(U) By 1 9  August 1972, a  t o t a l  of 23 TOW m i s s i l e s  had been 
f i r e d  i n  combat engagements, d e s t r o y i n g  11 t a n k s  and 6  bunkers .  
On 1 2  J u l y ,  78 TOW missiles were d e s t r o y e d  by enemy f i r e  a t  Phu 
B a i ,  and 1 6  o t h e r s  were d e s t r o y e d  a t  F i r e  Suppor t  Base Ross on 

2 5 ~ t r ,  CPT P h i l l i p  C.  Norton t o  E d i t o r ,  I n f a n t r y  i d q a z i n e ,  
USAIS, F t  Benning, 

26(1)  stmt by 
I n f ,  F t  Bragg, NC,  
SSG Tom R .  S u t t o n ,  

G a ,  30 May 72. HDF. 

SSG Tom R.  S u t t o n ,  Cbt Sp t  Co, 1st Bn/508th 
6  Sep 76. FBF. (2) FOMECON, M. T. Cagle w 
F t  Bragg, N C ,  5  Oct 76. 



1 9  August 1972. 27 I n f  o rmat ion  on subsequen t  TOW combat a c t i o n s  
i n v o l v i n g  U. S. u n i t s  cou ld  n o t  be l o c a t e d .  V i r t u a l l y  a l l  o f  t h e  
TOW equipment f u r n i s h e d  South Vietnam was e v e n t u a l l y  c a p t u r e d  o r  
d e s t r o y e d .  28 

2 7 ~ a c t  S h e e t ,  TOW Gnd R e s u l t s ,  1 8  Sep 72. TOW P r o j  Ofc. 

2 8 ~ 0 ~  RECAP P r e s n  by COL R. W. Huntz inger ,  t o  AXC, 1 J u l  75,  
p .  12 .  HDF. 



CHAPTER V I I I  

6 THE TOW/COBRA PROGRAM (U) 

(U) The XM-65 TOW/COBRA development program begun i n  FY 
1972 was a  f u n c t i o n a l  upgrade of t h e  developmental XM-26 (TOW/ 
UH-1B Huey) armament subsystem. The o b j e c t  of  t h i s  product  
improvement e f f o r t  was t o  provide s i g n i f i c a n t  improvement i n  
an t ia rmor  f i repower by mounting t h e  TOW a n t i t a n k  m i s s i l e  on t h e  
AH-1G COBRA h e l i c o p t e r .  

- ( U )  The AH-1G COBRA was a n  outgrowth of t h e  UH-1 Huey 
h e l i c o p t e r  of  t h e  1950's .  Developed by t h e  B e l l  He l i cop te r  
Company and deployed by t h e  U. S. Army t o  Southeas t  Asia  i n  
1968, t h e  COBRA was t h e  f i r s t  a t t a c k  h e l i c o p t e r  t o  be  i n t r o -  
duced i n t o  combat and t h e  f i r s t  t o  be designed exp re s s ly  a s  a  
weapons c a r r i e r .  It was designed t o  perform i n  t h e  low a i r  
defense  t h r e a t  b a t t l e f i e l d  of Southeast  A s i a .  Its missions 
requi red  takeof f  w i th  a  maximum number of r o c k e t s ,  f l i g h t  a t  
r e l a t i v e l y  h igh  speed and over  1 ,500  f e e t  a l t i t u d e  t o  t h e  
t a r g e t  a r e a ,  and then a  h igh  speed d iv ing  a t t a c k  f o r  rocke t  
d e l i v e r y .  The AH-1G COBRA s i g n i f i c a n t l y  improved t h e  f i repower  
of t h e  ground f o r c e s  and,  du r ing  low- in tens i ty  c o n f l i c t ,  per-  
formed admirably a s  t h e  Army's a t t a c k  h e l i c o p t e r .  However, i n  
a r e a s  of increased  a l t i t u d e s  and h igh  tempera tures ,  such a s  t h e  
h igh lands  of South Vietnam, i t s  e f f e c t i v e n e s s  was c u r t a i l e d  by 
l i m i t a t i o n s  i n  payload and a g i l i t y .  

(U) During t h e  e a r l y  yea r s  i n  Vietnam, t h e  a t t a c k  h e l i c o p t e r  
was allowed t o  ope ra t e  r e l a t i v e l y  un threa tened  a t  low a l t i t u d e  
i n  performing ground suppor t .  I n  t h e  l a t e  s t a g e s  of t h e  war, 
however, t h e  a i r  defense  t h r e a t  e s c a l a t e d ,  d r i v i n g  t h e  f l i g h t  
envelope t o  t r e e  skimming a l t i t u d e s .  This  exper ience ,  coupled 
wi th  t h a t  from t h e  Mideast wars,  made c l e a r  t h e  need t o  f l y  
a t t a c k  h e l i c o p t e r s  i n  t h e  nap-of-the-earth (NOE) environment,  
us ing  t e r r a i n  and v e g e t a t i o n  t o  mask t h e i r  presence.  I n  t h i s  
f l i g h t  regime, t h e  low, slow, and hovering pop-up maneuvers 
demanded g r e a t e r  h e l i c o p t e r  power, a g i l i t y ,  and performance. 
The AH-1G COBRA was t o o  b i g  t o  do t h e  kind of maneuvering 
r equ i r ed  f o r  NOE f l i g h t ,  and, when broads ide  t o  t h e  enemy, i t  
o f f e r e d  t o o  much t a r g e t  a r ea .  I f  n o t  s h o t  down when h i t ,  i t  
s t i l l  u s u a l l y  r equ i r ed  ex t ens ive  r e p a i r s  t o  become f l y a b l e  aga in .  
O r ,  t o  pu t  i t  ano the r  way, a  b u l l e t  t h a t  c o s t  t h e  enemy a  few 
c e n t s  could do damage t h a t  c o s t  thousands of d o l l a r s  t o  r e p a i r .  



I loreover ,  t h e  COBRA could  n o t  c a r r y  enough ordnance f o r  prolonged 
combat, and t h e  weapon s y s t e m  a v a i l a b l e  had n e i t h e r  t h e  accuracy  
nor  t h e  punch f o r  a  good f i r s t - r o u n d  t a n k  k i l l  p r o b a b i l i t y .  

'* 
( U )  Pending a v a i l a b i l i t y  of t h e  Advanced At&ack H e l i c o p t e r  

A 

(AAH) t o  f i l l  t h e  gap l e f t  by t e r m i n a t i o n  of t h e  CHEYEZJYE program,^ 
t h e  Army/Bell team under took  a two-phased COBRA improvement e f f o r t  
t o  a d a p t  i t  t o  t h e  h i g h - t h r e a t  b a t t l e f i e l d .  I n  t h e  f i r s t  phase ,  
known as t h e  Improved COBRA Armament Program (ICAP) , t h e  AH-1G 
COBRA was equipped w i t h  t h e  XN-65 TOW armament subsystem,  t h e  
modif ied v e r s i o n  t h e n  becoming t h e  AH-1Q. The n e x t  phase ,  known 
as t h e  Improved COBRA A g i l i t y  and M a n e u v e r a b i l i t y  (ICAN) program, 
e n t a i l e d  t h e  upgrad ing  o f  eng ine  and dynamic components of t h e  
AH-10. The r e s u l t a n t  model, d e s i g n a t e d  as t h e  AH-IS, would pro- 
v i d e  t h e  performance margin needed f o r  most b a t t l e f i e l d  environ-  
ments-  u n t i l  t h e  AAH became a v a i l a b l e  i n  t h e  e a r l y  1 9 8 0 ' s . l  

Improved COBRA Armament Program (ICAP) 

(U) S t u d i e s  l e a d i n g  t o  development of t h e  LY-65 TOW armament 
subsystem f o r  t h e  AH-1 s e r i e s  COBRA h e l i c o p t e r  began i n  FY 1973.2  
Concur ren t ly  w i t h  t h e s e  s t u d i e s ,  t h e  Army A v i a t i o n  Systems 
Command (AVSCOM) formula ted  a  p r e l i m i c a r y  TOW/COBRA program 
c a l l i n g  f o r  award o f  t h e  pr ime development c o n t r a c t  t o  t h e  s e l l  
H e l i c o p t e r  Company. Under t h e  proposed management c o n c e p t ,  t h e  
Hughes A i r c r a f t  Company would d e s i g n  and develop t h e  TOW armament 
subsystem under s u b c o n t r a c t  t o  B e l l ,  and t h e  TOW P r o j e c t  Xanager 
a t  MICOM would p r o v i d e  t e c h n i c a l  s u p p o r t  t o  t h e  program under  
d i r e c t i o n  of t h e  P r o j e c t  Manager, Advanced A e r i a l  Weapons Systems 
(CHEYENNEICOBRA"") a t  AVSCOM. 

(U) Drawing upon e x p e r i e n c e  w i t h  t h e  TOW/CHEYENNE program, 
which had a  similar management s t r u c t u r e ,  NG C h a r l e s  L.'. E i f l e r ,  
Commanding Genera l  of M I C O M ,  a rgued  t h a t  such  a n  arrangement  would 

k 
See above pp. 52-83. 

J. A ,. ̂  

With t h e  subsequen t  phaseout  of t h e  CHEYEENE p r o j e c t  i n  1072, 
M4C e s t a b l i s h e d  t h e  Produc t  Manager, AH-1 COBRA S e r i e s  A i r c r a f t ,  
a t  AVSCOM. See above,  pp. 38-39. 

1 
(1) Rep t ,  A r m y / ~ e l l  AH-IS, 5 y  B e l l  H e l i c o p t e r  Div of Tex t ron ,  

I n c . ,  undated.  TOW P r o j  Ofc. ( 2 )  Army, Mov 68, p.  168.  (3 )  . 2 - V 2 ,  

Mar 73, pp. 17-18. (4)  Army, Aug 73,  p .  22. 

' ~ i s t  R e p t ,  TO!J PPI, FY 70,  p .  10 .  Fill?. 



b e  unwise b o t h  from a n  economical  and m a n a g e r i a l  s t a n d p o i n t .  
Assuming s u c c e s s f u l  comple t ion  of t h e  p r e l i m i n a r y  e f f o r t  t h e n  
underway, he  p o i n t e d  o u t  t h a t  v e r y  l i t t l e ,  i f  any,  work would be  
r e q u i r e d  by B e l l  t o  modify t h e  a i r f r a m e .  T h e r e f o r e ,  B e l l ,  i f  
g iven  t h e  prime c o n t r a c t ,  would s e r v e  p r i m a r i l y  a s  a mere c o n d u i t  
f o r  funds  and d i r e c t i o n  f lowing  t o  Hughes A i r c r a f t ,  and i n  do ing  
so  would add s u r c h a r g e s  f o r  s u p e r v i s i o n ,  a d m i n i s t r a t i v e  expenses ,  
and p r o f i t ,  r e s u l t i n g  i n  a d i r e c t  i n c r e a s e  i n  c o s t  of t h e  TOG:/ 
COBRA program. Such a n  arrangement  would a l s o  c r e a t e  a n  unwieldy 
and i n e f f e c t i v e  management s t r u c t u r e ,  t h e  l i n e  of covmunicat ion 
between XICOX and Hughes A i r c r a f t  b e i n g  th rough  AVSCO?! and th rough  
B e l l .  A s  i n  t h e  TOW/CHEYEYNE program, M I C O N  would b e  s e r i c u s l y  
handicapped i n  i t s  a b i l i t y  t o  o b t a i n  r e q u i r e d  t e c h n i c a l  d a t a ,  t o  
g e t  agreement on t e s t  p l a n s ,  and t o  b r i n g  t h e  e x p e r t i s e  of i t s  
l a b o r a t o r i e s  t o  b e a r  on t e c h n i c a l  problems t h a t  might a r l s e .  
Foreover ,  t h e  a i r f r a m e  manufac tu re r  ( B e l l ) ,  l a c k i n g  e x p e r i e n c e  i n  
t h e  many complex f a c t o r s  a f f e c t i n g  TOW performance,  would be 
r e l u c t a n t  t o  g u a r a n t e e  t h e  h i g h  performance r e q u i r e d .  Such a 
s i t u a t i o n  had developed i n  t h e  TOW/CEEYE:TI{E program; i . e . ,  a f t e r  
3 y e a r s  of work a s  prime c o n t r a c t o r ,  t h e  Lockheed A i r c r a f t  
C o r p o r a t i o n  was s t i l l  u n w i l l i n g  t o  s i g n  a d e f i n i t i v e  c o n t r a c t  
g u a r a n t e e i n g  t o  meet demonstra ted a c c u r a c i e s  of t h e  TOTJ a i r  
d e l i v e r e d  system. For  t h e s e  and o t h e r  compel l ing  r e a s o n s ,  h e  
urged t h a t  XICOZI b e  g iven  management r e s p o n s i b i l i t y  f o r  t h e  TOIJ/ 
COBRA armament subsystem and t h a t  t h e  development c o n t r a c t  b 
awarded d i r e c t l y  t o  Hughes A i r c r a f t  .3  \ 

(U) MG John Norton,  Commanding Genera l  of AVSCOM, i n s i s t e d  
t h a t  t h e  a d a p t a t i o n  of t h e  weapon system t o  a n  a i r c r a f t  and t h e  
a i r c r a f t l w e a p o n  system i n t e g r a t i o n  was t h e  r e s p o n s i b i l i t y  of 
AVSCON. R e b u t t i n g  p o i n t s  made i n  G e n e r a l  E i f l e r ' s  l e t t e r ,  h e  
argued t h a t  any " s l i g h t "  f i s c a l  advan tage  i n  having t h e  subsystem 
c o n t r a c t o r  a s  prime would be  o f f s e t  by i n c r e a s e d  system i n t e g r a -  
t i o n  problems: t h a t  t h e  e f f e c t  of t h e  unwieldy management s t r u c t u r e  
would be  reduced by a r a p p o r t  e s t a b l i s h e d  between t h e  e n g i ~ ~ e e r i n g  
e lements  of t h e  r e s p e c t i v e  commands; and t h a t  t h e  a i r f r a m e  con- 
t r a c t o r  would b e  even more r e l u c t a n t  t o  g u a r a n t e e  p e r f o r n a n c e  of 
a Government-furnished subsystem developed w i t h  a n i n l ~ u m  of a i r -  
frame c o n t r a c t o r  p a r t i c i p a t i o n . 4  

(U) Subsequent l e t t e r s  t o  AVSCO?l and A X  o f f i c i a l s  f a i l e d  t o  

3 ~ t r ,  I G  C h a r l e s  !J. E i f l e r ,  C G ,  : I ICON,  t o  MG John Xorren,  CG, 
AVSCOM, 26 Aug 69, n . s .  TOW P r o j  Ofc. 

4 ~ t r ,  :lG John Yorton,  C G ,  AVSC3N, t o  YE C h a r l e s  V .  E i f l e r ,  C S ,  
XICON,  23 Sep 69. T3W P r o j  Ofc.  



r e s o l v e  t h e  i s s u e  t o  M I C O M ' s  s a t i s f a c t i o n .  Convinced t h a t  t h e  
proposed management s t r u c t u r e  would n o t  p r o v i d e  t h e  b e s t  p o s s i b l e  
weapon system a t  t h e  l o w e s t  c o s t ,  t h e  Commandin Genera l  of %ICON 
took h i s  c a s e  d i r e c t l y  t o  t h e  Commander of AMC.? T h i s  e f f o r t  a l s o  
ended i n  f a i l u r e .  The Commander of AMC made t h e  f i n a l  d e c i s i o n  t o  
proceed w i t h  t h e  proposed AVSCOM management s t r u c t u r e  f o l l ~ w i n g  
p r e s e n t a t i o n s  made i n  h i s  o f f i c e  on 1 0  November 1 9 7 0 . ~  

(U) The Army A v i a t i o n  Systems Command awarded t h e  prime ICAP 
development c o n t r a c t  t o  t h e  B e l l  H e l i c o p t e r  Company on 3 March 
1972. Under c o n t r a c t  DA-AJ01-72-C-0102, i n  t h e  amount of 
$24,732,793, B e l l  was t o  d e s i g n ,  d e v e l o p ,  f a b r i c a t e ,  i n t e g r a t e ,  
and test t h e  improved armament and helmet  s i g h t  subsystem f o r  t h e  
AH-1G h e l i c o p t e r .  Nine each of t h e  subsystems were t o  be f a b r i -  
c a t e d  and e i g h t  of t h e s e  were t o  be  i n s t a l l e d  i n  Government- 
f u r n i s h e d  AH-1G h e l i c o p t e r s  f o r  u s e  i n  t h e  t e s t  program. The 
c o n t r a c t  a l s o  i n c l u d e d  t h e  d e s i g n  and f a b r i c a t i o n  of ground 
s u p p o r t  equipment.  M a t e r i a l  t o  be f u r n i s h e d  by t h e  Government 
i n c l u d e d  one c h a s e  a i r c r a f t ,  TOW m i s s i l e s  f o r  t h e  test program, 
c e r t a i n  s p e c i a l  t o o l s  and t e s t  equipment,  and s p a r e  p a r t s .  A s  
t h e  a i r f r a m e  manufac tu re r ,  B e l l  was c o n t r a c t u a l l y  r e s p o n s i b l e  f o r  
meet ing t h e  weapon subsystem performance,  as w e l l  a s  i n t e g r a t e d  
a i r c r a f t  r e q u i r e m e n t s .  

The ICAP s c h e d u l e  approved i n  mid-1972 c a l i e d  f o r  t h e  
f i r s t  u n i t  t o  be equipped i n  January  1375 and a n  i n i t i a l  opera-  
t i o n a l  c a p a b i l i t y  (IOC) i n  March 1975.8 The AH-lQ COBRA (AH-1G 
h e l i c o p t e r  w i t h  XM-65 TOW armament subsystem and t h e  321-128 
helmet  s i g h t  subsystem) was t o  r e p l a c e  t h e  F122 (SS-11B/UH-1B) 
guided missile armament subsystem,  which had been adopted as 
S tandard  A f o r  i n t e r i m  Army u s e  on 23 J u l y  1 9 6 4 . ~  A s  of Septem- 
b e r  1972, t h e r e  were 186 M22 subsystems i n  t h e  inventory-101 
s e r v i c e a b l e  and 85 u n s e r v i c e a b l e .  During t h e  A v i a t i o n  Closed 

5 ~ t r ,  MG Edwin I. Donley,  C G ,  MICON, t o  Gen F .  J .  Chesarek,  
C G ,  AKC, 30 J u l  70,  n .  s.  TOWProj Ofc. 

(1)  In tvw,  I. T . Cagle  w LTC Kenneth P. GJorsham, TON P r o j  
Ofc, 29 Oct 76. (2)  Also see P r e s n  t o  GEN Donley,  lIICOll Mgt Role 
f o r  TOW/COBRA, 9 Yov 70. TOW P r o j  Ofc. 

7 1 n c l  t o  L t r ,  C G ,  AVSCOM, t o  ASA(I&L), DA, 1 0  J a n  73,  s u b j  : 
Req f o r  Apprl  of D&F f o r  t h e  Improved A r m t  Sys f o r  t h e  AE-1G E e l .  
TOW P r o j  Ofc. 

81bid. 

'DF, AT/Acft Wpns Cmdty Ofc, XICOM, t o  Distr, 29 J u l  64,  s u b j  : 
Std  A TCLAS of t h e  PI32 A r m t  Subsys.  IIDF. 



Loop Support  Conference h e l d  a t  AVSCOM i n  l a t e  August 1972,  i t  was 
determined t h a t  54 subsystems would be  r e q u i r e d  (36 Europe. 11 
CONARC, 6  Reserve F o r c e s ,  and 1 AMC) u n t i l  t h e  TOW/COBRA c o u l d  be  
f i e l d e d .  The remain ing  47 s e r v i c e a b l e  subsystems would be  h e l d  t o  
meet con t ingency  r e q u i r e m e n t s  and t h e  85 u n s e r v i c e a b l e  subsystems 
would b e  c a n n a b i l i z e d  t o  s u p p o r t  t h e  s e r v i c e a b l e  u n i t s .  1 0  

The AH-1Q R&D P r o t o t y p e  

(U) The m1-65 TOW armament subsystem,  des igned  and b u i l t  by 
Hughes A i r c r a f t  under  s u b c o n t r a c t  t o  B e l l ,  w a s  a f u n c t i o n a l  up- 
g rade  of t h e  TOW XM-26 armament subsystem* whose c a p a b i l i t y  had 
been s u c c e s s f u l l y  demonstra ted i n  t h e  UE-1B h e l i c o p t a - .  However, 
because  of t h e  l a c k  o f  a v a i l a b l e  XM-26 components and b a s i c  d i f -  
f e r e n c e s  between t h e  AH-1G COBRA and t h e  UH-1B Huey, t h e  XX-55 
used o n l y  abou t  50 i d e n t i c a l  XM-26 drawings  o u t  o f  a  t o t a l  o f  1290. 
Although t h e  XM-26/UH-1B system e x h i b i t e d  good performance i n  
combat, i t  r e q u i r e d  s i g n i f i c a n t  maintenance s u p p o r t ,  i t  would be 
expens ive  t o  manufac tu re ,  and i t  w a s  o v e r t a k e n  by advances  i n  
e l e c t r o n i c  technology.  The u s e  of advances  i n  t echnology  s i n c e  
t h e  XM-26 w a s  b u i l t  i n  1965 r e s u l t e d  i n  lower c o s t ,  nuch h i g h e r  
r e l i a b i l i t y ,  and lower weight  f o r  t h e  XFl-65 subsystem.  S p e c i f i c  
examples o f  performance d i f f e r e n c e s  were  as f o l l o w s :  

S t r u c t u r e  

Weight 

R e l i a b i l i t y  

XM- 26 

Xagnes ium 

ml-6 5  

Aluminum 

1 ,260  l b s .  (6 TOW'S) 910 l b s .  ( 8  TOW'S) 

112.9 h o u r s  318 hours  

O p t i c a l  Transmiss ion  29 p e r c e n t  35 p e r c e n t  

Azimuth Look Angle +90 d e g r e e s  - +I10 d e g r e e s  - 
Yaximum Launch Speed 

Demonstrated 100 k n o t s  190 k n o t s  

The 1974 n e g o t i a t e d  p r i c e  f o r  t h e  X.1-65 and a 1967 Eugh2s A i r c r a f t  
q u o t e  f o r  t h e  31-26 i n d i c a t e d  t h a t  t h e  l a t t e r  would have a u n i t  
r e c u r r i n g  c o s t  of a b o u t  $100,000 g r e a t e r  t h a n  t h e  Xll-65. The c o s t  
r e d u c t i o n  f o r  t h e  2LY-65 was a t t r i b u t e d  t o  modular c o n s t r u c t i o n  of 
t h e  s t a b i l i z e d  s i g h t  u n i t  and t h e  u s e  o f  m i c r o e l e c t r o n i c s  l a i d  o u t  

* . 
See above,  pp. 76-82. 

'ODF, Land Cbt Sp Items Mgr t o  C G ,  MICOPL, 1 Sep 72,  s u b j  : 
LCSIMO Weekly S i g n i f i c a n t  A c t i o n s ,  Week Ending 1 Sep 72. NIF. 



on p r i n t e d  c i r c u i t  boards  i n  such  a way t h a t  a u t o m a t i c  component 
i n s e r t i o n  and wave s o l d e r i n g  t e c h n i q u e s  cou ld  b e  used i n  manufac- 
t u r i n g .  11 

(U) The XM-65 subsystem c o n s i s t e d  o f  (1)  t h e  s t a b i l i z e d  
t e l e s c o p i c  s i g h t  u n i t ,  l o c a t e d  i n  t h e  n o s e  of t h e  COBRA h e l i c o p t e r ;  
(2) a i r c r e w  c o n t r o l s  and d i s p l a y s  ( p i l o t  s t e e r i n g  i n d i c a t o r ,  TOW 
c o n t r o l  p a n e l ,  and s i g h t  u n i t  hand c o n t r o l ) ,  l o c a t e d  i n  t h e  c o c k p i t  
of t h e  a i r c r a f t ;  (3)  s t a b i l i z a t i o n  c o n t r o l  and m i s s i l e  command 
a m p l i f i e r s  and e l e c t r o n i c  power s u p p l y ,  a l l  l o c a t e d  i n  t h e  t a i l  
boom of  t h e  a i r c r a f t ;  and (4 )  a l a u n c h i n g  mechanism which a l lowed 
s t a n d a r d  BGM-71A TOW m i s s i l e s  t o  be  f i r e d  from t h e i r  c o n t a i n e r s .  
The b a s i c  two-round l a u n c h e r  cou ld  b e  s t a c k e d  t o  a l l o w  each 
h e l i c o p t e r  a complement of e i t h e r  f o u r  o r  e i g h t  TOW m i s s i l e s .  
The complete  subsystem weighed 566.3 pounds (257.9 k i lograms)  
w i t h  f o u r  TOW m i s s i l e s  and 894.3 pounds (406.7 k i lograms)  w i t h  
e i g h t  TOW'S. It cou ld  f i r e  e i t h e r  t h e  b a s i c  3,000 meter  BGX-71A 
m i s s i l e  o r  t h e  extended-range TOW hav ing  a maximum r a n g e  of 3,750 
m e t e r s .  The t a r g e t  a t t a c k  r a n g e  cou ld  b e  i n c r e a s e d  t o  o v e r  4,000 
m e t e r s  by f l y i n g  t h e  h e l i c o p t e r  toward t h e  t a r g e t  a f t e r  TO!,? 
launch.  

(U) The helmet  s i g h t  subsystem,  des igned  and b u i l t  by S p e r r y  
Univac under s u b c o n t r a c t  t o  B e l l ,  p rov ided  t h e  p i l o t  and c o p i l o t  
t h e  c a p a b i l i t y  t o  a c q u i r e ,  t r a c k ,  and f i r e  upon t a r g e t s  w h i l e  
m a i n t a i n i n g  a r e a  v i s i b i l i t y  and c o n t r o l  of t h e  a i r c r a f t .  T h i s  
c a p a b i l i t y  was provided by mounting a  s i g h t  r e t i c l e  on  t h e  helmet  
o v e r  t h e  eye  and  c a u s i n g  t h e  weapon system t o  move a u t o m a t i c a l l y  
i n  az imuth  and e l e v a t i o n  as t h e  s i g h t  r e t i c l e  was moved by t h e  
he lmet .  The he lmet  s i g h t  enab led  t h e  p i l o t  and c o p i l o t  t o  pe r fo rm 
e a r l i e r  t a r g e t  i d e n t i f i c a t i o n  and a iming w i t h o u t  u s e  o f  t h e  
s t a b i l i z e d  s i g h t  eyep iece .  It would p r o v i d e  t a r g e t  a c q u i s i t i o n  
f o r  b o t h  t h e  TOW m i s s i l e  and t h e  f l e x i b l e  weapons, b u t  would n o t  
b e  used f o r  TOW guidance  and d e l i v e r y .  1 3  

(U) The B e l l  H e l i c o p t e r  Company began d e l i v e r y  o f  t h e  e i g h t  
AH-1Q p r o t o t y p e s  e a r l y  i n  March 1973. Development, e n g i n e e r i n g ,  
and s e r v i c e  t e s t s  of t h e  AH-1Q commenced on 1 6  Xarch 1973 and con- 
t i n u e d  th rough  J a n u a r y  1974, w i t h  a  t o t a l  of 213 TOW f i r i n g s .  A l l  

1 1 ~ ~ ~ ~ / ~ ~ - 1 ~  Program, 1 2  J u n  74.  TOW P r o j  Ofc.  

1 2 ( 1 )  I b i d .  (2) HAC T r a c t ,  TOW M i s s i l e  System, ilov 75.  TOU 
P r o j  Ofc. 

131nc l  t o  L t r ,  CG, AVSCOM, t o  ASA(ILL), ?A,  1 0  J a n  73,  s o b j  : 
Req f o r  Appr l  of D&F f o r  t h e  Improved A r m t  Sys f o r  the AH-1G g e l .  
TOh! P r o j  Ofc. 
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of t h e s e  f i r i n g s  were conducted a t  t h e  Yuma Proving Ground (YPG) 
except  f o r  t h e  52-round OT I1 test program a t  F o r t  Knox, Kentucky. 
The t a r g e t s  a t  YPG were e i t h e r  2.3 by 2.3 meters ( s t a t i o n a r y )  o r  
4.6 by 2.3 meters (moving). The t a r g e t s  a t  F o r t  Knox were heav i ly  
armored tanks  d r iven  by U .  S. Army personnel  a t  speeds up t o  30 
mph. The l a t t e r  tests, conducted i n  October 1973, were t h e  f i r s t  
a t tempt  t o  s imu la t e  a i r b o r n e  TOW deployment i n  a t a c t i c a l  s i t u a t i o n .  
Correc t ions  f o r  de s ign  d e f i c i e n c i e s  discovered i n  t h e s e  and o t h e r  
f i r i n g s  were proof t e s t e d  i n  follow-on eva lua t ion  f i r i n g s  a t  F o r t  
Hood, Texas, and YPG, fo l lowing  l i m i t e d  product ion c l a s s i f i c a t i o n  
of t h e  XM-65 subsystem i n  Janaury 1974. A s  shown below, 154 of t h e  
213 f i r i n g s  from AH-1Q p ro to types  scored t a r g e t  h i t s .  Twelve of 
t h e  59 t a r g e t  misses stemmed from r e l i a b i l i t y  r e l e v a n t  f a i l u r e s  
(7 m i s s i l e  malfunct ions and 5 XM-65 system mal func t ions) .  Of t h e  
remaining 47 misses, 13  were a t t r i b u t e d  t o  operator-induced 
f a i l u r e s ,  7 t o  system des ign  problems ( c o r r e c t e d ) ,  15 t o  f i r i n g s  
beyond system c a p a b i l i t i e s ,  3 t o  a i r c r a f t  equipment problems, and 
9 t o  o t h e r  misce l laneous  causes .  l4 

Rd s 
Test Phase Tes t  Per iod  F i r e d  H i t s  - - 

Launch E f f e c t s  (Contr) 
Gunner F a m i l i a r i z a t i o n  
Accuracy Tes t  (Contr) 
OT I - AASTA 
TECOM Pre l im Evalua t ion  
Demonstrations 
TECOM Serv i ce  Tes t  
OT I1 - F o r t  Knox 
AH-1Q Accuracy Test 
TECOM Engineering Test 
Launcher Q u a l i f i c a t i o n *  

"Hel icopter  on ground; missiles w i t h  l i v e  warheads f i r e d  and guided 
from remote l o c a t i o n  a g a i n s t  remotely c o n t r o l l e d  moving t anks  a t  
3,000 meters range. 

Product ion  Release  and Follow-On Evalua t ion  

(U) Limited product ion  (LP) type  c l a s s i f i c a t i o n  f o r  t h e  AH-1Q 
was approved i n  January 1974 and was t o  remain i n  e f f e c t  u n t i l  

14HAc Rept,  XM-65 Abn TOW M s l  Sys - M s l  F i r i n g  Sum, Mar 76, 
pp. 2, 4-16. TOW P r o j  Ofc. 
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November 1975. The p l an  c a l l i n g  f o r  an  I O C  d a t e  of March 1975 
had been predica ted  upon award of t h e  i n i t i a l  product ion c o n t r a c t  
i n  J u l y  1973. The A s s i s t a n t  Sec re t a ry  of t h e  Army ( I n s t a l l a t i o n s  
and L o g i s t i c s )  approved D&F f o r  i n i t i a l  AH-1Q procurement on 26 
March 1973; however, PEMA funds f o r  t h e  program were no t  appropri-  
a t e d  u n t i l  t h e  second q u a r t e r  of FY 1974, de lay ing  award of t h e  
product ion c o n t r a c t  u n t i l  January 1974 and extending t h e  I O C  d a t e  
t o  March 1976. 

(U) The i n i t i a l  product ion c o n t r a c t ,  awarded t o  t h e  B e l l  
Hel icopter  Company on 31 January 1974, c a l l e d  f o r  t h e  modi f ica t ion  
of 101  Government-furnished AH-1G h e l i c o p t e r s  t o  t h e  AH-1Q config-  
u r a t i o n ,  w i t h  a n  op t ion  t o  modify 189 more Government-furnished 
a i r c r a f t  i n  FY 1975. The negot ia ted  c o n t r a c t  p r i c e s  were a s  
fo l lows  : 

Basic Quanti ty  Option Quanti ty  To ta l  Q u a n t i t y  
(101) (189) (290) 

Target  Cost $ 55,802,716 $ 51,397,284 $ 107,200,000 
Target  Prof i t  3,435,626 3,164,374 6,600,000 

$ 59,238,342 $ 54,561,658 $ 113,800,000 

Ce i l i ng  P r i c e  $ 63,656,224 $ 58,925,027 $ 122,581,251 

Del ivery  of t h e  FY 1974 buy of 101  u n i t s  was t o  begin i n  June 1975 
and be completed i n  June 1976. Assuming e x e r c i s e  of t h e  op t ion  i n  
January 1975, d e l i v e r y  of t h e  189 u n i t s  would begin  i n  June 1976 
and cont inue  u n t i l  J u l y  1977 .I6 Under t h e  planned conversion 
program, t h e  f i r s t  20 AH-1G' s  would be  modified t o  t h e  b a s i c  AH-1Q 
con f igu ra t ion  and t h e  next  72 would be  converted t o  t h e  AH-1Q w i th  
s t r u c t u r a l  p rov i s ions  f o r  AH-1s (ICAM) modif ica t ions .  The l a s t  
198 u n i t s  would be completely modified AH-1S's i nco rpora t ing  both 
ICAP and ICAM components. Follow-on procurement would c o n s i s t  
s o l e l y  of new AH-1s product ion a i r c r a f t  .I7 

(U) Shor t ly  a f t e r  award of t h e  i n i t i a l  product ion c o n t r a c t ,  

15(1)  I n c l  t o  L t r ,  Cdr, MICOM, t h r u  AMC, t o  ASA(I&L), D A Y  9 
Jun 75, subj :  Req f o r  Apprl of an  Ind iv idua l  D&F f o r  t h e  TOW/COBRA 
XM-65 M s l  Subsys. HDF. (2) ICAP/AH-1~ Program, 12 Jun 74. TOW 
P r o j  Ofc. (3) L t r ,  Cdr, AVSCOM, t o  ASA(I&L), D A Y  10 Jan  73, sub j :  
Req f o r  Apprl of D&F f o r  t h e  Improved A r m t  Sys f o r  t h e  AE-1Q Hel,  
w i n c l ,  & 2d Ind,  ASA(I&L), D A Y  t o  Cdr, AMC, 26 Mar 73. TOW P ro j  
Ofc. 

16cont r  DA-AJ01-74-C-0122 (P2B) , 31 Jan  74. Tow Pro j  Ofc . 
17aep t ,  ~ r m ~ / ~ e l l  AH-IS, Be l l  Hel icopter  Div of Textron, Inc  . , 

undated. TOW Pro j  Ofc. 
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follow-on eva lua t ion  tests of t h e  AH-1Q R&D pro to type  were con- 
ducted a t  F o r t  Hood and Yuma Proving Ground t o  v e r i f y  c o r r e c t i o n  
of d e f i c i e n c i e s .  One hundred e igh t een  TOW missiles w e r e  f i r e d  a t  
F o r t  Hood i n  May and June 1974, followed by 16 TECOM check tests 
a t  YPG i n  August 1974. Ta rge t s  f o r  t h e  F o r t  Hood f i r i n g s ,  which 
took t h e  p l a c e  of OT 111 tests, were remotely c o n t r o l l e d  t anks ,  
w i th  a d d i t i o n a l  s i d e  armor, moving a t  speeds up t o  30 mph. 
R e s u l t s  of t h e  follow-on e v a l u a t i o n  (FOE) w e r e  a s  follows:18 

Tes t  Phase Rds F i r e d  H i t s  

FOE - F t  Hood 118* 92* 
TECOM Check Tes t  - YPG 16 - 1 0  - 

134 102 

*Included two extended range TOW'S a t  3,600 and 3,700 
meters, r e s p e c t i v e l y .  

(U) Cold weather tests of t h e  AH-1Q were s u c c e s s f u l l y  
completed a t  Camp Drum, Watertown, New York, du r ing  t h e  per iod 
22-28 January 1975. Of t h e  f i v e  TOW rounds f i r e d ,  t h r e e  scored 
h i t s ,  one missed t h e  t a r g e t  because of a missile malfunct ion,  
and t h e  o t h e r  missed because t h e  t a r g e t  was ou t  of range.19 

(U) Ground support  equipment f o r  t h e  XM-65 armament sub- 
system cons i s t ed  of t h e  T e s t  S e t ,  Guided Missile System (TSGMS), 
i n i t i a l l y  known a s  t h e  TOW Airborne System Tes t  Se t  (TASTS). 
Developed by t h e  Hughes A i r c r a f t  Company under subcont rac t  t o  
t h e  B e l l  He l icopter  Company, t h e  test set enabled two maintenance 
t echn ic i ans  t o  perform rap id  comprehensive i n t e rmed ia t e  l e v e l  
maintenance, f a u l t  i . so l a t i on ,  launcher  and t e l e s c o p i c  s i g h t  u n i t  
a l ignment ,  and even more thorough v e r i f i c a t i o n  of  normal system 
ope ra t i on  than  provided by b u i l t - i n  test equipment. It was 
packaged i n  t h r e e  f i e l d  p o r t a b l e  ca se s  t o  enab le  XM-65 v e r i f i c a -  
t i o n  a t  forward bases .  Hughes A i r c r a f t  b u i l t  one exp lo ra to ry  
development model f o r  $797,233, and fou r  engineer ing  development 
models f o r  $1,442,364. The developmental test sets underwent 
eva lua t ion  a t  Fo r t  Hood dur ing  A p r i l  and May 1974, and TECOM check 
tests a t  YPG i n  August 1974.20 The Army Missile Command awarded 
c o n t r a c t s  t o  Hughes A i r c r a f t  f o r  product ion of test s e t s  and 
r e p a i r  p a r t s  beginning i n  October 1974. T h i r t y  sets were ordered 

18HAc Rept ,  XM-65 Abn TOW M s l  Sys - M s l  F i r i n g  Sum, Mar 76, 
pp. 2, 16-24. TOW P r o j  Ofc. 

 bid., p. 25. 

20 (1) HAC T rac t ,  TOW M s l  Sys,  Nov 75. (2) Abn TOW F a c t  Book. 
Both i n  TOW P r o j  Ofc. 



with  d e l i v e r i e s  t o  begin i n  October 1975. 21 

CONTROLLER 
ASSEMBLY 

CORRECTOR LENS 

TSGMS - GROUND SUPPORT EQUIPMENT FOR XM65 

I n i t i a l  Product ion Tes t s  

(U) The Hughes A i r c r a f t  Company began d e l i v e r i e s  of XM-65 
product ion u n i t s  t o  t h e  a i r f r ame  c o n t r a c t o r  i n  February 1975, 
and t h e  U .  S. Army accepted t h e  f i r s t  product ion model AH-lQ on 
10 June 1975. I n i t i a l  product ion tests of t h e  AH-1Q began on 19 
June 1975 and continued through 19 February 1976, w i th  a  t o t a l  
of 9 1  TOW f i r i n g s .  Of t h e s e ,  59 were conducted a t  CONUS t e s t  
s i tes and 32 i n  t h e  Federa l  Republic of Germany (FRG). Resu l t s  
of t h e  tests were a s  fol lows:22 

21~ist  Rept, TOW PM, FY 75. HDF. 

2 2 ~ ~ ~  Rept, XM 65 Abn TOW M s l  Sys - M s l  F i r i n g  Sum, Mar 76, 
pp. 28, 30-34. TOW P r o j  Ofc. 



T e s t  S i t e  T e s t  P e r i o d  

COWS 
YPG 6/19/75 - 1/28 /76  
F t  Rucker 1 /28 /76  
F t  Hood 2/19/76 

T o t a l  COWS: 
FRG 1 /22 /76  - 2/5/76 

Rds F i r e d  H i t s  

39 
7  
3  - 

4  9  
22 - 
7  1 

Follow-On P r o d u c t i o n  

(U) I n  Narch 1975,  a f t e r  e x e r c i s i n g  t h e  o p t i o n  f o r  t h e  FY 
1975 buy of  189 modif ied  AH-1G h e l i c o p t e r s ,  AVSCOM r e q u e s t e d  t h e  
Army P l i s s i l e  Comand t o  p l a n  f o r  p r o d u c t i o n  b r e a k o u t  of t h e  2i-65 
subsystem b e g i n n i n g  w i t h  FY 1976 procurement .  The Government 
assumed c o n f i g u r a t i o n  c o n t r o l  o f  t h e  XM-65 i n  t h e  f i r s t  q u a r t e r  
o f  FY 1976, f o l l o w i n g  t h e  P h y s i c a l  C o n f i g u r a t i o n  A u d i t  (PCA) i n  
Nay 1975. The D&F f o r  t h e  s o l e  s o u r c e  p r o d u c t i o n  c o n t r a c t  w i t h  
IIughes A i r c r a f t  a u t h o r i z e d  a  f i r m  q u a n t i t y  of 4 4  XI!-65 cubsystems 
f o r  FY 1976 a t  a n  e s t i m a t e d  c o s t  of  $10,230,097,  w i t h  a n  o p t i o n  
f o r  22 u n i t s  as a  t r a n s i t i o n a l  (FY 197T) buy a t  a n  e s t i m a t e d  c o s t  
of $5,115,049.. These XPI-65 subsystems would be Government- 
Furn i shed  P r o p e r t y  (GFP) t o  t h e  AH-1S h e l i c o p t e r  c o n t r a c t o r  ( B e l l ) ,  
w i t h  d e l i v e r i e s  t o  b e g i n  i n  March 1977. The Army Missile Command 
consummated t h e  p r o d u c t i o n  c o n t r a c t  w i t h  Hughes A i r c r a f t  on 30 
November 1975.23 

(U) The LP t y p e  c l a s s i f i c a t i o n  f o r  t h e  92 AH-.~Q a i r c r a f t  and 
f o r  ground s u p p o r t  equipment i n  q u a n t i t i e s  t o  s u p p o r t  290 AH-1Q/S 
a i r c r a f t *  had been extended from November 1975 t o  30 Yovember 1976 
by a n  IPR a c t i o n  i n  June  1975. A t  t h e  same t ime ,  LP c l a s s i f i c a t i o n  
w a s  approved f o r  t h e  198  AH-1S (modi f i ed )  a i r c r a f t  and t h e  f i r s t  
44 AH-1S new p r o d u c t i o n  a i r c r a f t  u n t i l  November 1976.  Subsequent 
IPR a c t i o n  i n  J u n e  1976 i n c r e a s e d  t h e  AH-1S new p r o d u c t i o n  LP 
q u a n t i t y  t o  cover  t h e  2 2  u n i t s  a u t h o r i z e d  f o r  t h e  t r a n s i t i o n a l  
(FY 197T) buy.24 To meet r ecogn ized  !J. S. Army r e q u i r e u e n t s  f o r  

* 
See above,  p. 184.  

23 (1)  I n c l  t o  L t r ,  Cdr,  HICOI, t h r u  WC, t o  ASA(1tL) , DA,  9  
J u n  75,  s u b j :  Xeq f o r  Appr l  o f  a n  I n d i v i d u a l  D&F f o r  t h e  T O W / C ~ B U  
13-65 M s l  Subsys.  HDF. (2)  I n c l  t o  L t r ,  Cdr,  M I C O W ,  t h r u  BYC, t o  
Dep f o r  Mat Acq, ASA(I&L) , DA, 21  J u l  75,  s u b j  : same. (3)  H i s t  
Rep t ,  TOW PM, FY 75. HDF. (4 )  TOW DAPR, 1 0  Jun  76.  TOW P r o j  O f c ,  

241ncl t o  L t r ,  R ichard  L. Long, IPR Chmn, t o  EQ 3 A ,  33  Sep 75 ,  
s u b j  : Yins  o f  TCLAS IPR of  COBM/TOW (AH-1s) . TOW P r o j  Of c .  



TOW-equipped h e l i c o p t e r s ,  439 new p roduc t i on  AH-1s a i r c r a f t  were 
scheduled f o r  procurement d u r i n g  t h e  FY 1977-80 pe r i od .  The 
approved and p r o j e c t e d  TOW/COERA procurement by f i s c a l  yea r  was 
as fo l l ows  : 25 

F i s c a l  Year 

1974 
1975 
1976 
197T 
19 7  7  
1978 
1979 
1980 
T o t a l  

Quan t i t y  

l o l a  
189b 
44c 
2  2  
82 
9  4  

211 

a  
I nc ludes  92 All-1G a i r c r a f t  modif ied t o  AH-lQ c o n f i g u r a t i o n  
and 9  AH-1G ' s  modif ied t o  AH-1s c o n f i g u r a t i o n  (w i th  b o t h  
ICAP and ICAX components). The 92 AH-1Q a i r c r a f t  were t o  
be  conver ted  t o  t h e  AH-1s c o n f i g u r a t i o n  by A p r i l  1979. 

b ~ l l  AH-1G a i r c r a f t  conver ted  t o  AH-1s c o n f i g u r a t i o n .  
C 

Procurement i n  FY 1976 and succeed ing  y e a r s  t o  c o n s i s t  o f  
new p roduc t i on  AH-1s a i r c r a f t .  

(U) The TOW P r o j e c t  O f f i c e  completed n e g o t i a t i o n s  f o r  FY 1977 
procurement on 19  November 1976. Included i n  t h e  procurement 
package were 82 subsystems a t  a t a r g e t  u n i t . p r i c e  of $201,000, 10 
t e l e s c o p i c  s i g h t  u n i t  s p a r e s  a t  a u n i t  p r i c e  of $32,915, and 8 
s t a b i l i z a t i o n  c o n t r o l  a m p l i f i e r  s p a r e s  a t  a  u n i t  p r i c e  of $37,425, 
f o r  a t o t a l  t a r g e t  c o s t  of $17,619,570 i n c l u d i n g  p r o f i t .  The 
f ixed-pr ice - incen t ive- fee  c o n t r a c t  w a s  t o  be  s igned  on o r  about  
30 November 1976. 26 

Improved COBRA A g i l i t y  and Maneuverab i l i ty  (ICM,I) 

(U) The purpose of  t h e  ICAFI program w a s  t o  equ ip  t h e  AH-1G/Q 
h e l i c o p t e r  w i t h  g r e a t e r  power and a g i l i t y  t o  perform t h e  low, s low,  

25 (1) Ibid. (2) Rept ,  ~ r m ~ / ~ e l l  AH-IS, by B e l l  H e 1  Div of 
Tex t ron ,  I n c . ,  undated.  (3)  C h a r t ,  XM-65 Pdn D l v r s ,  9  Jun 76. 
Both i n  TOW P r o j  Ofc. 

2 6 ~ n t v w ,  H. T. Cagle w LTC Kenneth P. Worsham, TOW P r o j  O f r ,  
23 Xov 76. 



pop-up, hovering maneuvers requi red  f o r  nap-of-the-earth (NOE) 
opera t ion .  A s  s t a t e d  e a r l i e r ,  t h e  f i r s t  20 AH-1G h e l i c o p t e r s  
were converted t o  t h e  AH-lQ (ICAP) c o n f i g u r a t i o n  and t h e  next  72 
were converted t o  t h e  AH-1Q wi th  s t r u c t u r a l  p r o v i s i o m  f o r  AH-1S 
(ICAM) mod i f i ca t i ons .  The l a s t  198 converted A H - l G 1 s ,  scheduled 
f o r  d e l i v e r y  i n  1976-77, would be  of t h e  AH-1s con f igu ra t i on ,  
i nco rpo ra t i ng  both ICAP and ICAM components. T h e r e a f t e r ,  pro- 
curement would c o n s i s t  s o l e l y  of new product ion  AH-1s a i r c r a f t .  

(U) Among improvements incorpora ted  i n  t h e  i n i t i a l  AH-1s 
(modified AH-1G/Q) were a  h igher  t h r u s t  t a i l  r o t o r  and d r i v e ,  an 
improved main r o t o r  hub, and an upgraded engine.  I n  a d d i t i o n  t o  
t h e s e  dynamic improvements, p roduct ion  models of t h e  AH-1s were 
t o  i nc lude  s e v e r a l  new f e a t u r e s  t o  make t h e  a t t a c k  h e l i c o p t e r  
more s u i t e d  f o r  NOE o p e r a t i o n  i n  t h e  h igh  a i r  t h r e a t  b a t t l e f i e l d .  
Among-these were des ign  improvements t o  i n c r e a s e  p r o t e c t i o n  a g a i n s t  
v i s u a l ,  r a d a r ,  and i n f r a r e d  d e t e c t i o n  and t o  provide  t h e  crew a 
b e t t e r  chance of s u r v i v a l  i n  combat. The t e l l - t a l e  sun g l i n t  
s i g n a t u r e  of t h e  convent iona l  AH-1G type curved canopy would be 
v i r t u a l l y  e l imina ted  by a  new f l a t  p l a t e  canopy des ign .  The 
v i s u a l  and i n f r a r e d  s i g n a t u r e  of t h e  a i r c r a f t  would be substan-  
t i a l l y  reduced by use  of a n  Army-developed i n f r a r e d  r e f l e c t a n c e  
p a i n t  which would d i f f u s e  sun r ays  and a i d  i n  blending t h e  a i r -  
c r a f t  wi th  t h e  background. The product ion  model of t h e  AF-1S 
would a l s o  have a  new "fly-dry" t r ansmis s ion  capable  of s u s t a i n i n g  
a  h i t  and cont inu ing  t o  o p e r a t e  without  o i l  f o r  up t o  2  hours  and 
45 minutes.  Other new f e a t u r e s  inc luded  an  improved p i l o t  and 
cop i lo t / gunne r  ins t rument  pane l  and cockp i t  arrangement t o  
accommodate new ins t ruments  and av ion ic s  i n  l o c a t i o n s  a p p r o p r i a t e  
f o r  NOE f l i g h t  and t a r g e t  engagement .27 

(U) F l i g h t  t e s t s  of t h e  b a s i c  AH-1s COBRA began on 24 A p r i l  
1975 and cont inued through 30 May 1975, w i th  a  t o t a l  of 48 TOW 
missile f i r i n g s .  The f i r s t  s i x  rounds, f i r e d  a t  t h e  Yuma Proving 
Ground, scored f i v e  h i t s  a g a i n s t  t a r g e t s  a t  3,000 meters ,  t h r e e  of 
them dur ing  a  hover maneuver and two dur ing  forward f l i g h t .  The 
o t h e r  42 rounds were f i r e d  a t  F o r t  Hood, Texas, a g a i n s t  t a r g e t s  a t  
ranges from 2,000 t o  2,930 meters .  Thi r ty-e igh t  of t h e s e  scored 
d i r e c t  h i t s ,  one of them du r ing  a  hover maneuver and t h e  remainder 
du r ing  a  pop-up maneuver. One of t h e  TOW m i s s i l e s  mi s f i r ed  because 
of a  bad launcher ,  two h i t  an  AFT i n  f r o n t  of t h e  t a r g e t ,  and one 
was f i r e d  a t  n i g h t  us ing  a  f l a r e  f o r  i l i umina t ion .23  

2 7 ~ e p t ,  ~ r m y / ~ e l l  AH-IS, by B e l l  He1 Div of Textron,  I n c . ,  
undated. TOW P r o j  Ofc. 

2 8 ~ ~ ~  Rept,  XM-65 Abn TOW Plsl Sys - :is1 F i r i n g  Sum, ?far  76, 
pp. 25-28. TOW P ro j  Ofc. 



(U) The b a s i c  AH-1s a i r c r a f t ,  i t s  XM-65 and helmet  s i g h t  
subsys  tems and ground s u p p o r t  equipment were  r e c l a s s i f i e d  from LP 
t o  s t a n d a r d  t y p e  by a n  IPR a c t i o n  on 30 September 1976. T h i s  IPR 
a c t i o n  a l s o  extended t h e  LP c l a s s i f i c a t i o n  f o r  t h e  92 AH-1Q a i r -  
c r a f t  from November 1976 t o  A p r i l  1979,  by which t ime  t h e y  would 
be conver ted  t o  t h e  s t a n d a r d  AH-1s ~ o n f i ~ u r a t i o n . 2 9  

X M - ~ ~ / A H - ~ J  T e s t  Program 

(U) I n  a d d i t i o n  t o  i t s  u s e  on t h e  U .  S .  Army's AH-1Q/S COBRA, 
t h e  XX-65 TOW armament subsystem was adap ted  t o  t h e  U .  S ,  Navy/ 
I r a n  twin-engine AH-1J COBRA i n  a development program funded by 
t h e  Government o f  I r a n .  The I r a n i a n  A i r c r a f t  Program O f f i c e  a t  
AVSCOM managed t h e  program and t h e  O f f i c e  of t h e  Chief of Yaval 
M a t e r i e l  handled t h e  FMS c a s e .  F i f t y - f o u r  TOW m i s s i l e s  were  
f i r e d  i n  t h e  XM-65/AH-lJ t e s t  program between 26 March and 29 
August 1975, 45 of them s c o r i n g  t a r g e t  h i t s .  The I r a n i a n  Govern- 
ment planned t o  p r o c u r e  202 AH-1J a i r c r a f t ,  65 o f  which were t o  
b e  equipped w i t h  t h e  TOW. P r o d u c t i o n  d e l i v e r i e s  of t h e  A H - ~ J / T O K  
U .  S. Navy/Iran a i r c r a f t  began i n  A p r i l  1976.30 

XM-65 Ai rborne  TOW F i r i n g  Summary 

(U) A t o t a l  o f  545 TOW m i s s i l e s  were  f i r e d  i n  a l l  phases  of 
t h e  a i r b o r n e  TOW t e s t  program d u r i n g  t h e  p e r i o d  1 6  March 1973 t o  
19 February  1976. The r e s u l t s  of t h e s e  t e s t s  a r e  summarized i n  
Tab le  9 .  

F o r e i g n  M i l i t a r y  S a l e s  (m-S) 

(U) F o r e i g n  demand f o r  t h e  31-65 TOW armament subsystem was 
expec ted  t o  e q u a l  o r  s u r p a s s  t h e  ground-mounted system.  A t  t h e  
o u t s e t  of f o r e i g n  s a l e s ,  i n  mid-FY 1975,  t h e  FMS p o t e n t i a l  f o r  t h e  
a i r b o r n e  TOW was e s t i m a t e d  a t  1 , l C O  XM-65 subsystems,  o v e r  130,00g 

2 9 ~ ~ ~ 1  t o  L t r ,  R ichard  L. Long, IP", Chmn, t o  BQ D A ,  30 Sep 
76, s u b j :  Mins of TCLAS IPR of COBRA/TOW (AE-1s). TOW P r o j  Ofc. 

3  0 
(1) Abn TOW F a c t  Book. (2) HAC R e p t ,  31-65 Abn TOW >is1 

Sys - M s l  F i r i n g  Sum, )lar 76, pp. 25-26, 28-30. Both i n  TO\.! P r o j  
Ofc. (3) H i s t  Rept ,  TOW P?f, FY 76/7T, p .  9 .  ED?. 



TABLE 9 
(U)  XM-65 TOW/COBRA F i r i n g  Summary 

/ TOTAL MISSILE FIRINGS 
I ' Less: R e l i a b i l i t y  Relevant F a i l u r e s  

M i s s i l e  Malfunct ions 

XM-65 System Malfunct ions 

Less:  Non-Hits 

Operator  Induced F a i l u r e s  

System C a p a b i l i t i e s  Exceeded 
- Poor V i s i b i l i t y  
- Launcher Q u a l i f i c a t i o n  F i r i n g s  - Remote 
- Target  Out of Range 
- Not F i r ed  a t  Target  
- Launch Condit ions - Cons t r a in t  L imi t s  
- Other 

I 
i System Design Problems - Corrected 

1 Missile H i t  Object  on Path t o  Targe t  
I I A i r c r a f t  Equipment Problems 

I . Aborted Mission - D e l i b e r a t e  Miss 

I Cause Uncer ta in  

( SOURCE: HAC Rept,  XM-65 Abn TOW M s l  Sys - Ms1 F i r i n g  Summary, 

I 
Mar 76. TOW P r o j  Ofc. 



extended r a n g e  TOW missiles, and 120 test sets, a t o t a l  v a l u e  i n  
e x c e s s  o f  $ 1  b i l l i o n .  31 

f l  The f i r s t  Army FMS c a s e  f o r  t h e  XM-65 w a s  s i g n e d  i n  
December 1974, when I t a l y  bought two o f  t h e  subsystems f o r  
d e l i v e r y  i n  FY 1976. The Hughes A i r c r a f t  Company modif ied t h e s e  
sys tems  f o r  a p p l i c a t i o n  t o  t h e  A109 a i r c r a f t  and d e l i v e r e d  them 
t o  I t a l y  i n  January  1976 f o r  developmental  t e s t i n g .  

(U) During FY 1976171, s e v e r a l  more FMS c a s e s  were p r o c e s s e d .  
Korea bought e i g h t  AH-lJ/TOWfs on a d i r e c t  s a l e  from t h e  B e l l  
H e l i c o p t e r  Company. I n  a n o t h e r  d i r e c t  sale, Korea purchased from 
t h e  Hughes H e l i c o p t e r  Company 125 M500D a i r c r a f t ,  25 o f  which 
were equipped w i t h  t h e  XX-65 TOW armament subsystem.  The Uni ted 
Kingdom, through t h e  B r i t i s h  A i r c r a f t  C o r p o r a t i o n ,  awarded a  
c o n t r a c t  t o  t h e  Hughes A i r c r a f t  Company f o r  t h e  d e s i g n  of a  r o o f -  
s i g h t  t o  be  used on t h e  Lynx h e l i c o p t e r  f o r  p o s s i b l e  XM-65 
a p p l i c a t i o n .  32 

TOW/COBM Deployment 

Deployment of t h e  TOW/COBRA began w i t h  t h e  f i e l d i n g  o f  
t h e  new equipment t r a i n i n g  team and e i g h t  AH-1Q a i r c r a f t  t o  e l e -  
ments of t h e  Army T r a i n i n g  and D o c t r i n e  Command (TRADOC) i n  Yo- 
vember 1975. Four of t h e  t r a i n i n g  b a s e  a i r c r a f t  went t o  F o r t  
Rucker,  one t o  F o r t  E u s t i s ,  and t h r e e  t o  Aberdeen Prov ing  Ground. 
By 29 February  1976, 25 AH-1Q a i r c r a f t  and TOW ground s u p p o r t  
equipment had been d e l i v e r e d  t o  t a c t i c a l  u n i t s  (8 t o  t h e  6 t h  
Cava l ry  Br igade  a t  F o r t  Hood and 17  t o  U .  S.  Army u n i t s  i n  Europe) ,  
t h u s  meet ing t h e  e s t a b l i s h e d  I O C  d a t e  o f  March 1976. T a c t i c a l  
d e l i v e r i e s  o f  t h e  remaining 59 A H - l Q f s  were completed i n  J u l y  1976. 
Deployment of t h e  198 AH-1s (modif ied)  a i r c r a f t  began i n  J u l y  1976 
and was scheduled f o r  comple t ion  i n  August 1977. The a c t u a l  and 
planned d i s t r i b u t i o n  of t h e  290 AH-1Q/S a i r c r a f t  w a s  as f o l l o w s :  

AH-1Q 
TRADOC F t  Hood USAREUR T o t a l  

3 p l d  t h r u  J u l  76 S 2 1 63 9 2 

AH- 1 S 
Dpld J u l  76 - Oct 76 
~ c d :  Nov 76 - Aug 77 - - 15 

8  5  2  

31~is t  Rept ,  TOW PM, FY 75. HDF. 

32(1)  i b i d .  (2) H i s t  Xept ,  TOW PM, FY 70/7T, p .  9 .  Fa?. 



@ Deployment o f  t h e  AX-1s new p r o d u c t i o n  a i r c r a f t  was 
s c h e d u l e d  t o  b e g i n  i n  March 1977 and c o n t i n u e  th rough  March 1981 .  
C l a i m a n t s  f o r  t h e  f i r s t  106 new p r o d u c t i o n  a i r c r a f t ,  i n  t h e  o r d e r  
of t h e i r  p r i o r i t y ,  were:  t r a i n i n g  b a s e  and tes t  a g e n c i e s  (10) ,  
U .  S.  Army F o r c e s  Command ( 3 3 ) ,  6 t h  C a v a l r y  B r i g a d e ,  F o r t  Hood 
( 4 0 ) ,  and U .  S.  E i g h t h  Army, Korea (23) .  D i s t r i b u t i o n  o f  t h e  
r emain ing  399 a i r c r a f t  was y e t  t o  b e  e s t a b l i s h e d . 3 3  

F i e l d i n g  t h e  TOw/COBRA i n  Europe 

(U) I n i t i a l  deployment o f  t h e  TOW/COBRA a t t a c k  h e l i c o p t e r  t o  
Europe was smoothly  and  e f f i c i e n t l y  accompl ished under  P r o j e c t  
Hand-Off, a r e l a t i v e l y  new program d e s i g n e d  t o  improve materiel 
f i e l d i n g  and t h e  r e l a t i o n s h i p  between DARCOPI and  i t s  Army u s e r s .  
3 n d e r e  t h i s  materiel f i e l d i n g  c o n c e p t ,  DARCOM o r  c o n t r a c t o r  
r e p r e s e n t a t i v e s  s t a y  w i t h  a newly d e l i v e r e d  sys tem u n t i l  a l l  o f  
i t s  problems are s o l v e d ,  t h e  sys tem per fo rms  w e l l ,  and a h i g h  
d e g r e e  of  o p e r a t i o n a l  r e a d i n e s s  i s  a t t a i n e d .  It c o n s i s t s  o f  two 
b a s i c  e l e m e n t s :  t h e  materiel f i e l d i n g  p l a n  and  t h e  materiel 
f i e l d i n g  o p e r a t i o n .  

(U) Development o f  t h e  TOW/COBRA materiel f i e l d i n g  p l a n  was 
a c o o p e r a t i v e  e f f o r t  i n v o l v i n g  t h e  TOW/COBRA p r o j e c t  managepent 
o f f i c e  and r e p r e s e n t a t i v e s  from t h e  r e c i p i e n t  commands and p r o j e c t -  
r e l a t e d  DARCOM e lement s .  I n c l u d e d  i n  t h e  S t a t e m e n t  o f  Q u a l i t y  and 
Suppor t  (SOQAS), which embodied t h e  e s s e n c e  of DARCOM's commitment, 
were  d e s c r i p t i o n s  o f  t h e  a i r c r a f t ,  t h e  a s s o c i a t e d  test and s u p p o r t  
equipment ,  t h e  TOW/COBPA l o g i s t i c s  s u p p o r t  sys tem,  t h e  p e r t i n e n t  
t e c h n i c a l  p u b l i c a t i o n s ,  and t h e  new equipment t r a i n i n g  program. 
The TOW/COBRA SOQAS prov ided  f o r  t h e  r e p l a c e m e n t  o f  d e f e c t i v e  
sys tem components f o r  a p e r i o d  o f  60 d a y s ,  c o r r e c t i o n  o f  a l l  
damage i n c u r r e d  d u r i n g  sh ipment ,  and t h e  conduc t  o f  f l i g h t  c h e c k s  
o f  a l l  a i r c r a f t  b e f o r e  i s s u a n c e .  

(U) A l l  o p e r a t i n g  and main tenance  p e r s o n n e l  r e c e i v e d  appro-  
p r i a t e  TOW/COBRA t r a i n i n g  b e f o r e  materiel r e l e a s e .  I n  t h e  months 
p r e c e d i n g  deployment ,  t h e  new equipment t r a i n i n g  team t r a i n e d  73 
p i l o t / g u n n e r s  and 419 main tenance  p e r s o n n e l .  Befo re  i s s u a n c e  o f  
t h e  f i r s t  a i r c r a f t ,  e a c h  r e c i p i e n t  u n i t  r e c e i v e d  100  p e r c e n t  
i n i t i a l  s u p p o r t  package f i l l ,  i n c l u d i n g  r e p a i r  p a r t s ,  t e c h n i c a l  

33(1) AH-1 COBRA Master M i l e s t o n e  Scd ,  a t c h d  as i n c l  t o  L t r ,  
COBRA PM, AVSCOM, t o  D i s t r ,  1 8  May 76 ,  s u b j :  Coord AH-1 COBRA AH 
Xaster M i l e s t o n e  Scd. (2 )  AH-1Q/S COBRA/TOW Distr Scd,  17  Aug 
76. Both i n  TOW P r o j  Ofc.  (3 )  In tvw,  M. T. Cag le  w L e s l i e  J .  
Alkenburg,  TOW P r o j  Ofc,  1 6  Xov 76. 



manuals, t e s t  equipment, and necessary  t o o l s .  Members of t h x  
m a t e r i e l  f i e l d i n g  team remained wi th  t h e  r e c i p i e n t  u n i t s  u n t i l  
each was f u l l y  capable  of ope ra t ing  and maintaining t h e  new 
system. 

(U) Among t h e  equipment d e f i c i e n c i e s  discovered and co r rec t ed  
by t h e  f i e l d i n g  team was a  c a s e  of d e f e c t i v e  wir ing  which had 
escaped d e t e c t i o n  i n  c o n t r a c t o r  and Government i n spec t ions .  From 
a  video t a p e  which i l luminated  t h e  e x t e n t  and l o c a t i o n  of t h e  
problem, the  c o n t r a c t o r  was a b l e  t o  p inpoin t  where t h e  problem 
o r i g i n a t e d  i n  t h e  product ion l i n e .  The a p p r o p r i a t e  c o r r e c t i v e  
a c t i o n  was taken w i t h i n  a  week, and t h e  c o n t r a c t o r  l a t e r  used t h e  
t a p e  a s  a  t r a i n i n g  a i d  f o r  product ion personnel .  

(U) F i e l d  r e a c t i o n  t o  t h e  cont inuing  TOW/COBLPA hand-off 
i nd ica t ed  t h a t  t h e  s o p h i s t i c a t e d  system was being smoothly 
i n t e g r a t e d  t o  a t t a i n  and main ta in  a  h igh  degree of o p e r a t i o n a l  
r ead ines s  and use r  s a t i s f a c t i o n .  34 

F ie ld  Maintenance and L o g i s t i c  Support 

(U) The o p e r a t i o n a l  o b j e c t i v e  of any weapon system i s  t o  
d e l i v e r  opt imal  performance when needed. The o p e r a t i o n a l  
a v a i l a b i l i t y  of t h e  M65 TOW m i s s i l e  subsystem was very  high 
because of i t s  r e l i a b i l i t y ,  b u i l t - i n  m a i n t a i n a b i l i t y ,  and proven 
l o g i s t i c  suppor t .  The demonstrated system mean t ime between 
f a i l u r e  was b e t t e r  than  250 hours.  A s  shown above, on ly  S sub- 
system f a i l u r e s  occurred i n  545 m i s s i l e  f i r i n g s ,  y i e l d i n g  an  
o p e r a t i o n a l  r e l i a b i l i t y  of nea r ly  99 percent .  The t o t a l  weapon 
system r e l i a b i l i t y ,  inc luding  m i s s i l e ,  was over 95 percent .  
Because of t h e  high system r e l i a b i l i t y ,  maintenance requirements  
were low: l e s s  than  0.14 maintenance manhours per  f l i g h t  hour 
f o r  both scheduled and unscheduled system maintenance. Scheduled 
maintenance was l i m i t e d  t o  pre- and p o s t - f l i g h t  i n s p e c t i o n  and 
pe r iod ic  (every 100 f l i g h t  hours)  system v e r i f i c a t i o n  t e s t s  
us ing  t h e  Test  S e t ,  Guided M i s s i l e  System (TSGNS). F a u l t s  i n  
t h e  equipment could be r a p i d l y  de t ec t ed  and i s o l a t e d  t o  a  l i n e  
r ep l aceab le  u n i t  (LRU) by means of b u i l t - i n  t e s t .  The system 
could be r e s t o r e d  t o  o p e r a t i o n a l  r ead ines s  by removing and 
r ep lac ing  t h e  f a u l t y  LRU wi th  a  ready-for- issue u n i t  from supply 
s tock .  Depot maintenance included t h e  c a p a b i l i t y  t o  r e p a i r ,  

3 4 ~ ~ ~  Eugene J . D ' Ambrosio , "Proj e c t  Hand-Of f  : Fie ld ing  
Confidence i n  Equipment, " Defense Yanagerrent Jourm 2, Vol . 13,  
So. 1, Jan  77, pp. 12 ,  14-15. 



o v e r h a u l ,  o r  r e b u i l d  a l l  l i n e  r e p l a c e a b l e  u n i t s  and t h e  TSGMS .35 

(U) The Le t te rkenny  Army Depot was d e s i g n a t e d  as t h e  A i r b o r n e  
TOW r e p a i r / r e b u i l d  f a c i l i t y  i n  t h e  f a l l  of  1974; however, award o f  
t h e  c o n t r a c t  f o r  depot  test a c c e p t a n c e  equipment was de layed  u n t i l  
June  1975 and t h e  f a c i l i t y  was n o t  expec ted  t o  be  comple te ly  
o p e r a t i o n a l  u n t i l  l a t e  1977. Consequent ly ,  f o r  a t  l e a s t  t h e  f i r s t  
24 months, depo t  maintenance s u p p o r t  f o r  t h e  TOW m i s s i l e  subsystem 
would be provided by t h e  c o n t r a c t o r .  Under t h i s  c o n c e p t ,  mainte- 
nance i n  t h e  f i e l d  would be  l i m i t e d  t o  t h e  i s o l a t i o n  t o ,  and 
removal and replacement  o f ,  f a u l t y  l i n e  r e p l a c e a b l e  u n i t s ,  which 
would be r e t r o g r a d e d  th rough  a v i a t i o n  maintenance c h a n n e l s  t o  t h e  
Hughes A i r c r a f t  maintenance f a c i l i t y .  C e r t a i n  b i t s  and p i e c e s  of 
LRU hardware-e.g., n u t s ,  b o l t s ,  screws,  lamps,  e t c . - t h a t  could  
b e  r e p l a c e d  i n  t h e  f i e l d  w i t h o u t  e x t e n s i v e  u s e  of t o o l s  and t e s t  
equipment would be  a u t h o r i z e d  f o r  s t o c k a g e  and u s e  a t  t h e  o r g a n i -  
z a t i o n a l  and d i r e c t  s u p p o r t  l e v e l s  of maintenance.  

(U) R e a l i z i n g  t h a t  t h e  r e t u r n  of LRU's from s u p p o r t  u n i t s  i n  
Europe t o  COEES cou ld  n o t  be suppor ted  w i t h  s u f f i c i e n t  p i p e l i n e  
q u a n t i t i e s ,  M I C O M  e s t a b l i s h e d  a n  i n t e r i m  in -count ry  r e p a i r  . f a c i l i t y  
t o  p r o v i d e  l i m i t e d  depo t  l e v e l  maintenance.  It was e s t i n a t e d  t h a t  
60 p e r c e n t  of t h e  LRU f a i l u r e s  cou ld  be  c o r r e c t e d  a t  t h i s  in-  
c o u n t r y  f a c i l i t y ,  t h e r e b y  s h o r t e n i n g  t h e  p i p e l i n e  and r e d u c i n g  t h e  
maintenance turnaround t i m e .  The A i r b o r n e  TOW USAREUR Repa i r  
F a c i l i t y  (ATURF), l o c a t e d  a t  Coleman Bar racks  i n  Mannkeim, Germany, 
became o p e r a t i o n a l  i n  December 1975. I t  was headed by a w a r r a n t  
o f f i c e r  and s t a f f e d  w i t h  two Hughes A i r c r a f t  e n g i n e e r s ,  two DA 
c i v i l i a n  t e c h n i c i a n s  from L e t t e r k e n n y  Army Depot,  and a s u p p l y  
s e r g e a n t .  The a c t u a l  achievement of t h e  A i r b o r n e  TOW USAREUR 
R e p a i r  F a c i l i t y  f a r  exceeded t h e  o r i g i n a l  p r e d i c t i o n ,  some 93.7 
p e r c e n t  o f  t h e  LRU f a i l u r e s  a s  of 1 October 1976 b e i n g  c o r r e c t e d  
in -count ry  w i t h  a n  a v e r a g e  turnaround t i m e  of 5 .5  days .  36 

(U) Depot t e s t  a c c e p t a n c e  equipment (DTAE) f o r  t h e  a i r b o r n e  
TOW subsystem was being developed under  a  $5 m i l l i o n  c o n t r a c t  w i t h  
Eughes A i r c r a f t  Company and a  $3  m i l l i o n  c o n t r a c t  w i t h  X a r t i n  
Y a r i e t t a  Aerospace,  Orlando D i v i s i o n .  The lIuehes c o n t r a c t ,  awarded. 

35 (1) HAC T r a c t ,  TOW H s l  Sys,  Nov 75. (2) HAC Rept ,  Xi-65 Ab2 
TOW M s l  Sys - Msl F i r i n g  Sum, Xar 76. Both i n  TOW P r o j  Ofc . 

36 (1) F a c t  S h e e t ,  Log S p t  f o r  t h e  24-65 TOM hlsl Subsys ,  
unda ted .  TOW P r o j  Ofc. (2) H i s t  R e p t ,  TOWProj Ofc,  FY 75. FDF. 
(3) H i s t  Rep t ,  Drte f o r  Maint ,  FY 75. HDF. (4) TOW DAPR, 1 0  J u n  
75. TOW P r o j  Ofc. (5) Intvw, 1-1. T. Cagle  w L e s l i e  J .  Alkenburg,  
TOW P r o j  Ofc, 18 Nov 76. 



on 30 June 1975 and due f o r  comple t ion  i n  June  1977, was f o r  l o n g  
l e a d t i m e  i t e m s  of  sys tem p e c u l i a r  f u l l y  automated d e p o t  equipment.  
The U .  S .  Navy p a i d  h a l f  o f  t h e  Hughes c o n t r a c t  c o s t  t o  p r o v i d e  
DTAE f o r  t h e  A H - I J  a i r c r a f t .  The commander o f  MICOM dec ided  i n  
May 1976 t h a t  t h e  m i s s i l e  automated t e s t  equipment developed by 
M a r t i n  M a r i e t t a  would be  used t o  t h e  g r e a t e s t  e x t e n t  p o s s i b l e  by 
a l l  MICOM-managed sys tems ,  i n  o r d e r  t o  r e d u c e  t h e  p r o l i f e r a t i o n  
of sys tem p e c u l i a r  automated t e s t  equipment.  Accord ing ly ,  XICOP1 
awarded M a r t i n  M a r i e t t a  a c o n t r a c t  on 1 0  September 1976 t o  p re -  
p a r e  u n i t  under t e s t  (UUT) d i a g n o s t i c  r o u t i n e s ,  a d a p t e r s ,  and 
i n t e r f a c e  d e v i c e s  f o r  a p o r t i o n  of t h e  XhI-65 subsystem. T h i s  
c o n t r a c t  was amended on 4 November 1976 t o  i n c l u d e  e i g h t  o f  t h e  
subsystem LRU'S and t h e  r e l a t e d  p r i n t e d  c i r c u i t  boards .  D e l i v e r i e s  
t o  t h e  L e t t e r k e n n y  Army Depot were  due t o  b e g i n  i n  March 1977 and 
b e  completed i n  November 1977. J n  view of  t h e  s h i f t  i n  i n t e r e s t  
from Hughes' t o  M a r t i n  M a r i e t t a ' s  DTAE c o n c e p t ,  t h e  Arny planned 
t o  withdraw from t h e  Hughes c o n t r a c t  upon i t s  comple t ion  i n  June 
1977. T h e r e a f t e r ,  n e g o t i a t i o n s  would b e  handled by t h e  U .  S .  Xavy. 

(U) Although t h e  L e t t e r k e n n y  Arny Depot was t o  b e  f u l l y  
o p e r a t i o n a l  i n  November 1977, t h e r e  was a p o s s i b i l i t y  t h a t  depo t  
maintenance s u p p o r t  f o r  3 o f  t h e  11 LRU's compr i s ing  t h e  TOW 
subsystem would s t i l l  be p rov ided  by Hughes A i r c r a f t .  The a i r -  
borne TOW l a u n c h e r  and s t a b i l i z a t i o n  c o n t r o l  a m p l i f i e r  were 
invo lved  i n  a p r o p r i e t a r y  r i g h t s  c l a i m  which was y e t  t o  b e  
s e t t l e d . 3 7  Though n o t  c o n s i d e r e d  a p r o p r i e t a r y  i t e m ,  t h e  t e l e -  
s c o p i c  s i g h t  u n i t  i n t e r f a c e d  w i t h  t h e  s t a b i l i z a t i o n  c o n t r o l  
a m p l i f i e r  and was t h e r e f o r e  w i t h h e l d  from r e l e a s e  t o  X a r t i n  
? l a r i e t t a  pending a d j u d i c a t i o n  of t h e  c la im.38  

37 (1)  Cont r  DA-AE01-75-C-1264, 30 Jun  75. ( 2 )  Contr  3A-41101- . . 

76-C-1216, 1 0  Sep 76. (3) In tvw,  M. T. Cagle  w J e ~ q e l l  G .  Eouse ,  
Depot Plaint Div,  D r t e  f o r  ? h i n t ,  1 8  Nov 76. (4) In tvw,  11. T. 
Cag le  w Dean Long, I)/P&P, 1 8  Nov 76. 

3 8 ~ n t v w ,  M. T. Cagle  w LTC Kenneth P.  IJorsharr, TO\? P r o j  Ofc,  
23 Nov 76. 



CHAPTER I X  

@ CONCLUSION (U) 

(U) Like most o t h e r  guided m i s s i l e  programs, t h e  TOW p r o j e c t  
experienced t e c h n i c a l  and funding problems, schedule s l i p p a g e s ,  
q u a l i t a t i v e  and q u a n t i t a t i v e  changes i n  system requi rements ,  and 
s u b s t a n t i a l  i nc reases  i n  development and product ion c o s t s .  The 
widely acclaimed success  of t h e  TOW program d e s p i t e  a l l  of t h e  
problems and f r u s t r a t i o n s  could be a t t r i b u t e d  i n  no smal l  meaaure 
t o  t h e  l eade r sh ip  and ded ica t ion  of COL Robert W .  Huntzinger ,  who 
managed t h e  p r o j e c t  f o r  8 y e a r s  and 5 months, from 25 June 1968 
t o  30.November 1976. Looking back over  h i s  yea r s  wi th  t h e  p r o j e c t ,  
Colonel Huntzinger c r e d i t e d  t h e  phenomenal success  of t h e  program 
t o  t h r e e  f a c t o r s .  F i r s t ,  t h e  Army maintained a f i rm  requirement 
f o r  t h e  system, even i n  t h e  f a c e  of Congressional  disenchantment 
s h o r t l y  be fo re  and dur ing  t h e  e a r l y  yea r s  of  product ion .  Secondly, 
t h e r e  was always a motivated s t a f f  team, both i n  Government and a t  
t h e  major con t r ac to r s ,  who took p r i d e  i n  what they were doing and 
were dedica ted  t o  a q u a l i t y  product ,  meeting schedules ,  and reduc- 
i ng  c o s t s .  F i n a l l y ,  t h e  TOW was t h e  r i g h t  weapon a t  t h e  r i g h t  t ime 
and proved s u p e r i o r  t o  t h e  a n t i t a n k  weapons of o t h e r  na t ions . '  The 
TOW was, i n  f a c t ,  one of t h e  ~ r m y ' s  most popular commodities, a 
t o t a l  of 22 fo re ign  coun t r i e s  having bought t h e  system f o r  t h e i r  
armed f o r c e s  through FY 1976 .2 

(U) From FY 1962 through FY 1976, t h e  U. S .  Army and Marine 
Corps inves t ed  $128.9 m i l l i o n  i n  r e sea rch ,  development, t e s t ,  and 
eva lua t ion  (RDTE) of t h e  TOW weapon system, compared t o  t h e  March 
1963 e s t ima te  of $51,377,000 f o r  t h e  FY 1962-67 period.  It was 
est imated t h a t  $4.4 m i l l i o n  more would be r equ i r ed  t o  complete 
t h e  programed product improvements dur ing  t h e  FY 1977-79 time- 
frame, f o r  a t o t a l  p ro j ec t ed  RDTE c o s t  of $133.3 m i l l i o n .  The 
time requi red  t o  complete development and f i e l d  t h e  system in- 
creased from t h e  o r i g i n a l  e s t i m a t e  of 34 months (January 1963 t o  
December 1965) t o  92 months (January 1963 t o  September 19701, f o r  
a t o t a l  s l i p p a g e  of 58 months.3 

' ~ t r ,  COL Robert W. Huntzinger,  TOW PI?, t h r u  Cdr, M I C O M ,  t o  
Cdr, DARCOM, 30 Nov 76, s u b j :  TOW PM1s End of Tour Rept. TOW 
P ro j  Ofc. 

2 ~ e e  above, pp. 120, 122. 
3 

See above, pp. 33-34, 110, 156. 



(6 The i n i t i a l  Army procurement p lan  of August 1963 c a l l e d  
f o r  product ion of 174,799 m i s s i l e s  and 2,935 launchers  a t  an 
es t imated  cos t  of $459.5 mi l l i on .4  The l a t e s t  p l a n  f o r  Army pro- 
curement (Apr i l  1976) provided f o r  134,909~hmissi les  (117,215 
t a c t i c a l  and 17,694 p r a c t i c e )  and 6,898 launcher  systems. Ex- 
c lud ing  U. S. Marine Corps and DOD/MAP funds ,  $766.7 m i l l i o n  was 
inves t ed  i n  t h e  TOW product ion  program dur ing  t h e  FY 1966-76 
timeframe, and an a d d i t i o n a l  $387.7 m i l l i o n  was programmed f o r  
TOW procurement dur ing  t h e  FY 1977-81 pe r iod ,  f o r  a t o t a l  pro- 
j ec t ed  Army investment of $1,154,400,000 (see  Table 1 0 ) .  

About 68 percent  of t h e  cos t  growth and 36 percent  (21 
months) of t h e  schedule s l i p p a g e  were a t t r i b u t e d  t o  q u a l i t a t i v e  
changes i n  system requirements  and t h e  a t t e n d a n t  des ign  changes 
and t e c h n i c a l  problems. I n  t h e  course of TOW development, f o u r  
major program r e v i s i o n s  were made i n  response t o  changes i n  
system requirements .  The f i r s t  and most expensive change came i n  
1963, when t h e  Army Mate r i e l  Command increased  t h e  system range 
requirement from 2,000 t o  3,000 meters ,  causing a major redes ign  
of t h e  s i g n a l  t ransmiss ion  system and modi f ica t ions  of t h e  m i s s i l e  
motor and guidance subsystems. The change i n  range  requirement 
and t h e  a t t e n d a n t  t e c h n i c a l  problems con t r ibu ted  t o  t h e  i n c r e a s e  
i n  development c o s t  and added 21  months t o  t h e  development schedule 
during t h e  1964-65 timeframe. The second change was t h e  a d d i t i o n  
of a n i g h t  f i r i n g  c a p a b i l i t y  i n  1964. The i n i t i a l  development 
c o s t  f o r  t h e  gated n i g h t  s i g h t  (about $10 m i l l i o n )  was paid by t h e  
Night Vision Laboratory a s  p a r t  of t h e  gene ra l  n i g h t  v i s i o n  program; 
however, TOW development c o s t s  a t  MICOM were inc reased  t o  suppor t  
i n i t i a l  t e s t i n g ,  With t h e  change t o  a thermal  s i g h t  i n  1973, a l l  
n i g h t  s i g h t  c o s t s  were borne by t h e  TOW p r o j e c t .  The 1975 d e c i s i o n  
t o  apply e l e c t r o n i c  counter-countermeasure modi f ica t ions  t o  a l l  
l aunchers  and 48 percent  of t h e  m i s s i l e s  increased  both development 
and procurement cos t s .  The f o u r t h  and f i n a l  change i n  requirements  
was t h e  inc rease  i n  range from 3,000 t o  3,750 meters .  This  r a i s e d  
t h e  procurement cos t  of t h e  m i s s i l e ,  bu t  s i n c e  i t  only involved t h e  
a d d i t i o n  of wi re  t o  t h e  bobbins development c o s t s  were n e g l i g i b l e .  

(V) The remaining 37 months of t h e  schedule s l i ppage  and 26 
percent  of t h e  c o s t  growth were a t t r i b u t e d  t o  t e c h n i c a l  problems 
o t h e r  than  those  a s soc i a t ed  wi th  q u a l i t a t i v e  changes. R e l i a b i l i t y  
and m i s s i l e  s a f e t y  problems r equ i r ed  ex tens ive  work, a d d i t i o n a l  
t e s t i n g ,  and hardware modi f ica t ions  dur ing  t h e  1965-66 p e r i o d ,  and 

4~~ Study of Cost Growth i n  Acq of t h e  TOW Wpn Sys ( d r a f t ) ,  
27 J u l  76, p. 16. TOW P ro j  Ofc. 

'see Table 5 ,  p. 117. 



TABLE 10-(U) TOW F u n d i n g  P r o g r a m  ( A c t u a l  a n d  P r o j e c t e d )  
( i n  m i l l i o n s  o f  d o l l a r s )  

RDTE 
F i s c a l  Year / Army I USMC I T o t a l  / PBS ' 1 1 1 9 6 2  I I 

2 .2  i i 2 .2 1 
1 9 6 3  7.9  
1 9 6 4  1 1 8 . 5  ' 
1 9 6 5  1 2 2 . 3  . 2  1 2 2 . 5  
1 9 6 6  1 25.6 - 4  1 26 .0  4 .ga  
1 9 6  7  I 1 4 . 1  . 9  1 1 5 . 0  7.4a 
1 9 6 8  6 . 0  .7  1 6 . 7  1 .6  
1 9 6 9  2 . 1  1 1.1 1 3.2 . 4  
1 9 7 0  2 .2  i 2 . 2  .1 
1 9 7 1  1 . 4  , I 1 . 4  .1 
1 9 7 2  1.1 I I 1 . 1 ,  
1 9 7 3  * 7  I . 7  
1 9 7 4  1 5 .7  1 1 9 7 5  ::1 I 7.4 

N 
. 8  

0 
t-' 

1 9 7 6  8 .4  8 . 4  ,L 
I I I 'I'OTAL ACTUAL:/  1 2 5 . 6  1 3 . 3  1 2 8 . 9  , I  1 4 . 3  

I- I 

i P r o j e c t e d :  I 

1 1 9 7 T  1 . 5  i 

1 9 7 7  . 9  i 1 1 9 7 8  1 . 5  ; 

1 1 9 7 9  . 5  5  i 

i 1 -- GRAND TOTAL: - / 1 3 0 . 0  ; 3 . 3  1 3 3 . 3  11 1 4 . 3  ! 1 , 1 4 0 . 1  ] 1 1 3 . 8  1 1 3 . 5  

T o t a l  
TOTAL 

RDTE + PEMA 

2 .2  
7 .9  

1 8 . 5  
2 2 . 5  
3 0 . 9  
22 .4  
22 .4  
85 .4  

1 0 9 . 3  
9 8 . 8  
5 6 . 7  
4 6 . 3  

1 4 4 . 0  
1 3 9 . 4  
1 6 1 . 0  

967 .7  

1 0 . 9  
1 2 5 . 4  
1 3 4 . 2  

7 6 . 3  
6 7 . 8  
32 .7  

4 4 7 . 3  

1 , 4 1 5 . 0  

I 
Advance P r o d u c t i o n  E n g i n e e r i n g .  A 1 1  o t h e r  P r o d u c t i o n  Ease S u p p o r t  f u n d s  f o r  f a c i l i t i e s .  

I )  
1)Ol)-funded f o r  J o r d a n  a n d  T u r k e y .  

I :  RIWI:: ( 1 )  TOW 'I'UP, 1 .Jan 72.  (7 )  TOW SAR's,  1971-76.  
PhPfA: ( 1 )  0 A ,  0 1 7 .  ( 2 )  PEILIRS Scd  I ) ,  3 1  Ma)7 76 (DOD/TfAP F U I I ~ S ) .  



extended t h e  s c h e d u l e  20 months. During t h i s  same t imeframe,  
problems wi th  t h e  m i s s i l e  c o n t a i n e r  caused an  a d d i t i o n a l  2-month 
e x t e n s i o n  t o  t h e  s c h e d u l e .  Eng ineer ing  t e s t s  and s e r v i c e  tests 
d u r i n g  t h e  1966-69 p e r i o d  r e v e a l e d  t e c h n i c a l  problems a s s o c i a t e d  
w i t h  r e l i a b i l i t y ,  r a d i o  i n t e r f e r e n c e ,  and c r o s s  wind e f f e c t s  on 
t h e  l a u n c h e r .  Problems i n  o b t a i n i n g  a h i g h  p r o d u c t i o n  r a t e  f o r  
some components a l s o  s u r f a c e d .  I n  a d d i t i o n  t o  i n c r e a s i n g  develop- 
ment and hardware  p r o d u c t i o n  c o s t s ,  t h e s e  problems caused a 13- 
month e x t e n s i o n  i n  t h e  development s c h e d u l e .  The l a s t  t e c h n i c a l  
problem w a s  c l o s e l y  a s s o c i a t e d  w i t h  q u a l i t y  c o n t r o l  i n  t h e  prime 
m a n u f a c t u r e r ' s  p r o d u c t i o n  f a c i l i t y .  A s  a r e s u l t  of the m i s s i l e  
r e l i a b i l i t y  and q u a l i t y  c o n t r o l  problems,  t h e  env i ronmenta l  t e s t s  
and TOW program s c h e d u l e  were  extended 2  months: 

(U) About 1 p e r c e n t  of t h e  c o s t  growth r e s u l t e d  from a  r i s e  
i n  e s c a l a t i o n  i n d i c e s ,  1 p e r c e n t  from a n  u n d e r e s t i m t i o n  of 
procurement c o s t s ,  and t h e  remain ing  4  p e r c e n t  from management 
problems. The l a t t e r  stemmed from poor  q u a l i t y  c o n t r o l  a t  t h e  
Hughes p roduc t  i o n  f a c i l i t y  i n  Arizona.  Aggress ive  a c t i o n s  by 
t h e  TOW P r o j e c t  Yanager and Eughes A i r c r a f t  s o l v e d  t h e  q u a l i t y  
c o n t r o l  problem. The program i n c r e a s e d  p r o d u c t i o n  c o s t s ,  b u t  was 
a  c r i t i c a l  e lement  i n  t h e  c o r r e c t i o n  o f  TOW r e l i a b i l i t y  problems 
which t h r e a t e n e d  t o  t e r m i n a t e  t h e  TOW program i n  1967. 

(U) The c o s t  growth e x p l a i n e d  by t h e  f o r e g o i n g  f a c t o r s  t a k e  
i n t o  account  t h e  n e t  c o s t  r e d u c t i o n s  r e s u l t i n g  from t h e  q u a n t i -  
t a t i v e  requ i rement  changes  (abou t  $19 m i l l i o n )  and t h e  u s e  o f  
c o m p e t i t i v e  procurement and m u l t i y e a r  c o n t r a c t s  ( abou t  $13 
m i l l  i o n )  . 6  

(U)  F o r  more t h a n  h a l f  a c e n t u r y ,  from t h e  Somme River  t o  
t h e  j u n g l e s  of Vietnam, t a n k s  have s t r u c k  t e r r o r  i n t o  t h e  h e a r t s  
of in fan t rymen ,  and f i e l d  commanders have sought  a  weapon t h a t  
cou ld  s t o p  t h e  i n e x o r a b l e  advance of t h e s e  rumbl ing ,  c l a n k i n g  
"Gol ia ths"  w i t h  t h e i r  heavy armor and dead ly  guns. Today, t h e  
11 G I  Davids" of a rmies  th roughout  t h e  f r e e  world  have such a 
weapon i n  t h e  TOW a n t i t a n k / a s s a u l t  weapon system. L ike  David ' s  
s l i n g ,  t h e  TOW h a s  t h e  a c c u r a c y  and t h e  power t o  s l a y  any 
"Gol ia th"  i n  t h e  f i e l d  w i t h  a s i n g l e  s h o t .  It is  indeed  t h e  
i n f a n t r y m a n ' s  l o n g  sought  e q u a l i z e r  a g a i n s t  h i s  t r a d i t i o n a l  
enemy-the t a n k .  

6~~ Study of  Cost  Growth i n  Acq of t h e  TOW Wpn Sys ( d r a f t ) ,  
27 J u l  76,  pp. 24,  26-27. TOW P r o j  Ofc.  



(U) GEN Michael  S. Davison,  Commander-in-Chief o f  t h e  U. S. 
7 t h  Army, Europe, whose t r o o p s  began r e c e i v i n g  t h e  TOW i n  l a t e  
1970, d e c l a r e d :  "I c a n ' t  t h i n k  of any weapon we have r e c e i v e d  
i n  t h e  las t  1 0  y e a r s  t h a t  o u r  s o l d i e r s  have a c c e p t e d  more r e a d i l y  
and e n t h u s i a s t i c a l l y .  Even w i t h  v e r y  l i t t l e  t r a i n i n g ,  t h e  TOW 
crews have a h i g h  p r o b a b i l i t y  o f  d e s t r o y i n g  enemy armor o u t  t o  
3,000 meters . I f7  Troops of t h e  4 t h  I n f a n t r y  D i v i s i o n ,  F o r t  Carson,  
Colorado, were  e q u a l l y  p l e a s e d  w i t h  t h e  TOW, which t h e y  s t a r t e d  
r e c e i v i n g  i n  1976. SFC Mayceo H a l l ,  t h e  noncommissioned o f f i c e r  
i n  charge  of F o r t  C a r s o n ' s  a n t i t a n k  committee,  excla imed:  " I t ' s  
t h e  most d e v a s t a t i n g  weapon e v e r  i s s u e d  t o  t h e  i n f a n t r y . "  And 
LT Wi l l i am Brandenburg, commandant o f  t h e  a n t i t a n k  commit tee ,  
s a i d :  "The TOW system c l e a r l y  proved t h a t  i t  can  p u t  t h e  i n f a n t r y  
s o l d i e r  on t h e  same f o o t i n g  as any armored t h r e a t  i n  e x i s t e n c e .  "8 

(U) Although des igned  p r i m a r i l y  a s  a n  a n t i t a n k  weapon, t h e  
b a t t l e - p r o v e d ,  h i g h l y  v e r s a t i l e  TOW a l s o  p rov ided  a n  e f f e c t i v e  
l o n g  r a n g e  a s s a u l t  c a p a b i l i t y  a g a i n s t  f o r t i f i e d  b u n k e r s ,  p i l l b o x e s ,  
gun emplacements, and o t h e r  h a r d p o i n t  t a r g e t s .  I n  t h e  ground-based 
mode, i t  cou ld  be  f i r e d  on t h e  ground from a t r i p o d  o r  from t h e  
Yf13 armored p e r s o n n e l  c a r r i e r ,  t h e  s t a n d a r d  KL51 j e e p ,  o r  t h e  M274 
l i g h t  weapons i n f a n t r y  c a r r i e r .  I n  t h e  a i r b o r n e  mode, t h e  TOW pro- 
v i d e d  a f o r m i d a b l e  a n t i t a n k l a s s a u l t  weapon t h a t  combined - t h e  accu-  
r a c y  and f i repower  of t h e  TOW missile w i t h  t h e  speed and t a c t i c a l  
f l e x i b i l i t y  of t h e  COBRA a t t a c k  h e l i c o p t e r .  The TOWICOBRA f l e e t  
and ground-based TOW u n i t s  s t a t i o n e d  i n  Europe he lped  t o  o f f s e t  
t h e  three- to-one t a n k  s u p e r i o r i t y  t h a t  t h e  Warsaw P a c t  f o r c e s  had 
o v e r  NATO f o r c e s  i n  Western Europee9  

IfJ Whether on t h e  ground o r  i n  t h e  a i r ,  t h e '  TOW was a n  
i n v a l u a b l e  and h i g h l y  r e s p e c t e d  a d d i t i o n  t o  t h e  ~ r m y ' s  a r s e n a l  of 
o p e r a t i o n a l  a n t i t a n k  weapons. The TOW heavy a n t i t a n k l a s s a u l t  
weapon, t o g e t h e r  w i t h  o t h e r  members of t h e  new g e n e r a t i o n  of a n t i -  
t a n k  weapons-the M72 l i g h t  a n t i t a n k l a s s a u l t  weapon (LAW), t h e  
SHILLELAGH combat v e h i c l e  armament sys tem,  and t h e  DRAGON medium 
a n t i t a n k l a s s a u l t  weapon-provided t h e  Army w i t h ' t h e  c a p a b i l i t y  t o  
cope w i t h  t h e  armor t h r e a t  th rough  t h e  e a r l y  1 9 8 0 ' s .  On t h e  
drawing boards  were two advanced a n t i t a n k l a s s a u l t  sys tems :  t h e  
VIPER l i g h t  a n t i t a n k  weapon, which was t o  b e g i n  r e p l a c i n g  t h e  1172 

7 ~ a c t  Shee t  57-73 [ E x t r a c t  from dmmj i n  Europe,  Aug 73 1 , AMC 
I n f o  Ofc,  4  Oct 73. HDF. 

8 ~ h e  Rocke t ,  11 Aug 76,  p .  l o .  
'(1) I n t e r n a t i o n a t  Defense Review, 0 1 .  4 ,  No. 3 ,  Jun 71.  

(2) The Rocke t ,  21 J u l  76, p.  10.  



LAW i n  1979, and t h e  HELLFIRE (Helicopter-Launched, F i r e  and 
F o r g e t )  sys tem b e i n g  developed as t h e  p r imary  armament f o r  t h e  
~ r m y ' s  new Advanced A t t a c k  H e l i c o p t e r  (AAH). Scheduled t o  b e g i n  
r e p l a c i n g  t h e  i n t e r i m  TOW/COBRA sys tem by t h e  m i d - 1 9 8 0 ' ~ ~  t h e  
HELLFIRE/AAH system was a modular missile sys tem t h a t  would 
p r o v i d e  t h e  Army w i t h  a f a m i l y  of t e r m i n a l  homing s e e k e r  modules 
and a common a i r f r a m e  t o  engage a v a r i e t y  o f  t a n k  and o t h e r  
h a r d p o i n t  t a r g e t s  . l o  

l0wpn Sys Rep ts  and Chronologies .  JDF. 



APPENDIX A 

(U) QUALITATIVE PATERIEL REQUIREMENT FOR 
HEAVY ANTITANKIASSAULT WEAPON SYSTEM 

(CDOG Para  237b[10]) 

A s  approved on 1 0  November 1964 and r e v i s e d  on 5  A p r i l  1965 and 
21 December 1965. Reference:  AMCTC I t e m  6455, 7 November 1968, 
( O r i g i n a l  C l a s s i f i c a t i o n :  CONFIDENTIAL - Group 4. S u b j e c t  t o  
Genera l  D e c l a s s i f i c a t i o n  Schedule  of Execu t ive  Order 11652. 
D e c l a s s i f i e d  on 3 1  December 1974) .  

- 
S e c t i o n  I - Sta tement  of Requirement 

1. Sta tement  o f  Requirement 

a .  Heavy A n t i t a n k I A s s a u l t  Weapon System (PAW). 

b. A weapon system which w i l l  p r o v i d e  a  heavy a n t i t a n k 1  
a s s a u l t  c a p a b i l i t y  f o r  t h e  i n f a n t r y ,  a i r b o r n e  i n f a n t r y ,  a i r  
a s s a u l t  and mechanized i n f a n t r y  b a t t a l i o n s .  Th i s  sys tem w i l l  b e  
c a p a b l e  of be ing  employed from v e h i c l e s  and from a  ground mcunt. 
Dismounting t h e  weapon from t h e  v e h i c l e  must be a s imple  and 
r a p i d  o p e r a t i o n .  The pr imary purpose  of t h e  HAL; sys tem i s  t o  
d e f e a t  t h e  h e a v i e s t  known enemy armored v e h i c l e s  a t  r a n g e s  o u t  t o  
a t  l e a s t  2000 mete r s .  It w i l l  a l s o  be employed a g a i n s t  f o r t i f i -  
c a t i o n s  and o t h e r  m a t e r i e l  t a r g e t s .  It w i l l  p r o v i d e  a 9CZ 
p r o b a b i l i t y  of a f i r s t  round h i t  a t  r anges  o u t  t o  1500 m e t e r s ,  

- and 752 p r o b a b i l i t y  f o r  r a n g e s  from 1500-2000 mete r s  a g a i n s t  
s t a t i o n a r y  t a r g e t s  e s s e n t i a l  (3000 mete r s  d e s i r e d ) .  A 75% 
p r o b a b i l i t y  of f i r s t  round h i t  a g a i n s t  t a r g e t s  t r a v e l i n g  up t o  
speeds  of 35 KPH e s s e n t i a l  (50 KPH d e s i r a b l e )  o u t  t o  r a n g e s  of 
2000 mete r s  is  e s s e n t i a l  (300C m e t e r s  d e s i r e d ) .  It  i s  d e s i r a b l e  
t h a t  a  90% f i r s t  round h i t  p r o b a b i l i t y  be  a t t a i n e d  a g a i n s t  a l l  
t a r g e t s  o u t  t o  2000 mete r s .  

S e c t i o n  I1 - O p e r a t i o n a l ,  O r g a n i z a t i o n a l  and L o g i s t i c a l  Conce?ts 

2. O p e r a t i o n d  Concepts 

a. T h i s  i t e m  w i l l  be  used h a b i t u a l l y  i n  war t ime  and i n  
t r a i n i n g  e x e r c i s e s  i n  peace t ime  i n  a l l  c l i m a t e s  and g e o g r a p h i c a l  
z r e a s  of t h e  world.  

b. The Heavy A n t i t a n k / A s s a u l t  Weapon System w i l l  ke 
o r g a n i c  t o  and w i l l  p r o v i d e  l o n g  r a n g e ,  l e t h a l ,  a n t i t a c k l a s s a u l t  
f i r e s  f o r  a l l  t y p e s  of i n f a n t r y  b a t t a l i o n s .  The HAW sys tem w i l l  
complement t h e  proposed Medium ~ n t i t a n k 1 A s s a u l t  Weapon (1!AP:). I n  
i t s  pr imary r o l e  - a n t i t a n k ,  i t  w i l l  be used t o  d e s t r o y  forma- 
t i o n s  o f  armored v e h i c l e s  b e f o r e  t h e  f i re-power  and shock a c t i o n  
of enen:: armor c a r  be brought  t o  b e e r  e f f e c t i v e l y  cr. f r i e c d 1 7 -  



f o r c e s .  I n  i t s  secondary a s s a u l t  weapon r o l e ,  t h e  sys tem w i l l  be  
employed a g a i n s t  v e h i c l e s  and f i e l d  f o r t i f i c a t i o n s  o f  a l l  types .  
Haximum e f f e c t  a g a i n s t  grouped p e r s o n n e l ,  o r  p e r s o n n e l  a d j a c e n t  
t o  a  m a t e r i e l  t a r g e t ,  i s  d e s i r e d .  Th is  sys tem w i l l  p e r m i t  over-  
coming a  p o t e n t i a l  enemy s u p e r i o r i t y  i n  d e n s i t y  o f  armored 
v e h i c l e s ,  p a r t i c u l a r l y  t a n k s ,  and w i l l  f a c i l i t a t e  employment of 
t h e  p r i n c i p l e  of economy of f o r c e .  

c .  The HAW must be  c a p a b l e  of b e i n g  employed from t h e  
KL13 o r  s u c c e s s o r  v e h i c l e s  and of be ing  t r a n s p o r t e d  i n  v e h i c l e s  
down t o  t h e  114 t o n  t r u c k  and t h e  M274 v e h i c l e .  - A fir* 
c a p a b i l i t y - f r o n  t h e  wheeled v e h i c l e s  i s  d e s i r a b l e .  It must a l s o  
b e  c a p a b l e  of b e i n g  employed from t h e  ground mount. It i s  de- 
s i r a b l e  t h a t  t h e  H A W  m i s s i l e s  acd a p p r o p r i a t e  components b e  
c a p a b l e  of employment from Army H e l i c o p t e r s .  The l a u n c h e r  w i t h  
a s s o c i a t e d  equipment,  e x c l u d i n g  v e h i c l e s ,  must be  c a p e b l e  of 
p a r a c h u t e  d e l i v e r y  i n  phase  I of a i r b o r n e  o p e r a t i o n s .  
[Under l ined p o r t i o n  added by L t r ,  CG, CDC, t o  Distr, 21  Dec 65,  
s u b j  : DA Apprd QMi f o r  H A W  Sys . ] 

d .  The HAW w i l l  n o t  change t h e  requ i rement  f o r  t a n k s  t o  
accompany i n f a n t r y .  Th is  system, however, w i l l  g i v e  t h e  i n f a n t r y  
b a t t a l i o n  a  s i g n i f i c a n t l y  i n c r e a s e d  a n t i t a n k  c a p a b i l i t y  and 
shou ld ,  t h e r e f o r e ,  r e s u l t  i n  r e d u c i n g  t h e  q u a n t i t a t i v e  r e q u i r e -  
ments f o r  t a n k s  t o  be  employed i n  a  p u r e l y  a n t i t a n k  r c l e .  Th i s  
w i l l  r e l e a s e  an  a p p r e c i a b l e  number of t a n k s  t o  be  employed f c r  
o f f e n s i v e  and d e f e n s i v e  o p e r a t i o n s .  

e .  The sys tem w i l l  be  c a p a b l e  of be ing  employed d u r i n g  
t h e  hours  of da rkness .  The s i g h t i n g  system may be  a c t i v e  o r  
p a s s i v e  and shou ld  p e r m i t  i d e n t i f i c a t i o n  of v e h i c u l a r  t a r g e t s  a t  
500 m e t e r s  r e q u i r e d ,  1000 m e t e r s  d e s i r e d .  I f  n e c e s s a r y ,  a  m i s s i l e  
e s p e c i a l l y  a d a p t e d  t o  e l i m i n a t e  t h e  i n f r a r e d  (IR) n o n - c o m p a t i b i l i t y  
is  a c c e p t a b l e .  A n c i l l a r y  n i g h t  v i s i o n  equipment may be  packaged 
s e p a r a t e l y  and w e i g h t s  up t o  45 pounds i n c l u d i n g  power s o u r c e ,  w i l l  
be  a c c e p t a b l e .  .The n i g h t  f i r i n g  c a p a b i l i t y  must b e  i n c l u d e d  a s  ar? 
i n t e g r a l  p o r t i o n  of t h e  sys tem upon i s s u e  t o  t r o o p s .  

f .  The t a c t i c a l  concept  f o r  employment of t h e  YAK w i l l  
p a r a l l e l  t h a t  of the ENTAC sys tem and t h e  106mm R e c o i l l e s s  R i f l e .  

3.  O r g a n i z a t i o n  and L o g i s t i c a l  Concepts 

a .  The Heavy A n t i t a n k I A s s a u l t  Weapon w i l l  become o r g a n i c  
t o  u n i t s  of t h e  i n f a n t r y ,  a i r b o r n e  i n f a n t r y ,  and nechan ized  I n f a n t r y  
b a t t a l i o n s  which c u r r e n t l y  employ t h e  EMTAC and 106mm R e c o i l l e s s  
R i f l e .  It w i l l  r e p l a c e  o r g a n i c  106mm R e c o i l l e s s  R i f l e  acd ENTAC 
weapons on a  one-for-one b a s i s .  A crew f o r  each weapon shou ld  c o t  
exceed f o u r  men. [As changed by L t r ,  C G ,  CDC,  t o  P i s t r ,  5  Bpr 6 5 ,  
s u b j :  DA Apprd QMR f o r  HAL! Sys . ]  



b. The Heavy A n t i t a n k / A s s a u l t  Weapon is  expec ted  t o  
r e p l a c e  t h e  106mm R e c o i l l e s s  R i f l e  and ENTAC, w i t h  a r e s u l t a n t  
o v e r a l l  r e d u c t i o n  i n  maintenance and l o g i s t i c a l  r e q u i r e m e n t s .  
The a n t i c i p a t e d  improvement over  above mentioned heavy a n t i t a n k  
weapons sys tems i n  h i t  c a p a b i l i t y  and k i l l  p r o b a b i l i t y  s h o u l d  
reduce  t h e  number of rounds  of ammunition r e q u i r e d .  

c .  F i r s t  eche lon  maintenance w i l l  c o n s i s t  of preopera-  
t i o n a l  check,  c a r e  and c l e a n i n g ,  and replacement  of b a t t e r i e s ,  i f  
r e q u i r e d ,  and shou ld  b e  accomplished by no more t h a n  two (2) men, 
e s s e n t i a l ,  one (1) man d e s i r a b l e  w i t h  a mean down t ime  of no more 
t h a n  t h i r t y  (30) minu tes ,  e s s e n t i a l ,  f i f t e e n  (15) minu tes  
d e s i r a b l e .  Monthly o r g a n i z a t i o n a l  down t i m e  s h o u l d  b e  two (2) 
hours  o r  l e s s ;  f i e l d  maintenance shou ld  b e  less t h a n  s i x  (6)  
hours .  I f  i n t e r n a l  c i r c u i t r y  is i n v o l v e d ,  a s i m p l e  one  s t e p  
i n s t a n t a n e o u s  go-no-go t e s t  p rocedure  w i l l  be  used.  Maintenance 
eche lons  above t h e  u n i t  t o  which t h e  weapon is  o r g a n i c  w i l l  have 
maintenance f l o a t  f o r  immediate i s s u e  t o  r e p l a c e ' d e f e c t i v e  
equipment . 

S e c t i o n  I11 - J u s t i f i c a t i o n ,  F e a s i b i l i t y  and P r i o r i t y  

4. Reasons f o r  t h e  Requirement.  

a. E x i s t i n g  a n t i t a n k  weapons, EETAC and t h e  106mrn 
R e c o i l l e s s  R i f l e ,  do n o t  meet c u r r e n t  and a n t i c i p a t e d  i n f a n t r y  
r e q u i r e m e n t s  f o r  a s u i t a b l e  a n t i t a n k / a s s a u l t  c a p a b i l i t y .  The 
r e p u t e d  maximum e f f e c t i v e  r a n g e  of t h e  r e c o i l l e s s  r i f l e ,  1100 
meters, i s  i n s u f f i c i e n t ,  s i g n a t u r e  e f f e c t s  are e x c e s s i v e ;  and 
b a l l i s t i c  mismatch of t h e  s p o t t i n g  and major  c a l i b e r  rounds  
r e s u l t s  i n  i n a c c u r a t e  f i r e  a t  t h e  g r e a t e r  r a n g e s .  P r e s e n t  
manual ly  guided a n t i t a n k  missiles (1) r e q u i r e  c a r e f u l l y  s e l e c t e d  
and h i g h l y  s k i l l e d  gunners  whose t r a i n i r i g  is  l o n g ,  e x p e n s i v e  and 
con t inuous ,  (2) have a n  e x c e s s i v e  minimum range ,  ( 3 )  have poor 
f i r s t  round h i t  p r o b a b i l i t y ,  (4)  are l i m i t e d  i n  t h e i r  a s s a u l t  
c a p a b i l i t y .  

b. I n  a d d i t i o n  t o  overcoming t h e  d e f i c i e n c i e s  l i s t e d  
i n  pa ragraph  4a  above,  t h e r e  i s  a c o n t i n u i n g  need t o  reduce  t h e  

$ number and t y p e s  o f  i n f a n t r y  weapons and ammunition t o  a minimum. 
T h i s  can b e  accomplished by improving t h e  range  spectrum,  l e t h a l -  
i t y ,  f i r s t  round h i t  c a p a b i l i t y  and r e a c t i o n  t ime.  

c .  The p o t e n t i a l  enemy armor t h r e a t  i s  o u t l i n e d  i n  
d e t a i l  i n  t h e  US Army Combat Developments Command, Army Require-  
ments f o r  D i r e c t  F i r e  Weapons Systems ( A R D F I R E ) ( ~ ) ,  d a t e d  !love=- 
b e r  1963. I n  view of known S o v i e t  advances  i n  armor development,  
as w e l l  as t r e n d s  i n  S o v i e t  Army o r g a n i z a t i o n  and t a c t i c s ,  t h e  
i n f a n t r y  a n t i t a n k  c a p a b i l i t y  must be  i n c r e a s e d  s i g n i f i c a n t l y  i n  
o r d e r  t h a t  t h e  infantryman nay s u r v i v e  on a b a t t l e f i e l d  s a t u r a t e d  



w i t h  enemy armor.  T h i s  weapon, t h e r e f o r e ,  shou ld  k i l l  t h e  most 
f o r m i d a b l e  enemy armor expec ted  t o  appear  on t h e  b a t t l e f i e l d  i n  
t h e  1970-75 t i m e  frame. 

d .  T h i s  weapon must b e  i n  t h e  hands o f  t r o o p s  a s  soon 
a s  p o s s i b l e  and shou ld  b e  a v a i l a b l e  d u r i n g  t h e  t i m e  f rame FY 1967. 

e. A p p l i c a b l e  r e f e r e n c e  t o  CDOG Genera l  O b j e c t i v e s  
and QMDOs. 

f .  Refe rences  t o  p e r t i n e n t  s t u d i e s  and o t h e r  p u b l i c a -  
t i o n s  : 

(1 )  F i n a l  R e p o r t ,  F o u r t h  T r i p a r t i t e  I n f a n t r y  
Conference,  9-15 October 1960. 

(2)  F i n a l  Repor t ,  F i f t h  T r i p a r t i t e  I n f a n t r y  
c o n f e r e n c e ,  November 1962. 

( 3 )  L e t t e r ,  ATDEV-3 387 ( S ) ,  H e a d q u a r t e r s ,  CS 
C o n t i n e n t a l  Army Command, 21  September 1461, , s u b j e c t :  "Report o f  
In fan t ry .  A n t i t a n k I A s s a u l t  Weapons Conference,  25 August 1961.' '  

(4)  T e c h n i c a l  Note No. 1417,  BRL, J u l y  1961, 
s u b j e c t  : "A Study of HAW (Long Range Time p e r i o d )  , " a s  r e v i s e d  
by BRL Memo Report  No. 1365, September 1961. 

(5)  Report  o f  Experiment,  USACDEC, March 1963,  
s u b j e c t :  " B a t t a l i o n  A n t i t a n k  Opera t ions . "  

5. T e c h n i c a l  F e a s i b i l i t y .  

I n  J u l y  1962, f i r i n g s  o f  e x p e r i m e n t a l  models showed 
t h a t  t h e  tube-launched, o p t i c a l l y  t r a c k e d ,  w i r e  guided concep t  
i s  f e a s i b l e .  Time of f l i g h t  of t h e  TOW m i s s i l e  o u t  t o  2000 
meters is  n i n e  (9)  seconds  which i n d i c a t e s  f e a s i b i l i t y  of 
r e q u i r e d  r e a c t i o n  t ime.  Recen t ly  r e c e i v e d  i n f o r m a t i o n  on 
t e c h n i q u e s  f o r  employing L a s e r  t echnology  i n  a s i m p l e  gu idance /  
homing system f o r  a n t i t a n k  weapons i n d i c a t e s  a s t r o n g  p o s s i b i l i t y  
o f  s i m p l i f y i n g  c u r r e n t  s t a n d a r d  guidance sys tems w i t h  s i m p l e r ,  
l i g h t e r ,  e a s i e r  t o  employ and m a i n t a i n  a n t i t a n k  weapons. 

6. P r i o r i t y  I i s  j u s t i f i e d  when c o n s i d e r i n g  t h e  enemy armor 
t h r e a t  and t h e  p r e s e n t  day a n t i t a n k  weapons, whose d e f i c i e n c i e s  
a r e  o u t l i n e d  i n  pa ragraph  4a above,  which a r e  i n t e n d e d  t o  cope 
w i t h  t h e  t h r e a t .  Pa ragraph  237b(10) i n  CDOG h a s  e s t a b l i s h e d  t h i s  
a s  a P r i o r i t y  I i tem.  



S e c t i o n  IV - C h a r a c t e r i s t i c s  

7. Performance C h a r a c t e r i s t i c s .  

a.  System must be  c a p a b l e  of s a t i s f a c t o r y  con t inuous  
performance a t  a l l  times under t h e  c o n d i t i o n s  d e f i n e d  i n  para-  
graph 7c ,  Change 1, AR 705-15 e s s e n t i a l ;  under t h e  c o n d i t i o n s  
d e f i n e d  i n  pa ragraphs  7a ,  7b, 7d, 7e ,  Change 1, AR 705-15 d e s i r e d .  
The m a t e r i e l  must be c a p a b l e  of s a f e  s t o r a g e  (5 y e a r s )  and t r a n s -  
p o r t a t i o n  under c o n d i t i o n s  o u t l i n e d  i n  pa ragraph  7.1,  Change 1, 
AR 705-15. There  shou ld  be no r e q u i r e n e n t  f o r  a  s p e c i a l  s t o r a g e  
c o n t a i n e r  f o r  t h e  l a u n c h e r .  A shi .pping-s torage c o n t a i n e r  des igned  
t o  p r o v i d e  p h y s i c a l  p r o t e c t i o n  f o r  t h e  m i s s i l e  and a l l o w  s t a c k i n g  
i s  d e s i r e d .  

b. An a v e r a g e  t r a i n e d  crew must be  a b l e  t o  engage a t  
l e a s t  t h r e e  (3)  moving t a r g e t s  a t  v a r y i n g  r a n g e s  I n  a  90 d e g r e e  
a r c  from t h e  weapon p o s i t i o n  w i t h i n  1 1 / 2  minu tes  ( e s s e n t i a l )  
w i t h i n  1 minute  ( d e s i r e d ) .  A d u a l  r e q u i r e n e n t  o f  r a p i d  300 
d e g r e e  t r a v e r s e  and smooth t r a c k i n g ,  b o t h  i n  azimuth and e l e v a -  
t i o n  is  e s s e n t i a l .  A t r a i n e d  gunner must be a b l e  t o  t r a c k  and 
h i t  a  moving t a r g e t ,  t r a v e l i n g  up t o  speeds  of 35 KPE, e s s e n t l a l ;  
50 KPH d e s i r a b l e  o u t  t o  ranges  of 2000 mete r s .  The system n u s t  
be  c a p a b l e  of o p e r a t i o n  on a  t e r r a i n  s l o p e  of a t  l e a s t  1 0  d e g r e e s  
from a  v e h i c u l a r  mount and up t o  30 d e g r e e s  from t h e  ground mount. 
It i s  r e q u i r e d  t h a t  o p e r a t i o n  i n  t h e  1 0  d e g r e e  s l o p e  be  w i t h o u t  
b e n e f i t  of  v e h i c l e  l e v e l i n g .  The v e h i c u l a r  mounted system s h a l l  
be  c a p a b l e  o f  t r a c k i n g  a  t a r g e t  through 360 d e g r e e  t r a v e r s e  from 
1 0  d e g r e e  below t o  20 d e g r e e  above t h e  deck o f  t h e  v e h i c l e .  The 
ground mounted system s h a l l  be  c a p a b l e  of t r a c k i n g  a  t a r g e t  
th rough  360 d e g r e e s  of t r a v e r s e  from 20 d e g r e e  below t o  30 d e g r e e  
above t h e  h o r i z o n t a l .  

c .  E f f e c t i v e  engagement of t a r g e t s ,  moving and s t a t i o n -  
a r y ,  must be accomplished a t  r a n g e s  from a  minimum s a f e  arming 
d i s t a n c e .  System must have a  90X p r o b a b i l i t y  of a  f i r s t  round 
h i t  a t  r anges  o u t  t o  1500 meters, and 75% p r o b a b i l i t y  of r a n g e s  
from 1500 t o  2000 m e t e r s  a g a i n s t  s t a t i o n a r y  t a r g e t s  e s s e n t i a l  
(3000 mete r s  d e s i r e d ) .  A 752 p r o b a b i l i t y  of f i r s t  round h i t  
a g a i n s t  t a r g e t s  moving a t  speeds  o u t l i n e d  i n  pa ragraph  7b above,  
o u t  t o  2000 m e t e r s  i s  e s s e n t i a l  (3000 m e t e r s  d e s i r e d ) .  It i s  
d e s i r a b l e  t h a t  a  90% f i r s t  round h i t  p r o b a b i l i t y  b e  a t t a i n e d  
a g a i n s t  a l l  t a r g e t s  o u t  t o  2000 m e t e r s .  The t a r g e t  a g a i n s t  
which t h e s e  h i t  p r o b a b i l i t i e s  i s  t o  be  a t t a i n e d  i s  d e f i n e d  by 
a  v e r t i c a l  t a r g e t  2.3 mete r s  s q u a r e .  

d. It i s  r e q u i r e d  t h a t  t h e  HAW sys tem d e f e a t  t h e  n o s t  
f o r m i d a b l e  t a n k  l i k e l y  t o  appear  on t h e  b a t t l e f i e l d .  I f  pene- 
t r a t i o n  of armor i s  i n v o l v e d ,  d e f e a t  of  t h e  Q u a d r i p a r t i t e  Type 
I11 heavy t a n k  t a r g e t  w i l l  be used a s  t h e  c r i t e r i a .  Good 



performance a g a i n s t  s p e c i a l i z e d  s k i r t i n g  d e v i c e s  i s  e s s e n t i a l .  
When a  h i t  i s  o b t a i n e d  on a  v u l n e r a b l e  a r e a  a  90% p r o b a b i l i t y  of 
an  M o r  F k i l l  o c c u r r i n g  i s  e s s e n t i a l  - 902 p r o b a b i l i t y  o f  a  K 
k i l l  i s  d e s i r e d .  The system w i l l  a l s o  b e  used f o r  a t t a c k  of 
f o r t i f i c a t i o n s ,  weapons emplacements and p i l l b o x e s .  It i s  
v i s u a l i z e d  t h a t  t h e  sys tem may have a  bonus e f f e c t  which may 
permi t  t h e  a t t a c k  of low, s low-f ly ing  a i r c r a f t .  

e .  Miss ion d u r a t i o n  t i m e  and planned u t i l i z a t i o n  r a t e  
i s  dependent  on t h e  number of t a n k s  o r  o t h e r  ha rd  p o i n t  t a r g e t s  
on t h e  b a t t l e f i e l d ,  a s  compared t o  t h e  number o f  H A W  weapons 
a v a i l a b l e .  I f  an  i n t e g r a l  power supp ly  i s  r e q u i r e d ,  i t  must 
pe rmi t  a t  l e a s t  24 h o u r s  o f  o p e r a t i o n  ( e s s e n t i a l ) ,  72 hours  
d e s i r a b l e ,  o r  f o r  f i r i n g  a  minimum o f  f i f t y  (50)  rounds e s s e n t i a l ,  
one-hundred and f i f t y  (150) rounds  d e s i r a b l e .  It i s  e s s e n t i a l  
t h a t  i f  power i s  r e q u i r e d ,  t h e  sys tem n o t  depend on  a  v e h i c u l a r  
power s o u r c e  when t h e  weapon i s  employed on t h e  grocnd mount. I t  
is d e s i r a b l e  t h a t  t h e  power f o r  on-vehic le  o r  o n - a i r c r a f t  o p e r a t i o n  
be  provided by t h e  c a r r i e r .  

f .  A l l  components of t h i s  sys tem n u s t  f u n c t i o n  p r o p e r l y  
a t  l e a s t  952 of t h e  t ime ,  e s s e n t i a l  - 99% d e s i r e d .  There  must be  
no d e g r a d a t i o n  o f  t h i s  r e l i a b i l i t y  a f t e r  l i m i t e d  s t o r a g e  and per-  
formance of 1st o r  2nd eche lon  main tenance ,  o r  a f t e r  extended 
s t o r a g e  and 3rd o r  4 t h  eche lon  maintenance.  

g.  R e a c t i o n  t i m e  must b e  minimal. P r e o p e r a t i o n a l  check 
shou ld  c o n s i s t  o f  v i s u a l  i n s p e c t i o n  and,  i f  i n t e r n a l  c i r c u i t r y  of 
a  m i s s i l e  a n d / o r  l a u n c h e r  is  i n v o l v e d ,  a  s imple  i n s t a n t a n e o u s  go- 
no-go c i r c u i t  check.  I n i t i a l  l o a d i n g ,  p r e o p e r a t i o n a l  check,  and 
i f  n e c e s s a r y ,  a  warm-up t i m e  shou ld  n o t  exceed f i f t e e n  (15)  

- ~ 

seconds ,  t e n  (10) seconds  d e s i r e d .  

h. T o t a l  t u r n  around t i m e  of t h e  
shou ld  n o t  exceed t h a t  of i t s  c a r r i e r .  I n  
more t h a n  30 minutes  e s s e n t i a l ,  1 5  minu tes  
t a k e n  t o  perform r o u t i n e  maintenance.  

v e h i c u l a r  mounted HAV 
t h e  dismounted r c l e ,  no 
d e s i r a b l e  shou ld  be  

8. P h y s i c a l  C h a r a c t e r i s t i c s .  

a .  O v e r a l l  we igh t  of t h e  ground mount, l a u n c h e r ,  f i r e  
c o n t r o l  group and power s u p p l y  must n o t  exceed one-hundred and 
s i x t y  (160) pounds e s s e n t i a l ,  one-hundred and twenty (120) pounds 
d e s i r a b l e .  Weight of one (1 )  round of  ammunition, w i t h  i t s  con- 
t a i n e r ,  must n o t  exceed for ty- two (42)  pounds e s s e n t i a l ,  t h i r t y  
(30) pounds d e s i r a b l e .  

b. The HAW must be c a p a b l e  o f  p a r a c h u t e  d e l i v e r y  i n  
Phase I of a i r b o r n e  f o r  a i r  a s s a u l t  and a i r b o r n e  u n i t s ,  e s s e n t i a l .  
Ccriventional t ie-dobn equipment w i l l  be  used f o r  a i r   deliver:^ an? 



i n t e r n a l  and e x t e r n a l  h e l i c o p t e r  l o a d s ,  e s s e n t i a l .  Th i s  sys tem 
may be  t r a n s p o r t e d  on t h e  M274 v e h i c l e ,  t r u c k ,  u t i l i t y ,  114 t o n  
ca rgo ,  1 114 t o n ,  6x6, XM561, and mounted on t h e  Armored Person- 
n e l  C a r r i e r ,  MI13 o r  i t s  s u c c e s s o r ,  e s s e n t i a l .  A f i r i n g  c a p a b i l -  
i t y  from t h e  above wheeled v e h i c l e s  is  d e s i r a b l e  b u t  shou ld  n o t  
degrade  t h e  ground mount c a p a b i l i t y  from any v e h i c l e  o r  t h e  a i r  
drop c a p a b i l i t y  o f  t h e  M274 v e h i c l e .  Mounting on s e l e c t e d  Army 
h e l i c o p t e r s  i s  d e s i r a b l e .  Wheeled and t r a c k e d  v e h i c l e s  s h o u l d  
each be c a p a b l e  of c a r r y i n g  t h e  e n t i r e  sys tem and a  minimum of  
s i x  (6)  and t e n  (10) rounds ,  r e s p e c t i v e l y  e s s e n t i a l ;  t e n  (10) and 
f i f t e e n  (15) rounds ,  r e s p e c t i v e l y ,  d e s i r a b l e .  Rapid mounting and 
dismount ing o f  t h e  s y s t e n  from t h e  v e h i c l e  and emplacement on t h e  
ground must be  accomplished by members of t h e  crew w i t h  minimum 
u s e  of t o o l s .  Eaximum a l l o w a b l e  t i m e  i s  two (2)  minu tes ,  e ssen-  
t i a l ,  one (1)  minu te ,  d e s i r a b l e .  [Under l ined p o r t i o n  added by 
L t r ,  CG,  CDC,  t o  Distr, 21  Dec 65,  s u b j :  DA Apprd QMR f o r  HAW 
Sys . -] 

c .  The system,  mounted o r  unmounted, must be  rugged 
enough t o  w i t h s t a n d  t r a n s p o r t  o v e r  extended d i s t a n c e s  by t a c t i -  
c a l  v e h i c l e s ,  and s t i l l  perform w i t h  t h e  r e q u i r e d  r e l i a b i l i t y ,  
h i t  p r o b a b i l i t y ,  and l e t h a l i t y .  When t h e  HAW i s  v e h i c u l a r  
mounted, i t  must be  c a p a b l e  of remain ing  loaded  and i n  t h e  
f i r i n g  p o s i t i o n  w h i l e  t h e  v e h i c l e  i s  i n  motion.  The s y s t e n  
must be  c a p a b l e  of b e i n g  aimed, f i r e d ,  and t r a c k e d  from t h e  
v e h i c l e  w h i l e  t h e  e n g i n e  i s  i d l i n g  - d e s i r e d .  There  w i l l  be  
no requ i rement  f o r  t h e  wear ing  o f  s p e c i a l  p r o t e c t i v e  c ' l o t h i n g  
o r  u s e  of s p e c i a l  d e v i c e s  i n  o r d e r  t o  f i r e  t h e  weapon. 

d. I n s o f a r  a s  p o s s i b l e ,  t h e  HAW must b e  immune t o  
enemy e l e c t r o m a g n e t i c  countermeasures  and s o l a r  e f f e c t s .  
S i g n a t u r e  e f f e c t s  must be  reduced s i g n i f i c a n t l y  below t h o s e  
a s s o c i a t e d  w i t h  t h e  106mm R e c o i l l e s s  R i f l e ,  e s s e n t i a l .  Weapon 
systems l o c a t e d  f i f t y  (50) meters o r  more a p a r t  must be  a b l e  t o  
engage two (2 )  t a r g e t s  s i m u l t a n e o u s l y  w i t h o u t  mutua l  i n t e r f e r -  
ence ,  e s s e n t i a l ,  twenty f i v e  (25) meters d e s i r a b l e .  The weapon 
n u s t  n o t  c a u s e  i n t e r f e r e n c e  t o ,  o r  b e  a f f e c t e d  by,  o t h e r  
e l e c t r o n i c  equipment o p e r a t i n g  i n  t h e  v i c i n i t y .  Fol lowing 
exposure  t o  CBR a g e n t s  o r  n u c l e a r  f a l l o u t ,  t h e  weapon w i l l  be  
made o p e r a b l e  a f t e r  s t a n d a r d  decon tamina t ion  p rocedures  a r e  
used.  U s e  o f  k i t s  f o r  extreme c l i m a t i c  c o n d i t i o n s  i s  accep- 
t a b l e  when o p e r a t i n g  under  t h e  c o n d i t i o n s  o u t l i n e d  i n  para-  
g raph  7b and c ,  AR 705-15. 

9. Waintenance C h a r a c t e r i s t i c s :  

The equipment w i l l  be  d e s i g n e d ,  i f  p o s s i b l e ,  s o  t h a t  
o r g a n i z a t i o n a l  maintenance can b e  performed,  w i t h o u t  t h e  u s e  of 
s p e c i a l  t o o l s  o r  t e s t  equipment.  Read i ly  a c c e s s i b l e  test 
p o i n t s  w i l l  b e  p rov ided  t o  f a c i l i t a t e  maintenance by t h e  u s e  



mul t i -purpose  a u t o m a t i c  t e s t  equipment. 

10. Human Engineer ing  C h a r a c t e r i s t i c s .  

The c o n f i g u r a t i o n  o f  t h i s  weapon w i l l  a l l o w  a l l  func- 
t i o n s  t o  be  accomplished by t h e  crew w h i l e  wear ing  CBR and a r c t i c  
p r o t e c t i v e  c l o t h i n g .  Noiselsound,  b e f o r e  a p p l i c a t i o n  of e a r  
p r o t e c t i o n  (no g r e a t e r  t h a n  180 d e c i b e l s  r e q u i r e d ,  170 d e c i b e l s  
d e s i r e d )  which o c c u r s  when t h e  weapon i s  f i r e d  s h o u l d  have minimum 
e f f e c t  on t h e  gunner and crew d u r i n g  t h e  conduct of o p e r a t i o n s .  
Noiselsound,  w i t h  e a r  p r o t e c t i o n  w i l l  n o t  exceed 160 d e c i b e l s  w i t h  
150  d e c i b e l s  d e s i r e d .  The f i r i n g  mechanism s h a l l  b e  p l a c e d  s o  a s  
t o  b e  f u n c t i o n e d  d u r i n g  and n o t  c a u s e  i n t e r r u p t i o n  t o  t r a c k i n g  t h e  
t a r g e t .  P roper  placement o f  h a n d l e s  o r  k n u r l e d  components shou ld  
be  cons idered  t o  f a c i l i t a t e  h a n d l i n g  by t h e  crew. S i z e  and con- 
f i g u r a t i o n  of each r o u n d l c o n t a i n e r  shou ld  permi t  r e s u p p l y  and easy  
h a n d l i n g  and l o a d i n g  i n  t h e  v e h i c l e .  I n f o r m a t i o n  needs  f o r  oper-  
a ' tor  d e c i s i o n s  w i l l  be  t a r g e t  l o c a t i o n  and i d e n t i f i c a t i o n .  I t  i s  
d e s i r a b l e ,  b u t  n o t  e s s e n t i a l ,  t h a t  we igh t  be  h e l d  commensurate 
w i t h  t h e  a b i l i t y  of a  4  man crew t o  dismount ,  t r a n s p o r t ,  and 
emplace t h e  sys tem w i t h i n  t h e  r e a c t i o n  t i n e s  r e q u i r e d  under vary-  
i n g  c o n d i t i o n s  o f  t a c t i c s  and t e r r a i n .  

11. P r i o r i t y  o f  C h a r a c t e r i s t i c s .  

Performance.  
S i m p l i c i t y  o f  Opera t ion  and T r a i n i n g .  
R e l i a b i l i t y .  
Weight and s i z e  ( t r a n s p o r t a b i l i t y ) .  
S i g n a t u r e  
Immunity t o  I n t e r f e r e n c e .  
S a f e t y .  
M a i n t a i n a b i l i t y  
Environmental  P,equirements. 

S e c t i o n  V - P e r s o n n e l  and T r a i n i n g  C o n s i d e r a t i o n s  

12 .  Q u a n t i t a t i v e  and Q u a l i t a t i v e  P e r s o n n e l  C o n s i d e r a t i o n s .  

a. The crew f o r  each weapon s h o u l d  n o t  exceed f o u r  (4) 
men. 

b. S k i l l s  r e q u i r e d  f o r  o p e r a t i n g  t h i s  sys tem shou ld  n o t  
exceed t h o s e  r e q u i r e d  f o r  o p e r a t i n g  t h e  1 0 6 m  R e c o i l l e s s  R i f l e ,  and 
s k i l l s  r e q u i r e d  f o r  maintenance above 2d eche lon  shou ld  n o t  exceed 
t h o s e  p r e s e n t l y  a s s o c i a t e d  w i t h  MOS 426, small m i s s i l e  repairman.  

13 .  T r a i n i n g  C o n s i d e r a t i o n s .  

Time r e q u i r e d  f o r  and complexi ty  o f ,  t r a i n i n g  must n o t  
exceed t h a t  r e q u i r e d  f o r  t h e  106mrn R e c o i l l e s s  R i f l e  crew. Cross  



t r a i n i n g  o f  crew members and r a p i d  t r a i n i n g  of rep lacement  gunr:ers 
d u r i n g  combat must be  p o s s i b l e .  

S e c t i o n  V I  - A s s o c i a t e  C o n s i d e r a t i o n s  

14.  T r a i n i n g  Devices .  

a .  Cutaway mockups of t h e  weapon and ammunition a r e  
r e q u i r e d .  Because most o f  t h e  t r a i n i n g  w i l l  b e  done on t h e  weapon 
i t s e l f ,  a  s i m p l e ,  o p t i c a l ,  elbow t e l e s c o p e  d e v i c e ,  c a p a b l e  of 
be ing  a f f i x e d  t o  t h e  s i g h t i n g  u n i t ,  shou ld  b e  p rov ided  t o  v e r i f y  
t h e  aim of  t h e  gunner d u r i n g  d r y  f i r i n g  e x e r c i s e s  - r e q u i r e d .  

b. A m i s s i l e  w i t h  a n  i n e r t  warhead i s  r e q u i r e d  t o  
pe rmi t  f i r i n g  a t  t a r g e t s  d u r i n g  t r a i n i n g .  

c. These d e v i c e s  (pa ragraph  14a and b  above) shou ld  
be  developed c o n c u r r e n t l y  w i t h  t h e  weapon sys tem s o  t h a t  t e s t ,  
e v a l u a t i o n  and i s s u e  can be  accomplished a t  t h e  same t ime.  

15.  Re la ted  E l a t e r i e l .  

I n  o r d e r  t o  a c h i e v e  t h e  e s s e n t i a l  and d e s i r a b l e  r e s u l t s  
o u t l i n e d  i n  pa ragraph  7d above,  i t  i s  e s s e n t i a l  t h a t  no more t h a n  
two (2)  t y p e s  of ammunition be  r e q u i r e d ,  1NEF.T and H U T .  

16.  Cover and Decept ion.  

S tandard  camouflage equipment and t e c h n i q u e s  w i l l  be  
used w i t h  t h i s  system. 

17 .  It i s  e s t i m a t e d  t h a t  t h e  EnIJDP A r m i e s  w i l l  be  i n t e r e s t e d  
i n  t h i s  development.  The B r i t i s h  and Canadian Armies expressed  
i n t e r e s t  i n  t h i s  sys tem d u r i n g  t h e  F i f t h  T r i p a r t i t e  I n f a n t r y .  
Conference,  November 1962 and have been moni to r ing  t h e  develcp-  
ment p r o g r e s s .  

18.  Known e x i s t i n g  o r  development i t e m s  of o t h e r  s e r v i c e s  
o r  c o u n t r i e s  : B r i t i s h  P.m.y - SIJ1::GFIRE. 

19.  Communication S e c u r i t y .  KO r e q u i r e m e n t s .  

20. A d d i t i o n a l  Comments: 

a .  Two (2)  impor tan t  f a c t o r s  t h a t  s h c u l d  be cons idered  
d u r i n g  t h e  development of t h i s  and f u t u r e  a n t i t a n k  a s s a u l t  weapon 
systems a r e :  

(1)  The t ime  t h a t  a  moving t a r g e t ,  o u t  t o  E O O C  
m e t e r s ,  remains  w i t h i n  t h e  g u n n e r ' s  v iew,  and 



(2) The v u l n e r a b i l i t y  of a  gunner t o  enemy r e a c t i o n  
immediate ly  a f t e r  f i r i n g  t h e  weapon. 

b. I f ,  d u r i n g  t h e  development phase ,  i t  a p p e a r s  t o  t h e  
deve lop ing  agency t h a t  t h e  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  
t h e  i n c o r p o r a t i o n  of unproven f e a t u r e s  a n d / o r  u n n e c e s s a r i l y  
expens ive  and complicated components o r  d e v i c e s ,  c o s t l y  manu- 
f a c t u r i n g  methods and p r o c e s s e s ,  c r i t i c a l  m a t e 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 do n o t  m a t e r i a l l y  add t o  t h e  m i l i t a r y  v a l u e  
of t h e  i t e m  and i n  a l l  i n s t a n c e s  where i t  a p p e a r s  t h a t  t h e  r e q u i r e -  
ments a r e  t o o  s t r i n g e n t  and cannot  be  n e t ,  such  m a t t e r s  w i l l  be  
b rought  t o  t h e  a t t e n t i o n  of t h e  Department of t h e  Army and t h e  
Commanding Genera l ,  Combat Developments Command. 

c .  Exp los ive  Ordnance D i s p o s a l  (EOD) s p e c i a l  t o o l s  and 
s a f e t y  p rocedures  must be  developed c o n c u r r e n t l y .  

21. T h i s  m a t e r i e l  r equ i rement  i s  i d e n t i f i e d  a s  USACDC Act ion  
C o n t r o l  Number 1998 and s u p p o r t s  t h e  f o l l o w i n g :  

a .  Army Concept Program Army 75 

b. Suppor t s  t h e  d o c t r i n e  i n  s t u d y :  

Ac t ion  C o n t r o l  Number 1557. 
T i t l e :  Development of an  I n t e g r a t e d  

O p e r a t i o n a l  Concept t o  Def e a t  
Hechanized Forces .  

c .  Miss ions  1: High I n t e n s i t y  Warfare  
2: Mid I n t e n s i t y  Warfare  
3:  Low I n t e n s i t y  Warfare Type I 
7: Complementing of A l l i e d  Land Power 

d.  Phase  M a t e r i e l  

e .  Funct ior .  Fi repower  



GLOSSARY 



 AS^^---------------- Ass i s t an t  
AT------------------ Anti tank 
ATAC---------------- Army Tank-Automotive Command 
~t~h(d)------------ Attach(ed) 
ATQ~---------------- Anti tank Guided M i s s i l e  
ATURF--------------- Airborne TOW USARELJR Repair F a c i l i t y  
~~th--------------- Author i ty  
A~~~---------------- Automatic 
AVSCOM-------------- Army Avia t ion  Systems Command 
~~d----------------- Award 



ECC:: ---------------- Electronic Counter-Countermeasure 



EQ,f----------------- E l ec t ron ic  Countermeasure 

ECOM----------------Army E lec t ron ic s  Command 
~ff----------------- E f fec t ,  E f f e c t i v e  
~ff~~--------------- E f fec t iveness  
Engr---------------- Engineer 
E~~~~--------------- Engineering 
E~R----------------- Equipment Performance Reports  
~~~i~--------------- Equipment 
ET/sT--------------- Engineering Tes t IServ ice  Test  
~~~l---------------- Evaluat ion 
Exam---------------- Examine, Examination 
Exper--------------- Experiment 



Ind----------------- Indorsement 
~~f----------------- I n f a n t r y  
Info---------------- Informat ion  
~~i~---------------- I n i t i a l  
I~~~~--------------- In t e rv i ew  
Inves--------------- I n v e s t i g a t e ;  I n v e s t i g a t i o n  
IOC----------------- I n i t i a l  Ope ra t i ona l  C a p a b i l i t y  
I~R--;-------------- In-Proc e s  s Review 
IPR/ssE------------- In-Process Review/ System S t a t u s  Eva lua t ion  
IPT---------------- I n i t i a l  Produc t ion  T e s t  
IR------------------ I n £  r a r e d  
ITTJ----------------- Improved TOW Veh ic l e  

Lab (s ) -------------- Laboratory;  Labo ra to r i e s  
LA~D---------------- Los Angeles Procurement D i s t r i c t  



MAP----------------- M i l i t a r y  A s s i s t a n c e  Program 
MASF---------------- M i l i t a r y  A s s i s t a n c e  S e r v i c e  Funding 
Mat----------------- Materiel 
MAW----------------- Medium ~ n t i t a n k / A s s a u l t  Weapon 
MC!S---------------- M i l i t a r y  C h a r a c t e r i s t i c s  
Mech---------------- Mechanic ; Mechanical  
Memo---------------- Memorandum 
MFR----------------- Memorandum f o r  Record 
M~~----------------- Management 
lt~s----------------- Missile Guidance S e t  
MICOM--------------- Army Missile Command 
Mins---------------- Minutes  
mm------------------ m i l l i m e t e r  
~>l------------------ M a t e r i e l  Need 
MOS----------------- M i l i t a r y  Occupa t iona l  S p e c i a l t y  
M~~----------------- Message 
~~l----------------- Missile 
~sp----------------- M i s s i l e  System P l a n  
MT+---------------- Mul t i sys tem T e s t  Equipment 
M~~----------------- Meeting 
mcop~--------------- Army Muni t ions  Command 

OACSFOP,------------- O f f i c e ,  A s s i s t a n t  Chief  of S t a f f  f o r  F o r c e  
Development 

OCAFF--------------- O f f i c e  of t h e  C h i e f ,  Army F i e l d  F o r c e s  
oco----------------- O f f i c e ,  Chief of Ordnance 
OCRD---------------- O f f i c e ,  Chief of Research  and Development 
OASA(I&L)----------- O f f i c e ,  A s s i s t a n t  S e c r e t a r y  of t h e  Army 

( I n s t a l l a t i o n s  and L o g i s t i c s )  
ofc----------------- O f f i c e  
off----------------- O f f i c e r  
()MA----------------- O p e r a t i o n s  and Maintenance,  Army 
o~(~)--------------- Operat  i o n ( s )  
opl----------------- O p e r a t i o n a l  
Opng---------------- O p e r a t i n g  
Ord----------------- Ordnance 





xg------------------ Range 
RHA----------------- Records Holding Area 
~k~----------------- Rocket 
ROC----------------- Required O p e r a t i o n a l  C a p a b i l i t y  
ROTC~--------------- Reserve O f f i c e r ' s  T r a i n i n g  Corps Manual 
Rqr(d)-------------- Requi re  (d)  
RSA----------------- Redstone A r s e n a l  
~~~h---------------- Research 
 SIC---------------- 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  
~m----------------- Republ ic  of Vietnam 








