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PREFACE 

The SHILLELAGH antiarmor missile system evolved from a requirement established 
in 1958 for the development of weapon systems for  use in combat vehicles of the pentomic 
and future armies. The complete combat vehicle weapon system consisted of the 
SHILLELAGH direct-fire guided missile, 152mm gunllauncher, conventional ammunition, 
and guidance-fire control subsystems. The SHILLELAGH was the primary armament on 
the M551 SHERIDAN Armored Reconnaissance/Airborne Assault Vehicle and the M60A2 
Main Battle Tank. 

Overseas deployment of the SHILLELAGH missile subsystem was relatively short-lived, 
chiefly because of user dissatisfaction and problems with both the carrier vehicles and 
the missile. The M551 SHERIDANISHILLELAGH weapon system was assigned t o  overseas 
units from 1969 until 1980, when the M551 vehicles in armored cavalry units were replaced 
with improved M60 series main bat t le  tanks armed only with conventional ammunition. 
The M60lSHILLELAGH weapon system was assigned t o  tank battalions in Europe from 
1975 until 1981, when i t  was phased out of the Army inventory. As of FY 1982, the active 
inventory consisted of a small residual fleet of M551 SHERIDAN vehicles, which the Army 
planned t o  retain through the la te  1980's. 

This monograph t races  the history of the SHILLELAGH missile subsystem from the 
inception of feasibility studies in 1958 through development, production, and deployment 
in the 1959-1979 timeframe, and system phasedown in 1980-81. Except for  the chapter 
dealing with project management, the story of the SHILLELAGH is related in basically 
chronological sequence. Unless otherwise indicated, the documents cited in footnotes a re  
in the Historical Division archives. 

The monograph was a joint e f fo r t  of Mrs. Elizabeth J. DeLong, Mr. James C. Barnhart, 
and the Chief Historian. Mrs. DeLong did the basic research and wrote the rough draf t  
of the first five chapters. Mr. Barnhart prepared the last two chapters and rewrote portions 
of Chapters IV and V. The Chief Historian rewrote Chapter I and reviewed and refined 
the total  manuscript t o  the extent  tha t  t ime permitted. In the coordination process, the 
classified portion of the text  was modified t o  render the document unclassified. Time 
did not permit retyping of the manuscript t o  remove the unclassified markings. 

17 August 1984 Mary T. Cagle 
Chief Historian 
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UNCLASSIFIED 
CHAPTER I 

(U) EVOLUTION OF ARMY ANTITANK REQUIREMENTS AND WEAPONS 

(U) The present-day a n t i t a n k  requirements  and weapons of t h e  US Army 
evolved from t h e  i n t r o d u c t i o n  of t h e  armored tank  i n  combat during World War I 
and subsequent advancements i n  t ank  and a n t i t a n k  weapon technology. Though 
only p a r t i a l l y  succes s fu l  when f i r s t  in t roduced  i n  warfare  i n  September 1916, 
t h e  f i r s t  crude tanks  spur red  f u r t h e r  development and they w e r e  used wi th  
inc reas ing  success  by t h e  Allies and Cent ra l  powers u n t i l  t h e  Armist ice.  Some 
armor-defeating weapons were a l s o  developed dur ing  World War I, b u t  US m i l i t a r y  
i n t e r e s t  i n  both t anks  and a n t i t a n k  weapons sha rp ly  dec l ined  wi th  t h e  s ign ing  
of t h e  Armist ice.  The US Army t h u s  en tered  World War 11 wi th  few and inade- 
qua te  armored combat v e h i c l e s  and weapons w i t h  which t o  counter  t h e  s u p e r i o r  
German tank  fo rces .  By t h e  end of t he  w a r ,  however, t h e  Army ground f o r c e s  had 
a d i v e r s i t y  of such weapons f o r  s p e c i f i c  t a c t i c a l  uses .  Continued advancements 
in tank  and a n t i t a n k  weapon technology during t h e  postwar y e a r s  l e d  t o  t h e  
es tab l i shment  of f i r m  requirements  f o r  a n t i t a n k  guided m i s s i l e s  f o r  use  by 
i n f a n t r y ,  armored, and a i r b o r n e  u n i t s .  This chapter  t r a c e s  t h e  evolu t ion  of  
a n t i t a n k  requirements and weapons from t h e  incep t ion  of tank  warfare  i n  1916 
through i n i t i a l  a n t i t a n k  guided m i s s i l e  developments i n  t h e  1950's.  

The Advent of Tank Warfare 

(U) The B r i t i s h  f i r s t  developed t h e  armored tank as a combination b a t t e r -  
i n g  r a m  and a s s a u l t  weapon t o  p e n e t r a t e  enemy t r ench  l i n e s  p ro t ec t ed  by 
barbed-wire entanglements and machineguns. The f i r s t  B r i t i s h  tanks  were crude, 
ponderous armored combat v e h i c l e s  developed by Colonel Ernes t  D. Swinton ( l a t e r  
Major General S i r  Ernes t )  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 .  In  t h e  
e a r l y  morning hours  of 1 5  September 1916, B r i t i s h  t ank  D l ,  armed w i t h  cannon 
and machineguns, became t h e  f i r s t  armored f i g h t i n g  tank  t o  go i n t o  combat as 
i t  l e d  two companies of i n f a n t r y  who were t o  c l e a r  two t r enches  i n  Dev i l l e  
Wood on t h e  Somme River.  This  i n i t i a l  deployment of t h e  tank w a s  premature 
and only  p a r t i a l l y  succes s fu l .  However, i n  t h e i r  subsequent s u r p r i s e  a t t a c k  
on t h e  German l i n e s  a t  Cambrai, France, on 20 November 1917, t h e  B r i t i s h  
proved conclus ive ly  t h a t  tanks  and t r a i n e d  i n f a n t r y ,  w i t h  i n t e l l i g e n t  a r t i l l e r y  
support ,  could break  through a we l l -bu i l t  system of t renches .  

(U) 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, wh i l e  t he  United S t a t e s  r e l i e d  upon 
B r i t i s h  and French tanks .  Although t h e  f i r s t  armored tank  i n  t h e  f i e l d  w a s  
B r i t i s h ,  t h e  French had begun development of armored i n f a n t r y  c a r r i e r s  i n  
December 1915 and deployed t h e i r  f i r s t  t anks  i n  A p r i l  1917. The Germans, who 
discounted t h e  tank  as a s i g n i f i c a n t  weapon of w a r  u n t i l  t h e  b a t t l e  of Cambrai, 
concent ra ted  t h e i r  e f f o r t  on l a rge ,  unwieldy con t r ap t ions  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 ,  and on pas s ive  and a c t i v e  a n t i t a n k  measures t h a t  g r e a t l y  d i l u t e d  
t h e  e f f e c t i v e n e s s  of A l l i e d  tank  a t t a c k s .  L ike  Germany, t h e  United S t a t e s  
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almost en t i r e ly  ignored the t a c t i c a l  significance of the  tank u n t i l  Cambrai, 
and by t ha t  time i t  was too l a t e  to  produce designs of t h e i r  own. A small 
number of French and Br i t i sh  tanks were produced for  the American Expeditionary 
Force, but they did not reach France u n t i l  November 1918 and even then they 
were found t o  have defective armor. 1 

(U) Following World War I, US mil i tary  i n t e r e s t  i n  tanks and ant i tank 
weapons sharply declined, l a rge ly  because of postwar retrenchment and finan- 
c i a l  stringency. It was not u n t i l  the  l a t e  1920's t ha t  the  f i r s t  two postwar 
American tanks were buil t- the l i g h t  T1 and medium T3. These tanks, however, 
were never released f o r  production, leaving the  troops with the  aging Br i t i sh  
and French tanks l e f t  over from 1918. Meanwhile, the  Germans and Russians 
proceeded with the  development of armored tanks, using ex i s t ing  foreign designs 
a s  t h e i r  bas is .  By the  mid-1930ts, both countries had a number of operational  
tanks of a l l  shapes and s i ze s  which saw act ion i n  the  Spanish Civi l  War. 2 

World War I1 Develo~ments 

(U) A t  t h e  outbreak of World War 11, the  Germans, whose tanks of the f i r s t  
world war had been f a i l u r e s ,  possessed vas t  numbers of improved tanks with 
which they overran Poland i n  1939 and northern France i n  1940. The mobility, 
armament, and armor of these tanks rendered obsolete the  standard prewar an t i -  
tank guns of t he  Allied armies. It was suddenly apparent t ha t  the  f a i l u r e  to  
produce v e r s a t i l e  and powerful ant i tank weapons was a glar ing oversight t ha t  had 
t o  be speedily r e c t i f i e d  i f  t he  All ied countries were t o  survive. It was 
equally apparent t h a t  the tank designs would have t o  be improved t o  increase 
t h e i r  mobil i ty,  r e l i a b i l i t y ,  f i r e  power, accuracy of f i r e ,  and armor protection.  

(U) As the war progressed, many new ant i tank weapons and armor-defeating 
ammunition were developed and put i n to  the  f i e l d  to  counter the superior German 
tank forces.  Among these were the  rocket-fir ing bazooka; r eco i l l e s s  r i f l e s ;  
f a s t ,  heavily gunned motor carr iages  known a s  tank destroyers;  towed ant i tank 
cannon; r i f l e  grenades with shaped charges; ant i tank mines; high-velocity 
armor-piercing p ro j ec t i l e s ;  and, l a t e  i n  t he  conf l i c t ,  high-explosive ant i tank 
s h e l l s  with shaped charges fo r  penetrat ing armor by chemical ( j e t )  action.  

(U) The outbreak of war a l so  spurred innovations i n  combat vehic le  
development. A t  t h e  end of the  war, t he  US Army, which entered the  conf l i c t  
with few and inadequate combat vehicles,  had a wide var ie ty  of such weapons fo r  
spec i f i c  t a c t i c a l  uses. These weapons included l i g h t ,  medium, and heavy tanks 
(then c l a s s i f i ed  by weight ra ther  than ca l iber  of gun); gun, howitzer, and 
multiple gun ( an t i a i r c r a f t )  motor carr iages;  armored u t i l i t y  vehic les ;  tank 
recovery vehicles;  half-tracked personnel c a r r i e r s ;  and amphibious cargo ca r r i e r s .  
Tanks underwent a succession of design changes t ha t  continually increased t h e i r  
mobility, r e l i a b i l i t y ,  firepower, accuracy, and protect ion against  enemy weapons. 

- 
'1an V.  Hogg, Amour in ConfZict (.Janet s Publishing Inc., New York, 19801, 

pp. 9-10, 21-22, 26-28, 33-34, 42. 

 bid., pp. 49, 53-55, 59, 62-65. 
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The US Army entered  t h e  war w i t h  only l i g h t  and medium tanks ,  t h e  former armed 
wi th  a 37mm gun and t h e  l a t t e r  w i th  75mm and 37mm guns. By V-J Day, t h e  M24 
s tandard  l i g h t  tank mounted a 75mm gun, t h e  M4 s e r i e s  of medium tanks was 
armed wi th  e i t h e r  a 76mm gun o r  a 105mm howitzer ,  and t h e  M26 (Pershing)  heavy 
tank  had a 90- h igh-ve loc i ty  gun. 3 

Postwar Requirements and Developments 

(U) The r e t u r n  of peace i n  1945 d i d  n o t  p u t  a n  end t o  t h e  development of 
combat v e h i c l e s  and a n t i t a n k  weapons, a l though money was l ack ing  f o r  i n t e n s i v e  
p u r s u i t  of such programs immediately fol lowing t h e  war. With t h e  onse t  of t h e  
cold war i n  t h e  l a t e  1 9 4 0 ' ~ ~  and p a r t i c u l a r l y  a f t e r  the  s t a r t  of t h e  Korean 
c o n f l i c t  i n  1950, t h e  weapon development e f f o r t  was no longer  s e r i o u s l y  
circumscribed i n  t h i s  way. The t r end  of development a f t e r  1945 was determined 
by such i n t e r a c t i n g  f a c t o r s  a s  combat experience,  changes i n  t a c t i c a l  doc t r ine ,  
and knowledge of Sovie t  equipment. 

(U) Steady improvements i n  t h e  armored v e h i c l e  des ign ,  p a r t i c u l a r l y  i n  t h e  
th ickness  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 ,  d i c t a t e d  the  c r e a t i o n  
of b e t t e r  and more powerful weapon-ammunition combinations. The k ine t ic -energy  
and shaped-charge round of  World War I1 v i n t a g e  could no t  p e r f o r a t e  t h e  t h i c k  
and a c u t e l y  s loped f r o n t a l  armor of t h e  new tanks.  It was, t h e r e f o r e ,  e s s e n t i a l  
t o  develop weapons and ammunition t h a t  could n u l l i f y  t h e  s t e a d i l y  i nc reas ing  
p r o t e c t i v e  c h a r a c t e r i s t i c s  of modem tanks .  Two important  i n f luences  on t h e s e  
developments were t h e  requirement f o r  g r e a t e r  accuracy, which a f f e c t e d  t h e  design 
of a weapon, i t s  ammunition, and i t s  f i r e  c o n t r o l  equipment; and t h e  d e s i r a b i l i t y  
that a p r o j e c t i l e  h i t t i n g  a tank  des t roy  i t  r a t h e r  than  i n f l i c t  s u p e r f i c i a l  
damage t h a t  could be r epa i r ed .  These and o t h e r  cons ide ra t ions  l e d  t o  improvements 
of e x i s t i n g  hardware and t o  t h e  development of r a d i c a l l y  new weapon systems. 

(U) Following the  war, a number of equipment review boards s tud ied  t h e  
requirements f o r  f u t u r e  wars and recommended t h e  development of weapons and 
equipment t o  meet such requirements.  One of t he  f i r s t  t o  cons ider  t h e  problems 
of war r ead ines s  was t h e  War Department Equipment Board ( a l so  c a l l e d  t h e  S t i l w e l l  
Board a f t e r  i t s  chairman, LTG Joseph W. S t i l w e l l ) .  The board 's  r e p o r t ,  i s sued  i n  
May 1946, s t a t e d  t h a t  t h e  changes i n  t a c t i c s  and s t r a t e g y  t h a t  t h e  f u t u r e  would 
b r ing  must be  examined and c l e a r l y  s t a t e d  s o  t h a t  r e sea rch  and development could 
r ece ive  i n t e l l i g e n t  d i r e c t i o n .  It recommended that weapons be considered on a 
g loba l  b a s i s ,  and t h a t  pro to types  and developmental models be t e s t e d  i n  a r e a s  
w i t h  app ropr i a t e  c l ima te s  and t e r r a i n .  I n  gene ra l ,  t h e  weapons developed were 
t o  be s impler  t o  ope ra t e  and main ta in ;  t o  have mechanical devices ,  i f  f e a s i b l e ,  
t o  reduce human e r r o r ;  t o  be cons t ruc ted  s o  t h a t  d e f e c t i v e  subassemblies could 
be rep laced  i n  minimum time and wi th  minimum s k i l l ;  and t o  be designed so a s  t o  
reduce t r a i n i n g  time. 

sub j : 
RSIC. 
sub j  : 

3(1)  Technical Information Report CD-5, Of f i ce ,  Chief of Ordnance, Oct 60, 
Development of Ant i tank  Weapons, p.  3. (Hereaf te r  c i t e d  a s  TIR CD-5.) 
(2) Technical Information Report CD-2, Off ice ,  Chief of Ordnance, J u l  60, 
Development of Combat v e h i c l e s ,  p. 4. (Hereaf te r  c i t e d  a s  TIR CD-2.)RSIC. 
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(U) The primary mission of armored f o r c e s ,  a s  s t a t e d  by t h e  S t i l w e l l  

Board, was t o  a s s i s t  t h e  i n f a n t r y  i n  t h e  a s s a u l t  and breakthrough by d i r e c t  
f i r e  and movement. A r t i l l e r y  missions by armored f o r c e s  were t o  be  secondary. 
No more towed a n t i t a n k  guns would be developed. In t h e  development of tanks ,  
f i repower and maneuverabi l i ty  were given p r i o r i t y  over  armor p ro t ec t ion .  The 
board c l a s s i f i e d  tanks  a s  l i g h t ,  medium, o r  heavy by t h e  weight of t h e  v e h i c l e  
and c a l l e d  f o r  an improved model of each type  t o  meet t h e  armor requirements  
of a l l  branches. Light  tanks ,  weighing under 25 tons ,  were t o  be used f o r  
reconnaissance and s e c u r i t y ;  medium tanks,  weighing no more than  40 tons ,  were 
t o  be t h e  p r i n c i p a l  weapons of armored d i v i s i o n s  f o r  a s s a u l t ,  e x p l o i t a t i o n ,  
and breakthrough; and heavy tanks ,  weighing up t o  75 tons ,  were intended a l s o  
f o r  a s s a u l t  and breakthrough. 

(U) The S t i l w e l l  Board s t a t e d  a requirement f o r  tank-borne rocke t  
launchers  t h a t  would n o t  i n t e r f e r e  w i t h  o t h e r  weapons on t h e  tank and t h a t  
could be  loaded wi thout  exposing t h e  crew. Addi t iona l  requirements  c a l l e d  
f o r  a swivel-type flamethrower and rocket  t o  r e p l a c e  a r t i l l e r y  cannon, a s  
soon a s  rocke t  development reached t h e  po in t  where s u f f i c i e n t  accuracy could 
be assured .  

(U) In  t h e  m u n i t i o n  f i e l d ,  t h e  outs tanding  need was f o r  smokeless, 
f l a s h l e s s  p r o p e l l a n t s  t o  i n c r e a s e  the  v e l o c i t y  of tank-gun p r o j e c t i l e s .  The 
s h e l l s  were t o  have s imple fuzes  t o  i n s u r e  uni formi ty  i n  manufacture and t o  
e l i m i n a t e  f i r i n g  d a t a  c o r r e c t i o n s  f o r  d i f f e r e n t  l o t s .  The S t i l w e l l  Board 
recommended mass product ion of t h e  proximity fuze  i n  d i f f e r e n t  wave l e n g t h s  
t o  prevent  o r  reduce jamming. Radar was, t h e  board f e l t ,  r equ i r ed  f o r  f i r e  
d i r e c t i o n  and c o n t r o l ,  t a r g e t  de t ec t ion ,  and c o n t r o l  of t h e  s h e l l  i n  f l i g h t ;  
however, s e v e r a l  problems wi th  r ada r  remained unsolved, such a s  jamming 
problems and l i m i t a t i o n s  of t h e  l ine-of -s ight  c h a r a c t e r i s t i c s  of t h e  beam. 

(U) I n  October 1948, a t t e n d e e s  a t  t h e  Conference on Ant i tank  Defense a t  
Fo r t  Monroe, V i r g i n i a ,  agreed t h a t  two new a n t i t a n k  guns were needed t o  
counterac t  t h e  t h r e a t  of enemy armor t o  a i r b o r n e  ope ra t ions .  These weapons 
were a 9Omn se l f -propel led  gun, t r a n s p o r t a b l e  i n  Phase I of a i rbo rne  ope ra t ions ,  
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, crew, and 
ammunition i n  an 8,000-pound-capacity g l i d e r  and of being dropped by parachute.  

(U) S p e c i f i c  requirements  f o r  t h e s e  and o t h e r  weapons were 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 ,  then were consol ida ted  and summarized i n  t h e  Army 
Equipment Development Guides (AEDG's) of 1950 and 1954. The 1950 e d i t i o n  of 
t h e  AEDG, which superseded t h e  S t i l w e l l  Board Report,  r e t a i n e d  t h e  recommen- 
da t ion  f o r  t h r e e  b a s i c  types  of tank ,  bu t  d e l e t e d  t h e  weight requirements .  
In s t ead ,  t h e  v e h i c l e s  were l i s t e d  a s  t h e  l i g h t  gun, medium gun, and heavy gun 
tanks,  t o  be armed, r e s p e c t i v e l y ,  wi th  76m,  9 h ,  and 12Omn guns, o r  guns of 
g r e a t e r  e f f e c t i v e n e s s .  Each of t h e  t h r e e  types  of tanks  was t o  be capable of 
de fea t ing  t h e  f r o n t a l  armor of a comparable enemy tank and t h e  s i d e s  of any 
tank a t  a range of 2,000 yards.  Self-propel led and towed howi tzers  were t o  be  
l i g h t e r ,  b u t  l e t h a l i t y ,  accuracy, mob i l i t y ,  and howitzer  c h a r a c t e r i s t i c s  were 
t o  have p r i o r i t y  i n  t h e  o r d e r  named. With except ion  of t h e  requirement f o r  a 
towed, l i gh twe igh t ,  1 0 5 m  howitzer  f o r  a i r b o r n e  ope ra t ions ,  which was l a t e r  
dropped, a l l  of t h e s e  requirements  were repea ted  i n  t h e  1954 i s s u e  of t h e  
AEDG . 
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(U) The Cont inenta l  Army Command subsequent ly resc inded  i ts  requirement 
f o r  convent ional  towed a r t i l l e r y ,  and decided t h a t  a s i n g l e  main b a t t l e  tank  
should r ep l ace  both t h e  medium and heavy gun tanks and t h a t  a n  armored 
reconnaissance /a i rborne  a s s a u l t  v e h i c l e  should supersede bo th  t h e  7 6 m  ( l i g h t )  
gun tank and t h e  90nrm fu l l - t r acked  se l f -p rope l l ed  gun. A s  expressed i n  t h e  
new Combat Development Objec t ives  Guide, t h e  genera l  purpose of t h e  development 
of a n t i t a n k  weapons f o r  t h e  f u t u r e  w a s  t o  improve t h e  means of de fea t ing  enemy 
armored f o r c e s  i n  o r d e r  t o  r e l e a s e  US tanks f o r  increased  employment f o r  o t h e r  
purposes. The long range development p l a n  c a l l e d  f o r  a s i n g l e  main b a t t l e  
tank t h a t  would combine t h e  f e a t u r e s  of a n  armored reconnaissance v e h i c l e  and 
an  a i rbo rne  a s s a u l t  weapon. Pending t h e  achievement of t h i s  goa l ,  a main 
b a t t l e  tank  and a n  armored reconnaissance /a i rborne  a s s a u l t  v e h i c l e  were r equ i r ed ,  
and t h e  armored f o r c e s  would use  a group of special-purpose v e h i c l e s  t h a t  were 
a i r - t r a n s p o r t a b l e  and armored. Both t h e  armored reconnaissance /a i rborne  a s s a u l t  
v e h i c l e  and t h e  main ba  t l e  tank were t o  be  a v a i l a b l e  i n  t h e  midrange per iod  
extending through 1965. E 

Requirements f o r  an  Ant i tank  Guided Missile 

(U) The inc reas ing  emphasis placed on t h e  o f f e n s i v e  c a p a b i l i t i e s  of tanks ,  
t oge the r  w i t h  t h e  i n t r o d u c t i o n  of more r e s i s t a n t  armor, n e c e s s i t a t e d  i n t e n s i v e  
e f f o r t s  t o  improve t h e i r  f i repower.  Once t h e  guided m i s s i l e  w a s  developed, i t s  
adoption a s  an  a n t i t a n k  weapon was t h e r e f o r e  l o g i c a l  and necessary.  It was 
recognized t h a t  a proper ly  c o n t r o l l e d  a n t i t a n k  guided missile would be  an  
e x c e l l e n t  weapon f o r  use a t  ranges and under condi t ions  t h a t  rendered con- 
ven t iona l  a n t i t a n k  f i r e  e i t h e r  imprac t icable  o r  i n e f f e c t i v e .  Despi te  s teady  
improvements i n  convent ional  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 only be overcome by t h e  con t ro l l ed  o r  guided weapon. 

(U) Although s i g n i f i c a n t  technologica l  p rog res s  had been made i n  t h e  
development of guided missiles d u r h 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  using them a g a i n s t  enemy armor w a s  no t  
s e r i o u s l y  considered u n t i l  e a r l y  1951, some 6 months a f t e r  t h e  Korean War 
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 a n k  weapon t h a t  would be capable of de fea t ing  t h e  
heav ie s t  known enemy armor wi th  p inpoin t  accuracy. There were a number of 
convent ional  weapons i n  combat use;  however, t h e i r  a c c u r a t e  range  of appl ica-  
t i o n  was l i m i t e d  t o  about 1,500 yards  and t h e i r  l e t h a l i t y  w a s  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  w a s  t h e  development of an  a n t i t a n k  guided m i s s i l e .  5 

(1) Ib id . ,  pp. 6-8. (2) TIR CD-5, Oct 60, pp. 3, 12-15. 

5(1) OrdC Report,  Weapons f o r  t h e  Defeat of Armor, Vol. 4, - A i r c r a f t  
Rockets and Guided Miss i l e s ,  Anti tank,  Apr 53, pp. 6-7. RSIC. (2) Redstone 
Arsenal Technical  Report,  Ordnance Guided M i s s i l e  and Rocket Programs, Vol. V I I  - 
DART Ant i tank  Guided M i s s i l e  System, Incep t ion  t h r u  30 Jun 55, p. 3. Hereaf te r  
c i t e d  as t h e  DART Blue Book. 
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(U) Firm requirements  f o r  an  a n t i t a n k  guided m i s s i l e  were i n i t i a l l y  
e s t a b l i s h e d  dur ing  a conference h e l d  a t  F o r t  Monroe, V i rg in i a ,  i n  February 1951, 
t o  d i scuss  l and  combat a p p l i c a t i o n s  of i n f 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 recommended 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 igh ly  accu ra t e ,  t o  a t t a c k  armored tanks  and 
o t h e r  p o i n t  t a r g e t s ,  inc luding  a r t i l l e r y .  The gene ra l  c h a r a c t e r i s t i c s  out-  
l i n e d  f o r  t h e  weapon 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 90 percent  a g a i n s t  t h e  h e a v i e s t  known enemy tank.  These 
c h a r a c t e r i s t i c s  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/DAN-3 i n f r a r e d  seeker ,  which had a l r 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, pa ren t  company of t h e  Aeroje t  
Engineering C ~ r p o r a t i o n . ~  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 Aerojet  completed a pre- 
l iminary 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 ~ ~ ~ S W A T *  which used 
a modified ve r s ion  of t h e  AN/DAN-3 seeker .  7 

(U) In view of t h e  foregoing f ind ings  and recommendations and t h e  
promising results of A e r o j e t ' s  s t u d i e s ,  t h e  Chief of 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 repa 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  an a n t i t a n k  guided m i s s i l e  t o  supplement t h e  
convent ional  weapons then i n  use. Seven months l a t e r ,  i n  November 1951, t h e  
board submit ted a proposed s ta tement  of M C ' s ,  t oge the r  w i th  a suppor t ing  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 ' s  
a s  modified, b e  approved a s  t h e  s ta tement  of Army requirements  f o r  an  a n t i t a n k  
guided m i s s i l e ,  and t h a t  an  i n v e s t i g a t i v e  and design s tudy  p r o j e c t  be  i n i t i a t e d  
The approved M C ' s ,  forwarded f o r  a c t i o n  by t h e  Ordnance Corps i n  May 1952, 
c a l l e d  f o r  an a n t i t a n k  guided m i s s i l e  system w i t h  a maximum e f f e c t i v e  range of 
6,000 ya rds  (8,000 yards  d e s i r e d ) ,  a minimum range of 500 yards  o r  l e s s ,  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  90 percent  a g a i n s t  t h e  heav ie s t  known 
enemy tanks  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  b e  of minimum s i z e  

* 
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 Anti 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. 

6(1)  Minutes of Conference on In f r a red  Appl ica t ions  i n  Land Combat, OCAFF, 
F t .  Monroe, VA, 15-16 Feb 51. (2) General T i r e  & Rubber Co. Report No. 2056, 
22 Dec 50, sub j :  F i n a l  Engineering Summary Rept on t h e  Development of I n f r a r e d  
Homing S e t  AN/DAN-~(xN-1). Both a t t ached  t o  Report of Study of P ro j  No. GM-451- 
M C ' s  f o r  an Anti tank Guided Miss i l e ,  AFF Bd. 4, F t .  B l i s s ,  Tex, 20 Nov 51, RSIC. 

7 ~ e r o j  e t  Report No. 503, 16  Mar 51, sub j  : AeroSWAT - A Pre l iminary  Study 
of an Anti tank Weapon. RSIC. 
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and weight  (no t  more than 100 pounds) and be  guided t o  t h e  t a r g e t  by an i n f r a r e d  
seeker  o r  o t h e r  type  guidance, p r e f e r a b l y  automatic .  8 

I n i t i a l  Anti tank Guided Missile Developments 

(U) The s t a t e  of  guided m i s s i l e  technology i n  1952 was n o t  considered 
adequate  t o  suppor t  t h e  development of an a n t i t a n k  system meeting a l l  per-  
formance requirements  of  t h e  i n i t i a l  M C ' 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 1 s  and 
pave the  way f o r  t he  u l t i m a t e  weapon. The Ordnance Corps cons idered  t h r e e  
guided m i s s i l e  concepts  f o r  p o t e n t i a l  a n t i t a n k  use: t h e  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 s i m i l a r  i n  s t r u c t u r e  t o  t h e  SS-10. 

(U) Commonly known a s  t h e  Cannonball missile, t h e  D-40 was being developed 
by t h e  Applied Phys ics  Laboratory under a Navy c o n t r a c t  w i t h  f i n a n c i a l  suppor t  
from t h e  Ordnance Corps. Unlike t h e  torpedo-shaped bodies  o f  i t s  contemporar 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 about  24 inches  i n  diameter .  
The p r i n c i p a l  disadvantages of 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  system t o  enemy countermeasures.  A 
l i gh twe igh t  ve r s ion  weighing about  150 pounds and us ing  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 eventu- 
a l l y  dropped. 

(U) The French SS-10 was an op t ica l ly -guided ,  w i r e - con t ro l l ed  missile about 
34 inches  l ong  w i t h  a 30-inch wing span. It had a g ros s  weight of  34 pounds 
and an  o p e r a t i o n a l  range of about  1 ,500 yards .  Ea r ly  i n  1952, 500 SS-10 missiles 
and 3 sets of ground equipment were procured from t h e  French Government f o r  use 
in eva lua t ion  tests. The e v a l u a t i o n  program began i n  December 1952 and cont inued 
u n t i l  October 1953, when i t  was d i scont inued  because of unfavorab le  test r e s u l t s .  
The eva lua t ion  team concluded 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, w e s  u n s u i t a b l e  f o r  use by t h e  US Army, bu t  recommended t h a t  f u t u r e  
French development o f  t h e  m i s s i l e  b e  c a r e f u l l y  observed wi th  a view of 
r econs ide ra t i on  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 .  1 0  

- - 

8(1)  Report of Study o f  P r o j e c t  No. GM-451-MC's f o r  an Ant i tank  Guided 
Missile, AFF Bd No. 4, F t .  B l i s s ,  Tex, 20 Nov 51, & Appendix A t h e r e t o ,  L t r ,  Chf, 
AFF, F t .  Monroe, VA, t o  P re s iden t  AFF Bd No. 4, F t .  B l i s s ,  Tex, 1 4  Apr 51, sub j  : 
MC'S f o r  an Ant i tank  Guided Missile. RSIC. (2)  L t r ,  Chf, AFF, t o  ACofS, G4, DA, 
25 Jan  52, sub j :  Rept of P ro j  No. GM-451-MC1s f o r  an  Ant i tank  Guided Missile, 
w i n c l .  RSIC. (3)  MICOM S t a f f  Study, "Examination of  Ant i tank  ~eve lopmen t  , " 

9 Aug 65, p. 1-18. RSIC. 

'(1) DART Blue Book, pp. 1-2. (2) OrdC Report,  Weapons f o r  t h e  Defeat of 
Armor, Vol. 4 - A i r c r a f t  Rockets and Guided Missiles, Ant i tank ,  Apr 53, p.14.RSIC. 

'O~edstone Arsenal  Technical  Report,  Ordnance Guided Missile and Rocket 
Programs, Vol. I X  - SS-10, Incep t ion  t h r u  30 Jun 55, p. 3. RSIC. 
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(U) While t h e  foregoing eka 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  proposal  f o r  which had been submit ted by t h e  Aerophysics 
Development Corporation i n  November 1951. The DART system was envisioned as 
a ground-launched m i s s i l e  ca r ry ing  a 20-pound shaped-charge warhead, which would 
be capable of pene t r a t ing  14 t o  16 inches of armor wi th in  an  e f f e c t i v e  range 
of 350 t o  5,280 yards.  E i t h e r  a forward observer  o r  t h e  launching crew would 
be a b l e  t o  s t e e r  t h e  m i s s i l e  i n t o  an  enemy tank  by a simple double-wire 
guidance l i n k .  The promising r e s u l t s  of predevelopment s t u d i e s ,  t oge the r  wi th  
unfavorable results 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  a n t i t a n k  requirements ,  and t h e  m i s s i l e  w a s  approved 
f o r  development i n  August 1953. However, t h e  DART c o n t r a c t o r  encountered 
s e r i o u s  development problems which could n o t  be  s a t i s f a c t o r i l y  reso lved ,  and 
t h e  p r o j e c t  w a s  terminated i n  September 1958. 

(U) Meanwhile, t h e  French had developed an  improved, h ighly  r e l i a b l e  
model of t h e  SS-10 m i s s i l e ,  which was s u c c e s s f u l l y  eva lua ted  i n  US s e r v i c e  
tests i n  mid-1958. With 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  Department of 
Defense au thor ized  t h e  o f f s h o r e  procurement 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  US armed f o r c e s .  The improved 
French SS-11 and ENTAC wire-guided m i s s i l e s  were subsequent ly procured f o r  
employment a s  helicopter-mounted and ground-launched a n t i t a n k  systems. 11 

(U) This  succes s fu l  a p p l i c a t i o n  of a guided m i s s i l e  i n  an  a n t i t a n k  r o l e  
gave added impetus t o  ant iarmor m i s s i l e  r e sea rch .  A s  t e chno log ica l  advances 
w e r e  made i n  t a r g e t . a c q u i s i t i o n ,  guidance, and c o n t r o l ,  a n t i t a n k  guided 
missiles w e r e  developed f o r  i n f a n t r y ,  armored, and a i r b o r n e  u n i t s .  Th i s  s tudy 
concent ra tes  on t h e  a p p l i c a t i o n  of t h e  a n t i t a n k  guided m i s s i l e  a s  armament 
f o r  armored combat veh ic l e s .  S p e c i f i c a l l y ,  i t  t r a c e s  t h e  development, pro- 
duc t ion ,  and deployment of t h e  SHILLELAGH m i s s i l e  system, which was f i e l d e d  
a s  armament on t h e  M551 (SHERIDAN) armored reconnaissance /a i rbome a s s a u l t  
v e h i c l e  and on t h e  M60A2 tank, a modified v e r s i o n  of t h e  M60 main b a t t l e  tank. 

"(1) MICOM S t a f f  Study, "Examination of Ant i tank  Development," 9 Aug 65, 
pp. 1-18, 1-19. RSIC. ( 2 )  TIR CD-5, Oct 60, pp. 31-32, & Suppl I, Oct 61, 
pp. 3-4. RSIC. (3) For a comprehensive h i s t o r y  of t h e  DART, s e e  Mary T. Cagle, 
Development and Production of the DART Antitank Guided Missile System - 1952 - 
1959 (ARGMA, 1 8  Jan  60) .  
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CHAPTER I1 

(U) O R I G I N  OF THE SHILLELAGH PROJECT (U) 

CU) The SHILLELAGH combat v e h i c l e  weapon system was conceived a s  a 
combination of two major technologies  (convent ional  tank cannon and guided 
m i s s i l e )  t o  produce a s u p e r i o r  tank  f i repower system. It w a s  an outgrowth of 
pre l iminary  s tudy programs i n  t h e  mid-1950's and f e a s i b i l i t y  s t u d i e s  of t h e  
Combat Vehicle  Weapon System (Pentamic) and t h e  new Tank Main Armament System 
i n  1958-59. The system was designed t o  f u l f i l l  t h e  requirement f o r  an armored 
combat v e h i c l e  weapon system capable of des t roying  t h e  heav ie s t  enemy armored 
v e h i c l e s  and of providing a s i g n i f i c a n t  improvement i n  convent ional  gun-type 
tank armament i n  f i r s t  round k i l l  c a p a b i l i t y .  This  chapter  t r a c e s  t h e  evolu t ion  
of t h e m i l i t a r y  requirement f o r  t h e  SHILLELAGH system and t h e  s t u d i e s  l ead ing  
t o  i n i t i a t i o n  of t h e  formal development program i n  mid-1959. 

Pre l iminary  Study Programs 

(U) Beginning i n  t h e  mid-19501s, t h e  Department of t h e  Army i n i t i a t e d  
va r ious  programs i n  a t tempts  t o  f u l f i l l  e x i s t i n g  tank  and tank  armament requi re -  
ments. Two programs on t h e  medium tank-Project Astron and t h e  Airborne Assaul t  
Weapon System Project-were p rogen i to r s  of t h e  system which l a t e r  became t h e  
SHILLELAGH. 

P r o j e c t  Astron 

(U) The Department of t h e  Army i n i t i a t e d  P r o j e c t  Astron e a r l y  i n  1954 t o  
f u l f i l l  a requirement f o r  long-range development l ead ing  t o  v a s t l y  improved 
types of medium tanks.  The p r o j e c t  d i r e c t i v e s  i n d i c a t e d  t h a t  emphasis should 
be placed on pre l iminary  design of a complete end item. A c t i v i t y  on t h e  
p r o j e c t  cons i s t ed  of two c o n t r a c t s  wi th  cormnercial f i rms  and design e f f o r t  by 
the  D e t r o i t  Arsenal.  The p r o j e c t  w a s  terminated i n  1956 because of unsa t i s -  
f a c t o r y  concept development and t h e  i n a b i l i t y  t o  p r o j e c t  s u f f i c i e n t  improvement 
over  e x i s t i n g  developments. 1 

Airborne Assaul t  Weapon System (P ro jec t  WHIP) 

(U) Another p r o j e c t  t o  develop an  improved medium gun tank  began on 12 J u l y  
1956, when t h e  Secre ta ry  of t h e  Army approved a program t o  develop t h e  Airborne 
Assaul t  Weapon System. The o b j e c t i v e  of t h i s  program, code named P r o j e c t  WHIP, 
was t o  s a t i s f y  a requirement f o r  a se l f -propel led ,  a i r - t r a n s p o r t a b l e  weapon 
system a f t e r  1965 t o  perform most of t h e  r o l e s  of t h e  medium-gun tank  wi thout  
t h e  h igh  degree of armor p r o t e c t i o n  a f forded  by t h e  e x i s t i n g  tank. The p r o j e c t  
was under d i r e c t i o n  of t h e  Ordnance Tank-Automotive Cormnand (OTAC). 

'oTCM 36753, 10 Apr 58 (Appendix A). 
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(U) P r o j e c t  WHIP d i f f e r e d  from P r o j e c t  Astron i n  t h a t  emphasis was t o  be 

placed on i n v e s t i g a t i o n  i n  four  subsystem a reas :  Chass i s ,  power package, 
armament, and b a l l i s t i c  p ro t ec t ion .  The development of s u i t a b l e  armament was 
seen as a p r e r e q u i s i t e  t o  a t t a i n i n g  t h e  o v e r a l l  system requirements.  Firepower 
w a s  t h e r e f o r e  accorded f i r s t  p r i o r i t y  among t h e  c h a r a c t e r i s t i c s  f o r  t h e  system, 
followed by mob i l i t y ,  communicating a b i l i t y ,  ea se  of maintenance, and phys i ca l  
p ro t ec t ion .  The l i gh twe igh t  weapon-ammunition-fire c o n t r o l  systems under 
development i n  1956 possessed one o r  more c h a r a c t e r i s t i c s  which made them 
u n s a t i s f a c t o r y  f o r  u s e  i n  t h e  Airborne Assaul t  Weapon System. The l i m i t a t i o n s  
of t h e s e  weapons n e c e s s i t a t e d  cons idera t ion  of advanced concepts of continuous, 
i n t e r m i t t e n t ,  and lo r  t e rmina l  guidance, i n  conjunct ion wi th  a s u i t a b l e  m i s s i l e .  

(U) Funds were a l l o c a t e d  t o  t h e  va r ious  commands and a r s e n a l s  t o  conduct 
i n v e s t i g a t i o n s  and development i n  t h e  b a l l i s t i c  p r o t e c t i o n  and armament 
subsystem a reas .  No work w a s  conducted i n  t h e  o t h e r  two subsystem areas under 
t h i s  s p e c i f i c  p r o j e c t .  The Frankford Arsenal began s t u d i e s  of t h e  b a l l i s t i c  
p r o t e c t i o n  subsystem, whi le  t h e  Redstone Arsenal i n v e s t i g a t e d  v a r i o u s  guidance 
techniques which would al low t h e  system t o  meet t h e  h igh  accuracy requirement.  
The Redstone Arsenal  s tudy  of command guidance w a s  t h e  major e f f o r t  conducted 
under P r o j e c t  WHIP. This  e f f o r t  r e s u l t e d  i n  recommendations f o r  f u r t h e r  s tudy  
of i n f r a r e d  t e l e v i s i o n  and automatic  command guidance f o r  use  wi th  t h e  armor- 
de fea t ing  m i s s i l e .  I n  t h e  s tudy  begun under P r o j e c t  WHIP, Redstone Arsenal 
s c i e n t i s t s  and engineers  began accumulating background information and t e c h n i c a l  
c a p a b i l i t i e s  p e r t a i n i n g  t o  i n f r a r e d  command guidance. This  e x p e r t i s e  l e d  
d i r e c t l ~  t o  t h e  command guidance s stems later adopted f o r  t h e  SHILLELAGH and 
t h e  TOW a n t i t a n k  guided m i s s i l e s .  !! 

DOD Study of Future  Tank Armament 

(U) While t h e  P r o j e c t  WHIP s t u d i e s  were i n  progress ,  t h e  Department of 
Defense (DOD) e s t a b l i s h e d  an  Ad Hoc Group on Armament f o r  Future  Tanks o r  
S imi la r  Combat Vehicles  under t h e  a e g i s  of t h e  Technical  Advisor Panel  on 
Ordnance. The mission of t h e  group was t o  provide  t h e  b e s t  p o s s i b l e  guidance 
on t h e  d i r e c t i o n  o f  e f f o r t  f o r  t h e  development of weapons and defens ive  measures 
f o r  t h e  per iod  subsequent t o  1965. The group's r e p o r t ,  i s sued  on 20 January 
1958, s t a t e d  t h a t  t h e  i d e a l  weapon f o r  a combat v e h i c l e  should m e e t  a l l  t h e  
a n t i t a n k  and s o f t  t a r g e t  m i l i t a r y  needs, y e t  be  l i g h t  and s m a l l  enough and have 
s u f f i c i e n t l y  low r e c o i l  f o r c e  t o  be usable  i n  f u t u r e  combat veh ic l e s .  I f  t h e  
launching o r  guidance device  f o r  t h e  p r o j e c t i l e  weighed less than  1,000 rounds, 
had low r e c o i l  fo rce ,  and used ammunition having the  gene ra l  e x t e r i o r  phys i ca l  
c h a r a c t e r i s t i c s  of e x i s t i n g  90 t o  120rnm rounds, t h e  veh icu la r  c h a r a c t e r i s t i c s  

* 
Tube-launched, * t ica l ly- t racked ,  wire-guided m i s s i l e  developed t o  f u l f i l l  the - 
heavy assault weapon r o l e .  See Mary T. Cagle, History of the TOW Missile System 
(HQ MIRCOM, 20 Oct 77).  

(1) Ib id .  (2) OTCM 36240, 12 J u l  56, sub j  : Airborne Assaul t  Weapon 
Sys tem-In i t ia t ion  of  Department of Army P r o j e c t  No. 545-03-029, Ordnance P r o j e c t  
TT2-829. RSIC. (3) The Role of ARGMA In-House Labora to r i e s  i n  Army Programs, 
DOD Study P r o j e c t  No. 97, 9 Aug 61, ARGMA/AOMC, p. 11-7. 
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would be  s u b s t a n t i a l l y  independent of  t h e  main weapon. The armor, combat range, 
munition stowage, maneuverabi l i ty ,  and means of t r a n s p o r t  could then be 
determined f o r  each ca tegory  of combat v e h i c l e s ,  depending upon i ts planned 
t a c t i c a l  employment. The group recommended t h a t  t h e  p r i n c i p a l  emphasis and 
h ighes t  p r i o r i t y  be  given t o  t h e  immediate development of a guided m i s s i l e  
system f o r  main b a t t l e  tank  use. They saw t h e  g r e a t e s t  promise i n  a weapon 
system us ing  a r e l a t i v e l y  high-launch-velocity rocke t  p r o j e c t i l e  which would 
r ece ive  command guidance along t h e  l i n e  of s i g h t  f o r  p r e c i s e  accuracy a t  
ranges beyond t h e  f i r s t  100 yards.  

Combat Vehicle  Weapon System (Pentomic) 

(U) On 10 A p r i l  1958, t h e  Secre ta ry  of  t h e  Army o f f i c i a l l y  approved t h e  
Combat Vehicle  Weapon System (~en tomic* )  p r o j e c t  t o  provide  f o r  development of 
weapon systems (armament-ammunition-fire c o n t r o l  combination) f o r  u se  i n  combat 
v e h i c l e s  of t h e  Pentomic and f u t u r e  armies.  The o b j e c t i v e  of t h e  p r o j e c t  was 
t o  f u l f i l l  an immediate requirement dur ing  t h e  midrange pe r iod  (1963) f o r  a 
d i r e c t - f i r e  guided m i s s i l e  weapon system f o r  armored combat v e h i c l e s ,  and a 
long-range requirement f o r  an advanced miss i le - type  weapon system f o r  combat 
v e h i c l e  i n s t a l l a t i o n  and employment, which would b e  capable  of r a p i d l y  engaging 
and des t roying  a wide v a r i e t y  of c l o s e  and d i s t a n t  ground and subsonic a i r  
t a r g e t s  a t  ranges up t o  5,000 meters .  The l a t t e r  d i f f e r e d  from t h e  midrange 
system t o  t h e  e x t e n t  that i t  imposed an a d d i t i o n a l  requirement f o r  a combat 
v e h i c l e  system capable of performing many of  t h e  o f f e n s i v e  and defens ive  r o l e s  
of t h e  primary and secondary armament of t h e  fami ly  of tanks .  

System Requirements and P lans  

(U) The midrange requirement c a l l e d  f o r  a system capable of des t roying  
t h e  h e a v i e s t  armored v e h i c l e s  l i k e l y  t o  be  encountered on t h e  b a t t l e f i e l d  and 
of a t t a i n i n g  s i g n i f i c a n t  improvement over  convent ional  gun-type tank  armament 
in i t s  h i t  p r o b a b i l i t y  and a d a p t a b i l i t y  t o  v e h i c u l a r  i n s t a l l a t i o n  and use. 
The midrange weapon system was r equ i r ed  a s  exped i t i ous ly  a s  f e a s i b l e  t o  o f f s e t  
t h e  q u a n t i t a t i v e  and perhaps q u a l i t a t i v e  s u p e r i o r i t y  of Sovie t  armored veh ic l e s .  
It would embody weapon development beyond t h e  r i f l e d  and smooth-bore con- 
ven t iona l  tubes ,  which i n  1958 were reaching  t h e  p o i n t  of diminishing r e t u r n ,  
and would even tua l ly  r e p l a c e  the  high-pressure l i g h t ,  medium, and heavy c l a s s  
of tank  guns. 

* 
The term "Pentomic," a combination of pen ta  (Greek f o r  f i v e )  and atomic, 
denotes  a sho r t - l i ved  Army o rgan iza t iona l  concept of  t h e  l a t e  1950r s ,  i n  which 
each d i v i s i o n  had f i v e  i n f a n t r y  b a t t l e  groups and each  b a t t l e  group contained 
f i v e  companies. General Maxwell D. Taylor  ( then Army Chief of s t a f f )  advocated 
t h e  Pentomic concept as a means t o  s t r eaml ine  t h e  Army t o  meet t h e  chaalenge 
of nuc lea r  ope ra t ions .  (John K. Mahon and Romana Danysh, Infantry, P a r t  I: 
Regular Army, Army Lineage S e r i e s ,  [OCMH, US Army, Washington, DC, 19721, PP. 
88-89, 91.) 

3(1) MICOM S t a f f  Study, "Examination of Ant i tank  ~eve lopmen t , "  9 Aug 65, 
p. 1-20. (2)  Memo His tory ,  SHERIDAN Weapon System, M.551, 1954-1971, dtd 
2 8 A p r  71, p. 2. 
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(U) Three requirements  were descr ibed  f o r  t h e  midrange m i s s i l e ,  a long 
w i t h  s e v e r a l  des i r ed  c h a r a c t e r i s t i c s ,  a l l  of which a r e  o u t l i n e d  below: 

Required Desired 

1. Guided m i s s i l e  be  capable of 1. M i s s i l e  be  e f f i c i e n t l y  and e f f ec -  
des t roying  t he heavies  t armored t i v e l y  employable a g a i n s t  o t h e r  t a r g e t s .  
v e h i c l e  l i k e l y  t o  be  encountered on 
t h e  b a t t l e f i e l d .  

2. The p r o b a b i l i t y  of h i t t i n g  a  
s t a t i o n a r y  o r  moving t a r g e t  w i t h  each 
guided m i s s i l e  be markedly b e t t e r  
than t h a t  ach ievable  w i th  gun o r  
rocket-type p r o j e c t i l e s  and b e  
a t t a i n e d  without  e i t h e r  r e s u l t i n g  i n  
a  r a t e  of aimed f i r e  unduly lower 
than t h a t  of e x i s t i n g  medium gun 
tanks o r  r e q u i r i n g  more than  one 
on-vehicle control ler-gunner .  

2. a )  This  c a p a b i l i t y  extend from n e a r  
0 t o  5,000 meters, t h e  approximate l i m i t s  
of d i r e c t  f i r e  a s s o c i a t e d  wi th  tanks .  

b )  This  c a p a b i l i t y  b e  r e t a i n e d  when 
t h e  v e h i c l e  on which t h e  m i s s i l e  system 
was mounted was moving, and when opera- 
t i n g  during hours  of darkness  and under 
cond i t i ons  of poor v i s i b i l i t y .  

3.  Loading and r e load ing  b e  c a r r i e d  3.  Weight, s i z e ,  and con£ i g u r a t i o n  of 
ou t  by one man and t h e  u n a s s i s t e d  t h e  m i s s i l e  system and i t s  conponents 
r a t e  of loading  n o t  r e s t r i c t  t h e  r a t e  be  such t h a t  t h e  v e h i c l e  c h a r a c t e r i s t i c s  
of aimed f i r e .  could b e  s u b s t a n t i a l l y  independent of 

t h e  phys i ca l  c h a r a c t e r i s t i c s  of t h e  
m i s s i l e .  

To exped i t e  achievement of t h e  above mandatory requirements ,  i t  was accepted 
t h a t  : 

' ~ e f e a t  of 150mm of r o l l e d  homogeneous armor a t  60° and a s s o c i a t e d  
equ iva l en t  t a r g e t s  w i th  a  shaped-charge warhead would provide a  
s a t i s f a c t o r y  level of te rmina l  performance a t  t h e  o u t s e t .  

'use of a  guided m i s s i l e  a g a i n s t  unarmored t a r g e t s  could prove 
i n e f f i c i e n t  from t h e  s t andpo in t  of c o s t  and supply. Therefore,  
during t h e  i n i t i a l  concept s tudy  phase, cons ide ra t ion  should be 
g iven  t o  t h e  f e a s i b i l i t y  of  a  weapon capable  n o t  on ly  of launching 
a  guided missile, b u t  a l s o  of f i r i n g  a  r e l a t i v e l y  low-velocity 
unguided gun-type p r o j e c t i l e .  I f  a t ta inment  of t h i s  dua l  capa- 
b i l i t y  would unduly pena l i ze  t h e  b a s i c  guided m i s s i l e  system o r  
m a t e r i a l l y  de lay  t h e  f i e l d i n g  of t h e  m i s s i l e ,  companion f r e e  
r o c k e t s  o r  o t h e r  convent ional  weapons would have t o  be  used i n  
t h e  non-armor de fea t ing  r o l e s .  

'The d i r e c t  f i r e  range l i m i t s  of n e a r  0  t o  5,000 meters might have 
t o  h e  reduced, and t h a t  a  maximum range of 2,000 me te r s  would be 
adequate  i n i t i a l l y .  

(U) The p r o j e c t  p l a n  c a l l e d  f o r  concept s t u d i e s  of t h e  midrange armored 
combat v e h i c l e  m i s s i l e  system ( inc luding  weapor) guided m i s s i l e ,  weapon mount, 
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f i r e  c o n t r o l  equipment, c o n t r o l s ,  and f i r i n g  gear)  t o  be completed by 31 
December 1958. These s t u d i e s  would b e  eva lua ted  t o  determine which concepts,  
i f  any, would be pursued. Upon s e l e c t i o n  of one o r  more promising concepts,  
development e f f o r t s  would be concentrated on e s t a b l i s h i n g  t h e  p r a c t i c a b i l i t y  
of t h e  b a s i c  weapon-missile-fire c o n t r o l  combination, p repa ra to ry  t o  developing 
a n c i l l a r y  equipment and f a b r i c a t i n g  pro to types  of complete ope ra t iona l  systems 
f o r  armored combat v e h i c l e  a p p l i c a t i o n s .  

(U) The long-range requirement w a s  f o r  a g r e a t l y  r e f i n e d  and improved 
system w i t h  c h a r a c t e r i s t i c s  which could n o t  be  c l e a r l y  fo re seen  i n  1958 and 
which were doubt fu l  of a t ta inment  w i t h  e x i s t i n g  t echno log ica l  development. 
F e a s i b i l i t y  s t u d i e s  of t h e  long-range system were t o  begin i n  FY 1959, based 
on a r e a s  of p r o f i t a b l e  i n v e s t i g a t i o n  ~ e v e a l e d  dur ing  t h e  s t u d i e s  and develop- 
ment of t h e  midrange system. Development of t h e  long-range system would n o t  
be permi t ted  t o  complicate development of  t h e  i n i t i a l  system. No ope ra t iona l  
a v a i l a b i l i t y  d a t e  was f o r e c a s t  f o r  e i t h e r  system. 

(U) A s  w i t h  t h e  Airborne Assault Weapon System p r o j e c t ,  primary manage- 
ment r e s p o n s i b i l i t y  f o r  t h e  Combat Vehic le  Weapon System (Pentamic). was 
ass igned  t o  OTAC. Other p a r t i c i p a t i n g  and/or  coord ina t ing  agencies  included 
Redstone Arsenal ,  Frankford Arsenal ,  P i ca t inny  Arsenal ,  and t h e  B a l l i s t i c  
Research Labora tor ies ,  each r ece iv ing  s p e c i f i c  t a s k  assignments f r W  UlXC 
according t o  Indiv idua l  miss ion  r e s p o n s i b i l i t i e s .  4 

F e a s i b i l i t y  S tudies  

(U) Using funds a l l o c a t e d  under  t h e  Airborne Assaul t  FJeapon System program, 
Redstone Arsenal ,  i n  January 1958, had awarded f o u r  commercial f i rms  4-month 
f e a s i b i l i t y  s tudy  c o n t r a c t s  f o r  a d i r e c t - f i r e  a n t i t a n k  guided m i s s i l e .  The 
comp.mies s e l e c t e d  f o r  s tudy  c o n t r a c t s  from 1 6  proposa ls  were Aeronutronic 
Systems, Incorporated (a s u b s i d i a r y  of Ford Motor Company); Sperry Gyroscope 
Company (a d i v i s i o n  of  Sperry Rand Corporat ion)  ; Chrysler  Corporat ion;  and 
G i l f i l l a n  Brothers  Corporation. In a d d i t i o n  t o  t h e s e  c o n t r a c t s ,  t h e  Prankford 
Arsenal  rece ived  funds f o r  s t u d i e s  of i t s  POLECAT system, which f e l l  w i th in  
t h e  Cont inenta l  Army Command's (CONARC'S) d e f i n i t i o n  of  a guided m i s s i l e  type 
weapon system. In Apr i l  1958, t h e  c o n t r a c t o r s  rece ived  new CONARC guidance 
p e r t a i n i n g  t o  t h e  Combat Vehicle  Weapon System (Pentomic) f o r  u se  t o  t h e  
maximum e x t e n t  p r a c t i c a b l e  i n  t h e  remaining p o r t i o n  of t h e i r  s t u d i e s .  While 
t hese  s t u d i e s  were under way, t h e  Airborne Assaul t  Weapon System program was 
terminated owing t o  t h e  l a c k  of s i g n i f i c a n t  improvement. 

4 ~ ~ C M  36753, 1 0  Apr 58 (Appendix A). 

5(1) Ib id .  (2) Memo His tory ,  SHERIDAN Weapon System, M551, 1954-1971, 
d td  28 Apr 71, p. 3. (3) F i n a l  Report,  F e a s i b i l i t y  Study, Armored Combat 
Vehicle  Weapon System, Report No. 5287-7371, J u l  58, Sperry Gyroscope Company, 
Divis ion of  Sperry Rand Corporation, pp. 1-2. RSIC. (4) L t r ,  Cdr, OTAC, t o  CG, 
RSA, 1 5  Apr 58, sub j :  T ransmi t t a l  of Minutes,  w i n c l :  Minutes of Combat Vehicle 
Weapon System (Pentomic) Conference, 3 Apr 58, RHA Box 12-659. 
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(U) The OTAC eva lua t ion  r e p o r t  o f  t h e  f e a s i b i l i t y  s t u d i e s ,  forwarded t o  
t h e  Off ice ,  Chief of Ordnance (OCO) i n  May 1958, recommended development of t h e  
system proposed by Aeronutronic Systems, Incorporated (ASI). The Ordnance Corps 
r e p r e s e n t a t i v e  on t h e  DA Tank Guided M i s s i l e  S teer ing  C m i t t e e  concurred i n  
t h i s  recommendation; however, t h e  Chief of Research and Development, i n  June 
1958, d i r e c t e d  t h a t  c o n t r a c t s  f o r  f u r t h e r  s tudy  be awarded t o  Aeronutronic and 
Sperry Gyroscope Compa2y. Accordingly, Aeronutronic and Sperry rece ived  
c o n t r a c t s  i n  June 1958 f o r  advanced f e a s i b i l i t y  s t u d i e s  and component experi-  
mentat ion t o  m e e t  t h e  combat v e h i c l e  weapon system requirements .  S p e c i f i c  
o b j e c t i v e s  of  t h i s  phase of t h e  program were t o  r e f i n e  and advance t h e  previous  
s t u d i e s ,  t o  demonstrate experimental ly  some of t h e  most c r i t i c a l  hardware of 
t he  concepts proposed, and u l t i m a t e l y  t o  provide a sound b a s i s  f o r  s e l e c t i o n  of 
a development con t r ac to r .  

(U) I n  t h e i r  f e a s i b i l i t y  s t u d i e s ,  submit ted t o  t h e  OTAC eva lua t ion  com- 
m i t t e e  i n  January 1959, bo th  Aeronutronic and Sperry agreed t h a t  a c losed  breeoh 
concept f o r  t h e  m i s s i l e  system was f e a s i b l e ,  and t h a t  t h e  gun being developed by 
Waterv l ie t  Arsenal  would, w i th  some modi f ica t ion ,  be  s u i t a b l e  f o r  e i t h e r  
launching t h e  ant iarmor m i s s i l e  o r  f i r i n g  low muzzle v e l o c i t y  b a l l i s t i c  
p r o j e c t i l e s  a g a i n s t  s o f t  t a r g e t s .  The m i s s i l e  s i z e  would d i r e c t l y  a f f e c t  t h e  
handl ing problems during t h e  manual breech loading  cyc le ,  a s  w e l l  a s  determine 
t h e  number of rounds t h a t  could be c a r r i e d .  The two proposed m i s s i l e s  would 
have a maximum diameter of 6 inches ,  b u t  t h e  Aeronutronic m i s s i l e  would be 
s l i g h t l y  longer  and 7 pounds heavier .  Although bo th  m i s s i l e s  would use  i n f r a r e d  
t r a c k e r s ,  t h e  proposed method of t r a n s m i t t i n g  commands from t h e  t r a c k e r  t o  t h e  
m i s s i l e  w a s  d i f f e r e n t ,  one us ing  a microwave r a d i o  l i n k  and t h e  o t h e r  us ing  an 
i n f r a r e d  da t a  l i n k .  

(U) The system proposed by Sperry cons i s t ed  of a d i r e c t - f i r e  m i s s i l e  w i th  
a shaped-charge warhead, guided on t h e  l i n e  of s i g h t  t o  t h e  t a r g e t  by a manually 
aimed s i g h t  w i t h  an i n f r a r e d  t r a c k e r .  The t r a c k e r  would d e t e c t  m i s s i l e  e r r o r s  
and au toma t i ca l ly  send commands t o  t he  m i s s i l e  by a microwave r a d i o  l i n k .  The 
m i s s i l e  would have a launch weight of 32 pounds and a l e n g t h  of 38.1 inches ,  

(U) The proposed Aeronutronic system cons i s t ed  of a rocket-boosted guided 
m i s s i l e  c o n t r o l l e d  t o  f l y  a l ine-of -s ight  t r a j e c t o r y  from t h e  launcher  t o  t h e  
t a r g e t .  The l i n e  of s i g h t  would be e s t a b l i s h e d  by t h e  gunner, whose s o l e  t a s k  
would be t o  maintain t h e  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 ,  An 
i n f r a r e d  t r a c k e r ,  bores ighted  t o  t h e  o p t i c a l  s i g h t ,  would au toma t i ca l ly  t r a c k  
t h e  m i s s i l e .  The f i r e  con t ro l  system would au toma t i ca l ly  compute and t ransmi t  
t h e  necessary  c o r r e c t i v e  commands by coded i n f r a r e d  d a t a  l i n k  t o  t h e  m i s s i l e .  
In  t h e i r  s tudy  r e p o r t ,  Aeronutronic s t a t e d  t h a t  completely accep tab le  i n f r a r e d  
s i g n a l  t ransmiss ion  c h a r a c t e r i s t i c s  (high s i g n a l  t o  n o i s e  r a t i o )  could be 
obtained by using double base p r o p e l l a n t s  having flame temperatures  i n  t h e  

* 
Contract  DA-30-069-ORD-2448 t o  Sperry on 1 June 1958, and Contract  DA-04-495- 
ORD-1329 t o  Aeronutronic  on 26 June 1958. 

6(1) Memo His tory ,  SHERIDAN Weapon System, M551, 1954-1971, d td  28 Apr 71, 
p. 4. (2) SHILLELAGH Monthly Progress  Report,  30 Sep 54, ARGMA/AOMC, P* 6 .  
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1,950 t o  2,150' Kelvin range. The p r o p e l l a n t s  t h a t  proved t o  b e  s a t i s f a c t o r y  
w e r e  of a r e l a t i v e l y  s tandard  v a r i e t y  and t h e r e f o r e  w e r e  n o t  expected t o  cause  
s e r i o u s  developmental, product ion,  o r  c o s t  problems. The s tudy  r e p o r t  f u r t h e r  
s t a t e d  t h a t  t e s t  results showed that t h e  gas j e t  c o n t r o l  system could provide  
the  requi red  c o n t r o l  moments wi thout  s e r i o u s l y  degrading m i s s i l e  s t a b i l i t y .  
The m i s s i l e  would have a launch weight of 39 pounds and a l e n g t h  of  39 inches.- /  

(U) A t  t h e  end of t h e  i n i t i a l  f e a s i b i l i t y  s tudy i n  May 1958, t h e  P re s iden t  
of Aeronutronic had expressed confidence that t h e  proposed system could be  
made o p e r a t i o n a l  i n  54 months a t  a t o t a l  c o s t  of $33,922,000 (excluding f a c i -  
l i t y  costs)-$26,615,000 f o r  t h e  development phase and $7,307,000 f o r  t h e  
t r a i n i n g  phase. Once developed, he  es t imated  t h a t  t h e  m i s s i l e  could be  produced 
a t  a c o s t  of $573 pe r  u n i t  i n  a t o t a l  q u a n t i t y  of 50,000 over  a 3-year pe r iod ,  
and the  launcher  and t u r r e t ,  inc luding  a s s o c i a t e d  f i r e  c o n t r o l  e q u i  
$58,930 pe r  u n i t  i n  a t o t a l  q u a n t i t y  of 1,000 over  a 3-year per iod.  rnt , at  

(U) The OTAC eva lua t ion  r e p o r t ,  forwarded t o  OCO on 2 1  November 1958, 
recomended t h a t  Aeronutronic be s e l e c t e d  t o  proceed wi th  development of i t s  
proposed midrange combat v e h i c l e  weapon system. This  recommendation w a s  then 
processed through t h e  chain of  command, r e c e i v i n g  concurrences from t h e  DA 
Chief of Research and Development and t h e  Army Chief of S t a f f .  On 2 A p r i l  1959, 
the  Secre ta ry  of t h e  Army approved t h e  M C t s  f o r  t h e  Armored Combat Vehicle  
Weapon System (Midrange), accepted t h e  proposed weapon system concept and 
development program i n  p r i n c i p l e ,  and approved t h e  s e l e c t i o n  of Aeronutronic 
as t h e  prime development con t r ac to r .  

(U) Accordingly, on 29 A p r i l  1959, OCO au thor ized  t h e  i n i t i a t i o n  of 
development of t h e  Combat Vehicle  Weapon System (Pentomic), ass igned  o v e r a l l  
weapon system management r e s p o n s i b i l i t y  t o  OTAC, and approved t h e  popular  name 
SHILLELAGH. The Ordnance Tank-Automotive Command then de lega ted  r e s p o n s i b i l i t y  
f o r  o v e r a l l  c o n t r a c t u a l  supe rv i s ion  t o  t h e  Army Ordnance M i s s i l e  ~ormnand/Army 
Rocket and Guided M i s s i l e  Agency (AOMC/ARGMA) and d i r e c t e d  t h a t  a development 
con t r ac t  be nego t i a t ed  w i t h  Aeronutronic.  On 11 June 1959, ARGMA awarded 

7 
(1) F i n a l  Report,  Prel iminary Experimental Development Armored Combat 

Vehicle  Weapon System, Sperry Report No. EB-5287-0004, Jan 59, Sperry Gyroscope 
Company, Div is ion  of Sperry Rand Corporation. RSIC. (2) Armored Combat Vehicle  
Weapon System Prel iminary Development Phase F i n a l  Report-Part I of 11, 
Aeronutronic Pub l i ca t ion  No. S-334, 1 7  Jan  59, AS1 Doc 4922-N, P t  I, Aeronutronic 
Systems, I n c , ,  a Subs id ia ry  of Ford Motor Co, RSIC. 

8 ~ t r ,  Gerald J. Lynch, P re s iden t ,  Aeronutronic  Systems, h c . ,  t o  CG, ~ G M A Y  
19 May 58, w i n c l :  Report,  Development of a Missile System, Armored Combat 
Vehicle  - Revised Aeronutronic Pub l i ca t ion  No. S-208, Doc Control  No, 3417-N, 
19 May 58, RHA Box 12-665. 
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Aeronutronic a cost-plus-fixed-fee c o n t r a c t  (DA-04-495-Om-1549) i n  t h e  amount 
of $3,303,704 f o r  t h e  i n f t i a l  phase of t h e  SHILLELAGH development e f f o r t .  9 

The SHILLELAGH Weapon System 

(U) The Combat Vehicle  Weapon System (SHILLELAGH) w a s  an  outgrowth of the  
Combat Vehicle  Weapon System (Pentomic) and t h e  New Tank Main Armament System 
which w a s  a l s o  under s tudy  i n  1958-59. F e a s i b i l i t y  s t u d i e s  of the convent ional  
type ammunition and gun-launcher, i n i t i a t e d  i n  August 1958, were based on a 
B a l l i s t i c  Research Labora to r i e s  s tudy of a new concept tank  armament system f o r  
t h e  main b a t t l e  tank. The system recommended f o r  development i n  March 1959 was 
a moderate pressure ,  l i gh twe igh t ,  l a r g e  c a l i b e r ,  s h o r t  l e n g t h  gun capable of 
launching a sp in - s t ab i l i zed  mul t ipurpose  p r o j e c t i l e ,  a s  w e l l  as a d i r e c t - f i r e ,  
wingless  (o r  fo ld ing  f i n )  guided m f s s i l e .  On 19  June 1959, t h e  DA Chief of 
Research and Development approved t h e  development program f o r  t h e  New Tank Main 
Armament System and d i r e c t e d  t h a t  t h i s  program be  i n t e g r a t e d  wi th  t h e  on-going 
a n t i t m k  guided m i s s i l e  development e f f o r t .  H e  o f f i c i a l l y  i d e n t i f i e d  t h e  
Combat Vehicle  Weapon System (Pentomic) a s  t h e  SHILLELAGH Weapon System and 
defined t h e  SHILLELAGH a s  inc lud ing  t h e  d i r e c t - f i r e  g u i d e d m i s s i l e ,  152mm 
gun-launcher, convent ional  ammunition, and guidance- f i re  c o n t r o l  subsystems. 

(U) The SHILLELAGH weapon system would r e q u i r e  a f i r e  c o n t r o l  system 
capable of f i r i n g  and guiding t h e  m i s s i l e ,  a s  w e l l  as f i r i n g  t h e  convent ional-  
type ammunition. The XMl3 guided m i s s i l e ,  t h e  primary round f o r  t h e  weapon 
system, would be capable of de fea t ing  armored t a r g e t s  a t  a l l  ranges up t o  
2,000 meters, wi th  a very  high p r o b a b i l i t y  of a f i r s t - round  k i l l .  The con- 
ven t iona l  ammunition would be  t h e  secondary a n t i t a n k  round, a s  w e l l  as t h e  
primary s o f t  t a r g e t  round. The T95 tank c h a s s i s  would be  used as t h e  i n i t i a l  
development test bed f o r  the SHILLELAGH. Plans  were t o  u se  t h e  midrange 
weapon system on t h e  Armored Reconnaissance/Airborne Assault Vehic le  ( l a t e r  
designated as t h e  M551 SHERIDAN), which was approved f o r  development i n  
September 1959, and on t h e  f u t u r e  main b a t t l e  tank. F e a s i b i l i t y  s t u d i e s  of 
t he  long-range system w e r e  t o  be  i n i t i a t e d  i n  FY 1960, i n s t e a d  of FY 1959 a s  
prev ious ly  planned. 10 

' 0 )  Memo His tory ,  SJXERIDAN Weapon System, M551, 1954-1971, d t d  28 Apr 71, 
pp. 5-7. (2) OTCM 37039, 2 Apr 59 (Appendix B). (3) SHILLELAGH Monthly Progress  
Report,  30 Sep 59, ARGMA/AOMC, pp. 6-7. 

"(1) Ib id . ,  p. 7. (2) Memo History,  SHERIDAN Weapon System, M551, 1954- 
1971, d td  28 Apr 71, pp. 7-8. (3) OTCM 37180, 17  Sep 59, sub j :  Armored 
~econna i s sance /Ai rbo rne  Assaul t  Vehicle ,  I n i t i a t i o n  of Development and Record- 
i ng  of M i l i t a r y  C h a r a c t e r i s t i c s  (DA P r o j e c t  No. 545-02-003, Ordnance P r o j e c t  
No. TW-429). RSIC. (4) OTm 37245, 5 Nov 59 (Appendfx C). 
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(U) The planned o p e r a t i o n a l  a v a i l a b i l i t y  d a t e  f o r  t h e  midrange SHILLELAGH 
weapon system was December 1963. The es t imated  r e sea rch  and development (R&D) 
and test and eva lua t ion  (T&E) c o s t  f o r  t h e  FY 1958-63 per iod  t o t a l e d  $62,738 000. 
Following i s  a breakdown of t h e  cos t  e s t ima te s  by f i s c a l  year  ( i n  m i l l i o n s ) .  i 1 

F i s c a l  Year 

1958 
1959 
1960 
1961 
1962 
1963 

TOTAL : 

Tota l  
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CHAPTER I11 

(U) MANAGEMENT OF THE SHILLELAGH MISSILE PROGRAM 

(U) From 1959 u n t i l  September 1964, t h e  SHILLELAGH m i s s i l e  program was 
managed a s  a subsystem of v a r i o u s  combat v e h i c l e  weapon systems under t h e  over- 
all superv is ion  of managers a t  t h e  Ordnance Tank-Automotive Command (OTAC), t h e  
Off ice ,  Chief of Ordnance (OCO), t h e  Army Mate r i e l  Command (AMC), and t h e  Army 
Weapons Command (WECOM). This  fragmented management s t r u c t u r e ,  i n  which t h e  
m i s s i l e  developer (AOMC/ARGMA/MICOM*) r epor t ed  t o  another  system manager a t  a 
d i s t a n t  l o c a t i o n ,  complicated coord ina t ion  e f f o r t s  and adverse ly  a f f e c t e d  
program p rogres s  during t h e  c r i t i c a l  yea r s  of SHILLELAGH m i s s i l e  development. 

(U) I n  1959, t h e  po l i cy  of t h e  Chief of Ordnance was t o  a s s i g n  primary 
r e s p o n s i b i l i t y  f o r  a weapon system t o  a,weapon system manager, u sua l ly  t h e  
commander of t h e  i n s t a l l a t i o n  having a prominent r o l e  i n  f i e l d i n g  t h e  complete 
system. The weapon system manager used t h e  resources  of  o t h e r  commodity 
commands i n  accordance with t h e i r  ass igned  missions.  And t h e  commander of t h e  
suppor t ing  o rgan iza t ion  was r e spons ib l e  f o r  complying w i t h  t h e  d i r e c t i v e s  of  
t h e  weapon system manager and supplying him w i t h  the  necessary  t e c h n i c a l  and 
managerial  r e p o r t s .  Since t h e  SHILLELAGH m i s s i l e  was considered a subsystem 
of t h e  complete system, ARGMA, a s  t h e  commodity command r e spons ib l e  f o r  guided 
m i s s i l e s ,  supported t h e  weapon system manager a t  OTAC. Under s i m i l a r  arrange-  
ments, AOMC supported t h e  Ordnance Corps P r o j e c t  Manager a t  OCO, and MICOM 
supported t h e  SHERIDAN/SHTLLUGH P r o j e c t  Nanager l oca t ed  f i r s t  a t  AMC and 
l a t e r  a t  W E C O M . ~  

(U) Under t h e  o v e r a l l  weapon system management by OTAC, OCO, and AMC, t h e  
m i s s i l e  development team a t  Redstone Arsenal maintained a u t h o r i t y  and t e c h n i c a l  
r e s p o n s i b i l i t y  f o r  t h e  m i s s i l e ,  a l though va r ious  coord ina t ion ,  scheduling,  and 
funding problems were encountered. The t r a n s f e r  of t h e  SHERIDAN/SHILLELAGH 
P r o j e c t  Manager from AMC t o  WECOM i n  Apr i l  1963 increased  MICOM'S management 

* 
The Army Ordnance Missile Command (AOMC) was e s t a b l i s h e d  a t  Redstone Arsenal ,  
'on 31 March 1958. The Army Rocket and Guided Missile Agency (ARGMA), a c t i v a t e d  
a s  a subord ina te  element of  AOMC on 1 A p r i l  1958, was abol i shed  on I1 December 
1961 and i ts  func t ions  were merged w i t h  AOMC Headquarters.  In  t h e  Army 
reo rgan iza t ion  of 1962, t h e  Chief of Ordnance was abol i shed  a s  a s t a t u t o r y  
o f f i c e r  and most of t h e  mission ope ra t ions  of t h e  Ordnance Corps were t r ans -  
f e r r e d  t o  t h e  newly c r e a t e d  US Army Mate r i e l  Cormnand, which became o p e r a t i o n a l  
on 1 August 1962. A t  t h e  same t i m e ,  AOMC was d iscont inued  and t h e  US Amy 
Missile Command (MICOM) became operatiional a s  a major subord ina t e  element of 
AMC. (E l izabe th  C. J o l l i f f ,  History of the United States Army ~ i s s i l e  Command, 
1962-1977 [HQ MICOM, 20 J u l  791, pp. 1-16.) 

(1) OrdC Orders 15-55, 1 Jun 55; 19-55, 1 Jun 55; 9-59, 25 Mar 59; 22-59, 
10 Aug 59. (2) L t r ,  CofOrd t o  CG,  OTAC, 1 4  Aug 59, r e  Weapon System Management- 
(3) MICOMR 10-2, 2 1  Nov 62. 



problems, because t h e  p r o j e c t  manager ass igned  r e s p o n s i b i l i t y  f o r  s p e c i f i c  
t a sks ,  o f t e n  i n  piecemeal fash ion  and wi thout  de l ega t ing  t h e  necessary  a u t h o r i t y  
t o  p e r T o m t h e  func t ions  s a t i s f a c t o r i l y .  Af te r  some 1 8  months of working under 
t h i s  t a s k  o r d e r  arrangement, t h e  Commanding General of MICOM convinced AMC 
o f f i c i a l s  t o  s e p a r a t e  t he  management of t h e  SHERIDAN and SHILLELAGH. The 
SHILLELAGH P r o j e c t  Management Off ice  was e s t a b l i s h e d  a t  MICOM on 21 September 
1964, l e s s  than 2 months be fo re  award of t h e  i n i t i a l  m i s s i l e  product ion 
con t r ac t .  This  o f f i c e  continued t o  manage t h e  SHILLELAGH program u n t i l  30 
June 1971, when i t  was abol i shed  and t h e  SHILLELAGH func t ions  were ass igned  t o  
commodity-type management a t  MICOM. 

(U) The summary which fo l lows  t r a c e s  t h e  management of t h e  SHILLELAGH 
m i s s i l e  program during t h e  1959-1982 per iod ,  w i t h  primary emphasis on t h e  
problems and f r u s t r a t i o n s  stemming from t h e  fragmented management s t r u c t u r e  
during t h e  1959-1964 timeframe. 

Weapon System Management a t  OTAC 

(U) When t h e  Chief of Ordnance au thor ized  development of t h e  Combat Vehicle  
Weapon System in Apr i l  1959, he assigned o v e r a l l  weapon system r e s p o n s i b i l i t y  t o  
OTAC, i n  accordance w i t h  t h e  Ordnance commodity command management concept.  
The OTAC, i n  t u rn ,  delegated t o  AOMC/ARGMA t h e  o v e r a l l  c o n t r a c t u a l  supe rv i s ion  
a u t h o r i t y  over  t h e  m i s s i l e  development c o n t r a c t  awarded t o  Aeronutronic on 
11 June 1959. 

(U) Shor t ly  a f t e r  award of t h e  development c o n t r a c t ,  t h e  Chief of Ordnance 
r eo r i en t ed  t h e  Combat Vehicle  Weapon System program t o  inc lude  f o u r  s e p a r a t e  
Ordnance p r o j e c t s  and named t h e  system t h e  SHILLELAGH. The f o u r  subsystems 
were a d i r e c t - f i r e  guided m i s s i l e ,  a gun-launcher, a fami ly  of convent ional  
weapons, and a f i r e  c o n t r o l  system. The OTAC r e t a i n e d  o v e r a l l  weapon system 
r e s p o n s i b i l i t y ,  w i th  development e f f o r t s  on t h e  subsystems d iv ided  among t h r e e  
o t h e r  i n s t a l l a t i o n s .  Waterv l ie t  Arsenal would develop the  1 5 2 m  gun-launcher 
cannon; Frankford Arsenal would develop t h e  f i r e  c o n t r o l  u n i t  f o r  t h e  f i n a l  
veh ic l e ;  and ARGMA would develop t h e  m i s s i l e  and guidance subsystem, a s  w e l l  a s  
f i r e  c o n t r o l  components f o r  t h e  T95 t e s t  v e h i c l e  t o  i n s u r e  that t h e  f i r e  
c o n t r o l  would be capable of handl ing both t h e  m i s s i l e  and convent ional  ammuni- 
t i on .  The ARGMA would a l s o  coord ina te  w i t h  Waterv l ie t  t o  i n s u r e  compa t ib i l i t y  
between the  1 5 2 m  gun and t h e  SHILLELAGH m i s s i l e .  

(U) Within ARGMA, t h e  primary r e s p o n s i b i l i t y  f o r  t h e  m i s s i l e  was ass igned  
t o  t h e  Research and Development Div is ion ,  w i t h  t h e  I n d u s t r i a l  and F i e l d  Serv ice  
Div is ions  prwiding  secondary suppor t  t o  t h e  program. The t e c h n i c a l  management 
process  cons i s t ed  of  two phases: t h e  p l ac ing  of requirements  wi th  p a r a l l e l  
guidance and t h e  reviewing of e f f o r t  a s  i t  progressed.  The l a t t e r  phase was a 
cont inuing  process ,  on ly  p a r t  of which involved t h e  review of r e p o r t s  from t h e  
con t r ac to r .  The ma jo r i t y  of t h e  review func t ion  was c a r r i e d  o u t  through 
personal  con tac t s ,  system demonstrat ions,  and command reviews. To f u l f i l l  t h e  
unusual r o l e  of suppor t ing  a system ass igned  t o  another  major  command, MG John B. 
Medaris, t h e  AOMC Commander, d i r e c t e d  ARGMA t o  g ive  OTAC t h e  same suppor t  on 
t h i s  weapon system a s  t h i s  Command would expect  i f  OTAC were doing t h i s  work f o r  
AOMCIARGMA. To accomplish t h i s ,  General Medaris encouraged d i r e c t  con tac t  

U:J CLASS I F  
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between ARGMA and OTAC personnel  w i th in  l i m i t a t i o n s  of e x i s t i n g  AOMC po l i cy .  2 

(U) With t h e  m u l t i p l i c i t y  of o rgan iza t ions  and people involved i n  t h e  
management chain,  some coord ina t ion  and c m u n i c a t i o n s  problems were i n e v i t a b l e .  
These problems, however, d id  n o t  have a s  much of an  impact on t h e  program a s  
t h e  d i v i s i o n  of r e s p o n s i b i l i t y  f o r  t h e  m i s s i l e  subsystem and t h e  guidance and 
c o n t r o l  package. In  1959, OTAC delegated t o  AOMCIARGMA development respons i -  
b i l i t y  f o r  t h e  m i s s i l e  and guidance subsystem, p l u s  t h e  f i r e  c o n t r o l  components 
f o r  t h e  T95 t e s t  veh ic l e ,  and ind ica t ed  that t h e  i n d u s t r i a l  and f i e l d  s e r v i c e  
r e s p o n s i b i l i t i e s  would be ass igned  l a t e r .  On 9 March 1960, OTAC formally 
ass igned  t o  ARGMA t h e  i n d u s t r i a l  and f i e l d  s e r v i c e  r e s p o n s i b i l i t i e s  f o r  t h e  
m i s s i l e ,  b u t  only a t e c h n i c a l  advisory  r o l e  f o r  t h e  guidance components. I n  
t h i s  framework, ARGMA would complete t h e  R&D phase of t h e  SHILLELAGH m i s s i l e  
subsystem, then Frankford Arsenal would assume r e s p o n s i b i l i t y  f o r  adapt ing  t h e  
guidance components t o  t h e  f i n a l  v e h i c l e  and f o r  fol lowing through w i t h  t h e  
i n d u s t r i a l  and f i e l d  s e r v i c e  r o l e s  f o r  t h e  f i r e  c o n t r o l  components. 

(U) The s p l i t  of t h e  guidance components from the  m i s s i l e  developer was 
a l s o  r e f l e c t e d  i n  an  i n t e r i m  p lan  f o r  t he  Armored ~econna i s sance /Ai rbo rne  
Assaul t  Vehicle  (ARIAAV), which OTAC was developing as t h e  b a s i c  v e h i c l e  f o r  
t h e  SHILLELAGH m i s s i l e  subsystem. According t o  t h i s  p l an ,  i s sued  i n  May 1960, 
ARGMA's i n d u s t r i a l  and f i e l d  s e r v i c e  r e s p o n s i b i l i t i e s ,  d i r e c t l y  t o  OTAC, were 
l i m i t e d  t o  t h e  XM13 guided m i s s i l e .  Frankford Arsenal  had t h e  R&D, i n d u s t r i a l ,  
and f i e l d  s e r v i c e  r e s p o n s i b i l i t i e s  f o r  t h e  ARIAAV f i r e  c o n t r o l ,  and ARGMA was 
subord ina te  t o  Frankford f o r  t he  vehicle-mounted guidance system (see Chart 1 ) .  
Although t h e  exac t  Frankford-ARGMA r e l a t i o n s h i p  was n o t  d e t a i l e d  i n  t h e  p l an ,  
previous correspondence had ind ica t ed  t h a t  ARGMA would be l i m i t e d  t o  a techni -  
c a l  advisory  r o l e .  

(U) Under t h e  e x i s t i n g  p l an  then ,  on ly  t h e  m i s s i l e  and t h e  ammunition 
p o r t i o n  of t h e  SHILLELAGH subsystem program could go beyond t h e  R&D phase i n t o  
t h e  i n d u s t r i a l  and f i e l d  s e r v i c e  phases.  The ARGMA R&D Divis ion  would r e l e a s e  
the  XM13 m i s s i l e  t o  t h e  ARGMA I n d u s t r i a l  Div is ion  and t h e  design d a t a  f o r  
i n s t a l l i n g  t h e  f i r e  c o n t r o l  and m i s s i l e  guidance equipment i n  t h e  T95 t u r r e t  
would be r e l e a s e d  t o  Frankford Arsenal.  I n d u s t r i a l  engineer ing  would begin on 
the  m i s s i l e ,  b u t  t h e  a s s o c i a t e d  guidance equipment r e l e a s e d  t o  Frankford 
Arsenal would b e  used only a s  a b a s i s  f o r  develo-pment of t h e  ARIAAV f i r e  c o n t r o l .  
Apparently, OTAC would assume r e s p o n s i b i l i t y  f o r  i n s u r i n g  compa t ib i l i t y  of t he  
missile and a s s o c i a t e d  vehicu lar lnounted  m i s s i l e  guidance equipment. 

(U) Such an  unwieldy management s t r u c t u r e  would n o t  only r e q u i r e  a d d i t i o n a l  
t ime and e f f o r t  f o r  in te ragency  coord ina t ion ,  b u t  a l s o  tend t o  lengthen t h e  
time requi red  t o  f i e l d  t h e  system and i n v i t e  i ncompa t ib i l i t y  of m i s s i l e  sub- 
system and guidance components. For t h e s e  reasons ,  MG August Schomburg, t h e  
AOMC Commander, recommended i n  June 1960 t h a t  r e s p o n s i b i l i t y  f o r  t h e  e n t i r e  

(1) SHILLELAGH Guided M i s s i l e  Sub-system Plan ,  ARGMA MSP-7, 31 Aug 59, 
AOMCIARGMA, pp. B-2, B-3, D-5. (2) OTCM 37245, 5 N w  59. RSIC. (3) 1st Ind, 
Cdr, AOMC, t o  Cdr, ARGMA, 1 6  Sep 59, on L t r ,  CG, OTAC, t o  CG, AOMC, 26 Aug 59, 
sub j : SHILLELAGH Weapon System. 
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CHART 1 

ASSIGNMENT OF ARMORED RECONNAI SSANCE/AI RBORNE ASSAULT VEHICLE 
WEAPON SYSTEM RESPONSIBILITIES 

O F F I C L C H I E F  OFOADNANCE 

SOURCE: Interim Armored ~econnaissance/  
Airborne Assault Vehicle Weapon System 
Plan, 6 May 1960, HQ, OTAC, p. 12. 
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m i s s i l e  subsystem, inc luding  t h e  guidance and c o n t r o l  package, be de lega ted  t o  
a s i n g l e  agency throughout t h e  R&D, i n d u s t r i a l ,  and f i e l d  s e r v i c e  phases of  
a l l  programs planned t o  adapt  t h e  SHILLELAGH t o  m i l i t a r y  v e h i c l e s .  Two months 
l a t e r ,  BG J. F. Thor l in ,  t h e  Commander of OTAC, amended assignments i n  t h e  f i r e  
c o n t r o l  a r e a s  only,  l eav ing  a l l  o t h e r  de lega ted  r e s p o n s i b i l i t i e s  t h e  same a s  
o r i g i n a l l y  e s t a b l i s h e d  i n  June 1959. S p e c i f i c a l l y ,  ARGMA would be  r e spons ib l e  
f o r  l i f e  cyc l e  management of a l l  end i tems of m i s s i l e  guidance ( i . e . ,  t h e  
m i s s i l e  t r a c k e r ,  t r a n s m i t t e r ,  computer, and power supply u n i t ) ,  wh i l e  Frankford 
Arsenal would be  r e spons ib l e  f o r  a l l  t h e  convent ional  o p t i c a l  i tems,  formerly 
considered t h e  sum t o t a l  of f i r e  con t ro l  f o r  p a s t  combat v e h i c l e s .  The ARGMA 
would a l s o  be  r e spons ib l e  f o r  t h e  end i t e m  composed of hardware from both  
Frankford and ARGMA ( i . e . ,  t h e  i n t e g r a t e d  a r t i c u l a t e d  t e l e scope  requi red  f o r  
t h e  AR/AAv), 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  o p t i c a l  t e l e scope  p o r t i o n  of t h i s  
component be procured d i r e c t l y  from Frankford Arsenal.  The OTAC would r e t a i n  
complete system and v e h i c u l a r  i n s t a l l a t i o n  r e s p o n s i b i l i t y  f o r  a l l  f i r e  con t ro l .  3 

(U) The i n t e r f a c e  problems stemming from t h e  fragmented management 
s t r u c t u r e  were by no means confined t o  r e l a t i o n s h i p s  among Government agencies ,  
b u t  a l s o  had a profound impact on t h e  m i s s i l e  development cgn t r ac to r  a t  a t ime 
when s e r i o u s  t e c h n i c a l  d i f f i c u l t i e s  w e r e  be ing  encountered. Following a v i s i t  
t o  t h e  Aeronutronic p l a n t  i n  t h e  f a l l  of 1960, General Schomburg repor ted  a 
c o n t r a c t o r  complaint t h a t  t h e  communication channels were too long, complicated, 
and d i f f i c u l t .  H e  found t h a t  Aeronutronic was indeed r ece iv ing  t e c h n i c a l  
i n s t r u c t i o n s  from too many sources-not only from two sources  i n  ARGMA, b u t  
a l s o  from people i n  OCO and OTAC. Even though OTAC had o v e r a l l  weapon system 
management r e s p o n s i b l l i t y ,  General Schomburg emphasized t h a t  AOMC was responsi-  
b l e  f o r  t h e  m i s s i l e  and t h e  m i s s i l e  development c o n t r a c t o r  w a s  r e spons ib l e  
only t o  ARGMA f o r  t e c h n i c a l  superv is ion  and d i r e ~ t i o n . ~  Evidence of t h e  
complicated communication channels sur faced  i n  October 1960, when t h e  
Commanding General of OTAC complained t o  t h e  ARGMA Commander t h a t  Aeronutronic 
had gone t o  AOMC/ARGMA r a t h e r  than  t o  OTAC about a problem w i t h  P ica t inny  
Arsenal.  The con t r ac to r ,  neve r the l e s s ,  assured  t h e  ARGMA Commander t h a t ,  from 
a c o n t r a c t u a l  p o i n t  of view, ARGMA was t h e  only  agency t h a t  could g ive  them 
t echn ica l  d i r e c t i o n .  5 

* 
See d i scuss ion  of problems i n  t h e  e a r l y  yea r s  (1959-1961), pp. 41-57. 

3(1) L t r ,  CG, OTAC, t o  CG, ARGMA, 30 Jun 59, subj :  Combat Vehicle  Weapon 
System (SHILLELAGH). (2) L t r ,  Cdr, ARGMA, t o  CG, OTAC, 11 Jan  60, subj :  
SHILLELAGH Weapon System Plan,  w 1st Ind, CG, OTAC, t o  CG, AOMC, 9 Mar 60. 
(3) In t e r im  Armored Reconnaissance-Airborne Assaul t  Vehic le  Weapon System Plan ,  
OTAC HQS, 6 May 60. (4) L t r ,  Cdr, ARGMA, t o  CG, OTAC, 1 5  Jun 60, subj  : 
Comments t o  t h e  Armored Reconnaissance Airborne Assaul t  Vehicle  Weapon System 
Plan. (5) L t r ,  CG, AOMC, t o  CG, OTAC, 9 Jun 60, sub j : SHILLELAGH Weapon 
System: Assignment of Respons ib i l i t y ,  w 1st Idd,  CG, OTAC, t o  CG, AOMC, 17  
Aug 60, and 2d Ind, CofS, AOMC, t o  Cdr, ARGMA, 7 Sep 60. 

4 ~ ~ ' R ,  CG, AOMC, 19 Oct 60, subj :  Tr ip  Report f o r  t h e  Per iod  24 Sep 60- 
8 Oct 60. 

5 ~ o u r n a l  E n t r i e s ,  COL John G. Z i e r d t ,  ARGMA Commander, 1 2  Oct 60, r e  t e l e -  
phone c a l l  from General G h o d e y  (CG of OTAC); d i scuss ion  w i t h  Colonel Holmes and 
M r .  Normal; record  of te lephone conversa t ion  wi th  M r .  Roy Jackson, Aeronutronic.  
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P r o j e c t  Management a t  OCO 

(U) The SHILLELAGH management problems were c a r r i e d  over  i n t o  t h e  i n i t i a l  
p r o j e c t  management s t r u c t u r e  e s t a b l i s h e d  a t  t h e  Off ice ,  Chief of Ordnance i n  
mid-1961. The year  1961 was a c r i t i c a l  t ime f o r  t h e  SHILLELAGH m i s s i l e  sub- 
system, a s  t e c h n i c a l  problems remained unsolved and t h e  program was b e s e t  wi th  
major changes i n  guidance from OTAC and h igher  headquar te rs .  In  May 1961, OTAC 
decided t o  expedi te  t h e  program by us ing  t h e  M60 main b a t t l e  tank a s  t h e  b a s i c  
v e h i c l e  f o r  t h e  system r a t h e r  than t h e  previous ly  planned XM551 AR/AAV. The 
ARGMA p lans  f o r  mounting t h e  m i s s i l e  subsystem on t h e  M60 were then  complicated 
i n  J u l y  1961, when t h e  Department of t h e  Army (DA) d i r e c t e d  an e a r l i e r  system 
read ines s  d a t e  than OTAC had requested.  Th i s  r e s u l t e d  i n t w o  a c c d e r a t i o n  plans- 
t h e  Direc ted  Plan and t h e  Reasonable Risk Plan-both of which were dropped when 
the  Secre ta ry  of Defense decided, i n  September 1961, t h a t  t h e  SHILLELAGH would 
be app l i ed  t o  t h e  SHERIDAN* AR/AAV under an  a c c e l e r a t e d  program. I n  December 
1961, however, t echn ica l  d i f f i c u l t i e s  prompted the  Chief of Ordnance t o  s top  
the  a c c e l e r a t e d  program and pu t  t h e  m i s s i l e  i n t o  an app l i ed  r e sea rch  program. 
The importance of t h e  SHILLELAGH weapon system i n  t h e  defense s t r u c t u r e  and 
t h e  problems which threa tened  t o  de lay  i t s  f i e l d i n g  made t h e  system a prime 
candida te  f o r  t h e  i n t e n s i v e  management concept c a l l e d  p r o j e c t  management. 

(U) In  J u l y  1961, Secre ta ry  of Defense Robert S. McNamara expressed a 
d e s i r e  t h a t  p r o j e c t  managers, w i th  t h e  rank of co lone l  o r  above, be appointed 
f o r  s i g n i f i c a n t  Army programs. Secre ta ry  McElamara wanted t o  be  a b l e  t o  c a l l  
t he se  people d i r e c t l y  f o r  immediate information on each major p r o j e c t .  
Accordingly, i n  August 1'361, t h e  DA s e l e c t e d  n ine  major weapon systems f o r  
p r o j e c t  management, one of which was t h e  SHILLELAGH Armored Combat Vehicle  
Weapon System. The c r i t e r i a  f o r  s e l e c t i o n  of t h e  programs included t h e  need f o r  
a c c e l e r a t i n g  t h e  dectisionmaking process;  s i g n i f i c a n t  i n t e r e s t  i n  t h e  weapon sys- 
t e m  by t h e  Congress, t h e  P re s iden t ,  o r  t h e  Secre ta ry  of Desense; t h e  e s s e n t i a l i t y  
of t h e  i tem t o  t h e  Army mission;  t he  high t o t a l  d o l l a r  va lue  of t he  system; o r  
t h e  presence of major t e c h n i c a l  and managerial  problems. These c r i t e r i a  were 
very s i m i l a r  t o  those  used l a t e r  i n  s e l e c t i n g  programs f o r  t h e  formal p r o j e c t  
management system e s t a b l i s h e d  under t h e  Army Mate r i e l  Command i n  1962. 

(U) COL Harold N. Brownson, t h e  des igna ted  Ordnance Corps P r o j e c t  Manager 
f o r  t h e  SHILLELAGH Weapon System, was r e spons ib l e  f o r  planning,  d i r e c t i n g ,  and 
c o n t r o l l i n g  t h e  work and a s soc i a t ed  resources  involved i n  provid ing  t h e  weapon 
system t o  combat u n i t s .  This  t a s k  involved a l l  phases of development, procure- 
ment, product ion,  d i s t r i b u t i o n ,  and support  of a balanced program t o  in su re  
t h a t  d e l i v e r y  and employment schedules  were met. He exe rc i sed  cont inuing 
monitorship over  a l l  p r o j e c t  funds, eva lua ted  progress ,  insured  t h a t  q u a l i t y  
s tandards  were m e t ,  and served a s  t h e  f o c a l  p o i n t  f o r  r e so lv ing  problems r e l a t e d  
t o  t h i s  p r o j e c t  among t h e  m i l i t a r y  departments.  6 

* 
On 4 August 1961, t h e  Sec re t a ry  of t he  Army had approved t h e  popular  name 
General Sheridan f o r  t h e  XM551 AR/AAV. (OTCM 37847, 21  Sep 61. RSIC.) 

6~aymond J. Snodgrass, AMC H i s t o r i c a l  S tud ie s  No. 1, The Concept o f  
Management, (USAMC, Washington, DC, 1964) ,  pp. 92-95. 
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P r o j e c t  Management a t  AMC 

(U) When t h e  formal p r o j e c t  management system became o p e r a t i o n a l  i n  t h e  
newly a c t i v a t e d  Army Mate r i e l  Command on 1 August 1962, t h e  SHERIDAN/SHILLELAGH 
became 1 of t h e  30 project-managed systems. The AMC p o l i c y  was t o  l o c a t e  a  
p r o j e c t  manager a t  t h e  subord ina te  command t h a t  had t h e  predominant i n t e r e s t  
i n  t h e  p r o j e c t .  However, when more than  one command w a s  i n v o h e d ,  t h e  funds 
were l a r g e ,  o p e r a t i o n a l  d i f f i c u l t i e s  were foreseen ,  o r  urgency d i c t a t e d ,  t h e  
p r o j e c t  manager u sua l ly  r epo r t ed  d i r e c t l y  t o  AMC Headquarters.  Such was t h e  
c a s e f o r t h e  SHERIDAN/SHILLELAGH P r o j e c t  Manager, LTC Wayne G. Higgins,  who w a s  
l oca t ed  a t  AMC Headquarters and r epor t ed  t o  t h e  Commanding General of AMC. 

(U) Under t h e  AMC P r o j e c t  Manager, MICOM w a s  assigned subsystem commodity 
management r e s p o n s i b i l i t y  f o r  t h e  SHILLELAGH m i s s i l e ,  warhead, rocke t  motor 
and gas genera tor  p r o p e l l a n t s ,  fuze,  s a f e t y  and arming device, guidance and 
con t ro l  equipment, and test and t r a i n i n g  equipment p e r t a i n i n g  t o  t hese  i tems.  
The AMC suba l loca t ed  funds f o r  t h e  program t o  t h e  major subord ina te  commands 
and encouraged d i r e c t  communication between t h e  commands i n  accomplishing 
t h e i r  missions.  Problems which could n o t  b e  reso lved  by t h e  subord ina te  
commands would b e  immediately r e f e r r e d  t o  t h e  p r o j e c t  manager f o r  r e s o l u t i o n .  7  

(U) During a v i s i t  t o  MICOM i n  August 1962, Colonel Higgins indorsed a  
v e r t i c a l  type  management organiza t ion  f o r  t h e  SHILLELAGH P r o j e c t  Manager's 
S t a f f  Of f i ce  (PMSO) a t  MICOM, a s  w e l l  a s  t h e  PMSO's a t  o t h e r  major commands. 
MG Franc is  J. McMorrow, t h e  MICOM Commander, concurred i n  t h e  concept of v e r t i -  
c a l  type  management f o r  each p r o j e c t  manager, b u t  s t a t e d  that t h e  l i m i t e d  
personnel spaces  a l l o t t e d  t o  t h e  Command precluded him from e s t a b l i s h i n g  t h i s  
type  of o rgan iza t ion  f o r  t h e  SHILLELAGH PMSO. Ins tead ,  he  proposed a  small 
management group a s  t h e  PMSO, which would be  completely r e spons ib l e  w i t h i n  
MICOM f o r  t h e  d i r e c t i o n ,  c o n t r o l ,  and management of t h e  SHILLELAGH subsystem. 
The PMSQ would use personnel  in 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  
d e t a i l e d  management and d i r e c t i o n  of t h e  program. To conserve sca rce  manpower 
resources  and provide a g r e a t e r  depth of exper ience  and knowledge upon which 
t o  base t echn ica l  o r  managerial  dec i s ions ,  General McMorrow suggested that t h e  
func t ions  and r e s p o n s i b i l i t i e s  of t h e  SHILLELAGH PMSO b e  combined wi th  those  
of t h e  Ant i tank  Product Manager. This  proposed o rgan iza t iona l  concept would 
provide f o r  e f f i c i e n t  management of t h e  SHILLELAGH program and a t  t h e  same 
t i m e  r e l i e v e  t h e  PMSO/Product Manager of adminis t ra t ive- type  r e s p o n s i b i l i t i e s  
and permit  him t o  devote f u l l  t ime t o  t h e  t e c h n i c a l  a s p e c t s  of t h e  program. 8 

7(1) Raymond J. Snodgrass, AMC H i s t o r i c a l  S tud ie s  No. 1, The Concept of 
Project Managaent (USAMC, Washington, DC, 1964),  pp. 133, 140-142. (2) Memo 
History,  SHERIDAN Weapon System, M551, 1954-1971, d td  28 Apr 71. (3) Msg, 
USAMC t o  CG, MICOM, e t  a l . ,  DTG 1017302 Jan  63, r e  SHERIDAN/SHILLELAGH Subsystem 
Commodity Management Assignments. 

' ~ t r ,  Cdr, MICOM, t o  CG, AMC, 11 Sep 62, subj :  Missile Command Support of 
General Sheridan/SHILLELAGH P r o j e c t  Manager. 



(U) I n  accordance w i t h  t h e  approved McMorrow concept ,  t h e  SHILLELAGH 
func t ions  were merged wi th  o t h e r  a n t i t a n k  systems f o r  about  7 months. When 
MICOM was a c t i v a t e d  i n  August 1962, t h e  SHILLELAGH m i s s i l e  subsystem management 
func t ions  were ass igned  t o  t h e  Ant i tank  and F i e l d  A r t i l l e r y  Product Off ice .  9 
This  o f f i c e  was s p l i t  on 3 October 1962 and t h e  SHILLELAGH func t ions  went t o  
t h e  Ant i tank  Product Management office,' ' which was redes igna ted  t h e  Ant i tank  
Commodity O f f i c e  on 22 October 1962. l1 The a n t i t a n k  and a i r c r a f t  weapons were 
aga in  combined i n  t h e  An t i t ank IAi rc ra f t  Weapons Commodity Of f i ce ,  e s t a b l i s h e d  
on 19 November 1962.12 Management r e s p o n s i b i l i t y  f o r  t h e  SHILLELAGH was then 
t r a n s f e r r e d  from t h a t  o f f i c e  t o  t h e  SHILLELAGH Commodity Of f i ce  which was 
e s t a b l i s h e d  on 11 March 1963 wi th  M r .  Lloyd L. L ive ly ,  Jr., as SHILLELAGH 
Commodity Manager. 1 3  

(U) The SHILLELAGH Commodity Of f i ce  was a sho r t - l i ved  e n t i t y .  It was 
abol i shed  on 15  A p r i l  1963, when AMC t r a n s f e r r e d  t h e  SHERIDANISHILLELAGH 
P r o j e c t  Of f i ce  from AMC Headquarters t o  t h e  Army Weapons Command (WECOM) a t  
Rock I s l and ,  111inois .14 The reasoning  f o r  t h i s  change was that, s i n c e  t h e  
weapon system involved a se l f -prope  ed v e h i c l e ,  t h e  Weapons Command could 
provide t h e  b e s t  t e c h n i c a l  support .  $4 

P r o i e c t  Management a t  WECOM 

(U) The t r a n s f e r  of t h e  SHERIDANISHILLELAGH P r o j e c t  Manager from AMC t o  
WECOM on 15  Apr i l  1963 compounded t h e  SHILLELAGH management problems a t  a 
t i m e  when t h e  m i s s i l e  was nea r ing  t r a n s i t i o n  from development t o  product ion  
and more Government agenc i e s  and c o n t r a c t o r s  were becoming involved i n  t h e  
program. Under t h e  o v e r a l l  management of OTAC, OCO, and AMC, t h e  development 
team a t  Redstone Arsenal had maintained 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  
m i s s i l e  subsystem and had managed t o  accomplish t h e  program d e s p i t e  t h e  
a t t e n d a n t  coord ina t ion  and i n t e r f a c e  problems. But, under t h e  management 
s t r u c t u r e  imposed by t h e  SHERIDANISHILLELAGH P r o j e c t  Manager a t  WECOM, t h e  
Army Missile Connnand had v i r t u a l l y  no a u t h o r i t y  and i ts r e s p o n s i b i l i t y  was 
reduced t o  performing, on a t a s k  o r d e r  b a s i s ,  on ly  t h a t  work s p e c i f i c a l l y  
reques ted  by t h e  P r o j e c t  Manager. 

(U) With t r a n s f e r  of t h e  SHERIDANISHILLELAGH P r o j e c t  O f f i c e  from AMC t o  
WECOM on 1 5  Apr i l  1963, a Missile Engineer ing Div is ion  (later r e f e r r e d  t o  as 

'(1) AOMC GO 87, 30 J u l  62. (2) MICOM GO 5, 30 J u l  62. 

'OMICOM GO 43, 3 Oct 62. 

' ~ I C O M  GO 54, 5 Nov 62. 

'%ICOM GO 57, 1 9  Nov 62. 

13(1)  MICOM GO 1 9 ,  1 2  Mar 63. (2) MICOM GO 21, 1 8  Mar 63. 

14(1)  AMC GO 20, 1 Apr 63. (2) MICOM GO 61, 8 J u l  63. 

15~aymond J. Snodgrass, AMC H i s t o r i c a l  S tud i e s  No. 1. The Concept of Pro- 
jec t  Managaent (USAMC, Washington, DC, 1964) ,  pp. 141-142. 
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t h e  Mis s i l e  Divis ion)  was e s t a b l i s h e d  a t  MICOM," which took over t h e  miss ions  
and func t ions  of t h e  SHILLELAGH Commodity Of f i ce  and t h e  SHILLELAGH Branch of 
t h e  Development Div is ion  of t h e  Research and Development D i rec to ra t e .  The 
Miss i l e  Engineering Div is ion  was under j u r i s d i c t i o n  of t h e  SHERIDAN~SHILLELAGH 
P r o j e c t  Manager a t  WECOM, wi th  t h e  Missile Command provid ing  admin i s t r a t i ve ,  
t r a i n i n g ,  and l o g i s t i c a l  support  and o t h e r  support  requi red  by t h e  P r o j e c t  
Manager. The SHERIDAN/SHILLELAGH P r o j e c t  Manager des i r ed  t o  cont inue r ece iv ing  
t h e  same type  of support  from MICOM t h a t  he had i n  t h e  p a s t ,  except  f o r  t h e  
engineering a spec t s  of t h e  SHILLELAGH m i s s i l e .  The Missile Engineering Div is ion  
thus  assumed f u l l  r e s p o n s i b i l i t y  f o r  development and product and product ion 
engineering,  inc luding  those  inhe ren t  d i s c i p l i n e s  r equ i r ed  t o  i n s u r e  maximum 
r e l i a b i l i t y ,  e a s e  of maintenance, and f i e l d  wor th iness  of t h e  SHILLELAGH 
m i s s i l e  and i t s  components.16 M r .  Ea r l  R.  Edmondson served a s  chief  of t h e  
d i v i s i o n  throughout i t s  exis tence .  

(U) Between Apr i l  1963 and December 1963, r e p r e s e n t a t i v e s  of MICOM h e l d  
many lengthy d i scuss ions  w i t h  t h e  SHERIDAN~SHILLELAGH P r o j e c t  Manager and h i s  
s t a f f  i n  an e f f o r t  t o  e s t a b l i s h  s p e c i f i c  ope ra t ing  r e l a t i o n s h i p s ,  r o l e s ,  and 
r e s p o n s i b i l i t i e s  w i th  r e s p e c t  t o  t h e  SHILLELAGH m i s s i l e  subsystem. Throughout 
t hese  d iscuss ions ,  t h e  Missile Command took t h e  p o s i t i o n  t h a t  complete 
func t iona l  missions-research and development (R&D), procurement and product ion 
(P&P), and supply and maintenance (S&M)-should be  ass igned  by t h e  P r o j e c t  
Manager, who would e x e r c i s e  o v e r a l l  guidance and d i r e c t i o n  i n  t h e  same way 
mission assignments had been handled under OTAC, OCO, and AMC. The Weapons 
Command i n s i s t e d  t h a t  t h e  P r o j e c t  Manager would e x e r c i s e  f u l l  l i n e  a u t h o r i t y  
f o r  t h e  planning, d i r e c t i o n ,  and c o n t r o l  of t a sks  and a s s o c i a t e d  resources  
through h i s  Mis s i l e  Div is ion  a t  Redstone Arsenal.  Under t h i s  concept,  t h e  
Missile Command would perform, on a t a sk  o rde r  b a s i s ,  whatever work t h e  P r o j e c t  
Manager requested-basical ly ,  t h a t  work which t h e  P r o j e c t  Manager could n o t  
perform in h i s  own o rgan iza t ion .  The P r o j e c t  Manager would make a l l  dec i s ions  
(except those  i n t e r n a l  t o  MICOM) and would b e  s o l e l y  r e spons ib l e  f o r  a l l  
con t r ac tua l  ma t t e r s ,  inc luding  those  involv ing  schedules ,  de l ive ry  da t e s ,  
t e c h n i c a l  performance, conf igura t ion  c o n t r o l ,  e t c .  The P r o j e c t  Manager's 
Missile Divis ion  a t  Redstone Arsenal would d i r e c t ,  manage, and c o n t r o l  a l l  
mission elements of t h e  SHILLELAGH program; develop and i s s u e  d i r e c t i v e s ,  
i n s t r u c t i o n s ,  and po l i cy  guidance t o  a l l  MICOM elements engaged i n  work on t h e  
SHILLELAGH system; and a c t  a s  t h e  primary p o i n t  of contac t  w i t h i n  MICOM w i t h  
r e spec t  t o  t h e  SHILLELAGH program. Pending es tab l i shment  of s p e c i f i c  ope ra t ing  
procedures and the  necessary  support  arrangements,  MICOM elements continued t o  
perform work on t h e  SHILLELAGH program under e x i s t i n g  arrangements. 

(U) The M i s s i l e  Command agreed t h a t  t h e  P r o j e c t  Manager should e x e r c i s e  
r e s p o n s i b i l i t y  and a u t h o r i t y  i n  depth,  b u t  po in ted  ou t  t h e  many p i t f a l l s  
a s soc i a t ed  w i t h  fragmented assignments of t a s k s  i n  a complex m i s s i l e  program. 

* 
A t  t h e  same t i m e ,  t h e  Vehicle  Engineering Divis ion was e s t a b l i s h e d  a t  t h e  
Army Tank-Automotive Center i n  D e t r o i t ,  Michigan. - 

16(1)  MICOM An1 H i s t  Sum, 1 J u l  62 - 30 Jun 63, pp. 28, 146. (2) MICOM 
GO 61, 8 J u l  63. (3) Also s e e  L t r ,  CG, AMC, t o  CG, WECOM, 1 8  Mar 63, subj  : 
Relocat ion of SHERIDAN~SHILLEIU~GH P r o j e c t  Manager's Off ice .  
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In a l e t t e r  t o  t h e  Commander of WECOM, i n  October 1963, BG John G. Z i e rd t ,  
Commander of MICOM, dec la red  t h a t  i t  would be extremely d i f f i c u l t ,  i f  no t  
impossible,  f o r  t h e  P r o j e c t  Manager t o  buy management r e s p o n s i b i l i t y  from 
MICOM on a t a s k  o rde r  b a s i s ,  wh i l e  r e t a i n i n g  t h e  depth of a u t h o r i t y  proposed 
by WECOM. It w a s  e s s e n t i a l  t h a t  t h e  P r o j e c t  Manager provide  adequate i n fo r -  
mation on planned t a s k s  f a r  enough i n  advance t o  a s s u r e  proper  planning and 
a v a i l a b i l i t y  of resources  f o r  t h e i r  accomplishment. Moreover, it was imperat ive 
that a l l  t a s k  o r d e r s  c l e a r l y  d e l i n e a t e  t h e  scope of work and timeframe f o r  
completion, s i n c e  MICOM would be  r e spons ib l e  only f o r  t h e  completion of 
requested t a sks ,  w i t h  f u l l  r e s p o n s i b l l i t y  f o r  success  of t he  program r e s t i n g  
on WECOM and t h e  P r o j e c t  Manager. The acceptance of i n d i v i d u a l  t a s k  o r d e r s  
would b e  dependent upon t h e  a v a i l a b i l i t y  of resources  and c a p a b i l i t y  t o  p e r f o m  
t h e  t a s k s  a s  ordered. 

(U) Ceneral  Z ie rd t  d i sagreed  wi th  t h e  mission s ta tement  proposed f o r  t h e  
P r o j e c t  Manager's Missile Divis ion  a t  Redstone Arsenal ,  say ing  t h a t  piecemeal 
day-to-day d i r e c t i o n  at t h e  working l e v e l  from t h e  P r o j e c t  Manager could 
s e r i o u s l y  d i s r u p t  o t h e r  h igh  p r i o r i t y  p r o j e c t s  and would soon r e s u l t  i n  
confusion, i n e f f i c i e n c y ,  and high o v e r a l l  cos t s .  He maintained t h a t  normal 
command channels should h e  followed in i s s u i n g  t a s k  o r d e r s  and i n s t r u c t i o n s ,  
and t h a t  t h e  proposed f u n c t i o n a l  s ta tement  f o r  t h e  Missile Divis ion  should b e  
changed accordingly.  I n  view of t h e  many problems inhe ren t  i n  t h e  use  of t a s k  
orders ,  General Z ie rd t  a s s e r t e d  that MICOM could accept  only those  o r d e r s  
f a l l i n g  wi th in  t h e  common a r e a s  i n  which o t h e r  MICOM p r o j e c t  managers were 
supported, un le s s  WECOM agreed t o  d e l e g a t e  a d d i t i o n a l  a u t h o r i t y  and e s t a b l i s h  
accep tab le  r e p o r t i n g  channels.  He aga in  urged t h e  Commander of WECOM t o  a s s ign  
t o  MICOM i n t e g r a t e d  func t iona l  r e s p o n s i b i l i t y  r P&P and S6;M under t h e  o v e r a l l  
guidance and d i r e c t i o n  of t h e  P r o j e c t  Manager. f s 

(U) The i n i t i a l  set of t a s k  o rde r s ,  forwarded t o  MIOOM on 17  October 1963, 
met some of t h e  condi t ions  set f o r t h  by General Z i e r d t ,  i n  t h a t  they d id  n o t  
r e f l e c t  piecemeal day-to-day d i r e c t i o n  and they provided f o r  t h e  u s e  of normal 
command channels.  Other important condi t ions ,  however, were n o t  m e t .  The 
t a s k s  were w r i t t e n  t o  a s s i g n  broad f u n c t i o n a l  r e s p o n s i b i l i t y  a s  exerc ised  under 
t h e  MICOM commodity management concept,  b u t  n e i t h e r  de lega ted  the  necessary 
a u t h o r i t y  t o  perform t h e  func t ions  s a t i s f a c t o r i l y  nor  provided t h e  necessary 
r e p o r t s  o r  program a u t h o r i t y  t o  MICOM. Moreover, t h e  t a s k  o r d e r s  included 
func t ions  n o t  performed f o r  MICOM p r o j e c t  managers, d i d  n o t  g ive  proper  guidance, 

17(1)  DF, Chf, Orgn & Msn Div, Mgt Science & Data Sys Ofc, MICOM, t o  D i s t r ,  
8 Ju l  63, sub j : Trip  Report [TDY V i s i t  t o  WECOMJ , (2) L t r ,  CG, WECOM, t o  CG, 
MICOM, 1 2  Sep 63, subj :  Memorandum of Understanding of Operating Relat ionships 
f o r  t h e  S h i l l e l a g h  Weapon System, w Proposed MOU and Mission Statement f o r  Chf, 
Mis s i l e  Divis ion.  (3) SS, AMSMI-WO-205-63, Chf, Mgt Science & Data Sys Ofc, 
MICOM, 27 Sep 63, subj  : MOU of Operating Re la t ionsh ips  f o r  SHILLELAGH Weapon 
System. (4)  L t r ,  CG, MICOM, t o  CG, WECOM, 3 Oct 63, same subj  . 6 )  DF, BG 
C. W. E i f l e r ,  D C G / L ~ ~ ~  Combat Systems, NICOM, t o  D i s t r ,  sub j  : Support t o  t h e  
SHILLELAGH Program, 31  Oct 63. 
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and did n o t  adequately desc r ibe  t h e  exac t  e f f o r t  r equ i r ed  o r  t h e  timeframe 
f o r  accomplishment . I 8  

(U) On 27 November 1963, a f t e r  40 days of n e g o t i a t i o n s ,  MICOM and t h e  
P r o j e c t  Manager's M i s s i l e  Div is ion  agreed on a s e t  of r ev i sed  and c l a r i f i e d  
t a sk  orders .  The M i s s i l e  Command o f f i c i a l l y  accepted tHe r ev i sed  t a s k  o rde r  
arrangement on 16 December 1963, p l ac ing  t h e  Command on a formal t a s k  o rde r  
b a s i s  w i th  r e spec t  t o  t h e  SHILLELAGH m i s s i l e  subsystem.19 The acceptance of 
t h i s  arrangement, however, d id  n o t  a l l e v i a t e  t h e  communication and i n t e r f a c e  
problems between MICOM and WECOM. In  f a c t ,  t h e  problems grew more i n t e n s e  
a s  t h e  system neared product ion.  

(U) For example, i n  February 1964-just 6 months from t h e  scheduled d a t e  
f o r  t h e  f i r s t  product ion contract-Mr. P. K. Schaeppi, t h e  Acting Di rec to r  of 
Procurement and Production a t  MICOM, complained t h a t  t h e  r e c e n t  r e d i r e c t i o n  
of s e v e r a l  e lements  of t h e  SHILLELAGH procurement program was s e r i o u s l y  
a f f e c t i n g  t h e  d i r e c t o r a t e ' s  a b i l i t y  t o  accomplish t h e  func t ions  ass igned  by 
t a s k  orders .  The SHERIDANISHILLELAGH P r o j e c t  Manager, he  s a i d ,  had been 
con t inua l ly  informed of program p l a n s  and d i d  n o t  choose t o  t ake  i s s u e  w i t h  
them at  t h e  app ropr i a t e  time. S p e c i f i c a l l y ,  t h e  P r o j e c t  Manager had d i r ec t ed :  

*That p l a n s  f o r  t h e  SHILLELAGH manufacturing f a c i l i t y  be changed 
from a privately-owned pr iva te ly-opera ted  f a c i l i t y  near  t h e  
Aeronutronic p l a n t  a t  Newport Beach, C a l i f o r n i a ,  t o  a Government- 
owned contractor-operated (GOCO) f a c i l i t y  a t  an  unspec i f ied  loca t ion .  

*That t h e  Iowa Army Ammunition P l a n t  be  considered as t h e  s i t e  f o r  
t h e  assembly and loading  of SHILLELAGH m i s s i l e s ,  i n s t e a d  of p l a n s  
t o  use  a GOCO f a c i l i t y  a t  Redstone Arsenal ,  which had been approved 
by t h e  Commander of WECOM on 9 December 1963. 

*That p l ans  f o r  s e p a r a t e  s i n g l e  c o n t r a c t s  f o r  procurement of 
SHILLELAGH hardware and engineer ing  s e r v i c e s  be  changed t o  r e q u i r e  
fou r  c o n t r a c t s  f o r  hardware, w i t h  m u l t i p l e  c o n t r a c t s  suggested f o r  
engineering and support  s e r v i c e s .  

*That scopes of work b e  prepared f o r  a mu l t iyea r  buy on t h e  m i s s i l e ,  
a l though mul t iyear  buys had n o t  been planned f o r  any components. 

18(1) L t r ,  SHERIDAN~SHILLELAGH PM t o  CG, MICOM, 1 7  Oct 63, subj  : S h i l l e -  
lagh  M i s s i l e  Sub-System Task Orders t o  MICOM. (2) DF, Dep D i r ,  DIPBP, t o  Mgt 
Science & Data Sys Ofc, 25 Oct 63, sub j :  SHILLELAGH Missile Sub-system Task 
Orders, w i n c l s  . 

"(1) SS, AMSMI-WO-265, Chf, Mgt Science & Data Sys Ofc, 16  Dec 63, sub j :  
S h i l l e l a g h  Missile Sub-system Task Orders t o  MICOM. (2) L t r ,  BG C. W. E i f l e r ,  
DCGl~and Combat Systems, MICOM, t o  SHERIDANISHILLELAGH PM, WECOM, 16  Dec 63, 
same sub j .  (3) DF, Act CofS, MICOM, t o  D i s t r ,  24 Dec 63, same subj  
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Such be l a t ed  changes i n  procurement program p l a n s  no t  on ly  meant t h e  l o s s  of 
a y e a r ' s  l anning  e f f o r t ,  b u t  a l s o  placed t h e  i n i t i a l  product ion con t r ac t  i n  
jeopardy.30 (Award of t h e  c o n t r a c t  even tua l ly  s l i pped  from 1 September 1964 
t o  9 Nuvember 1964. ) 

(U) On 15 May 1964, MICOM rece ived  confirmation of t h e  P r o j e c t  Manager's 
dec i s ion  t o  u se  t h e  Iowa Army hummit ion  P l a n t  f o r  SHILLELAGH loading and 
a s ~ e m b l y . ~ '  Following a review of t h e  f a c i l i t y  eva lua t ion  r e p o r t ,  prepared by 
t h e  Mason and Hanger S i l a s  Mason Company, Inc . ,  M r .  Paul  W. Hancock of t h e  MICOM 
I n s t a l l a t i o n s  and Serv ices  Of f i ce  dec lared :  "I am shocked t o  have such a docu- 
ment t h r u s t  upon t h e  Governmeht and can only  hope t h a t  t h e  Army has  more b a s i s  
f o r  making a dec is ion  on Assembly ' F a c i l i t i e s  than  t h e  information contained i n  
t he  . . . document. . . . Thi s  i s  about t h e  weakest p re sen ta t ion  of f a c i l i t i e s  
requirements I have ever  reviewed f o r  such an  important   undertaking.'^^^ 

(U) The Missile Command continued t o  r eques t  t h e  "doing" job f o r  SHILLELAGH, 
whi le  a s s u r i n g  t h e  P r o j e c t  Manager t h a t  he would r e t a i n  management and con t ro l  
i n  s u f f i c i e n t  depth t o  managetheprogram. The Commander of WECOM submitted an  
a l t e r n a t e  p lan  which i n  essence  o f f e r e d  MICOM t h e  t o t a l  "doing" job, less 
engineering,  under cond i t i ons  of ve ry  s t r i c t  con t ro l .  The Missile Command 
concluded, however, t h a t  WECOM'S a l t e r n a t e  p l an  provided no s i g n i f i c a n t  o v e r a l l  
improvement over  t h e  e x i s t i n g  arrangement. 

(U) The Missile Command had been ass igned  a mul t i t ude  of  ve ry  d e t a i l e d  jobs 
under 70 t a s k  o rde r s .  Each t a s k  w a s  i s o l a t e d  from r e l a t e d  t a s k s ,  making i n t e -  
g ra t ed  ope ra t ion  a c r o s s  t h e  t a s k  s t r u c t u r e  most d i f f i c u l t .  Such a v a s t  quan t i t y  
of t a s k s ,  w i th  a l l  of t h e  words contained t h e r e i n ,  con t r ibu ted  t o  a l a c k  of 
understanding as t o  s p e c i f i c a l l y  who w a s  t o  do what, which r e s u l t e d  i n  duplica- 
t i o n  o r ,  more important ly,  vo ids  when each thought t h e  o t h e r  was performing t h e  
job. With even t h e  minor decisionmaking a s p e c t s  reserved  f o r  t h e  P r o j e c t  
Manager and h i s  s t a f f ,  t h e m o r e  experienced top  level people a t  MICOM cont r ibu ted  
very  l i t t l e  t o  t h e  program. Both t h e  P r o j e c t  Manager and MICOM had experienced 
personnel  i n  most func t iona l  a r e a s ,  causing d u p l i c a t i o n  of e f f o r t ,  confusion, 
and i n e f f i c i e n c y .  For example, i n  performing t a s k s  i n  t h e  c o n t r a c t o r ' s  p l a n t  
o r  elsewhere, MICOM personnel  were accompanied by P r o j e c t  Manager counterpar t s .  
Moreover, i n  t h e  implementation of t h e  t a s k  o rde r s ,  changing s i t u a t i o n s  occurred 
t o  such an apprec i ab le  degree t h a t  t h e  P r o j e c t  Manager f e l t  cons t ra ined  t o  
v i o l a t e  t h e  t a s k  o rde r  agreement by a c t u a l l y  performing a p a r t  of t h e  work 
wi th in  h i s  s t a f f .  Most of t h e s e  cases  of over lap  were discovered a f te r - the-  
f a c t  and a f t e r  MICOM had been working under a d i f f e r e n t  concept of opera t ions .  
Because of t h e  independent e f f o r t  on t h e  p a r t  of t h e  P r o j e c t  Manager, MICOM 

2 0 ~ ~ ,  Act Dir/P&P t o  D~GlLand Cbt Sys , MICOM, 26 Feb 64, sub j : SHILLELAGH 
Management Problems. - 

2 % F ~ ,  Gustavus N. Brown, I n s t a l l a t i o n s  & Serv ices  Of c ,  MICOM, 15  May 64, 
subj :  Telephone Conversation between M r .  Leonard, F a c i l i t i e s  & Resources Ofc, 
P&P Drte, and M r .  Brown of t h i s  Off ice .  

22MF~, Chf, Construct ion B r ,  F a c i l i t i e s  b Construct ion Div, I&S Ofc, 3 Apr 
64, subj :  Pre l iminary  F a c i l i t y  Evaluat ion f o r  F i n a l  Assembly of Sh i l l e l agh .  
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personnel  w e r e  n o t  completely knowledgeable on a l l  a s p e c t s  of t h e i r  a s s i  ned 
t a sks  and t h e r e f o r e  were n o t  i n  a p o s i t i o n  t o  do t h e  most e f f e c t i v e  job. 5 3 

(U) I n  J u l y  1964, a f t e r  months of d i scuss ions ,  p roposa ls ,  and counter- 
proposals  f a i l e d  t o  produce compromises acceptab le  t o  bo th  commands, MG John 
G. Z i e rd t ,  t h e  Commander of MICOM, brought t h e  foregoing management problems 
t o  t h e  a t t e n t i o n  of t h e  AMC Chief of S t a f f .  He summarized t h e  problem by 
s t a t i n g  t h a t  t h e  m i s s i l e  system management team, which had been developed over 
the  yea r s  a t  tremendous expense, was n o t  be ing  used e f f e c t i v e l y  i n  t h e  
SHILLELAGH subsystem program. "It c o n f l i c t s  wi th  my understanding of my 
mission,  " he dec lared ,  "in t h a t  t h e  Sher idan/Shi l le lagh  P r o j e c t  Manager 
exe rc i se s  h i s  own d i s c r e t i o n  a s  t o  what a c t i o n s  on t h e  Sh i l l e l agh  subsystem 
t h e  M i s s i l e  Command w i l l  t ake ,  r e se rv ing  f o r  himself  any a c t i o n s  he  so  chooses, 
wi th  t h e  n e t  r e s u l t  t h a t  t h e  M i s s i l e  Command mission . . . is t o  f u r n i s h  
personal  s e r v i c e s  t o  t h e  P r o j e c t  Manager.'' The handicap imposed on MICOM by 
d e t a i l e d  t a s k  o r d e r s  r a t h e r  than a mission assignment,  t h e  n e c e s s i t y  t o  consul t  
t h e  P r o j e c t  Manager on t h e  most minute d e t a i l s ,  t h e  de lays  i n  ob ta in ing  
dec i s ions  from t h e  P r o j e c t  Manager, and the  unce r t a in ty  a s  t o  when and how t h e  
P r o j e c t  Manager would use  MICOM, t oge the r  w i th  t h e  morale  problem c rea t ed  by 
these  f a c t o r s ,  rendered t h e  M i s s i l e  Command's e f f e c t i v e n e s s  i n  t h e  program 
much l e s s  than  des i r ab l e .  General Zierd t  expressed concern t h a t ,  a s  t h e  
SHILLELAGH approached product ion,  t h e  problems stemming from t h e  fragmented 
management s t r u c t u r e  would be magnified t o  t h e  p o i n t  where t h e  t o t a l  program 
might very  we l l  be  adverse ly  a f f ec t ed .  I n  view of t h e  p r e v a i l i n g  management 
problems, p l u s  p l ans  t o  use  t h e  SHILLELAGH i n  m u l t i p l e  modes i n  a d d i t i o n  t o  
t he  SHERIDAN, General Z i e r d t  s t r o n g l y  recommended t h a t  AMC s e p a r a t e  t h e  
SHILLELAGH from t h e  SHERIDAN/SHILLELAGH P r o j e c t  Manager and e s t a b l i s h  a 
s epar  a t e SHILLELAGH Pro j e c t  Management Off i c e  a t  MICOM. 24 

(U) I n  a follow-up l e t t e r  t o  MG W. B. Bunker, Deputy Commanding General 
of AMC, on 17  August 1964, General Z i e r d t  emphasized h i s  concern and s t r o n g  
convic t ions  about  t h e  management of t h e  SHILLELAGH subsystem. Recognizing 
t h a t  h i s  l e t t e r  of 7 J u l y  covered only  t h e  h i g h l i g h t s  of t h e  problem, h e  
furn ished  General Bunker a w r i t t e n  b r i e f i n g  e l a b o r a t i n g  on t h e  d e t a i l s .  "I am 
convinced," he s a i d ,  " t h a t  t h e  cu r r en t  arrangement,  which i n  essence  uses  my 
people a s  a t e c h n i c a l  management l a b o r  pool ,  is n o t  working and w i l l  n o t  work 
s a t i s f a c t o r i l y ,  even a s  modified by a r e c e n t  proposal  by General Anderson. I I 

General Z ie rd t  aga in  requested t h a t  t o t a l  r e s p o n s i b i l i t y  f o r  t h e  m i s s i l e ,  
inc luding  development engineering,  be  ass igned  t o  MICOM. While t h e  recommenda- 
t i o n  t h a t  t h e  SHILLELAGH be  p r o j e c t i z e d  was considered t o  b e  of secondary 
importance, he expressed t h e  b e l i e f  t h a t  such a c t i o n  would p l ace  t h e  whole 
ma t t e r  i n  t h e  b e s t  e r s p e c t i v e  wi th  r e s p e c t  t o  c l a r i t y ,  s i m p l i c i t y ,  e f f i c i e n c y ,  
and e f f e c t i v e n e s s .  25 

2 3 ~ t r ,  MG John G. Z i e r d t ,  CG, MICOM, t o  MG Selwyn D. Smith, Jr., AMC CofS, 
7 Jul 64, re Management of t h e  SHILLELAGH Subsystem. 

241b id .  

2 5 ~ t r ,  CG, MICOM, t o  DCG, AMC, 17 Aug 64, r e  Management of t h e  SHILLELAGH 
Subsystem, w i n c l :  MICOM Br i e f ing  on SHILLELAGH Subsystem. (See Appendix Do)  
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SHILLELAGH P r o j e c t  Management a t  MICOM 

(U) General Z i e r d t ' s  last  appeal  brought prompt r e s u l t s .  E f f ec t ive  21 
September 1964-shortly be fo re  award of t h e  i n i t i a l  SHILLELAGH product ion 
c o n t r a c t  e a r l y  i n  November 1964-AMC Headquarters e s t a b l i s h e d  t h e  Off ice  of 
t he  SHILLELAGH P r o j e c t  Manager a t  MICOM and redes igna ted  t h e  SHERIDAN/SHILLELAGH 
Pro jec t  Manager a t  WECOM as t h e  SHERIDAN Weapon System P r o j e c t  Manager. The 
d i r e c t i v e  e s t a b l i s h i n g  t h e  new p r o j e c t  o f f i c e  t r a n s f e r r e d  25 manpower spaces 
and appropr i a t e  personnel  from t h e  SHERIDAN/SHILLELAGH P r o j e c t  Of f i ce  t o  t h e  
SHILLELAGH P r o j e c t  Off ice.  These personnel  formed t h e  nuc leus  of t h e  SHILLEALC-H 
P r o j e c t  Manager's s t a f f .  LTC Robert M. Pearce w a s  assfgned as t h e  f i r s t  
SHILLELAGH Pro j e c t  Manager, 26 

(U) The SHILLELAGH P r o j e c t  Manager, who would r e p o r t  t o  t h e  Commanding 
General of AMC through t h e  Commanding General of MICOM, w a s  delegated 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  development of h i s  program and a l l  
planning, d i r e c t i o n ,  and c o n t r o l  of work and a l l o c a t e d  resources .  This  included,  
as app l i cab le ,  a l l  phases of research ,  development, procurement, d i s t r i b u t i o n ,  
and l o g i s t i c a l  support  t o  provide a balanced,  expedi ted,  economical, and 
e f f e c t i v e  system c o n s i s t e n t  w i t h  e s t a b l i s h e d  o b j e c t i v e s .  Programming and fund- 
i ng  of t h e  SHILLELAGH would be through o t h e r  p r o j e c t  managers having a 
requirement f o r  t h e  SHILLELAGH t o  t h e  SHILLELAGH P r o j e c t  Manager. 

(U) The SHILLmGH system would c o n s i s t  of t h e  m i s s i l e ,  inc luding  t h e  
m i s s i l e  t e s t  s e t  and con ta ine r ;  t h e  guidance and c o n t r o l  group, inc luding  t h e  
t r a n s m i t t e r  alignment f i x t u r e ,  b u t  excluding t h e  t e l e scope  and mount; and 
o the r  items which could, from time t o  t ime, be  s p e c i f i c a l l y  designated by t h e  
p r o j e c t  managers of u s ing  systems. Since t h e  SHILLELAGH w a s  no t  i n  i t s e l f  a 
complete weapon system, b u t  had u t l i m a t e  va lue  only  i n  conjunct ion w i t h  o t h e r  
elements (veh ic l e s ) ,  i t  w a s  e s s e n t i a l  t h a t  t h e  P r o j e c t  Manager b e  respons ive  
t o  t h e  needs and requirements of p r o j e c t  managers o r  o t h e r s  r e spons ib l e  f o r  
using systems. To a s s u r e  e f f e c t i v e  coord ina t ion  between t h e  SHILLELAGH and 
using systems, t h e  SHILLELAGH P r o j e c t  Manager ass igned  l i a i s o n  r e p r e s e n t a t i v e s  
t o  WECOM and AMC Headquarters.  He a l s o  s t a t i o n e d  l i a i s o n  r e p r e s e n t a t i v e s  
wi th  t h e  US-German Main B a t t l e  Tank Program and maintained a f i e l d  o f f i c e  a t  
t h e  prime c o n t r a c t o r ' s  p l a n t .  2 7 

(U) The SHILLELAGH P r o j e c t  Of f i ce  w a s  organized according t o  t h e  r e f i n e d  
MICOM p r o j e c t  management concept,  which w a s  approved i n  FY 1965 and implemented 
on a command-wide b a s i s  i n  FY 1966. Under t h e  r e f i n e d  concept,  t h e  p r o j e c t  

26(1)  Msg, CG, AMC, t o  CG, MICOM, DTG 1713472 Sep 64, r e  Establishment of  
t h e  SHILLELAGH M i s s i l e  System P r o j e c t  Manager's Off ice .  (2) MICOM GO 77, 
21  Sep 64. (3) AMC GO 66, 1 Oct 64. (4) Msg, CG, MICOM, t o  Aeronutronic Div, 
Phi lco  Corp., DTG 3014002 Sep 64, subj :  Change i n  Of f i ce  S t a tus .  

t h e  
f o r  
MY 

- - 

27(1)  Msg, CG, AMC, t o  CG, MICOM, DTG 1713472 Sep 64, r e  Establishment of 
SHILLELAGH M i s s i l e  System P r o j e c t  Manqger's Off ice .  (2) P r o j e c t  Char te r  
t h e  SHILLELAGH Missile System, approved by GEN Frank S. Besson, Jr., 10  
65. 
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manager had t h e  minimum p o s s i b l e  s t a f f  r equ i r ed  t o  manage, d i r e c t ,  c o n t r o l ,  and 
monitor h i s  p r o j e c t .  He had reasonable depth i n  systems engineer ing  and p r o j e c t  
management s k i l l e d  personnel ,  b u t  r e l i e d  t o  t h e  maximum ex ten t  on 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  in o t h e r  a r eas .  I n  t h e  command-wide implementation of t h e  r e f ined  
concept,  personnel  spaces excess  t o  t h e  needs of t h e  o l d e r  p r o j e c t s  (such a s  
t h e  NIKE HERCULES, PERSHING, and SERGEANT) w e r e  assigned t o  t h e  newer p r o j e c t s  
(such as t h e  SHILLELAGH, REDNE, TOW, and CHAPARRAL), and c e r t a i n  func t ions ,  
spaces,  and personnel  w e r e  reass igned  from t h e  p r o j e c t  o f f i c e s  t o  t h e  func t iona l  
d i r e c t o r a t e s .  I n  t h i s  reshaping exe rc i se ,  t h e  SHILLELAGH P r o j e c t  Off ice  gained 
40 c i v i l i a n  personnel  spaces.  28 

(U) A s  s t a t e d  earlier, t h e  SHILLELAGH P r o j e c t  Of f i ce  was e s t a b l i s h e d  on 
21 September 1964 wi th  a nucleus  of 25 personnel  spaces t r a n s f e r r e d  from t h e  
SHERIDAN/SHILLETAGH P r o j e c t  Off ice .  By 31 December 1964, t h e  o f f i c e ' s  manpower 
au tho r i za t ion  had increased  t o  57 spaces,  b u t  on ly  32 of them were f i l l e d .  The 
40 c i v i l i a n  spaces gained dur ing  implementation of t h e  r e f i n e d  p r o j e c t  manage- 
ment concept brought t h e  30 June 1966 personnel  a u t h o r i z a t i o n  t o  101. The 
au thor ized  manpower resources  reached a peak of 104 wi th  i n i t i a l  deployment of 
the  SHILLELAGH system i n  June 1967, and gradual ly  dropped t h e r e a f t e r  t o  a low 
of 67 in June 1970. The fol lowing t a b l e  d e p i c t s  t h e  SHILLELAGH P r o j e c t  o f f i c e ' s  
au thor ized  and ass igned  person e l  s t r e n g t h  a t  6-month i n t e r v a l s  from 31 December 
1964 through 31 December 1970. 29 

MILITARY CIVILIAN TOTAL 
Auth Act - Auth Act Auth A& - 

31 Dec 64 
30 Jun 65 
3 1  Dec 65 
30 Jun 66 
31 Dec 66 
30 Jun 67 
31 Dec 67 
30 Jun 68 
31 Dec 68 
30 Jun 69 
31  Dec 69 
30 Jun 70 
31 Dec 70 

* 
Inc ludes  19  e n l i s t e d  men assigned b u t  n o t  au thor ized .  

* * 
Inc ludes  6 e n l i s t e d  men assigned b u t  n o t  au thor ized .  

28(1) MICOM An1 H i s t  Sum, FI 65, pp. 10-14. (2) MICOM An1 H i s t  Sum, FY 
66, pp. 20-23. (3) DF, CG, MICOM, t o  D i s t r ,  1 8  Jun 65, s u b j  : Implementation 
of MICOM Po l i cy  on P r o j e c t  Management, w i n c l s .  

2 9 ~ ~ ~ ~ ~  Personnel S t a t u s  Reports ,  31 Dec 64 - 31 Dec 70. 
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(U) The SHILLELAGH m i s s i l e  system remained under p r o j e c t  management 

through t h e  product ion and deployment phases of t h e  program, The p r o j e c t  
o f f i c e  was abol i shed  on 30 June 1971, s h o r t l y  a f t e r  completion of t he  m i s s i l e  
product ion d e l i v e r i e s .  LTC Robert M. Pearce served as t h e  SHILLELAGH P r o j e c t  
Manager from 21  September 1964 t o  23 August 1965. H e  was succeeded by LTC 
Spencer R. Baen, who h e l d  t h e  pos t  u n t i l  31 May 1968. M r .  Ea r l  R. Edmondson, 
t h e  Deputy P r o j e c t  Manager, f i l l e d  i n  as Acting Projn-ct Manager u n t i l  t h e  
a r r i v a l  of LTC Robert J. Proudfoot on 21  June 1968. Colonel Proudfoot saw 
the  p r o j e c t  through t h e  f i n a l  s t a g e s  of product ion and t r a n s i t i o n  t o  t h e  
commodity management concept on 30 June 1971. 30 

Commodity Management a t  MICOM 

(U) With t h e  i n a c t i v a t i o n  of t h e  SHILLELAGH P r o j e c t  Of f i ce  on 3Q June 1971, 
t h e  SHILLELAGH missile func t ions  were ass igned  t o  commodity-type management 
in t h e  Land Combat Spec ia l  Items Management Of f i ce  (LCSIMO). A s  a  management 
concept,  commodity management f e l l  between p r o j e c t  management and func t iona l  
management; i .e.,  i t  was l e s s  i n t e n s i v e  and l e s s  expensive than  t h e  former 
but  more systems-oriented than  t h e  l a t t e r .  The LCSIMO Manager had f u l l  l i n e  
a u t h o r i t y  w i t h i n  MICOM f o r  managing h i s  ass igned  m a t e r i e l ,  t h e  same r e l a t i v e  
a u t h o r i t y  as t h e  p r o j e c t  managers. The M i s s i l e  Command had found through 
experience t h a t  commodity managers needed some d i r e c t i v e  and c o n t r o l  a u t h o r i t y  
because of t h e  complexity of m i s s i l e  system management, t h e  t e l e scop ing  of 
programs, and t h e  m u l t i p l e  r e l a t i o n s h i p s  both  wi th in  and o u t s i d e  t h e  command. 
The LCSIMO Manager was au thor ized  t o  con tac t  and work d i r e c t l y  w i t h  t h e  
func t iona l  d i r e c t o r a t e s  and o f f i c e s ,  app ropr i a t e  system-oriented elements  of 
those  d i r e c t o r a t e s / o f f i c e s ,  and MICOM headquar te rs  s t a f f  elements.  31 

(U) To conserve resources  and i n c r e a s e  e f f i c i e n c y ,  t h e  Land Combat and 
Air Defense Spec ia l  Items Management Of f i ce s  were merged e f f e c t i v e  1 6  September 
1973 t o  form t h e  Spec ia l  Systems Management The Spec ia l  Systems 
Manager had e s s e n t i a l l y  t h e  same a u t h o r i t y  and r e s p o n s i b i l i t y  a s  t h e  former 
s p e c i a l  i t ems  managers. He provided weapon system po l i cy ,  p l ans ,  p r i o r i t i e s ,  
and d i r e c t i o n  t o  t h e  func t iona l  d i r e c t o r a t e s ,  which were r e spons ib l e  f o r  
planning,  programming, budgeting, r e p o r t i n  and execut ing  t h e i r  r e s p e c t i v e  
po r t ions  of approved a s soc i a t ed  programs. 35, 

30(1) MICOM GO 88, 30 Jun 71. (2) L t r ,  SHILLELAGH PM, t o  D i s t r ,  16  Apr 71, 
subj : Deprojec t iza t ion  of  t h e  PM's Ofc, SHILLELAGH M s l  Sys. (3) MICOM GO'S 
77, 21 Sep 64; 80, 24 Aug 65; 39, 29 May 68; and 53, 8  J u l  68. 

31(1) MICOM GO 88, 30 Jun 71. (2)  MICOM An1 H i s t  Sum FY 65, pp. 16-18. 
(3) MICOMR 11-10, 2  Jul 65, sub j : Commodity Management. (4) MICOM An1 Nst 
Sum, FY 71, p. 15. 

32 (11 MICOM GO 149, 1 2  Sep 73. (2) MICOM An1 H i s t  Sum, FY 73, p. 27. 

3 3 ~ ~ ~ ~ ~ ~  
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(U) When t h e  Army M i s s i l e  Command was s p l i t  on 31 January 1977, t h e  
Special  Systems Management Of f i ce  was t r a n s f e r r e d  t o  t h e  US Army Missile 
Mate r i e l  Readiness Command (MIRCOM) , which took over  t h e  m i s s i l e  r ead ines s  
f u n c t i o n s  of t h e  former M I C O M , ~ ~  On 6 May 1979, t h e  Spec ia l  Systems Manage- 
ment Of f i ce  was r ea l igned  i n t o  t h e  Weapon Systems Management D i rec to ra t e .  
Within t h e  new d i r e c t o r a t e ,  Readiness P r o j e c t  O f f i c e r s  w e r e  assigned 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  management and s t a f f  coord ina t ion  of t h e i r  
assigned m a t e r i e l .  Within MIRCOM, t h e  Readiness P r o j e c t  O f f i c e r s  had a u t h o r i t y  
equiva len t  t o  t h a t  of  a p r o j e c t  manager; however, because they  had fewer 
resources ,  t hey  received-more support from t h e  func t iona l  d i r e c t o r a t e s .  M r .  
Stanley B. P ros se r  was t h e  Readiness P r o j e c t  Of f i ce r  f o r  t h e  SHILLELAGH. The 
Weapon Systems Management D i r e c t o r a t e  was t r a n s f e r r e d  i n t a c t  t o  t h e  r e a c t i v a t e d  
Army Missile Co-nd on 1 J u l y  1979.35 

(U) On 5 J u l y  1981, t h e  Weapon Systems Management D i r e c t o r a t e  was abol ished 
and i t s  missions,  func t ions ,  and resources  ( l e s s  c e r t a i n  engineering and product 
assurance func t ions )  w e r e  t r a n s f e r r e d  t o  t h e  new M i s s i l e  L o g i s t i c s  Center (MLC). 
The MLC a l s o  encompassed most of the  miss ions  and func t ions  of t h e  former 
Maintenance Engineering and Mate r i e l  Management D i r e c t o r a t e s  and t h e  Targe ts  
Management Off ice .  Within t h e  Missile L o g i s t i c s  Center,  t h e  SHILLELAGH 
func t ions  were assigned t o  t h e  Close Combat Systems Management Off ice ,  which 
exerc ised  f u l l l i n e  a u t h o r i t y  of t h e  MICOM Commander and t h e  MLC Di rec to r  i n  
managing i t s  ass igned  systems and equipment, 36 

34(1) MICOM 60 149, 1 2  Sep 73. (2) MIRCOMAHR, FY 77, p .  281 (3) DARCoM 
Perm Orders 4-1, 19 Jan  77, 

35(1) DARCOM Perm Orders 59-4, 30 J u l  79. (2)  MICOM AHR, FY 79, pp. 266-67. 

36(1) MICOM Perm Orders 21-1 and 21-2, 1 0  Mar 81. (2) MICOMR 10-2, C7, 
5 Ju l  81. (3) Also s e e  MICOM AHR, PY 81, pp. 6-8, 233-34. 
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CHAPTER I V  

(U) RESEARCH AND DEVELOPMENT PROGRAM (U) 

(U) Research and development of t h e  s tandard  range (2,008-meter) SHILLE- 
LAGH m i s s i l e  began i n  1959 w i t h  t h e  award of t h e  development c o n t r a c t  t o  
Aeronutronic.  The e a r l y  yea r s  of development were f r augh t  w i th  t e c h n i c a l  
problems which caused ex tens ive  redes ign  of major components. The r e s u l t a n t  
schedule s l i ppages  prompted both t h e  con t r ac to r  and t h e  Government, i nc lud ing  
the  Sec re t a ry  of Defense, t o  propose s e v e r a l  a c c e l e r a t i o n  p l ans  i n  1961. 
Continuing t echn ica l  d i f f i c u l t i e s ,  however, forced SHILLELAGH development t o  
be r eo r i en t ed  i n t o  an app l i ed  research  program l a t e  i n  1961. During t h i s  
e f f o r t ,  which continued through 1962, t h e  con t r ac to r  resolved t h e  major design 
and engineer ing  d e f i c i e n c i e s  and t h e  system reentered  f u l l  development. Af t e r  
a s e r i e s  of succes s fu l  R&D f l i g h t s  which showed t h a t  t h e  e s s e n t i a l  requirements 
f o r  a 2,000-meter maximum range m i s s i l e  system were being m e t ,  t h e  Chief of 
Research and Development, DA, approved l i m i t e d  product ion of t h e  system i n  
August 1964. This chapter  summarizes t h e  myriad engineer ing  and management 
complexi t ies  involved i n  designing and t e s t i n g  t h e  unique SHILLELAGH weapon 
System p r i o r  t o  i ts  r e l e a s e  f o r  l imi t ed  product ion.  

M i l i t a r y  C h a r a c t e r i s t i c s  

(U) The b a s i s  of t h e  SHILLELAGH m i s s i l e  d e v e l o ~ e n t  program was t h e  
m i l i t a r y  c h a r a c t e r i s t i c s  i n i t i a l l y  set f o r t h  i n  OTCM 36753, da ted  10  A p r i l  
1958, and ampl i f ied  i n  OTCM 37039, dated 2 Apr i l  1959, and OTCM 37245, dated 
5 November 1959. Those requirements a r e  descr ibed below. 

(U) The missile would b e  e f f e c t i v e  a t  ranges from n e a r  0 t o  2,000 meters, 
wi th  a r a t e  of aimed f i r e  of 6 t o  8 m i s s i l e s  pe r  minute.  It was t o  b e  capable 
of des t roying  t h e  heav ie s t  armored v e h i c l e  l i k e l y  t o  b e  encountered on t h e  
b a t t l e f i e l d .  A s a t i s f a c t o r y  i n i t i a l  l e v e l  of performance was e s t a b l i s h e d  a s  
t h e  de fea t  of 1 5 h  of r o l l e d  homogeneous armor a t  60' o b l i q u i t y  and a s soc i a t ed  
equiva len t  t a r g e t s  a t  t h e  maximum 2,000-meter range. The m i s s i l e  would be  
capable of engaging t a r g e t s  l oca t ed  20' above and 10' below t h e  hor izon  when 
t h e  v e h i c l e  mounting t h e  weapon system was l e v e l .  The same b a s i c  m i s s i l e  w i th  
app ropr i a t e  warheads was t o  be employable e f f e c t i v e l y  and economically aga ins t  
unarmored t a r g e t s  inc luding  personnel ,  m a t e r i e l ,  and f i e l d  f o r t i f i c a t i o n s .  

(U) H i t  and k i l l  p r o b a b i l i t i e s  f o r  t h e  m i s s i l e  were no t  s p e c i f i e d ;  however, 
t he  u l t i m a t e  engagement o b j e c t i v e  was t o  achieve,  w i th  a given load  of  annnuni- 
t i o n ,  t h e  l a r g e s t  number of succes s fu l  t a r g e t  h i t s ,  each i n  t h e  s h o r t e s t  
p o s s i b l e  time. The weapon-ammunition-fire c o n t r o l  systems were requ i r ed  t o  
produce s i g n i f i c a n t  improvements i n  ant iarmor engagement c a p a b i l i t i e s  by 
independently o r  c o l l e c t i v e l y  inc reas ing  t h e  e f f e c t ,  decreasing t h e  time t o  

* 
Ordnance Technical Committee Meeting - - 
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h i t ,  o r  improving t h e  d e l i v e r y  accuracy of t h e  p r o j e c t i l e  wi thout  p r e j u d i c i n g  
t h e  o v e r a l l  p r a c t i c a l i t y  of  t h e  t o t a l  system. The a b i l i t y  of t h e  system t o  
provide such c a p a b i l i t i e s  would be  determined by t e s t i n g  i t  comparat ively 
a g a i n s t  t h e  b e s t  ant iarmor weapons deployed a t  t h e  t i m e .  The foregoing  
c h a r a c t e r i s t i c s  would apply  t o  t h e  maximum e x t e n t  p o s s i b l e  when engaging 
moving t a r g e t s  from a weapon system i n  motion, and whi le  ope ra t i ng  under 
cond i t i ons  of  darkness  o r  l i m i t e d  v i s i b i l i t y .  

(U) The weapon system was t o  be  usab le  on e x i s t i n g  s tandard  and f u t u r e  
development armored combat v e h i c l e s ;  however, t h e  primary requirements  f o r  
system e f f e c t i v e n e s s  were n o t  t o  be  compromised t o  o b t a i n  v e h i c l e  compa t ib i l i t y .  
The system was a l s o  t o  be as l i gh twe igh t  as p r a c t i c a b l e  and s imple t o  ope ra t e .  
The crew would c o n s i s t  of  one gunner -cont ro l le r  and one loade r ,  bo th  of whom 
would be  l o c a t e d  i n s i d e  t h e  armored v e h i c l e  and a b l e  t o  o p e r a t e  t h e  weapon 
without  exposing themselves.  

(U) The system would be  capable  of f i r i n g  1,000 m i s s i l e s  and wi ths tanding  
2,500 miles of  v e h i c l e  ope ra t i on  wi th  on ly  o r g a n i z a t i o n a l  maintenance r equ i r ed ;  
and 2,000 f i r i n g s  and 4,000 m i l e s  of v e h i c l e  ope ra t i on  wi thout  needing major 
overhaul  o r  replacement of major components. The weapon and i t s  combat 
v e h i c l e  mount would be t r a n s p o r t a b l e  by ra i l ,  water, and a i r ,  and were t o  be  
f r e e  from i n t e r f e r e n c e  from ad jacen t  armament systems and from d i s c l o s u r e  of 
f i r i n g  p o s i t i o n s  t o  t h e  g r e a t e s t  p r a c t i c a l  e x t e n t .  The command guidance means 
would have t h e  c a p a b i l i t y  of s u b s t a n t i a l l y  thwar t ing  enemy countermeasures.  

(U) The environmental and t e r r a i n  requirements  f o r  t h e  m i s s i l e  w e r e  t h e  
same as f o r  t h e  v e h i c l e  on which i t  was mounted. Those requirements  were 
s p e c i f i e d  i n  OTCM 37180, approved on 17  September 1959, which i n i t i a t e d  
development and recorded t h e  m i l i t a r y  c h a r a c t e r i s t i c s  f o r  t h e  AR/AAV. The M C ' s  
r equ i r ed  t h e  v e h i c l e  t o  be capable  of ope ra t i ng  i n  a i r  temperatures  ranging 
from -65°F t o  +125OF and of s t o r a g e  i n  temperatures  of  -65OF t o  +155OF. They 
a l s o  s p e c i f i e d  as e s s e n t i a l  an  "emergency only" type  of c o n t r o l  f o r  manual 
opera t ion-of  t h e  armament. 

(U) I n  t h e  development of  t h e  SHILLELAGH system, performance requirements  
would r e c e i v e  top  p r i o r i t y ,  followed by d u r a b i l i t y ,  r e l i a b i l i t y ,  and e a s e  of 
maintenance; con f igu ra t i on ;  a s s o c i a t e d  equipment; chemical,  b i o l o g i c a l ,  rad io-  
l o g i c a l ,  and atomic defense;  t r a n s p o r t a b i l i t y ;  and environmental and t e r r a i n  
requirements .  1 

'(1) OTCM 36753, 10  Apr 58  (Appendix A). (2) OTCM 37039, 2 Apr 59 
(Appendix B). (3) OTCM 37245, 5 Nov 59 (Appendix C). (4) OTCM 37180, 17 Sep 
59, sub j :  ARMORED RECONNAISSANCE/AIRBORNE ASSAULT VEHICLE, I n i t i a t i o n  of 
Development and Recording of  M i l i t a r y  C h a r a c t e r i s t i c s  (Department of t h e  Army 
P r o j e c t  No. 545-02-003, Ordnance P r o j e c t  No. TW-429.) RSIC. 
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Background of Prime Contractor  

(U) The Aeronutronic Div is ion  of t h e  Ford Aerospace and Communications 
Corporation was founded i n  l a t e  1955, when a group of C a l i f o r n i a  engineers  
formed a company c a l l e d  Systems Research Corporation. They chmged t h e  name 
of t h e  company t o  Aeronutronic Systems, Incorpora ted , in  May 1956. The next  
month, Ford Motor Company purchased t h e  company and i t  became known a s  
Aeronutronic Systems, Incorporated,  a s u b s i d i a r y  of Ford Motor Company. I n  
June 1959, s h o r t l y  a f t e r  award of t h e  SHILLELAGHmissile development c o n t r a c t ,  
t h e  name was changed t o  Aeronutronic Div is ion  of Ford Motor Company, 

(U) Af t e r  Ford purchased t h e  Ph i l co  Corporation, Aeronutronic was placed 
under i t ,  becoming Aeronutronic Div is ion  of Phi lco  Corporation i n  J u l y  1963, 
With a sma l l  change i n  J u l y  1966, t h e  name became Philco-Ford Corporation, 
Aeronutronic Divis ion.  In  March 1975, i t  was renamed t h e  Aeronutronic-Ford 
Corporation. Then i n  December 1976, t h e  company w a s  redes igna ted  Aeronutronic 
Divis ion,  Ford Aeros ace  and Communications Corporation, a name which remained 
i n  e f f e c t  i n t o  1982.q For t h e  sake of convenience, t h e  con t r ac to r  is  gene ra l ly  
r e f e r r e d  t o  a s  Aeronutronic throughout t h i s  volume. 

(U) The company grew r a p i d l y  i n  its e a r l y  years .  The number of company 
employees climbed from 125 i n  1956 t o  2,000 i n  mid-1960, wh i l e  t h e  volume of 
R6D s a l e s  increased  from $167,000 i n  1956 t o  $16 m i l l i o n  i n  1959. Before 
beginning work on t h e  SHILLELAGH i n  1959, Aeronutronic 's  c o n t r a c t s  were mainly 
wi th  t h e  US A i r  Porce, a l though a few Navy c o n t r a c t s  had been a ~ a r d e d . ~  

Development Cont rac ts  

(U) I n  January 1958, Aeronutronic and t h r e e  o t h e r  f i rms  rece ived  f e a s i -  
b i l i t y  s tudy  c o n t r a c t s  f o r  a d i r e ~ t ~ f i r e  a n t i t a n k  m i s s i l e .  I n  a follow-on 
con t r ac t  f o r  an advanced f e a s i b i l i t y  s tudy ,  awarded on 26 June 1958 and 
amounting t o  $453,724 (DA-04-495-ORD-1329), Aeronutronic competed wi th  t h e  
Sperry Gyroscope Company f o r  t h e  SHILLELAGH m i s s i l e  development c o n t r a c t .  
Aeronutronic won t h i s  competi t ion and, on 11 June 1959, rece ived  a $3,303,704 
con t r ac t  (DA-04-495-ORD-1599) f o r  development through 31  December 1959. This  
con t r ac t  marked t h e  beginning of t h e  formal SHILLELAGH development program. 
The per iod  covered by Contract ORD-1599 was shortened t o  end 16  November 1959, 
fol lowing t h e  GovernmentFs approval  f o r  t h e  con t r ac to r  t o  u s e  the Corne l l  

L 
L t r ,  Mgr, Ofc of Aeronutronic  Div, Ford Aerospace and Communications 

Corp, t o  CG, MICOM, 2 Feb 82, subj :  His tory  of Name Changes f o r  Ford Aero- 
space and Communications. 

3 ~ e r o n u t r o n i c  P u b l i c a t  ion,  "This is Aeronutronic,  " 1960, Aeronutronic ~ i v ,  
Defense Products  Group, Ford Motor Co. 



Aeronaut ical  Laboratory wind tunnel  i n  l i e u  of Government f a c i l i t i e s ,  Chart 
2 shows t h e  major suppor t ing  con t rdc to r s  and agencies  a s  of December 1959. 

(U) On 17 November 1959, ARGMA awarded Aeronutronic a second development 
con t r ac t  f o r  SHILLELAGH (DA-04-495-ORD-18351, which, through many modi f ica t ions ,  
continued t h e  development e f f o r t  u n t i l  1 September 1963, A t h i r d  c o n t r a c t  
(DA-04-495-AMC-309(Z)), awarded on 1 September 1963, c a r r i e d  t h e  development 
program t o  i t s  completion. 5 

Or ig ina l  Design Concept 

(U) The o r i g i n a l  Aeronutronic design concept f o r  t h e  SHILLELAGH guided 
m i s s i l e  subsystem provided f o r  a d i r e c t - f i r e ,  l i n e  of s i g h t  a n t i t a n k m i s s i l e ,  
t racked  and guided through an  i n f r a r e d  command l i n k .  The purpose of t h e  
i n f r a r e d  command u n i t  was t o  d i r e c t  t h e  m i s s i l e  au tomat ica l ly  t o  an  opera tor -  
determined l i n e  of s i g h t  (LOS). An automatic  system would provide t h e  advantage 
of u t i l i z i n g  t h e  f u l l  maneuver c a p a b i l i t y  of t h e  m i s s i l e  t o  a r r i v e  a t  t h e  LOS 
and achieve  minimum range a s  e a r l y  a s  poss ib l e ,  and t o  command t h e  m i s s i l e  t o  
impact on t h e  t a r g e t ,  wi thout  a requirement f o r  excess ive  ope ra to r  t r a i n i n g .  * 
The m i s s i l e  would be  f i r e d  from a closed breech, low-pressure gun, which could 
a l s o  accommodate convent ional  ammunition. According t o  e s t ima te s  i n  August 
1959, t h e  m i s s i l e ,  6 inches  i n  diameter and 42 inches  i n  l eng th ,  would weigh 
45 pounds a t  launch. The fol lowing i l l u s t r a t i o n  d e p i c t s  t h e  o r i g i n a l  m i s s i l e  
con£ igu ra t ion .  

(U) The guidance and c o n t r o l  equipment f o r  t h e  system included components 
onboard t h e  combat v e h i c l e  ( o p t i c s ,  computer, i n f r a r e d  t r a c k e r ,  and i n f r a r e d  
t r a n s m i t t e r )  and on t h e  m i s s i l e  ( r ece ive r ,  i n f r a r e d  t r ack ing  source,  accdlero-  
meters ,  shaping networks, and gas jet r e a c t i o n  con t ro l  devices) .  On t h e  
v e h i c l e  was an  i n t e g r a t e d  s i g h t ,  which would al low a gunner t o  f i r e  e i t h e r  
t he  m i s s i l e  o r  t h e  152mm companion round through t h e  same o p t i c a l  s i g h t i n g  
system wi thout  a d d i t i o n a l  con t ro l s .  These o p t i c s  cons i s t ed  of an  i n t e g r a t e d  
assembly t o  which a modif ied T-50 per i scope  u n i t  was mounted. 

* 
Previous experience wi th  wire-guided (manually d i r e c t e d )  missiles, such a s  
t h e  French ENTAC, had shown t h a t  lengthy  and repea ted  ope ra to r  t r a i n i n g  was 
necessary  t o  maintain p ro f i c i ency  i n  t a r g e t  engagement. I n  add i t i on ,  it was 
found t h a t  even a s k i l l e d  ope ra to r  was only  50 percent  e f f e c t i v e  i n  manipu- 
l a t i n g  t h e  missile t o  reach t h e  LOS quickly ,  a c r i t i c a l  f a c t o r  which determined 
t h e  minimum range a t  which t h e  t a r g e t  could be  engaged. 

4 ( 1 )  3d Ind, CG, MICOM, t o  CG, AMC, 11 Jun 65, sub j :  Request f o r  Contract  
Adjustments - Pub l i c  Law 85-804, ASPR Sect ion  X V I I  - Aeronutronic,  a Div of 
Ford Motor Co . (now Ph i l co  Carp. , Aeronutronic Div) ACAB No. 1055. (2) Notes 
f o r  General Shinkle  [BG J. G. Shinkle ,  ARGMA Cdr], 16  Sep 59, by A. E. Dean 
[CPT Archibald E. Dean, Chf, Anti tank Wpns Sec, Land Combat B r ,  R&D Div, ARGMAI. 
(3) Summary of Major Events and Problems of t h e  Ordnance Corps, J u l  59-Jun 60, 
prep by H i s t  B r ,  Exec Ofc, OCO, p.  71. (4) Also s e e  above, pp. 13-16. 

5Fina l  Technical  Report,  SHILLELAGH Guided M i s s i l e  System, Vol I of 111, 
System Development His tory ,  Aeronutronic Pub l i ca t ion  No. S-3905, Aeronutronic 
Div of Philco-Ford, a subs id i a ry  of Ford Motor Co, 24 Feb 67, p. 2. 
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CHART 2 

SHILLELAGH 
GUIDED M I S S I L E  SUBSYSTEM 

PARTICIPATING DEVELOPMENT AGENCIES 
CONTRACTORS 

PR I M E  SUBSYSTEM CONTRACTOR --- AERONUTRONIC, D I V ,  OF FORD MOTOR CO, 

F I R E  CONTROL SUBCONTRACTOR -- RAYTHEON, SANTA BARBARA L A B ,  

~ 9 5  I N S T A L L A T I O N  D E S I G N  S P E C I A L  M I L I T A R Y  V E H I C L E S  O F F I C E  

SUBCONTRACTOR FORD 

SUPPORTING AGENCIES 

AREA OF SUPPORT AGENCY 

WARHEAD 2 FUSE DEVELOPMENT P I C A T I N N Y  ARSENAL 

MOTOR PROPELLANT 8 I G N I T E R  P I C A T I N N Y  ARSENAL 

DEVELQPMENT 

GAS GENERATOR PROPELLANT 8 P I C A T I N N Y  ARSENAL 

IGN ITER DEVELOPMENT* 
3 

M I S S I L E  CONTAINER DEVELOPMENT WATERVLIET  ARSENAL 

THERMAL BATTERY DEVELOPMENT* SIGNAL CORPS 

DEVELOPMENT F L I G H T  T E S T  SUPPORT W H I T E  SANDS M I S S I L E  RANGE 

SUBSYSTEM ENGINEER T E S T  W H I T E  SANDS M I S S I L E  RANGE 

SOURCE: Min of 2nd OTAC SHILLELAGH * 
Wpn Sys Com Mtg, 17-18 Dec 59, atchd PROGRAMS I N  PLANNING STAGE 

I tb ~ t k ,  Cdr, OTAC, to CG, ARGMA, 20 
Jan 60, subj: Transmittal of Minutes. 
RHA Box 12-721. I As of December 1959 
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1 

SOURCE: SHILLELAGH G u i d e d  Missile 
S u b s y s t e m  P l a n ,  ARGMA MSP-7, 31 Aug 5 9 ,  
ARGMA/AOMC. D. D-31 As  of 31 A u g u s t  1 9 5 9  
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(U] Under t h i s  concept ( i l l u s t r a t e d  on p. 42) t h e  gunner would e s t a b l i s h  

t h e  LOS by cont inuously t r ack ing  t h e  t a r g e t  through t h e  o p t i c s .  The guidance 
equipment on t h e  tank would t r a c k  t h e  i n f r a r e d  t r ack ing  source i n  t h e  a f t  end 
of t h e  m i s s i l e ,  and au tomat ica l ly  measure t h e  m i s s i l e ' s  angular  e r r o r  from t h e  
LOS, compute l a t e r a l  displacement of t h e  m i s s i l e  from t h e  LOS, e s t a b l i s h  a  
r o l l  a t t i t u d e  re ference ,  and t r ansmi t  command information t o  t h e  m i s s i l e  by 
means of a  pulse-durat ion modulated i n f r a r e d  beam, d iscr imina ted  by frequency 
i n  t h e  audio band. The m i s s i l e  r ece ive r  would accept  t he  composite s i g n a l  and 
sepa ra t e  i t  t o  provide r o l l ,  yaw, and p i t c h  s i g n a l s  t o  t h e  m i s s i l e  c o n t r o l  
c i r c u i t r y .  The f l i g h t  c o n t r o l  system would r e g u l a t e  t h e  c o n t r o l  nozz les ,  which 
con t ro l l ed  t h e  p i t c h ,  yaw, and r o l l  of t h e  m i s s i l e  through t h e i r  t h r u s t  r e a c t i o n s .  
The s o l i d  p rope l l an t  gas genera tor  would provide a  common continuous supply of 
ho t  gas ,  con t ro l l ed  by four  so lenoid  va lves .  The p i t c h  and yaw c o n t r o l s  would 
each use  a  s e p a r a t e  va lve ,  whereas r o l l  c o n t r o l  would have two p a r a l l e l  va lves .  
To achieve quas i - l inear  ope ra t ions  wi th  a  simple ho t  gas  va lve  conf igura t ion ,  
t h e  c o n t r o l  s i g n a l s  would b e  pulse-durat ion modulated a t  20 cyc le s  per  second. 

(U) The SHILLELAGH m i s s i l e  subsystem design was t o  be  compatible wi th  
i n s t a l l a t i o n  on e x i s t i n g  s tandard  and f u t u r e  development combat veh ic l e s .  
I n i t i a l l y ,  Aeronutronic was d i r e c t e d  t o  develop a  completely t e s t e d  engineering 
model system using t h e  T95 tank a s  a t e s t  bed, because i t  was r e p r e s e n t a t i v e  
of a l l  t u r r e t s  t o  which t h e  system would be adapted.6 

Problems i n  t h e  Early Years (1959-1961) 

(U) The problems encountered i n  t h e  f i r s t  2  yea r s  of  SHILLELAGH m i s s i l e  
development were many and v a r i e d  and no t  e a s i l y  solved because of a  l a c k  of 
support ing b a s i c  r e sea rch  f o r  Aeronutronic engineers  t o  draw upon. Consequently, 
unant ic ipa ted  i n c r e a s e s  i n  cos t  and manhours, n o t  commensurate w i t h  t e c h n i c a l  
progress ,  had t o  be  borne whi le  a t tempt ing  t o  "advance t h e  s t a t e  of t h e  a r t . "  

(U) Development w a s  p a r t i c u l a r l y  slow i n  t h e  p r a c t i c a l  a p p l i c a t i o n  of t h e  
i n f r a r e d  command l i n k  t o  t h e  m i s s i l e  system. Engineers a t  Redstone Arsenal 
had begun research  on t h e  concept of i n f r a r e d  automatic  command guidance f o r  
a n t i t a n k  m i s s i l e s  i n  connect ion wi th  t h e  Airborne Assaul t  Weapon System 
(P ro jec t  WHIP) s t u d i e s  i n  1956 and 1957, and continued t h e  i n v e s t i g a t i o n  i n  
i n  t h e  a b o r t i v e  DART m i s s i l e  program. The concept had no t  been proven, however, 
a t  the t ime t h e  SHILLELAGH program was approved i n  1959. A s  viewed a t  t h a t  
t i m e ,  t h e  i n f r a r e d  command l i n k  appeared t o  provide t h e  l e a s t  v u i h e r a b i l i t y  t o  
countermeasures and o f f e r e d  t h e  oppor tuni ty  t o  adequately address  t h e  major 
ques t ion :  "Can i n f r a r e d  commands b e  used t o  guide a  mi s s i l e?"  Aeronutronic,  * 
t h e  prime con t r ac to r ,  expressed confidence t h a t  t h e  concept was f e a s i b l e ,  

* 
See above, pp, 1-4-15, 

6(1)  SHILLELAGH Guided M i s s i l e  Sub-system Plan ,  ARGMA MSP-7, 31 Aug 59, 
ARGMA/AOMC, pp. B-3, D-2, D-3, D-5, D-20, D-31, D-34. (2)  SHILLELAGH Presenta-  
t i o n  t o  DDRE Representa t ives ,  20 J u l  61, by MAJ John D. Hamilton, SHILLELAGH 
B r ,  R&D Ops, ARGMA/AOMC. (3) The Role of ARGMA In-House Labora tor ies  i n  Amy 
Programs (DOD Study P r o j e c t  No. 97) ,  9  Aug 61, ARGMA/AoMc, p.  11-17, 
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and based i t s  t imetable and cos t  est imates on an op t imis t i c  forecas t  with few 
major problems, From the vantage point  of h indsight ,  it became c l e a r l y  evident 
by 1961 t h a t  more bas ic  research i n  the  in f ra red  f i e l d  should have preceded the  
accelerated development program f o r  SHILLELAGH. 

(U) The problems were no t  l imi ted  t o  t h e  command l ink .  o ther  
concept degradations involved t h e  change t o  t h e  a f t  j e t  configurat ion ( a f t e r  
discovering t h a t  nose jet con t ro l  produced unexpected aerodynamic e f f e c t s  on 
f i n  s t a b i l i z a t i o n ) ,  development of acceptable propel lants  and i g n i t e r s ,  
increase i n  m i s s i l e  weight and length,  and the  addi t ion  of more sophis t ica ted  
components. Intertwined with these  d i f f i c u l t i e s  was the  t r a d i t i o n a l  problem 
of resource l i m i t a t i o n ,  A s  i n  a l l  development programs, the  Army faced the  
trqdeoff of time and f ~ d s  p i t t  d agains t  a t t a i n i n g  t h e  required 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  system. 7 

Basic Problems i n  Guidance System 

(U) On 30 Apri l  1959, severa l  months before Aeronutronic received the  
SHILLELAGH contrac t ,  t h e  ARW R&D Division had requested t h e  Miss i le  
Electronics Laboratory i n  t h e  Ordnance Missile Laboratories (OML) Division 
t o  inves t iga te  the  a i r  turbulence modulation of s o l a r  r ad ia t ion  a s  a source 
of p o t e n t i a l  t rouble  i n  the  m i s s i l e ' s  development. The de ta i l ed  study of the  
e n t i r e  guidance scheme necess i t a t ed  by t h a t  request  revealed some ser ious  
shortcomings i n  the  m i s s i l e  t racking and command channels. 

(U) A s  a result of those discoveries,  t h e  ARGMA Commander es tabl ished an 
ad hoc committee on 21 July  1959 t o  thoroughly review t h e  SHILLELAGH guidance 
concept. The committee, chaired by M r .  W i l l i a m  B. McKnight of t h e  Miss i le  
Electronics Laboratory, had members from Frankford Arsenal, Diamond Ordnance 
Fuze Laboratories, Engineer Research and Development Laboratories,  and 
ARGMA's R&D and OML Divisions. They met on 5 and 6 August 1959 a t  Redstone 
Arsenal. On the  second day, personnel from Aeronutronic and t h e  Raytheon 
Company, the  guidance system subcontractor ,  m e t  with the  committee t o  update 
information and answer quest ions.  

(U) During t h e  f i r s t  committee session,  representa t ives  from the  Infrared 
Branch (IB) of t h e  Missile Elect ronics  Laboratory presented ca lcu la t ions  
indicat ing predetect ion signal-to-noise r a t i o s  f o r  both t h e  t r acker  and data  
l i n k  a t  a range of 2,000 m e t e r s .  The I B ' s  computed r a t i o s ,  approximately 5 t o  
1 i n  each component, d i f fe red  s u b s t a n t i a l l y  from Aeronutronic's f iguree ,  
because t h e  contractor  f a i l e d  t o  take key a t tenuat ion f a c t o r s  i n t o  account. 
The ARGMA engineers maintained t h a t  t h e  most ser ious  problem i n  t h e  guidance 
system appeared t o  b e  t h e  r o l l  con t ro l  technique employed. To achieve r o l l  
control  within t h e  required l i m i t s ,  a l a r g e  increase  i n  t h e  signal-to-noise 
r a t i o s  then obtainable i n  the  p i t c h  and yaw channels would be necessary. 

' (1) Ib id . ,  p. 11-66, (21 Working Papers, SHILLELAGH Presenta t ion to  DDRE 
Representatives, 20 Jul 61, by MAJ John D. Hamilton, Chf, SHILLELAGH B r ,  R&D 
Op s , ARGMAI AOMC , 
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(u) The committee a l s o  d iscussed  o t h e r  f a c t o r s  which would tend  t o  degrade 
the  system's  performance under  f i e l d  condi t ions ,  inc luding  accumulation of 
p rope l l an t  d i scharges ,  a s  w e l l  a s  t e r r a i n  deb r i s ,  a long t h e  line of s i g h t ;  and 
n o i s e  problems c r e a t e d  by tu rbu len t  a i r f l o w  between an i n f r a r e d  r e c e i v e r  and t h e  
sun o r  background. The l a t t e r  problem had l e d  t h e  United Kingdom t o  te rmina te  
development of an i n f r a r e d  command l i n k  f o r  t h e i r  ORANGE' WILLIAM surface-to-  
su r f ace  m i s s i l e  i n  favor  of a high frequency microwave command l i n k .  ARGMA 
engineers  determined t h a t  t h e  d i f f i c u l t i e s  experienced on ORANGE WILLIAM, 
however, were n o t  n e c e s s a r i l y  app l i cab le  t o  t h e  SHILLELAGH, except  f o r  t h e  
f ind ing  t h a t  t h e  m i s s i l e  command r e c e i v e r  would b e  inoperable  w i th  t h e  sun 
i n  t h e  f i e l d  of view. In  t h e  second day of t h e  meetings, unanimous agreement 
was reached by a l l  p a r t i c i p a t i n g  p a r t i e s ,  inc luding  t h e  con t r ac to r ,  t h a t  t h e  
s ignal- to-noise c a l c u l a t i o n s  presented  by t h e  committee were e s s e n t i a l l y  
co r r ec t ,  and t h a t  t h e  c a l c u l a t i o n s  showed t h e  SHILLELAGH guidance system t o  
be  a s i g n i f i c a n t  problem area .  

(U) A t  t h e  meet ing ' s  te rmina t ion ,  t h e  committee reached t h e  fol lowing 
conclusions:  (1) With components a s  then descr ibed,  t h e  s ignal- to-noise r a t i o  
was inadequate  f o r  ope ra t ion  a t  u s e f u l  (1,000-2,000-meter) ranges even under 
near - idea l  condi t ions ;  and (2) t h e  r o l l  con t ro l  concept was n o t  f e a s i b l e  w i th in  
t h e  framework of t h e  planned guidance system. Based on t h e s e  conclusions,  t he  
committee recommended immediate suspension of SHILLELAGH system development, 
except f o r  work d i r e c t e d  s p e c i f i c a l l y  a t  so lv ing  t h e  guidance problems. 8 

Revised Guidance System - October 1959 Review 

(U) On 27 August 1959, fol lowing t h e  ad hoc committee meeting, Aeronutronic 
provided ARGMA wi th  a l i s t  of p o s s i b l e  improvements t o  upgrade t h e  performance 
of t h e  i n f r a r e d  l i n k .  To e l imina te  t he  r o l l  c o n t r o l  problem, t h e  con t r ac to r  
proposed s u b s t i t u t i n g  a gyro r e fe rence  system f o r  t h e  p o l a r i z e r s  used i n  t h e  
o r i g i n a l  design.  Because of t h i s  change i n  t h e  o r i g i n a l  design,  ARGMA 
requested Aeronutronic t o  submit a complete a n a l y s i s  of t h e  guidance and con- 
t r o l  system, i nco rpora t ing  those  changes necessary  t o  meet b a s i c  performance 
requirements.  

(U) To eva lua t e  t h e  c o n t r a c t o r ' s  r e v i s e d  guidance system, ARGMA es t ab l i shed  
another  ad hoc committee, c o n s i s t i n g  of t h e  members of t h e  5-6 August committee, 
p l u s  engineers  w i t h  backgrounds i n  system a n a l y s i s  and i n e r t i a l  components. 
The committee, cha i red  by D r .  Lawrence H. O ' N e i l l  of Columbia Un ive r s i t y  arid 
t he  Rand Corporation, met a t  ARGMA on 8-9 October 1959, b u t  found no funda- 
mental d e f i c i e n c i e s  o r  obviously unworkable f e a t u r e s  i n  t h e  r ev i sed  p lan .  
There was a genera l  consensus, however, t h a t  t h e  c o n t r a c t o r  d id  n o t  provide 
adequate  s a f e t y  margins i n  c e r t a i n  r e s p e c t s ,  e.g. ,  t h e  p red ic t ed  s ignal- to-  

8(1) The Role of ARGMA In-House Labora to r i e s  i n  Army Programs (DOD Study 
P r o j e c t  No. 97) ,  9 Aug 61, ARGMA/AoMc, p. 11-16. (2) L t r ,  William B. Mc-ight , 
Chairman, Committee f o r  Inves t iga t ion  of  SHILLELAGH Guidance Concept, t o  Chf Y 

R&D Div, ARGMA, 21 Aug 59, su5 j :  Recommendation on SHILLELAGH Development 
Program, w i n c l .  (3) Paper,  Notes f o r  Gen Shinkle ,  by A. E. Dean, 16 Sep 59, 
re SHILLELAGH development program. 
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n o i s e  r a t i o s  planned f o r  t h e  guidance system d id  n o t  a l low f o r  t h e  uncer ta in-  
t i e s  i nhe ren t  i n  paramet r ic  e s t i m a t e s  based on cu r ren t  knowledge, The 
committee s t r e s s e d  t h a t  adequacy of system components and c i r c u i t s  needed t o  be 
v e r i f i e d  i n  experiments be fo re  a f i n a l  design was approved, They a l s o  considered 
t h e  p ro j ec t ed  development schedule (See Chart 3) t o  b e  ove r ly  o p t i m i s t i c ,  and 
fo recas t ed  apprec i ab le  t ime s l i ppages .  One major  conclusion was t h a t  
Aeronutronic was n o t  fu rn i sh ing  s u f f i c i e n t l y  v igorous  t e c h n i c a l  management t o  
t h e  SHILLELAGH program, The committee e s t a b l i s h e d  February 1960 a s  t h e  d a t e  
f o r  reviewing t h e  de t a ' l ed  design c r i t e r i a  f o r  t h e  f i r e  c o n t r o l  p l an  and t h e  
progress  i n  t h a t  a rea .  + 
Change t o  Aft  Jet Configurat ion 

(U) Meanwhile, wind tunne l  t e s t s  conducted by Aeronutronic a t  t h e  Cornel l  
Aeronaut ical  Laboratory between September and December 1959 demonstrated t h a t  
t h e  r e a c t i o n  jet c o n t r o l s  performed more e f f e c t i v e l y  when p laced  a t  t h e  base 
of t h e  m i s s i l e  ( a f t  jet conf igura t ion)  r a t h e r  than  j u s t  behind t h e  m i s s i l e  
nose (forward jet conf igu ra t ion )  which was t h e  o r i g i n a l  p o s i t i o n .  I n  f a c t ,  
in analyz ing  t h e  forward j e t  da t a ,  t h e  c o n t r a c t o r  found that in c e r t a i n  j e t  
p a t t e r n s  f o r  r o l l  command, t h e  oppos i t e  r o l l  e f f e c t  r e s u l t e d ,  The forward j e t  
c o n t r o l s  i n t e r f e r e d  wi th  t h e  aerodynamic body and f i n s ,  s i g n i f i c a n t l y  reducing 
con t ro l  e f f e c t i v e n e s s  and m i s s i l e  s t a b i l i t y .  Those i n t e r f e r e n c e s  were no t  
d i scernable  i n  t h e  a f t  j e t  conf igura t ion  d a t a  and s t a b i l i t y  was n o t  appreciably 
a f f ec t ed .  The con t r ac to r  presented  these  r e s u l t s  t o  ARGMA on 12  January 1960, 
and ARGMA approved t h e  a f t  j e t  con f i eu ra t ion .  10 

(U) The r e l o c a t i o n  of t h e  gas  gene ra to r  and t h e  va lve  system t o  t h e  r e a r  
of t h e  m i s s i l e  n e c e s s i t a t e d  f u r t h e r  ex t ens ive  redes ign  of t h e  m i s s i l e .  I n  t he  
a f t  s e c t i o n ,  redes ign  involved i n t e g r a t i n g  t h e  ho t  gas  c o n t r o l  v a l v e ,  duc t ing  
and nozz les ,  motor b l a s t  tubes  and nozz les ,  and t h e  i n f r a r e d  r e c e i v e r  and 
modulator i n t o  t h e  s h o r t e s t ,  most compact assembly, The f i n  ac tua t ion  system 
was redesigned t o  b e  compatible w i t h  t h e  r e a r  l o c a t i o n  of t h e  j e t  r e a c t i o n  
c o n t r o l  system. The s p e c i f i c a t i o n s  f o r  t h e  r o c k e t  motor, gas  genera tor  
p rope l l an t ,  and i g n i t e r s  a l s o  r equ i r ed  r ev i s ion .  

' 0 )  L t r ,  Cdr, OTAC, t o  CG, ARGMA, 20 Jan  60, subj  : Transmi t ta l  of Minutes, 
w incl :  Minutes of 2d OTAC SHILLELAGH Weapon System Committee Meeting, 17-18 
Dec 59. RHA Box 12-721. (2) L t r ,  CG, ARGMA, t o  M r .  Gerald J. Lynch, Aeronu- 
t r o n i c ,  a Div of Ford Motor Co., 1 6  Oct 59, r e  Ad Hoc Committee r e p o r t  on 
eva lua t ion  of r ev i sed  f i r e  c o n t r o l  subsystem plan .  (3) SHILLELAGH Monthly 
Progress  Report, 30 Sep 59, ARGMA/AOMC, p.  12. (4) L t r ,  Chief,  SHILLELAGH B r ,  
Tac t i ca l  Sys P ro j  Ofc, R&D Ops, ARGMA, t o  D r .  Lawrence O'Neil l ,  Rand C O ~ P ,  
11 Aug 60, r e  SHILLELAGH Tech R e v  No. 3. 

1°(1) L t r ,  Cdr, OTAC, t o  CG, ARGMA, 24 Jun 60, subj  : Transmi t ta l  of Minutes, 
w inc1:Minutes of 3rd OTAC SHILLELAGH Weapon System Committee Meeting, 12  and 1 3  
Apr i l  1960, App 11, ARGMA S t a t u s  Report on M i s s i l e  Sub-System, RHA Box 12-721- 
(22 ARGW Working Paper,  Review of SHILLELAGH P r o j e c t ,  Bfg t o  AOMC, 8 Apr 60. 
(3) F i n a l  Tech Rept, SHILLELAGH Guided Missile System, Vol I of 111, Sys Dm 
H i s t ,  Aeronutronic Pub l i ca t ion  No. S-3905, 24 Peb 67, Aeronutronic Div of 
Philco-Tord Corp. 
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(U) The conf igura t ion  change would a l low r e v i s i o n  of t h e  gas  genera tor  
mode of opera t ion .  With t h e  c o n t r o l  jets a t  t h e  a f t  end of t h e  m i s s i l e ,  t h e  
gas genera tor  could be opera ted  wi th in  t h e  b a r r e l  s i n c e  t h e  jets could exhaust 
i n t o  t h e  breech of t h e  gun tube.  This  would make t h e  f u l l  con t ro l  f o r c e  a v a i l -  
a b l e  a t  t h e  i n s t a n t  t he  m i s s i l e  emerged from t h e  b a r r e l .  With t h e  forward 
con t ro l  j e t  conf igura t ion ,  ope ra t ion  w i t h i n  t h e  b a r r e l  was no t  p o s s i b l e  because 
adequate vent ing  of t h e  exhaust products  w a s  no t  a v a i l a b l e .  The arrangement 
wi th  t h e  gas genera tor  ahead of t h e  rocke t  motor w a s  adopted i n  March 1960. 

(U) Closed breech launch s t u d i e s  of t h e  e f f e c t  of gas  genera tor  ope ra t ion  
wi th in  t h e  b a r r e l  i n d i c a t e d  t h a t  t h e  launch performance could be  improved 
s i g n i f i c a n t l y  by i g n i t i n g  t h e  gas genera tor  be fo re  t h e  rocke t  motor was i g n i t e d ,  
r a t h e r  than f i r i n g  t h e  rocke t  motor f i r s t  a s  i n  t h e  o r i g i n a l  concept. I n  t h e  
new mode of opera t ion ,  the gas  genera tor  ( i g n i t e d  f i r s t )  produced breech 
p re s su res  h igh  enough t o  r e l e a s e  t h e  m i s s i l e  from t h e  p r o t e c t i v e  cap. The 
rocket  motor was then i g n i t e d .  Ana ly t i ca l  s t u d i e s  i n d i c a t e d  that t h i s  mode 
of ope ra t ion  allowed f o r  a s i z e a b l e  i n c r e a s e  i n  t h e  t o l e r a n c e  on rocke t  motor 
t h r u s t  bu i ldup  t i m e ,  thereby eas ing  t h e  rocke t  motor development e f f o r t .  11 

(U) The movement of t h e  gas genera tor  t o  t h e  r e a r  of t h e  m i s s i l e  caused a 
forward s h i f t  of t he  o t h e r  i n t e g r a l  components which, i n  t u rn ,  reduced t h e  
warhead s tandoff  range from 2.5 c a l i b e r s  t o  .8  c a l i b e r s .  The Government then 
began s t u d i e s  of i n s e r t a b l e  and s t r u c t u r a l  type  warheads and v a r i o u s  og iva l  
shaped nose conf igu ra t ions  and e x t e n s i b l e  probe designs.  P i ca t inny  Arsenal had 
r e s p o n s i b i l i t y  f o r  developing t h e  warhead s e c t i o n  t o  a design c r i t e r i a  furn ished  
by Aeronutronic.  I n  March 1960, a 5.8-inch diameter s t r u c t u r a l  warhead was 
adopted i n  p l ace  of t h e  previous  5.45-inch diameter i n s e r t a b l e  warhead. A s tudy 
completed by t h e  B a l l i s t i c  Research Labora to r i e s  (BFU) i n  e a r l y  A p r i l  1960 
revea led  t h a t  t h e  s h o r t e r  s tandoff  warhead was s l i g h t l y  less e f f e c t i v e  than t h e  
long s tandoff  model, b u t  t h e  d i f f e r e n c e  w a s  n o t  enough t o  warrant  cont inuing 
the  nose probe and i n t e r n a l  rearrangement s t u d i e s  aimed a t  ob ta in ing  longer  
s tandoff .  A subsequent BRL eva lua t ion  confirmed t h a t  t h e  5.8-inc diameter  
s t r u c t u r a l  warhead could d e f e a t  t h e  p re sc r ibed  t r i p a r t i t e  t a r g e t .  P 2 

(U) I n  May 1960, t h e  con t r ac to r  decided t o  use  gyros i n  t h e  a u t o p i l o t  t o  
sense bo th  yaw/ro l l  and p i t c h .  Previous ly ,  a p i t c h  accelerometer  had been used. 
Simulat ion s t u d i e s  conducted a f t e r  t h e  change t o  t h e  r e a r  c o n t r o l  jets showed 
t h a t  a p i t c h  gyro would perform b e t t e r  under t h e  r e d i c t e d  extremes of system 
dis turbances  than  would t h e  p i t c h  accelerometer .  13 

"(1) SHILLELAGH Guided M i s s i l e  Subsystem, In t e r im  Tech Rept NO. 3, Jan- 
Mar 60, Aeronutronic,  A Div of Ford Motor Co, 30 Apr 60, pp. 28-29, 67-68. (2) 
SHILLELAGH Monthly Progress  Report,  28 Feb 60, ARGMA/AOMC, pp. 6-7. (3) 
SHILLELAGH Monthly Progress  Report,  31 Mar 60, ARGMA/AOMC, p . 3. 

12(1) L t r ,  Cdr, OTAC, t o  CG, ARGMA, 24 Jm 60, sub j  : Transmi t t a l  of Minutes, 
w i n c k M i n u t e s  of 3rd OTAC SHILLELAGH Weapon System Committee Meeting 12  and 13 
Apr i l  1960, App I1 - ARGMA S t a t u s  Report on M i s s i l e  Subsystem. RHA Box 12-721. 
(2) SHILLELAGH Monthly Progress  Report,  28 Feb 60, ARGMA/AOMC, pp, 6-7. 

13sHIL~ELA~11 Tech Rev No. 3. Appendfi Doc 22 t o  ARGMA Hist S m ,  1 Ju l  - 
31 Dec 60. 

UNCLASSIFIED 



UNCLASSIFIED 

(U) The a d d i t i o n a l  design e f f o r t  r equ i r ed  because of t h e  change t o  t h e  
a f t  j e t  conf igura t ion  caused de l ays  i n  t h e  program schedule.  The dynamic 
plume tests, c r i t i c a l  i n  t h e  eva lua t ion  of t h e  s ignal- to-noise r a t i o  and 
scheduled f o r  A p r i l  1960, were s e t  back t o  June and J u l y  1960. The con t r ac to r ,  
however, continued t o  p r o j e c t  t h e  d a t e  of June 1961 f o r  t h e  f i r s t  f u l l y  guided 
f l i g h t .  This  program had been based on N 1961 RDTE funding of $13.7 m i l l i o n ,  
bu t  OTAC had subsequent ly r ev i sed  t h e  FY 1961 RDTE funding guidance t o  $9.1 
mi l l i on ,  n e c e s s i t a t i n g  a 4- o r  5-month s l i ppage  i n  t h e  i n i t i a t i o n  of f u l l y  
guided f i r i n g s .  The OTAC w a s  n o t  ove r ly  concerned about t h i s  s l i ppage  because 
schedules  i n  March 1960 i n d i c a t e d  tha  development of t h e  m i s s i l e  was about  a 
year  ahead of t h e  remaining systems. 12 

February 1960 Review 

(U) I n  e a r l y  February 1960, t h e  ad hoc committee, cha i red  by D r .  Lawrence 
O r N e i l l ,  met aga in  a t  t h e  Aeronutronic p l a n t  t o  review t h e  c o n t r a c t o r ' s  p rogress ,  
p a r t i c u l a r l y  i n  t h e  guidance and c o n t r o l  a r ea .  The cormnittee r epo r t ed  t h a t  t h e  
c o n t r a c t o r  had made s a t i s f a c t o r y  progress  s i n c e  October 1959 and t h e  program 
was on schedule.  Aeronutronic h a d  a l s o  shown improvement i n  i t s  t e c h n i c a l  
management of  t h e  program by e s t a b l i s h i n g  necessary  management c o n t r o l s  t o  
a s s u r e  t h a t  problem a r e a s  would r ece ive  adequate  and t imely  a t t e n t i o n .  However, 
t h e  f e a s i b i l i t y  of system opera t ions  a s  descr ibed  by t h e  c o n t r a c t o r  remained 
t o  be demonstrated under dynamic condi t ions .  

(U) One of t h e  primary concerns i n  t h e  system design was t h e  e f f e c t  of t h e  
rocke t  exhaust  plume on i n f r a r e d  t ransmiss ions .  S t a t i c  plume tests and scanning 
t e s t s  a l r eady  performed had ind ica t ed  t h a t  c r i t i c a l  e x t e r n a l  n o i s e  problems 
e x i s t e d  i n  t h e  command l i n k .  The ad  hoc cumnit tee commented t h a t  t h e  degenera- 
t i v e  e f f e c t s  of e x t e r n a l ,  a s  w e l l  as i n t e r n a l ,  n o i s e s  on t h e  s ignal- to-noise 
r a t i o  needed t o  be  determined as soon as poss ib l e .  Any problems i n t e r f e r i n g  
wi th  t h e  command l i n k  would r e q u i r e  r e s o l u t i o n  t o  prevent  t h e  s ignal- to-noise 
r a t i o  from dropping below 5 t o  1. The cormnittee s t r e s s e d  t h a t  i n  view of t h e  
t e s t  r e s u l t s  and normal design f a c t o r s ,  l i t t l e ,  i f  any, degrada t ion  from 
e x t e r n a l  n o i s e  sources  could be  t o l e r a t e d  i n  t h e  command l i n k  a t  maximum ranges,  
Therefore,  t h e  c o n t r a c t o r  was urged t o  cont inue work on an  acce l e ra t ed  b a s i s  t o  
determine system d e t e r i o r a t i o n  caused by t h e  plume, wake, scanning no i se s ,  and 
sun on t h e  s ignal- to-noise r a t i o  a v a i l a b l e  a t  t h e  command r e c e i v e r ,  and t o  
determine a s  ?yon as p o s s i b l e  t h e  degenera t ive  e f f e c t s  of i n t e r n a l  n o i s e  on t h e  
command l i n k .  

14(1)  ARGMA Working Paper,  Rev of SHILLELAGH Pro j  , Bfg t o  AOMC, 8 Apr 60. 
(2) DF, Chf, Control  Ofc, AOMC, t o  D i s t r ,  1 5  Apr 60, sub j :  Minutes of t h e  
SHILLELAGH Pro j e c t  Review. 

15(1)  DF, Chf, Control  Ofc, AOMC, t o  D i s t r ,  1 5  Apr 60, subj :  Minutes of 
t h e  SHILLELAGH P r o j e c t  Review. (2) L t r ,  Cdr, OTAC, t o  CG, ARGMA, 24 Jun 60, 
subj :  T ransmi t t a l  of Minutes, w i ncLMinu te s  of 3rd OTAC SHILLELAGH Weapon 
System Cormnittee Meeting 12  and 1 3  Apr i l  1960, App V I I ,  ARGMA Discussion On 
February Review. RHA Box 12-721. 
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Problems w i t h  P r o p e l l a n t s  and I g n i t e r s  

(U) I n  August 1959, a f t e r  reviewing proposa ls  ob ta ined  by Aeronutronic f o r  
motor p r o p e l l a n t  development, ARGMA s e l e c t e d  P ica t inny  Arsenal  as t h e  motor 
p rope l l an t  developer .  The ARGMA based t h i s  s e l e c t i o n  on f i v e  f a c t o r s :  t h e  
phys ica l  p r o p e r t i e s  of t h e  p rope l l an t ,  environmental requirements ,  development 
and product ion c o s t s ,  a v a i l a b i l i t y  of  product ion f a c i l i t i e s ,  and experience 
i n  double base  p rope l l an t s .  Although o v e r a l l  t e c h n i c a l  sup ,ewis ion  of t h e  
program was exe rc i sed  by ARGMA, P ica t inny  Arsenal  and Aeronutronic maintained 
d i r e c t  t e c h n i c a l  l i a i s o n .  

(U) P ica t inny  Arsenal w a s  r e spons ib l e  f o r  provid ing  a p rope l l an t  g r a i n  
and i g n i t e r  which m e t  t h e  b a l l i s t i c  requirements  f o r  t h e  m i s s i l e  w i th in  t h e  
e x i s t i n g  dimensional l i m i t a t i o n s ,  and most impor tan t ly ,  w a s  compatible w i th  t h e  
missile guidance system. The guidance concept r equ i r ed  t h a t  t h e  exhaust plume 
of t h e  rocke t  motor n o t  i n t e r f e r e  excess ive ly  w i t h  t h e  t ransmiss ion  of i n f r a r e d  
s i g n a l s  through t h i s  plume. This  s p e c i f i c a t i o n  posed a s eve re  l i m i t a t i o n  on 
t h e  p rope l l an t  composition. Af t e r  a thorough a n a l y s i s  of t h e  a v a i l a b l e  types  
of s o l i d  p r o p e l l a n t ,  P i ca t inny  s e l e c t e d  a double base type  which was e s s e n t i a l l y  
smokeless a t  r e l a t i v e l y  low flame temperatures .  l6 

(U) The change t o  t h e  a f t  jet conf igura t ion  i n  January 1960 caused 
r e v i s i o n s  i n  t h e  s p e c i f i c a t i o n s  f o r  t h e  rocke t  motor, gas  genera tor  p r o p e l l a n t ,  
and i p i t e r s . 1 7  S tud ie s  concluded  i n  March 1960 r e s u l t e d  i n  placement of t h e  
gas genera tor  ahead of t h e  rocke t  motor. This  arrangement provided t h e  most 
e f f i c i e n t  assembly of p a r t s  and a g r a i n  case  f avo r ing  minimum h e a t  t r a n s f e r ,  1 8  

(U) I n  June 1960, whi le  prepar ing  f o r  t h e  dynamic plume t e s t s ,  Aeronutronic 
discovered problems wi th  t h e  gas genera tor  g r a i n  and t h e  i g n i t i o n  systems f o r  
both the  rocket  motor and t h e  gas  genera tor .  The g ra in ,  suppl ied  by P ica t inny  
Arsenal,  l e f t  depos i t s  of an  unknown subs tance  on t h e  gas genera tor  v a l v e s ,  
which tended t o  degrade t h e i r  performance. In o r d e r  t o  proceed w i t h  t h e  
dynamic plume tests, Aeronutronic used an a v a i l a b l e  commercial p r o p e l l a n t ,  
whi le  P i ca t inny  continued development of a s u i t a b l e  gas  genera tor  p r o p e l l a n t .  
The problems w i t h  t h e  i g n i t i o n  systems involved an excess ive  de lay  i n  i g n i t i o n  
and e r r a t i c  burning of t h e  p rope l l an t  g ra ins .  The c o n t r a c t o r  used a p r o p r i e t a r y  
conductive f i l m  i g n i t i o n  system i n  t h e  dynamic plume tests, whi le  P i ca t inny  
continued developing a n  accep tab le  i g n i t i o n  system. 19 

16(1)  L t r ,  Cdr, OTAC, t o  CG, ARGMA, 20 Jan 60, sub j :  T ransmi t t a l  of Minutes, 
w i n c l  Minutes of 2nd OTAC SHILLELAGH Weapon System Committee Meeting, 1 7  6 1 8  
Dec 59. RHA Box 12-721. (2) SHILLELAGH Phasing Meeting #2 Minutes, 17-18 NOV 
59. P re sen ta t ion  of Rocket Motor P rope l l an t  Charge and I g n i t e r  f o r  t h e  SHILLELAGH 
Missile System. RHA Box 12-721. (3) H i s t  of ARGMA, 1 Jan  - 31 Dec 59, pp, 155-156- 

1 7 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  Monthly Progress  Report,  28 Feb 60, ARGMAIAOMC, pp. 6-7. 

1 8 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  Monthly Progress  Report,  31 Mar 60, ARGMA/AOMC, p . 5. 

l g ~ ~ I L ~ ~ L A ~ ~  Monthly Progress  Report,  30 Jun 60, ARGMA/AOMC, pp. 3-4 
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August 1960 Review 

(U) The ARGMA ad hoc committee, meeting again i n  l a t e  August 1960, found 
t h e  overa l l  performance of t h e  contractor  s ince  October 1959 t o  be genera l ly  
sa t i s fac to ry .  The c d t t e e  observed t h a t  Aeronutronic had acquired a 
competent technical  s t a f f  and had demonstrated s i g n i f i c a n t l y  improved perfor-  
mance on the  guidance subsystem. Analytical ,  laboratory,  and s t a t i c  f i e l d  
tests were judged a s  s a t i s f a c t o r y ,  a s  were t h e  t h e o r e t i c a l  design and the  
command and missile-borne lamp development. The committee again urged t h e  
contrac tor  t o  prove t h e  ac tua l  f e a s i b i l i t y  of t h e  system, subsystem, and 
component performance. The l ack  of d e f i n i t i v e  t e s t s ,  which would provide data  
unobtainable from other  sources, was aggravated by t h e  problems with t h e  motor 
and gas generator grain.  Since the  in te rac t ion  between t h e  guidance system 
and the  propel lant  was so complete, p o s i t i v e  determination of guidance feas ib i -  
l i t y  would have t o  await the  establishment of parameters f o r  t h e  propel lant  and 
i g n i t i o n  system. The committee saw t h e  propulsion system problems a s  resu l t ing ,  
i n  p a r t ,  from the  d iv i s ion  of r e s p o n s i b i l i t y  between Aeronutronic and Picat inny 
Arsenal. 

(U) The committee f e l t  t h a t  one of t h e  r a t i o n a l e s  f o r  t h e i r  review was 
t o  subs tan t i a te  t h e  b e l i e f  of o ther  responsible Government o f f i c i a l s  t h a t  
Aeronutronic was not  conducting the  SHILLJXAGH program i n  a way which p r w i d e d  
assurance t h a t  it  would succeed. This conviction, through i ts  e f f e c t s  on the  
contractor  and ARGMA, had impaired f r u i t f u l  cooperation i n  mutual confidence. 
The committee perceived a fundamental d i f ference  of understanding of t h e  
contractual  provisions defining the  e s s e n t i a l  na ture  of the  Aeronutronic e f f o r t .  
The ARGMA believed t h a t  the  contrac tor  was obl igated  t o  demonstrate subsystem 
f e a s i b i l i t y  through bas ic  measurements before expending subs tan t i a l  e f f o r t  and 
funds t o  evolve a near-f inal  design. Aeronutronic had preferred ,  and was 
contrac tual ly  authorized, t o  pursue ea r ly  subsystem a v a i l a b i l i t y  by coincident 
e f f o r t s  t o  evolve a near-f inal ,  producible design while concurrently conducting 
bas ic  research and tests. The committee found l i t t l e  b a s i s  f o r  d i s s a t i s f a c t i o n  
with t h e  con t rac to r ' s  e f f o r t s  within t h e  framework of t h e  contrac t  work s t a t e -  
ment, although t h e i r  approach had delayed obtaining b a s i c  f e a s i b i l f t y  da ta ,  
This telescoping of the  program a l s o  involved higher technical ,  f i n a n c i a l ,  and 
system a v a i l a b i l i t y  r i s k s  than might have otherwise occurred. The committee 
made fiverecommendations a s  follows: 

 he SHILLELAGH program should be continued and adequately supported, 

'Any extension of the  present  contrac t  should allow t h e  Government 
t o  r e d i r e c t  t h e  program, a s  necessary, following c r i t i c a l  tests. 

*Aeronu t ro~ ic  should be assigned contrac tual ly  t h e  complete responsi- 
b i l i t y  f o r  propulsion and gas generator  u n i t s ,  including t h e  au thor i ty  
t o  subcontract ,  and should acquire add i t iona l  s t a f f  f o r  t h a t  work. 

*The Government should increase  i ts  support f o r  development of 
c r i t i c a l  elements of the  program, and should provide a small  
amount of supplementary funds f o r  backup e f f o r t s  on such devices 
as propulsion and gas generator u n i t s ,  photo detec tors ,  and elements 
of t h e  au top i lo t .  
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'Aeronutronic should be  urged t o  promptly o b t a i n  test results 
which would permit judgment of t h e  SHILLELAGH'S f e a s i b i l i t y  a s  
then conceived. 20 

Changes i n  Propulsion Development Program 

(U) Following t h e  August 1960 t e c h n i c a l  review, t h e  ARGMA Commander, COL 
John G. Z i e rd t ,  d i r e c t e d  Aeronutronic and Pica t inny  Arsenal  t o  t a k e  a c t i o n  t o  
c o r r e c t  t h e  propuls ion  system problems. He poin ted  ou t  t h a t  t h e  provis ion  of 
p rope l l an t  g ra ins  by t h e  Government d i d  not  r e l i e v e  Aeronutronic from u l t i m a t e  
system r e s p o n s i b i l i t y ,  and requested P ica t inny  Arsenal  t o  appoint  experienced 
personnel  t o  i n v e s t i g a t e  t h e  motor and gas genera tor  development problems, 
s t rengthen  management p a r t i c i p a t i o n  i n  t h e  SHILLELAGH program a t  P i ca t inny ,  
and t o  support  an Aeronutronic r e s i d e n t  engineer  a t  P ica t inny .  21 

(U) A t  about t h e  same time, ARGMA rece ived  a l e t t e r  from Aeronutronic 
express ing  concern about  t h e  a b i l i t y  of P i ca t inny  Arsenal  t o  develop s u i t a b l e  
rocke t  motor and gas  genera tor  g r a i n s  and i g n i t e r s .  The c o n t r a c t o r  recommended 
t h a t  t h e  work a t  P ica t inny  b e  phased out  of t h e  m i s s i l e  subsystem development 
program, and t h a t  Aeronutronic b e  au thor ized  t o  subcont rac t  w i t h  p rope l l an t  
s u p p l i e r s  t o  f u r n i s h  t h e  most app ropr i a t e  p r o p e l l a n t  and i g n i t e r s  f o r  t h e  
system. The ARGMA reviewed t h e  progress  of t h e  motor and gas genera tor  devel- 
opment and found t h a t  Aeronutronic 's  r e f e rences  t o  u n s a t i s f a c t o r y  performance 
by P ica t inny  could n o t  b e  a t t r i b u t e d  t o  a l a c k  of c a p a b i l i t y .  I n  f a c t ,  wi th  
t he  except ion of occas iona l  s l ippagebecause  of f l u c t u a t i n g  requirement#,  
P ica t inny  had responded a s  e f f e c t i v e l y  a s  condi t ions  permit ted.  According t o  
ARGMA, t h e  problem centered around t h e  t e c h n i c a l  o rgan iza t ion  of t h e  SHILLELAGH 
development program. Consequently, Colonel Z ie rd t  ass igned  t e c h n i c a l  s u  e r v i s i o n  
of development i n  t h i s  c r i t i c a l  a r e a  t o  t h e  ARGMA Propulsion Laboratory. 3 2 

(U) I n  response t o  Colonel Z i e r d t ' s  r eques t ,  t h e  Commanding General of 
OSWAC assigned f o u r  a d d i t i o n a l  experienced q r o f e s s i o n a l  personnel  t o  t h e  
program and accorded it increased  p r i o r i t y .  Aeronutronic augmented t h e i r  
p ropuls ion  s t a f f  wi th  f o u r  experienced engineers ,  ass igned  a r e s i d e n t  engineer  

''SHILLELAGH Tech Rev No. 3 Committee Rept. App Doc 22 t o  ARGMA H i s t  Sum, 
1 Jul - 31 Dec 60. 

21(1) L t r ,  Cdr, ARGMA, t o  M r .  Gerald J. Lynch, W & Gen Mgr, Aeronutronic,  
A D i v  of Ford Motor Co, 9 Sep 60. App Doc 24 t o  ARGMA H i s t  Sum, 1 Jul - 31 Dec 
60. (2) L t r ,  Cdr, ARGMA, t o  CG, OSWAC, 9 Sep 60. App Doc 25 t o  ARGMA Hist 
Sum, 1 J u l  - 31 Dec 60. 

22(1) L t r ,  Roy P. Jackson, Gen Ops Mgr, Aeronutronic,  A Div of Ford Motor 
Co, t o  Cdr, ARGMA, 7 Sep 60. App Doc 23 t o  ARGMA H i s t  Sum, 1 J u l  - 31 Dec 60. 
(2) L t r ,  Cdr, ARGMA, t o  M r .  Gerald J. Lynch, VP & Gen Mgr, Aeronutronic,  A Div 
of Ford Motor Co, 16  Nov 60. App Doc 28 t o  ARGMA H i s t  Sum, 1 J u l  - 31 Dec 60. 
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2 3 ~ t r ,  CG, OSWAC, t o  CO, ARGMA, 23 Sep 60. App Doc 26 t o  ARGMA H i s t  Sum, 
1 J u l  - 31 Dec 60. 



a t  P i ca t inny  and made inc reas ing  use  of recognized in-house and e x t e r n a l  
consul tan ts .  2 4 

(U) On 1 December 1960, engineers  from ARGMA and P ica t inny  Arsenal  m e t  
wi th  con t r ac to r  personnel  a t  t h e  Aeronutronic f a c i l i t y  and agreed t h a t  major 
changes were requi red  i n  t h e  g r a i n  suspension design and i g n i t i o n  l o c a t i o n  f o r  
t h e  engineering model design.  In  o rde r  t o  f u l f i l l  t h e  Aeronutronic  motor and 
gas genera tor  requirements ,  t hey  decided t h a t  a f ree-s tanding  g r a i n  would be 
used i n  bo th  t h e  rocke t  motor and gas genera tor ,  i n s t e a d  of t h e  cu r r en t  head- 
end suspension,  and t h a t  head-end i g n i t i o n  would b e  used i n  l i e u  of aft-end 
i g n i t i o n .  They a l s o  s e l e c t e d  MDB-7 p rope l l an t  t o  r e p l a c e  t h e  LFT-1 p rope l l an t  
a s  t h e  gas genera tor  gra in .25  I n  J u l y  1961, t h e  simultaneous launch mode was 
au thor ized  f o r  t h e  SHILLELAGH, wi th  t h e  proviso  t h a t  t h e  c a p a b i l i t y  t o  launch 
i n  t h e  s e q u e n t i a l  mode be r e t a i n e d  u n t i l  i g n i t e r s  s u i t a b l e  f o r  u se  i n  t h e  
simultaneous mode were developed. 26 

Tracker Problem 

(U) Another s e r i o u s  problem which took longer  than expected t o  r e s o l v e  
concerned a shimmer problem i n  t h e  t r a c k e r ,  Shimmer, t h e  e f f e c t  of thermal 
waves on o p t i c a l  r e s o l u t i o n ,  was recognized a s  a problem a r e a  a f t e r  s t a t i c  t e s t s  
of t h e  f i r e  c o n t r o l  subsystem i n  mid-1960 revea led  t h a t  shimmer n o i s e  i n  t h e  
amplitude modulated t r a c k e r  exceeded the  a l lowable  l e v e l .  Since b a s i c  work i n  
shimmer r e s o l u t i o n  was inadequate ,  Aeronutronic and Raytheon worked toward a 
s o l u t i o n  f o r  over a year ,  slowly making improvements. However, t h e  o v e r a l l  
performance of t h e  t r a c k e r  remained marginal.  Aeronutronic,  using company 
funds, then began developing a back-up shimmer r e j e c t i o n  system-the pu l se  
du ra t ion  modulation system, based on a time-measuring p r i n c i p l e  r a t h e r  than  t h e  
amplitude-measuring c o n c e p t  used i n  t h e  o r i g i n a l  t r a c k e r .  Pre l iminary  
experiments w i th  breadboard equipment y ie lded  e x c e l l e n t  r e s u l t s ,  A s  a r e s u l t ,  
t h e  c o n t r a c t o r  and ARGMA decided i n  J u l y  1961 t o  adopt t h e  pu l se  du ra t ion  
modulated t r a c k e r ,  which n e c e s s i t a t e d  redes igning  two-thirds of t h e  ca rds  i n  
t h e  e l e c t r o n i c  assembly. The con t r ac to r  p l  nned t o  use  experimental  models of 
t h e  new t r a c k e r  i n  t h e  guided f l i g h t  tests. 97  

2 4 ~ t r ,  Gen Ops Mgr, T a c t i c a l  Weapon Sys Ops, Aeronutronic,  A Div of Ford 
Motor Co, t o  Cdr, ARGMA, 1 9  Oct 60. 

25(1) SHILLELAGH Monthly Progress  Report,  31 Dec 60, ARGMAIAOMC, p. 3. 
(2) L t r ,  Dep D i r ,  Research & Engineering Drte ,  USAOTAC, t o  Cdr, ARGMA, 14 Apr 61, 
subj :  Transmi t ta l  of Minutes, w i n c l :  Minutes of 5 t h  OTAC SHILLELAGH Weapon 
Sub-System Committee Meeting, 15-16 Feb 61. 

2 6 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  Monthly Progress  Report,  31 J u l  61, ARGMA~AOMC, p. 5. 

27 (1) SHILLELAGH Monthly Progress  Report,  31 Aug 60, ARGMAIAOMC, p . l a .  
(2) L t r ,  Dep D i r ,  Research & Engineering Drte ,  OTAC, t o  Cdr, ARGMA, 14  Apr 61, 
subj :  Transmi t ta l  of Minutes, w i n c l :  Minutes of 5 t h  OTAC SHILLELAGH Weapon 
Sub-System Committee Meeting, 15-16 Feb 61. (3) SHILLELAGH Presen ta t ion  t o  
DDRE Representa t ives ,  20 J u l  61, by MAJ John D. Hamilton, SHILLELAGH B r ,  R&D 
op s , ARGMAI AOMC . 
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Transmit ter  P r o h l a  

(U) I n  t e s t i n g ,  t h e  tungs ten  lamps used i n  t h e  t r a n s m i t t e r  were found t o  
have only  one-fourth of t h e  power required.  To o b t a i n  adequate  power, t h e  
c o n t r a c t o r  rep laced  them wi th  xenon a r c  lamps, which had n e a r l y  1 0  t i m e s  t h e  
power ob ta inab le  from tungsten.  This  change introduced another  problem: t h e  
xenon a r c  t r a n s m i t t e r  i n  i t s  e x i s t i n g  s t a t e  of technology was deemed unaccept- 
a b l e  ( too  l a r g e )  f o r  u s e  on a combat veh ic l e .  The con t r ac to r  then had t o  
develop a t r a n s m i t t e r  small  enough, y e t  powerful enough, t o  f u l f i l l  system 
requirements.  28 

(U) The change from the tungsten t o  t h e  xenon a r c  source a l s o  n e c e s s i t a t e d  
redes ign  of t h e  power supply and modulator.  Addi t iona l  vo l t ages  were needed i n  
t he  power supply, and t h e  modulator ou tput  power was increased  because t h e  
modulation technique was e l e c t r o n i c  r a t h e r  than  mechanical a s  i n  t h e  previous 
design. I n  a d d i t i o n  t o  t h e  c i r c u i t  design,  a complete repackaging was requi red  
t o  d i s s i p a t e  t he  a d d i t i o n a l  h e a t  generated i n  t h e  power supply by t h e  e l e c t r o n i c  
modulator. 29 

Sight  Program Changed 

(U) On 9 May 1960, OTAC d i r e c t e d  t h a t  t h e  i n t e g r a t e d  s i g h t  b e  rep laced  by 
a s i g h t i n g  system wi th  sepa ra t ed  t r a n s m i t t e r s .  This  a c t i o n  l e d  t o  t h e  design 
of a pe r i s cop ic  s i g h t  which would inco rpora t e  a u n i t y  power s u r v e i l l a n c e  
func t ion ,  8-power scope, and i n f r a r e d  mechanical 'rzoomtt t r a c k e r .  This  design 
was r e f e r r e d  t o  a s  t h e  SHILLELAGH pe r i scop ic  s i g h t  t o  d i f f e r e n t i a t e  i t  from 
t h e  SHILLELAGH a r t i c u l a t e d  s i g h t  being developed by Frankford Arsenal.  The 
pe r i s cop ic  s i g h t  would be  a back-up f o r  t h e  a r t i c u l a t e d  s i g h t  development, i n  
case  unforeseen d i f f i c u l t i e s  were experienced wi th  t h e  l a t t e r  design.  30 

Problems wi th  M i s s i l e  Weight and S ize  

(U) A s  t h e  SHILLELAGH m i s s i l e  moved from a concept t o  a developmental 
design, changes i n  i t s  weight and l eng th  ensued. I n  January 1959, Aeronutronic 
est imated t h a t  t h e  m i s s i l e  would weigh 39 pounds a t  launch, and b e  6 inches  
i n  diameter and 39 inches  i n  length .  By August 1959, those  s p e c i f i c a t i o n s  had 
grown t o  a weight of 46.5 pounds a t  loading and 45 pounds a t  launch and a l e n g t h  
of 42 inches ;  t h e  diameter remained 6 inches.  A t  a meeting i n  March 1960, t h e  
con t r ac to r  presented,  and OTAC accepted,  a m i s s i l e  l eng th  of 42 inches  and 
weight of 48.5 pounds. The next  month, Aeronutronic r e l e a s e d  an i n t e r i m  

28(1) SHILLELAGH Monthly Progress  Report,  31 Jan 60, ARGMAIAOMC, p. 3. (2)  
SHILLELAGH Presen ta t ion  t o  DDRE Representa t ives ,  20 J u l  61, by MAJ John D. Hamilton, 
SHILLELAGH B r ,  R&D Ops, ARGMA/AOMC, (3) L t r ,  Dep D i r ,  Research & Engineering 
Drte,  OTAC, t o  Cdr, ARGMA, 1 4  Apr 61, subj  : Transmi t t a l  of Minutes, w i n c l :  Minutes 
of 5 t h  OTAC SHTLLELAGH Weapon Sub-system Committee Meeting, 15-16 Feb 61. 

2 9 S H I L ~ E L A ~ ~  Monthly Progress  Report,  31 Jan  61, ARGMA~AOMC, pp. 3-4. 

3 0 ~ ~ ,  Chf, Control Ofc, t o  D i s t r ,  4 Oct 60, sub j :  Minutes of t h e  SHILLELAGH 
Pro j e c t  Review. 
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t e chn ica l  r e p o r t  which ind ica t ed  an inc rease  i n  l eng th  t o  45.5 inches and i n  
weight t o  54.8 pounds. Most of t h e  inc reases  occurred i n  t h e  gas genera tor  and 
rocket  motor  s e c t i o n  a s  t h e  con t r ac to r  a t tempted t o  so lve  design problems. The 
ARGMA f e l t  t h a t  r e t a i n i n g  t h e  l eng th  of 42 inches  and weight of 48.5 pounds a s  
accepted by OTAC i n  March 1960 could produce undes i r ab le  t r a d e o f f s  a t  t h i s  
time. A t  t h i s  s t a g e  of development, op t imiza t ion  of  t h e  components was not  
poss ib l e ,  b u t  was expected a s  t h e  f i n a l  engineer ing  des ign  was approached. 
In  t h e  meantime, ARGMA placed a design l i m i t a t i o n  of 42 inches  i n  length  and 
50 pounds i n  weight on t h e  con t r ac to r .  

(U) I n  June 1960, t h e  Ass i s t an t  Chief of Ordnance, BG C,  W. Clark,  
expressed concern about t h e  i n c r e a s e s  i n  l eng th  and weight of t h e  SHILLELAGH 
and t h e  f a c t  t h a t  t hese  changes could adverse ly  a f f e c t  t h e  f i g h t a b i l i t y  of t h e  
SHILLELAGH a s  p a r t  of t h e  AR/AAV weapon system, s i n c e  t h e  f i g h t i n g  compartment 
of t h e  v e h i c l e  was based on a m i s s i l e  approximately 42 inches  long. General 
Clark a l s o  quest ioned t h e  degree of t echn ica l  supe rv i s ion  of t h e  c o n t r a c t o r  
appl ied  t o  t h e s e  c r i t i c a l  c h a r a c t e r i s t i c s .  The ARGMA then requested t h e  Human 
Engineering Laboratory (HEL) t o  s tudy  t h e  e f f e c t  of t h e  new dimensions on t h e  
f i g h t a b i l i t y  of SHILLELAGH i n  t h e  s e l e c t e d  AR/Mv. The HEL s tudy  showed t h a t  
t h e  increased  s i z e  and weight requi red  a longer  loading  time, which was, 
however, s t i l l  under t h e  r equ i r ed  l i m i t  of 10  seconds. They found t h a t  l e n g t h  
was more c r i t i c a l  than  weight i n  loading time and e s t a b l i s h e d  a l i m i t  of 46 
inches  a s  t h e  m a x i r m  t h a t  could b e  handled i n  t h e  AR/AAV t u r r e t .  The ARGMA 
agreed t o  g e t  concurrence from OTAC on any changes over  42 inches  i n  l eng th  
and 50 pounds i n  weight,  a s  an  i n t e r i m  l i m i t a t i o n ,  pending t h e  es tab l i shment  
by OTAC of major m i s s i l e  parameters  f o r  t h e  r ecen t ly - se l ec t ed  AR/AAV concept. 31 

(U) Length and weight continued t o  b e  a problem. In  October 1960, ARGMA 
r epor t ed  t h a t  t h e  c o n t r a c t o r  had reduced t h e  m i s s i l e ' s  design gross  loading  
weight t o  54.5 pounds and t h e  l eng th  t o  41.5 inches  through development 
modi f ica t ions .  By reconf igur ing  t h e  rocke t  motor and gas genera tor  case  
geometry, repackaging t h e  e l e c t r o n i c s  s e c t i o n ,  and repackaging t h e  a f t  s ec t ion  
of t h e  m i s s i l e  around a u n i t i z e d  j e t  c o n t r o l  va lve ,  t h e  c o n t r a c t o r  reduced the  
length  of t h e  m i s s i l e  w i th in  t h e  l i m i t a t i o n  of 42 i n ~ h e s . 3 ~  

Problems i n  Dynamic Plume Tes t s  and Short  Range Tes t s  

(U) I n  t he  dynamic plume tests, t h e  con t r ac to r  planned t o  demonstrate 
t h e  accomplishment of a major o b j e c t i v e  i n  t h e  SHILEELAGH m i s s i l e  t e s t  program: 
use of t h e  i n f r a r e d  command l i n k  under s imulated f l i g h t  condi t ions .  The t e s t s  
were t o  determine t h e  e f f e c t s  of rocke t  motor and gas genera tor  exhaust ( o r  

31 (1) SHILLELAGH Guided Miss i l e  Sub-system Plan,  ARGMA MSP-I, 31 Aug 59, 
ARGMA/AOMC, pp. D-2, D-3. (2) SHILLELAGH Presen ta t ion  t o  DDRE Representa t ives ,  
20 J u l  61, by MAJ John D. Hamilton, SHILLELAGH B r ,  R&D Ops, ARGMA/AoMc. (3)  L t r ,  
Asst Chf of Ordnance, t o  CG, OTAC, 1 3  Jun 60, sub j :  SHILLELAGH Miss i l e ,  XM13. 
(4) DF, Asst CofS, R&D, AOMC, t o  D i s t r ,  1 3  J u l  60, subj  : BHILLELAGH Presenta-  
t i o n  f o r  CG (Minutes). 

32(1) DF, Chf, Control  Ofc, AOMC, t o  D i s t r ,  4 Oct 60, subj :  Minutes of 
t h e  SHILLELAGH P r o j e c t  Review. (2)  Working papers ,  e n t i t l e d  Br ie f ing  t o  General 
Schomburg, 20 Oct 60, on S t a t u s  of SHILLELAGH Development. 
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plume) on t h e  i n f r a r e d  command l i n k  and t r ack ing  u n i t .  The method of t e s t  was 
t o  p l ace  t h e  m i s s i l e  on an aerodynamically c l ean  monorail  s l e d ,  boost  t h e  s l e d  
t o  maximum v e l o c i t y ,  and b r ing  the  boos ter  t o  r e s t  be fo re  t h e  m i s s i l e  passed 
a s imulated tank  s t a t i o n .  The m i s s i l e ' s  i n f r a r e d  source was t racked  from t h e  
tank s t a t i o n  and commands were t r ansmi t t ed  t o  t h e  m i s s i l e ' s  i n f r a r e d  r e c e i v e r  
from t h e  tank  s t a t i o n .  

(U) The dynamic plume t e s t  s l e d s  and t h e  motor and gas genera tor  i g n i t i o n  
systems were t o  have been furn ished  by t h e  Government. However, t h e  con t r ac to r  
provided them t o  preclude f u r t h e r  de lays  i n  t h e  t e s t s ,  which had a l r eady  been 
postponed from Apr i l  1960 t o  June and J u l y  because of t h e  change i n  t h e  a f t  j e t  
conf igura t ion .  S t i l l ,  t h e  t e s t s  could no t  begin u n t i l  J u l y  1960, because of 
t e c h n i c a l  problems wi th  t h e  gas genera tor  p rope l l an t  g r a i n  and t h e  i g n i t i o n  
systems of both t h e  rocke t  motor and gas genera tor .  

(U) Between 14 J u l y  and 23 November 1960, 21  plume t e s t s  were conducted, 
(11 s t a t i c  and 10  dynamic f i r i n g s ) ,  of which 12  were considered succes s fu l .  
The d a t a  obta ined  from t h e s e  t e s t s  were adequate  t o  i d e n t i f y  t h e  n o i s e  input  
of t h e  rocke t  motor and t o  provide some c o e f f i c i e n t  da ta .  However, because of 
t r a c k  v i b r a t i o n ,  p a r t i c u l a t e  ma t t e r  from t h e  t r a c k  ( i n  t h e  form of a low f l y i n g  
cloud) ,  and a s t r u c t u r a l  f a i l u r e  of t h e  s l e d ,  no t e s t  runs  were performed a t  
maximum m i s s i l e  speeds. The d a t a  obta ined  a t  medium speeds were poor and 
Aeronutronic was unable t o  i n t e r p r e t  most of it. Because of t h e s e  inadequacies ,  
the  t e s t s  f a i l e d  t o  demonstrate t h a t  t h e  command l i n k  would ope ra t e  under 
simulated f l i g h t  condi t ions .  The rocket  motor did not  appear t o  b e  a l i m i t i n g  
f a c t o r ;  however, t h e  e f f e c t s  of t h e  gas genera tor  plume and f u l l  m i s s i l e  
v e l o c i t y w e r e n o t  determined. Assessments i nd ica t ed  t h a t  p o s s i b l e  problem a r e a s  
e x i s t e d  i n  h igh  n o i s e  l e v e l s  immediately a f t e r  rocke t  burnout and i n  t h e  I R  
r ece ive r ,  a t t r i b u t e d  t o  t h e  c l o s e  proximity of t h e  duct ing.  I n  December 1960, 
ARGMA d i r e c t e d  t h a t  t h e  dynamic plume t e s t  program be suspended pending f u r t h e r  
eva lua t ion  of t e s t  r e s u l t s  and s tudy  of t h e  optimum technique f o r  meeting t e s t  
ob jec t ives .  33 

(U) The nine-round s h o r t  range f i r i n g  t e s t  program began on 1 November 1960 
and was completed on 19 May 1961. The primary o b j e c t i v e  of t hese  t e s t s  was 
t o  o b t a i n  m i s s i l e  environmental d a t a  during t r a v e l  down t h e  gun tube and during 
the  f i r s t  1 5  t o  25 f e e t  of f l i g h t .  The r e s u l t s  of t h e  f i r s t  seven f i r i n g s ,  
completed i n  March 1961, i nd ica t ed  t h a t  t h e  p r a c t i c a b i l i t y  of using a complete 
i n f r a r e d  command guidance l i n k  and a j e t  r e a c t i o n  c o n t r o l  system could not  be 
determined u n t i l  f u l l y  guided f i r i n g s  were conducted. S i g n i f i c a n t  problem 
a r e a s  r e q u i r i n g  r e s o l u t i o n  be fo re  t h e  August 1961 f u l l y  guided f i r i n g s  involved 

33(1) Working Papers ,  Bfg t o  General Z ie rd t ,  ARGMA Cdr, 31 Mar 61, & t o  
General Schomburg, AOMC CG, 28 Apr 61, by M r .  E. S. Brooks, ARGMA Control  Ofc, 
subj :  S t a t u s  of SHILLELAGH. (2) ARGMA H i s t  Sum, 1 J u l  - 31 Dec 60, pp. 131-34. 
(3) SHILLELAGH Monthly Progress  Report,  30 Jun 60, ARGMAIAOMC, pp. 3-4. (4) 
L t r ,  Dep D i r ,  Research and Engineering Drte ,  OTAC, t o  Cdr, ARGMA, 14  Apr 61, 
subj :  Transmi t ta l  of Minutes, w i n c l :  Minutes of 5 t h  OTAC SHILLELAGH Weapon 
Sub-system Committee Meeting, 15-16 February 1961. 



the hot  gas ope ra t ion  of t h e  j e t  r e a c t i o n  c o n t r o l  va lves ,  i g n i t i o n  of t h e  
rocket  motor and gas genera tor ,  redes ign  of t h e  m i s s i l e  r e c e i v e r  o p t i c s  t o  
enable  them t o  wi ths tand  t h e  launch environment, and improvement of t h e  m i s s i l e  
t r a c k e r  performance, which had been marginal.  34 

By mid-1961, i t  was thus  abundantly ev ident  t h a t  Aeronutronic htid under- 
es t imated  both t h e  complexity and magnitude of t h e  SHILLELAGH development 
e f f o r t  and t h a t  a d d i t i o n a l  suppor t ing  r e sea rch  should have preceded t h e  e n t r y  
of t h e  system i n t o  t h e  development phase. A s  a r e s u l t ,  t h e  Government expended 
cons iderable  funds i n  a t tempt ing  t o  advance t h e  s t a t e  of t he  a r t ,  wh i l e  a t  t h e  
same time suppor t ing  a l a r g e  and growing Aeronutronic o rgan iza t ion .  The t o t a l  
Aeronutronic R&D program c o s t ,  accepted a t  $19.1 m i l l i o n  i n  May 1957, had grown 
t o  $28.8 m i l l i o n  i n  September 1959, t o  $31.9 m i l l i o n  i n  May 1960, and t o  $46 
m i l l i o n  i n  February 1961. The con t r ac to r  had rece ived  a t o t a l  of $23.9 m i l l i o n  
f o r  t h e  SHILLELAGH development program a s  of 1 5  May 1961, and most of t h a t  had 
been spent  on redes ign  e f f o r t  t o  c o r r e c t  d e f i c i e n c i e s  i n  t h e  o r i g i n a l  concept.  
O f f i c i a l s  a t  ARGMA reasoned t h a t  t h e  increased  c o s t s  r e s u l t e d  p a r t i a l l y  from 
Aeronutronic 's  underest imation of t h e  magnitude of t h e  SHILLELAGH development 
e f f o r t  and p a r t i a l l y  from t h e  r e p e t i t i o n  of work, new approaches t o  problems, 
and inc reas ing  subcont rac t  c o s t .  

(U) A s  o r i g i n a l l y  envisioned,  t h e  development approach was t o  involve  a 
progress ion  from a n  experimental  model t o  an engineersng model, w i t h  r e l i a b i l i t y  
e s t a b l i s h e d  be fo re  t h e  f i r s t  guided f l i g h t .  I n s t ead ,  because of t e c h n i c a l  
d i f f i c u l t i e s  and f requent  design changes, Aeronutronic was approaching t h e  f i r s t  
guided f l i g h t  t e s t  w i th  what amounted t o  a n  experimental  model which had under- 
gone only f l i g h t  assurance  t e s t i n g .  During t h e  f i r s t  2 y e a r s  of development, 
t e s t i n g  had progressed through l abo ra to ry  breadboards t o  s t a t i c  f i r i n g s ,  dynamic 
s l e d  t e s t s ,  s o f t  suspension f i r i n g s ,  and v e r t i c a l  s p i n  s t a b i l i z e d  f i r i n g s ,  a l l  
wi th  t h e  n e t  r e s u l t  of basing design changes on fragmented information.  I n i t i a l  
c a l c u l a t i o n s  and concepts had been proven wrong s e v e r a l  t imes over ,  r e s u l t i n g  
i n  t h e  complete redes ign  of major components, r e t e s t ,  and use of a l t e r n a t e  
components t o  achieve  t h e  des i r ed  r e s u l t s .  

(U) Conceptually,  t h e  SHILLELAGH was t o  be a "wooden mis s i l e "  comparable 
t o  tank  ammunition, w i th  99 percent  r e l i a b i l i t y .  Because of t h e  l a c k  of r e l i -  
a b i l i t y  t e s t i n g  and t h e  in t roduc t ion  of more s o p h i s t i c a t e d  design f e a t u r e s ,  
such a s  gyros,  t h e  Government quest ioned whether o r  n o t  r e l i a b i l i t y  even 
approaching t h e  conceptual  goa l  would ever  be achieved. Moreover, proof t h a t  
the  concept could become a m i l i t a r i l y  u se fu l  weapon would n o t  be  a v a i l a b l e  
u n t i l  t h e  f i r s t  guided f l i g h t  t e s t s  i n  August 1961. 

34 (1) SHILLELAGH Monthly Progress  Report,  31 Mar 61, ARGMAIAOMC, p. l a .  
(2) Working Papers,  Bfg t o  General Z i e r d t ,  ARGMA Cdr, 31 Mar 61 & t o  General 
Schmburg, AOMC CG, 28 Apr 61, by M r .  E. S. Brooks, ARGMA c o n t r o l  Ofc, subj :  
S t a t u s  of SHILLELAGH. (3) SHILLELAGH Monthly Progress  Report,  31 May 61, ARGMAI 
AOMC, p. 2. 
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(U) A s  of mid-1961, t h e  program was thus  approaching t h e  po in t  where a 

dec is ion  would have t o  be made e i t s e r  t o  pursue s o l u t i o n s  t o  problems r e g a r d l e s s  
of t i m e  o r  funds, o r  determine t h a t  n e i t h e r  t i m e  nor  fund.s could achieve  a 
succes s fu l  SHILLELAGH subsystem. To provide t h e  b a s i s  f o r  such a dec i s ion ,  
ARGMA,in May 1961, requested t h e  B a l l i s t i c  Research Labora tor ies  t o  conduct an 
impar t i a l  eva lua t ion  of Aeronutronic's accomplishments toward a system of 
des i r ed  performance. The r e s u l t s  of t h i s  eva lua t ion ,  which was t o  inc lude  
da t a  der ived  from the  i n i t i a l  guid&d f l i g h t s  and be  completed by mid-December 
1961, would have a s i g n i f i c a n t  bea r ing  upon t h e  f u t u r e  of t h e  SHILLELAGH develop- 
ment program.35 But, i n s t e a d  of t h i s  d e l i b e r a t e  approach t o  dec id ing  t h e  f u t u r e  
of t h e  SHILLELAGH, p l ans  w e r e  a foo t  i n  t h e  Department of Defense t o  a c c e l e r a t e  
t he  program be fo re  conclus ive  demonstration of t h e  design f e a s i b i l i t y  i n  t h e  
f u l l y  guided t e s t  f i r i n g s .  Af t e r  a s e r i e s  of t ed ious ,  time-consuming planning 
exe rc i se s ,  t h e  SHILLELAGH development program was acce l e ra t ed ,  only t o  be  
neor ien ted  t o  an app l i ed  r e sea rch  e f f o r t  because of cont inuing  t e c h n i c a l  
d i f f i c u l t i e s .  It i s  t h e  program a c c e l e r a t i o n  planning e x e r c i s e s  i n  1961 t o  
which t h i s  s tudy  now t u r n s .  

SHILLELAGH Accelera t ion  P lans  

Inf  luence of  P o l i t i c a l  Changes 

(U) John F. Kennedy's assumption of t h e  presidency i n  January 1961 had a 
profound in f luence  on n a t i o n a l  defense s t r a t e g y  and on t h e  SHILLELAGH program. 
While he d id  no t  renounce the  use of t h e  nuc lea r  a r s e n a l ,  Kennedy placed renewed 
emphasis on developing nonnuclear weapons and convent ional  fo rces .  The US and 
i t s  a l l i e s  would seek t o  keep t h e  peace and promote freedom a g a i n s t  t h e  spread 
of communism by main ta in ing  an impressive s t r a t e g i c  d e t e r r e n t ,  f l e x i b l e  enough 
t o  avoid t o t a l  nuc lea r  w a r  i f  pos s ib l e ,  b u t  po ten t  enough t o  convince any 
aggressor  t h a t  he had no choice  b u t  peace. The US would maintain nuc lear - f ree  
f o r c e s  t o  d e t e r  o r  qu ick ly  ex t ingu i sh  l i m i t e d  o r  small  wars. This  philosophy 
sparked increased  h igh- leve l  i n t e r e s t  i n  developing and deploying nonnuclear 
weapons, such a s  t h e  SHILLELAGH. 

(U) Kennedy chose a s  h i s  Secre ta ry  of Defense, Robert S. McNamara, a h igh ly  
succes s fu l  i n d u s t r i a l  manager f o r  t h e  Ford Motor Company, pa ren t  company of 
Aeronutronic.  McNamara came t o  DOD determined t o  e l imina te  t h e  delay i n  
decisionmaking. Secre ta ry  McNamara made i t  c l e a r  from t h e  s t a r t  t h a t  he would 
not  merely s i t  a s  a judge s e l e c t i n g  t h e  b e s t  of va r ious  proposa ls  t h a t  would 
t r i c k l e  up t o  him. H e  was determined t o  l ead ,  no t  be  l e d ;  t o  i n i t i a t e  i d e a s ,  
no t  s o r t  ou t  well-masticated compromises. H e  viewed t h e  committee system w i t h  
i t s  end le s s  barga in ing  and compromises a s  t h e  major cause of de lay  i n  t h e  
decisionmaking process  and intended t o  r e p l a c e  i t  where p o s s i b l e  by a s s e r t i n g  

(1) SHILLELAGH Presen ta t ion  t o  DDRE Representa t ives ,  20 J u l  61, by 
MAJ John D. Hamilton, SHILLELAGH B r ,  R&D Ops, ARGMA. (2) DF, Chf, Control  Ofc, 
AOMC, t o  D i s t r ,  1 5  May 61, subj :  Minutes of SHILLELAGH Guided Missile Sub- 
System Command P resen ta t ion ,  w i n c l :  Bfg, S t a t u s  of SHILLELAGH. 



g r e a t e r  execut ive  a u t h o r i t y ,  r e s p o n s i b i l i t y ,  and c o n t r o l  over  t h e  department 
and i t s  opera t ions .  3 6 

Aeronutronic Proposal  

(U) One man i f e s t a t ion  of McNamara's new p o l i c i e s  occurred i n  t h e  SHILLELAGH 
program during t h e  April-May 1961 per iod .  On 21 A p r i l  1961, Aeronutronic 
presented a b r i e f f n g  i n  Washington t o  OCO, CONARC, DA, and DOD o f f i c i a l s  on 
a c c e l e r a t i n g  t h e  SHILLELAGH program. Shor t ly  t h e r e a f t e r ,  a DOD s t a f f  member 
requested information d i r e c t l y  from Aeronutronic regard ing  t h e  e a r l i e s t  p o s s i b l e  
a v a i l a b i l i t y  of t h e  SHTLLELAGH, t h e  major  a c t i o n s  r equ i r ed  of t h e  Government t o  
meet an acce l e ra t ed  schedule,  and t h e  e f f e c t  of such r e v i s i o n s  on es t imated  
cos ts .  

(U) In  h i s  r ep ly  t o  t h e  Secre ta ry  of Defense on 22 May 1961, M r .  Gerald J .  
Lynch, Vice P res iden t  and General Manager of Aeronutronic,  i nd i ca t ed  t h a t  t h e  
f i r s t  t a c t i c a l  product ion m i s s i l e s  could be made a v a i l a b l e  i n  June 1963 and 
t h a t  by March 1964 t h e  f u l l  product ion r a t e  could be obta ined ,  To meet t h i s  
schedule,  he s a i d  t h e  Government would have t o  a u t h o r i z e  an  h m e d i a t e  i n c r e a s e  
i n  t h e  r a t e  of R&D expenditures;  augment t h e  d i r e c t  support  c u r r e n t l y  provided 
t h e  con t r ac to r  by Government agencies;  a c c e l e r a t e  award of t h e  m i s s i l e  pre- 
product ion engineering and t o o l i n g  and f a c i l i t y  c o n t r a c t s  t o  June 1961 and 
August 1961, r e s p e c t f u l l y ;  and e s t a b l i s h  t h e  M60 main b a t t l e  tank as the  f i r s t  
weapon c a r r i e r  t o  a s su re  a v a i l a b i l i t y  f o r  SHILLELAGH f l i g h t  t e s t s  e a r l y  i n  CY 
1962. M r .  Lynch acknowledged t h a t  t h e  Army had no inpu t  t o  t h i s  p l an  and had 
n o t  concurred i n  i t .  On 31  May 1961, ARGMA r e p r e s e n t a t i v e s  v i s i t i n g  t h e  
Aeronutronic p l a n t  learned  of t h e  r eques t  from t h e  Secre ta ry  of t h e  Defense 
and obta ined  a n  e x t r a c t  of Aeronutronic 's  l e t t e r  t o  Sec re t a ry  McNamara. 37 

(U) Meanwhile, i n  e a r l y  May 1961, t h e  Weapon System Manager a t  OTAC began 
developing a p l an  t o  a c c e l e r a t e  t he  a v a i l a b i l i t y  of t h e  SHILLELAGH subsystem, 
Like M r .  Lynch, he f e l t  t h a t  t h e  most obvious method f o r  ob ta in ing  e a r l i e r  
d e l i v e r i e s  w a s  t o  use t h e  M60 main b a t t l e  tank  as the b a s i c  v e h i c l e  p la t form 
r a t h e r  than  t h e  approved AR/AAV, which was s t i l l  i n  development. A t  OTAC's 
reques t ,  ARGMA, on 29 May 1961, submitted a p l an  f o r  an M60 tank-mounted 
SHILLELAGH w i t h  an a v a r l a b i l i t y  d a t e  of December 1964, 17  months e a r l i e r  than 
t h e  o r i g i n a l  p l an  incorpora t ing  t h e  AR/AAV weapon mount. 

36(1) James E. Hewes, Jr . ,  From Root t o  McNamara: A m y  Organizat ion and 
A h i n i s t r a t i o n ,  1900-1963, Specia l  S tudies  (Center of M i l i t a r y  His tory ,  US 
Army: Washington, DC, 1975),  pp. 304-05 (2) Lloyd Norman, "McNamara and H i s  
Band," Army, Vol. 12, No. 2 (Sep 61) ,  pp. 37-43, 84. 

37(1) SS, ORDXR-1-305, I n d u s t r i a l  Ops, ARGMA, 6 Jun 61, subj  : SHILLELAGH 
M i s s i l e  Sub-system Plan,  w i n c l :  DF, Cdr, ARGMA, t o  CG, AOMC, 6 Jun 61, same 
sub j ,  w i n c l :  Ex t r ac t  f r  L t r ,  Gerald J .  Lynch, VP 6 Gen Mgr, Aeronutronic,  Div 
of Ford Motor Co., t o  The Honorable Robert McNamara, SECDEF, 22 May 61, r e  
Aeronutronic Plan f o r  E a r l i e s t  Poss ib l e  A v a i l a b i l i t y  of the SHILLELAGH, (2) 
Msg, CofOrd, t o  CG, OTAC, 1 Jun 61, r e  Aeronutronic Proposal  f o r  Acce lera t ion ,  
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Army P o s i t i o n  on t h e  Aeronutronic Proposal  

(U) Upon r e c e i p t  of t h e  Aeronutronic proposa l ,  t h e  DA Chief of Research 
and Development d i r e c t e d  t h e  Chief of  Ordnance t o  prepare  an Army p o s i t i o n  on 
it. Representa t ives  from ARGMA, OTAC, and OCO eva lua ted  t h e  c o n t r a c t o r ' s  plan 
and compared i t  wi th  both t h e  e x i s t i n g  p l a n  f o r  t h e  SHILLELAGH on t h e  AR/AAV 
and t h e  OTACIARGMA scheme f o r  acce l e ra t ed  development. Table 1 compares t h e  
major mi les tones  of t h e  t h r e e  p lans .  

(U) The c o n t r a c t o r ' s  p l an  w a s  based on t h e  premise t h a t  t h e  f i r s t  f u l l y  
guided t e s t  f i r i n g s  would p r o v e h i g h l y s u c c e s s f u l ,  and t h e r e f o r e  tended t o  commit 
t h e  Army t o  an i n d u s t r i a l  program be fo re  conclus ive  demonstration of t h e  design 
f e a s i b i l i t y .  The t e c h n i c a l  problems encountered i n  t h e  SHILLELAGH program t o  
da t e  i n  no way i n d i c a t e d  an  e a r l y  o r  t roub le - f r ee  completion of development. 
E s s e n t i a l l y ,  t h e  proposa l  involved a h igh  r i s k  f o r  t h e  Army and would involve 
funding i n c r e a s e s  of a magnitude y e t  t o  b e  expressed,  b u t  s u r e  t o  b e  s u b s t a n t i a l .  
In t h e  absence of complete information on t h e  c o n t r a c t o r ' s  proposal  ( fo r  example, 
no p rov i s ion  w a s  s p e c i f i c a l l y  inc luded  f o r  t h e  conduct of Ordnance engineering 
and s e r v i c e  t e s t s ) ,  Ordnance could n o t  make a d e t a i l e d  a n a l y s i s ,  b u t  d id  recomc 
mend t h a t  Aeronutronic develop a c o s t  e s t ima te  and d e t a i l e d  t i m e  phasing f o r  
t h e i r  proposed program t o  serve a s  t h e  b a s i s  f o r  a d e t a i l e d  review. Ordnance 
a l s o  recommended t h a t  no s i g n i f i c a n t  a d d i t i o n a l  RDTE o r  PEW funds be  furn ished  
t o  Aeronutronic u n t i l  they  had conclus ive ly  demonstrated design f e a s i b i l i t y  i n  
t h e  f i r s t  series of f u l l y  guided f l i g h t s ,  scheduled t o  begin  on 1 5  August 1 9 6 1 3 ~  

Directed and Reasonable Risk P lans  

(U) Af t e r  reviewing the  Aeronutronic and Ordnance a c c e l e r a t i o n  p l ans  i n  
June 1961, t h e  Department of Defense d i r e c t e d  t h a t  t h e  Army develop a p l a n  t o  
expedi te  a v a i l a b i l i t y  of t h e  SHILLELAGH subsystem and a l low f o r  i n f t i a l  
t a c t i c a l  d e l i v e r i e s  i n  t h e  summer of 1964, some 2 yea r s  e a r l i e r  than  scheduled 
i n  t h e  p lan  uslng t h e  AR/AAV. A s  a r e s u l t  of t h i s  d i r e c t i v e ,  ARW prepared 
and forwarded t o  OTAC, on 7 August 1961, two SHILLELAGH subsystem plans-a 
d i r e c t e d  p lan  and a reasonable  r i s k  plan-both p red ica t ed  on u s i n g  t h e  M60E2 
veh ic l e .  

(U) The d i r e c t e d  p l a n  provided f o r  t a c t i c a l  m i s s i l e  d e l i v e r i e s  7 months 
e a r l i e r  than  i n d i c a t e d  i n  t h e  ARGMA p l an  of 20 May 1961. The reasonable  r i s k  
p lan ,  advocated by t h e  Chief of Ordnance, considered such unusual measures a s  
s o l e  source procurement; e a r l y  r e l e a s e  f o r  l i m i t e d  product ion;  comi tment  of 
s u b s t a n t i a l  PEMA funding l a t e  i n  1961 o r  e a r l y  1962; and a p p l i c a t i o n  of t h e  

38(1) SS, ORDXR-C-44, ARGMA Control  Of c, 7 Jun 61, sub j  : Comments on 
Aeronutronic Proposed Accelerated SHILLELAGH M60E2 Program. (2) DF, D i r ,  Indus 
Ops, ARGMA, t o  CofS, AOMC, 13 Jun 61, sub j :  SHILLELAGH Missile Sub-System Plan,  
w i n c l :  Proposed D'P, CofOrd t o  Chf of R&D, DA, sub j :  Compression of SHILLELAGH 
Program. (The proposed DF contained t h e  Ordnance p o s i t i o n  a s  developed by 
ARGMA, OTAC, and OCO. On 1 2  June 1961, OCO n o t i f i e d  ARGMA t h a t  t h e  Deputy 
Chief of Ordnance had s igned  the  communication and s e n t  i t  t o  t h e  Chief of 
R&D. ) 
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Miles tone  

TABLE 1 

(U) CURRENT PLAN VERSUS ACCELERATED PLANS - JUNE 1961 

Current Program Aeronutronic OTAC / ARGMA 
w AR/AAv Proposal  w M ~ O E ~  Proposal  w M60E2 

Preproduct ion Engrg Jun 62 (M) 15 Jun 61 1 Jan  62 (M) 
Contract  1 Oct 62 (V) 1 Feb 63 (V) 

Tooling & F a c i l i t y  Oct 63 (M) 15 Aug 6 1  Nov 62 (M) 
Contract  Award Apr 65 (V) Nov 63 (V) 

R&D Documentation Complete Dec 61 ( M ) Y  Dec 61 Dec 61 ( ~ ) d  
(Prel im r e l e a s e  t o  Indus) Nov 64 ( V ) Y  Oct 62 (V) 

R&D Pro t o  type Vehicle  Nov 62 Ear ly  1962 J u l  62 
Avai lab le  

Tested R&D Prototype - 
(Compl con t r  t e s t ,  T95) 

Tested R&D Prototype Mar 63 
(Tac t i ca l )  (Compl con t r  

J u l  62 - 

Dec 62 Feb 63 

t e s t ,  t a c t i c a l  v e h i c l e )  

~ n g i n e e r / S e r v i c e  Test  Jul 63-Jun 64 - Mar 63-Feb 64 

F i r s t  Del ivery-Tact ical  Mar 6r.dl Jun 6?e1 Sep 6 g /  
Missile 

F i r s t  Del ivery-Tact ical  Apr 66 - Jun 65 
Vehicle  

Legend: M-Missile System 
V-Tactical Vehicle  

NOTES : 
a Aeronutronic proposal  d id  n o t  s p e c i f i c a l l y  cons ider  t h e  t a c t i c a l  
v e h i c l e  b u t  assumed i t s  a v a i l a b s l i t y  i n  phase w i t h  missile system. 

b ~ o  pre l iminary  r e l e a s e  planned. This  would be  a f i n a l  r e l e a s e  
based on competi t ive procurement. 

C Experimental model. 

d ~ i r s t  product ion missiles f o r  n o n t a c t i c a l  use  de l ive red  J u l y  1964. 
e 
Although Aeronutronic 's  l e t t e r  t o  t h e  Sec re t a ry  of  Defense s t a t e d  
t h a t  t h i s  was t h e  d e l i v e r y  d a t e  of t h e  f i r s t  t a c t i c a l  m i s s i l e ,  l a t e r  
coord ina t ion  by ARGMA wi th  t h e  c o n t r a c t o r  revea led  t h a t  t h i s  should 
be  i n t e r p r e t e d  a s  meaning the  f i r s t  missile de l ive red ,  which must be 
a l l o c a t e d  t o  n o n t a c t i c a l  use.  

f 
F i r s t  product ion missiles f o r  n o n t a c t i c a l  use  de l ive red  August 1963. 

SOURCE: Proposed DF, Chief of Ordnance t o  CRD, DA, subj :  Campression of 
SHILLELAGH Program, a tchd  t o  DF, D i r ,  Indus Ops, ARGMA, t o  CofS, AOMC, 1 3  
Jun 61, subj :  SHILLELAGH Missile Sub-system Plan. 
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p r i n c i p l e  of concurrency t o  i nc lude  i n i t i a t i n g  engineer ing  tests w e l l  before  
concluding development t e s t s  a d  user  t e s t i n g  v e r y  e a r l y  i n  t h e  engineering 
test phase. The term %easonable r i s k "  was def ined  a s  being t echn ica l  r i s k ,  
exc lus ive  of monetary r i s k ,  which had a reasonable  chance of program success .  
Since both the  P re s iden t  and t h e  Secre ta ry  of Defense had expressed an i n t e r e s t  
i n  t h e  SHTLLELAGH program, t h e  Chief of Ordnance f e l t  i t  reasonable  t o  assume 
t h a t  j u s t i f i a b l e  r e q u e s t s  f o r  a d d i t i o n a l  funds 'would b e  approved. Key phasing 
d a t e s  f o r  t h e  two p l a n s  a r e  shown below, 

R&D engineering r e l e a s e  
R&D engineering release-M60E2 
R&D f i n a l  r e l e a s e  
Engineer and s e r v i c e  t e s t  completed 
Tooling and F a c i l i t i e s  
T a c t i c a l  d e l i v e r y  of m i s s i l e s ,  G&C, 

& test equipment 
Repair p a r t s  d e l i v e r y  

Directed P lan  

Feb 62 
1 5  Oct 62 
1 Oct 63 
1 Oct 63 
1 May 62 

1 Jan  64 
1 Nov 63 

Reasonable Risk Plan 

Feb 62 
1 5  Oct 62 
1 Oct 63 
1 Oct 63 
1 Nov 62 

1 Aug 64 
1 Jun 64 

(U) The R&D r e l e a s e  da t e ,  t h e  same f o r  bo th  p l ans ,  was o p t i m i s t i c  and 
assumed immediate a u t h o r i t y  t o  expend funds a t  a r a t e  almost t h r e e  t imes g r e a t e r  
than t h a t  c u r r e n t l y  authorized.  The d i r e c t e d  p l a n  would provide  t h e  u s e r  wi th  
hardware of a conf igura t ion  which had undergone about one-third t h e  requi red  
R&D t e s t i n g  and no engineer ing  o r  s e r v i c e  t e s t i n g .  Changes requi red  a s  a r e s u l t  
of t he  l a t t e r  t e s t s  could be incorpora ted  only a f t e r  some 10,000 m i s s i l e s  had 
been de l ive red  t o  t h e  user .  The reasonable  r i s k  p lan  would al low an a d d i t i o n a l  
7 months t o  complete engineer ing  and s e r v i c e  tests and provide hardware which 
r e f l e c t e d  product ion engineering.  Thus, t h e  t a c t i c a l  u se r  would r ece ive  a 
SHILLELAGH m i s s i l e  system more c l o s e l y  resembling t h e  f i n a l  R&D design r e l ease .  

(U) The con t r ac to r  est imated t h a t  a s i z a b l e  i n c r e a s e  i n  funding would be 
needed t o  meet an acce l e ra t ed  program schedule.  Taking i n t o  cons idera t ion  t h e  
increased  c o s t  a s  a r e s u l t  of program s l ippage  t o  d a t e ,  p l u s  t h e  c o s t  of 
a c c e l e r a t i o n ,  $56 m i l l i o n  would be r equ i r ed  f o r  FY 1962 and $20.6 m i l l i o n  f o r  
FY 1963. These c o s t  f i g u r e s  were i n d i c a t i v e  of t h e  hugh amount of development 
remaining t o  be done. 

(U) The p ro j ec t ed  RDTE c o s t  was t h e  same f o r  bo th  t h e  d i r e c t e d  and 
reasonable  r i s k  plans-$105,278,000. D i f f e rences  sur faced ,  however, between 
PEMA and OMA p ro j ec t ions .  The es t imated  PEMA c o s t  of t h e  d i r e c t e d  p lan  was 
$525,834,000, i n  c o n t r a s t  t o  $491,254,000 f o r  t h e  reasonable  r i s k  p l an .  The 
es t imated  OMA c o s t  of t he  d i r e c t e d  p l an  was $7,859,000, s l i g h t l y  more than $1 
m i l l i o n  above t h e  e s t ima te  f o r  t h e  reasonable  r i s k  p l an  of $6,778,000. 

(U) Drawing upon p a s t  experience and l e s s o n s  learned  i n  o t h e r  m i s s i l e  
programs, ARGMA o f f i c i a l s  argued t h a t  more t i m e  f o r  R&D and i n d u s t r i a l  t e s t i n g  
should be allowed than t h a t  i nd ica t ed  i n  e i t h e r  plan. Pure ly  from a t echn ica l  
s tandpoin t ,  they  recomnended that f i e l d  d e l i v e r y  of the system b e  delayed by 
a t  l e a s t  l o m o n t h s  from t h e  d a t e  shown even f o r  t h e  reasonable  r i s k  p lan .  Such 
a program, they  a s s e r t e d ,  would bemuch more e f f i c i e n t ,  r e q u i r e  fewer s p e c i a l  
a u t h o r i t i e s ,  a s s u r e  t h e  d e l i v e r y  of a more r e l i a b l e  and t e c h n i c a l l y  sound system 



t o  t h e  use r ,  and permit  e a r l i e r  i n i t i a t i o n  of more d e s i r a b l e  and economical 
procurement p r a c t i c e s  such a s  breakout  and competi t ive n e g o t i a t i o n s .  Consider- 
i ng  t h e  marginal progress  made i n  t h e  SHILLELAGH development program t o  d a t e  
and t h e  ex tens ive  development y e t  t o  b e  done be fo re  a s e rv i ceab le  weapon could 
be deployed, they  were convinced t h a t  premature i n i t i a t i o n  of product ion would 
merely t r a n s f e r  development problems from t h e  R&D p h a s e ' t o  t h e  e a r l y  i n d u s t r i a l  

39 phase, making s o l u t i o n s  f a r  more d i f f i c u l t  and expensive. 
I 

Decision by t h e  Secre ta ry  of Defense 

(U) Upon r e c e i p t  of t h e  d i r e c t e d  and reasonable  r i s k  p l ans ,  i n  August 
1961, t h e  Sec re t a ry  of Defense e s t ab l f shed  a n  ad hoc committee t o  review 
m i l i t a r y  requirements  f o r  t h e  SHILLELAGH and t h e  t a c t i c a l  a b i l i t y  of t h e  
system t o  perform i n  t h e  m i l i t a r y  environment i n  which i t  was expected t o  
opera te .  The committee was t o  provide a t echn ica l  assessment of t h e  m i s s i l e  
and i t s  r e l a t e d  components, a s  w e l l  a s  a s t a t u s  r e p o r t  and appropr i a t e  guidance 
on f u t u r e  R&D program requirements.  Members of t h e  committee rece ived  a 
complete b r i e f i n g  on t h e  SHILLELAGH system a t  OTAC Headquarters on 31 August 
1961 and a t  Aeronutronic 's  Newport Beach f a c i l i t y  on 1 September' l961. This  
was followed on 20 September 1961 by an OTAC/ARGMA p r e s e n t a t i o n  on t h e  proposed 
p lan  f o r  t h e  d i r e c t e d  program t o  t h e  Chief of Ordnance, who then submit ted t h e  
p lan  t o  t he  Secre ta ry  of Defense. The o f f i c i a l  review of t he  SHILLELAGH/M~O 
program ended wi th  an Army/Aeronutronic b r i e f i n g  t o  t h e  Sec re t a ry  of Defense 
on 30 September 1961. 

(U) On t h e  b a s i s  of  in format ion  generated i n  t h e  review of t h e  program, 
t h e  Sec re t a ry  of Defense decided t h a t  t h e  SHILLELAGH would n o t  b e  app l i ed  t o  
t he  M60 veh ic l e ,  bu t  would be mounted on t h e  AR/AAV (SHERIDAN) a s  o r i g i n a l l y  
planned. He d i r e c t e d  t h a t  Aeronutronic s t a r t  an immediate 2-month a c c e l e r a t i o n  
of t h e  SHILLELAGH resea rch  and development e f f o r t ,  during which t i m e  o t h e r  R&D 
a s p e c t s  of t h e  program would be presented  t o  f a c i l i t a t e  a f i n a l  dec is ion .  

Implementation of t h e  DOD Decision 

(U) To meet t h i s  advanced t imetable ,  t h e  A s s i s t a n t  Sec re t a ry  of t h e  Army 
(R&D), on 4 October 1961, au thor ized  t h e  i ssuance  of a 60-day, $8 m i l l i o n  
l e t t e r  c o n t r a c t  t o  Aeronutronic f o r  a c c e l e r a t e d  development work, spec i fy ing  
t h a t  expendi tures  could n o t  exceed $4 m i l l i o n  p e r  month.40 Accordingly, OCO, 

39(1) SHILLELAGH Sub-system Plans  f o r  M60E2 Vehicle  (Directed and Reason- 
a b l e  Risk) ,  7 Aug 61, ARGMA/AoMC, pp. i, 3-5, 36, 54-55. (2)  Msg, CG, OTAC, 
t o  CG, ARGMA, DTG 0521252 Jul 61, re SHILLELAGH Accelera t ion ,  (3) Msg, CofOrd 
t o  CG, OTAC, DTG 3021242 Jun 61, i n c l  t o  L t r ,  CG, AOMC, t o  Cdr, ARGMA, 6 J u l  
61, subj :  Revision of SHILLELAGH Weapon System P lan ,  (4) SHILLELAGH ~ o n t h l y  
Progress  Report,  ARGMA/AOMc, 31 Jul 61, pp. 7-8. 

40(1) SHILLELAGH Monthly Progress  Reports ,  ARGMA/AOMC: 31 Aug 61, pp. 
6-7; 30 Sep 61, pp. 6-7. (2) Me-mo, A s s t  Secy of t h e  Army (R&D) t o  CofOrd, t h r u  
Chf of R&D, DA, 4 Oct 61, subj :  Accelerated Shi l le lagh-Aeronutronic  Program. 
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on 5 October 1961, d i r e c t e d  t h e  Los Angeles Ordnance D i s t r i c t  (LAOD) t o  
n e g o t i a t e  t h e  c o n t r a c t  wi th  Aeronutronic f o r  t h e  per iod  1Q October t o  9 
December 1961, a s  a mod i f i ca t ion  t o  t h e  e x i s t i n g  R&D c o n t r a c t  (ORD-1835). 
Aeronutronic promptly began a s u b s t a n t i a l  personnel  bui ldup and subcont rac ted  
f o r  s e v e r a l  t e c h n i c a l  backup programs. 41  

(U) I n  response t o  an OTAC reques t ,  ARGMA submit ted a p l an  on 4 October 
1961 r e f l e c t i n g  t h e  acce l e ra t ed  SHILLELAGH-AR/AAV program a s  approved by t h e  
Secre ta ry  of Defense. ThTs p lan  r e f l e c t e d  t h e  fol lowing mi les tones :  (1) 
confirmation of m i s s i l e  f e a s i b i l i t y  and pre l iminary  R&D r e l e a s e  t o  i ndus t ry  i n  
A p r i l  1962; (2) t o o l i n g  and f a c i l i t y  c o n t r a c t  award i n  May 1962; (3)  l i m i t e d  
product ion r e l e a s e  and product ion c o n t r a c t  award i n  December 1962; (41  completion 
of engineering design i n  August 1963; (5) f i r s t  product ion d e l i v e r y  i n  October 
1963; (6) completion of engineering design and use r  t e s t s  and type c l a s s i f i c a t i o n  
a s  s tandard  i n  January 1964; and (7) f i r s t  d e l i v e r y  t o  t roops  i n  Ju ly  1964. 

(U) The Deputy Commander of AOMC emphasized t h a t  t h i s  p l a n  was p red ica t ed  
on complete success  i n  a l l  f u t u r e  development e f f o r t s ,  a l though p a s t  experience 
had shown t h a t  assumption t o  be h igh ly  improbable. Both ARGMA and AOMC 
recommended t h a t  t h e  dec i s ion  t o  a c c e l e r a t e  t he  program beyond t h e  2-month 
per iod  b e  cont ingent  on performance of t h e  m i s s i l e  subsystem i n  guided f l i g h t s  
i n  t h e  next  3 months. The time-phasing and conceptual  approach t o  programming 
f o r  t he  m i s s i l e  subsystem was e s s e n t i a l l y  t h e  same i n  t h e  a c c e l e r a t e d  AR/AAV 
plan  a s  i n  t h e  d i r e c t e d  and reasonable r i s k  p l a n s  us ing  t h e  M60E2 tank.  
Therefore,  t h e  a t t endan t  r i s k s  and impacts contained i n  t h e  M60E2 s t u d i e s  f o r  
t h e  d i r e c t e d  p l an  were d i r e c t l y  a p p l i c a b l e  t o  t h e  p l a n  f o r  t h e  AR/AAV. It 
would be necessary,  f o r  example, t o  f r e e z e  t h e  des ign  f o r  product ion be fo re  
completion of e s s e n t i a l  development t e s t s .  Moreover, i t  was h ighly  p o s s i b l e  
t h a t ,  w i th  a program a c c e l e r a t i o n  of t h i s  n a t u r e ,  Ordnance would n o t  be  a b l e  4 2 t o  provide adequate support  f o r  i n i t i a l  d e l i v e r i e s  of equipment f o r  t roop  use.  

(U) By t h e  time ARGMA de l ive red  t h e  AR/AAv-SHILLELAGH p l an ,  i t  was a l r eady  
becoming obvious t h a t  t h e  dec i s ion  t o  a c c e l e r a t e  t h e  program, even f o r  2 months, 
w a s  premature. The f i r s t  guided f l i g h t  test on 1 5  September 1961 ( a  month l a t e r  
than scheduled) and t h e  f i r s t  t h r e e  c losed  loop guidance t e s t s ,  conducted 
between 22 September and 6 October 1961, a l l  ended w i t h  d isappoin t ing  r e s u l t s .  
By t h e  end of December 1961, Aeronutronic had at tempted 11 closed  loop m i s s i l e  

4 3 f i r h g s , o n l y  9 of which were f i r e d  and only  1 of t hose  was completely succes s fu l .  

41(1) Msg, CofOrd t o  CO, LAOD, DTG 0511232 Oct 61, r e  Acce lera t ion  of  
SHILLELAGH Program. RHA Box 12-659. (2) SHILLELAGH Monthly Progress  Report,  
ARGMA/AOMC, 31 Oct 61, p.  1. (3) H i s t  of ARGMA, 1 Jul-11 Dec 61, pp. 75-77. 
(4) H i s t  Rept, I n d u s t r i a l  Div, ARGMA, i n  F i n a l  Diary of ARGMA, 1 Jul-11 Dec 61, 
p. 262. 

4 2 ~ t r ,  Dep Cdr, AOMC, t o  CG, OTAC, 4 Oct 61, subj  : SHILLEUGH Sub-system 
Plan f o r  AR/AAV Weapon System. 

4 3 ~ e e  below, pp. 65-66. 
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Al te rna t e  P lans  f o r  t h e  Accelerated AR/AAV-SHILLELAGH Program 

(U) It the re fo re  came as no s u r p r i s e  when OTAC asked ARGMA for t h r e e  
a l t e r n a t e  p l a n s  f o r  t h e  SHILLELAGH por t ion  of t he  acce l e ra t ed  AR/AAv program. 
The f i r s t  p lan ,  submit ted t o  OTAC on 1 3  October 1961, c a l l e d  f o r  execut ion of 
t he  f i r s t  product ion c o n t r a c t  i n  August 1962, be fo re  t h e  l i m i t e d  product ion 
type c l a s s i f i c a t i o n  scheduled f o r  31 December 1962, and f o r  i n i t i a l  product ion 
d e l i v e r i e s  i n  October 1963, The second p lan ,  submit ted on 16  October 1961, 
r e f l e c t e d  t h e  same time phasing, bu t  used an  advanced v e h i c l e  product ion r a t e  
of 200 pe r  month i n s t e a d  of t h e  75 v e h i c l e s  pe r  month c a l l e d  f o r  i n  P lan  1. 
The c o s t  e s t ima te s  f o r  P lans  1 and 2 a r e  shown below: 

PLAN 2 
FUNDS 

Research & Development 
I n d u s t r i a l  
F i e l d  support  

TOTAL 

MAJOR ITEMS 
M i s s i l e  

* 
Quanti ty  Es t  Cost Quanti ty  Es t  cos t*  
172.068 $407.642 172,966 $410.499 

Depot Tes t  Equipment 3 6.134 3 6.442 
Go-no-go t e s t  equip 2 6 5.478 30 6.044 
On-Vehicle G&C 2,471 129.815 2,132 143.273 
Type I V  t o o l s  & t e s t  equip 98 31,947 96 35.082 
Depot t e s t  equip 3 9.707 3 10.164 

* 
Including I n d u s t r i a l  and F i e l d  Serv ice  Cost 

Under t h e  t h i r d  subsystem plan ,  t h e  SHILLELAGH m i s s i l e  and on-vehicle guidance 
and c o n t r o l  equipment would be  phased i n  about 8 t o  12 months a f t e r  ava i l a -  
b i l i t y  of t h e  AR/AAV. For t h i s  s tudy,  a v a i l a b i l i t y  of t h e  v e h i c l e s  was 
considered t o  be t h e  same as f o r  Study 1. Taking i n t o  cons ide ra t ion  t h e  use  
of p o s s i b l e  expedients ,  ARGMA determined t h a t  t a c t i c a l  d e l i v e r i e s  of equipment 
could begin i n  J u l y  1964, making deployment of t h e  AR/AAV, w i t h  t h e  SHILLEXAGII 
m i s s i l e  and on-vehicle guidance and c o n t r o l  equipment, p o s s i b l e  i n  May 1965. 
The phasing f o r  t h i s  s tudy  ind ica t ed  a 10-month de lay  i n  deployment of t h e  
weapon system complete wi th  convent ional  ammunition and m i s s i l e s ;  however, 
deployment of t h e  AR/AAv w i t h  convent ional  armnunition w a s  s t i l l  scheduled i n  
J u l y  1964. The ex tens ion  of t h e  m i s s i l e  program by 1 0  months would reduce 
both t h e  t e c h n i c a l  and monetary r i s k s .  44 

44(1)  SHILLELAGH Sub System Plan f o r  t h e  Accelera ted  AR/AAV Vehicle  (Study 
I ) ,  13 Oct 61, ARGMA/AoMc. (2) SHILLELAGH Sub System P lan  f o r  t h e  Accelerated 
AR/AAV Vehicle  (Study 2) , 16 Oct 61, ARGMA/AOMC. (3) Supplement #2 AR/AAV- 
SHILLELAGH Accelerated Program, 1 7  Oct 61, ARGMAIOTAC SHILLELAGH Task Force, 
pp. 1-4. (4) SHILLELAGH Monthly Progress  Report,  ARGMA/AOMC, 31 Oct 61, PP 
6-7. (5) Msg, CofOrd t o  CG, OTAC, DTG 1314172 Oct 61, r e  A l t e rna t e  P lan  f o r  
Accelerated SHILLELAGH-AR/AAV Program. 
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F i r e  Control  and Guidance System F l i g h t  Tes t s  

(U) While t h e  a c c e l e r a t i o n  p l ans  were being reviewed and modified, 
Aeronutronic commenced t h e  f l i g h t  t e s t  program t o  prove o u t  t h e  i n f r a r e d  
cmmand guidance concept.  The r e s u l t s  of t hese  t e s t s  would determine whether 
o r  n o t  t h e  a c c e l e r a t e d  program would cont inue beyond December 1961. A t o t a l  
of 20 m i s s i l e  f i r i n g s  were conducted (or a t tempted)  during 1961, 9 t o  confirm 
f i r e  c o n t r o l  system e f f e c t i v e n e s s  and 11 t o  t e s t  t h e  c losed  loop guidance 
system. (For complete t e s t  r e s u l t s ,  s e e  Appendix E, F i r i n g s  1 through 20.) 

F i r e  Control  Tes t s  

(U) Before f l i g h t  t e s t i n g  t h e  c losed  loop guidance system, t h e  c o n t r a c t o r  
conducted n i n e  f i r e  c o n t r o l  f l i g h t  t e s t s  a t  White Sands M i s s i l e  Range (WSMR) 
i n  t h e  April-September 1961 per iod .  I n  Phase I, f o u r  m i s s i l e s  were f i r e d  t o  
measure f r e e  f l i g h t  a t t e n u a t i o n  of t h e  i n f r a r e d  coded s i g n a l  and n o i s e  i n  t h e  
m i s s i l e  d e t e c t i o n  system during rocke t  motor and gas genera tor  opera t ion .  
Phase I1 cons i s t ed  of f i v e  f i r i n g s  t o  e v a l u a t e  s e p a r a t e l y  t h e  performance 
of t h e  i n n e r  loop c o n t r o l  system and t h e  o u t e r  loop guidance system, and t o  
determine performance of t he  t r acke r - t r ansmi t t e r  l i n k .  Although s e v e r a l  pro- 
blems occurred wi th  l a t e  motor i g n i t i o n  and parachute malfunct ions,  t h e  test 
da t a  i nd ica t ed  gene ra l ly  s a t i s f a c t o r y  r e s u l t s .  

(V) The f i r e  c o n t r o l  f l i g h t  t e s t  on 15 September 1961 marked t h e  f i r s t  
guided f l i g h t  of a SHILLELAGH m i s s i l e .  The m i s s i l e ,  launched a t  a n  a n g l e  of 
85' above t h e  horizon,  w a s  s u c c e s s f u l l y  guided through t h e  cap tu re  phase and 
motor burnout t r a n s i e n t .  It rece ived  guidance commands f o r  about  2.8 seconds, 
a f t e r  which i t  moved t o  t h e  r i g h t  beyond t h e  f i e l d  of view of t h e  t r a n s m i t t e r  
and continued i n  s t a b i l i z e d  f l i g h t  u n t i l  t h e  recovery parachute  was deployed. 
Analysis  of f l i g h t  da t a  i nd ica t ed  t h a t  excess ive  d r i f t  i n  t h e  yaw/ro l l  gyro 
produced an i n n e r  loop yaw s i g n a l  l a r g e r  t han  t h e  o u t e r  loop guidance command 
could co r r ec t .  

Closed Loop Guidance Tes t  

(U) The c losed  loop guidance t e s t  program o f f e r e d  t h e  f i r s t  oppor tuni ty  
f o r  t h e  Army t o  judge i f  t h e  SHILLELAGH m i s s i l e  concept could become a 
m i l i t a r i l y  u s e f u l  weapon. I n  t h e  September-December 1951 per iod ,  t h e  con- 
t r a c t o r  a t tempted 11 m i s s i l e  f i r i n g s  i n  t h i s  s e r i e s ,  9 of which were f i r e d .  
Of t h e  n ine ,  on lyoneround,  CL-7, f i r e d  on 22 November 1961, w a s  completely 
successfu l .  A l l  c losed  loop f i r i n g s  were conducted a t  WSMR. 45 

(U) The c losed  loop f l i g h t  t e s t s  revea led  s e v e r a l  d e f i c i e n c i e s  i n  t h e  
guidance and c o n t r o l  components and t h e  rocke t  and gas genera tor .  They 
demonstrated conclus ive ly  t h a t  t h e  smoke t r a i l  produced by t h e  T16 rocke t  

45(1) ARGMA H i s t  Sum, 1 Jan-30 Jun 61, pp. 71-72. (2) His tory  of ARGMA, 
1 Jul-11 Dec 61, pp.79-84. 
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motor p rope l l an t  was more severe  than could be t o l e r a t e d  by t h e  t r ack ing  and 
command l i n k s .  During rocket  motor burnout,  a s  t h e  -motor chamber p res su re  
decayed, t h e  motor nozzles  emit ted a  cloud of smoke which completely obscured 
the  t racking  and transmission s i g n a l s  f o r  per iods  as long a s  four- tenths of 
a  second, When coupled wi th  o the r  normally expected f l i g h t  pa th  d is turbances ,  
these  s i g n a l  dropouts were s u f f i c i e n t  t o  cause t h e  l o s s  of s e v e ~ a l m i s s i l e s  
which would otherwise have been success fu l ly  re turned  t o  t h e  l i n e  of s i g h t ,  
and i n  almost a l l  f l i g h t s  r e s u l t e d  i n  t r a j e c t o r y  dev ia t ions  f a r  i n  excess of 
normal t r a n s i e n t s  a f t e r  motor burnout. Both Pica t inny Arsenal and Aeronutronic 
were i n v e s t i g a t m g  v s r i o u s  rocke t  p r o p e l l a n t s  i n  an  e f f o r t  t o  reduce t h e  
exhaust plume. Ammonium n i t r a t e  p rope l l an t s  appeared t o  be t h e  b e s t  type t o  
use where a  minimum smoke t r a i l  was t h e  most important c r i t e r i o n ,  46 

Applied Research Program 

Reor ienta t ion  of Program 

(U) A s  a r e s u l t  of t h e  problems encountered i n  t h e  closed loop f l i g h t  
t e s t s ,  t h e  WD and Army s t a f f  d i r e c t e d  a  genera l  r e o r i e n t a t i o n  of t h e  SHILLELAGH 
development e f f o r t  t o  a  program of appl ied  research  on the key t e c h n i c a l  problems. 
Accordingly, OCO, on 8 December 1961, au thor ized  t h e  Los Angeles Ordnance D i s -  
t r i c t  t o  extend t h e  cu r ren t  l e t t e r  c o n t r a c t  f o r  a  60-day period,  beginning 1 0  
December 1961, wi th  t h e  fol lowing condit ions:  

*The scope of t h e  expedited appl ied  research  program would be  
furnished by ARGMA. 

*Negotiat ions wi th  Aeronutronic would b e  a t  t h e  lowest p o s s i b l e  
funding l e v e l  commensurate wi th  t h e  scope of work furnished,  bu t ,  
i n  no event ,  would exceed $900,000 pe r  month. 

*The d e f i n i t i v e  con t rac t  t o  be f i n a l i z e d  w i t h i n  60 days would 
no t  exceed $13.2 m i l l i o n  and would provide f o r  c o n t r a c t  completion 
by 30 Apr i l  1962. 

The Chief of  Ordnance recognized t h a t  cu r ren t  funds would only permit continu- 
a t i o n  of t h e  program through Apr i l  1962, and t h a t  add i t cona l  funding of $4 
m i l l i o n  would be  requi red  t o  complete t h e  appl ied  r e sea rch  program. Therefore,  
nego t i a t ions  wi th  t h e  con t rac to r  would provide f o r  two increments of work. The 
f i r s t  would be  f u l l y  funded i n  t h e  amount of $13.2 m i l l i o n ;  and t h e  second 

46(1) Semiannual H i s t  Rept, T a c t i c a l  Systems P r o j  Ofc, R&D Ops, ARGMA/ 
AOMC, i n  F i n a l  Diary of ARGMA, 1 Jul-11 Dec 61, (2) P resen ta t ion  of M i s s i l e  
F l i g h t  Tes t  Program by M r .  L, P. Hei l ig ,  Chf Engr, T a c t i c a l  Wpn Sys Ops, 
Aeronutronic, i n  Conference Minutes, SHILLELAGH R&D Review Meeting he ld  a t  
De t ro i t  Arsenal,  OTAC, 2 Mar 62. RHA Box 12-721. 
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would be  i n  t h e  form of an opt ion  t o  t h e  Government, which would b e  exe rc i sed  
by 30 Apr i l  1962.~7  

(U) The modi f ica t ion  t o  c o n t r a c t  DA-04-495-ORD-1835 t o  d e c e l e r a t e  t h e  
development program, implemented on 8 December 1961, provided an  ex tens ion  
u n t i l  6 February 1962. Through a number of a d d i t i o n a l m o d i f i c a t i  s i n  CY 
1962, t h e  appl ied  r e s e a r c h  program was extended t o  December 1962. 28 

(U) No ordnance support  r ead ines s  d a t e  was e s t a b l i s h e d  f o r  t h e  SHILLELAGH 
m i s s i l e  under t h e  r e o r i e n t e d  program. I f ,  and when, t h e  program aga in  became 
a f u l l  development e f f o r t ,  r l e a s e  and r ead ines s  d a t e s  would be  determined, 
based on au thor ized  funding.89 I n  t h e  app l i ed  r e sea rch  program, t h e  con- 
t r a c t o r  would e s s e n t i a l l y  be providing answers t o  two b a s i c  ques t ions .  Could 
t h e  i n f r a r e d  command l i n k  be  made t o  ope ra t e  through t h e  obscura t ion  c rea t ed  
by motor and gas genera tor  plumes? And, could t h e  m i s s i l e  be made r e l i a b l e  
enough f o r  use i n  i t s i n t e n d e d r o l e  i n  t h e  f i e l d ?  The Army Ordnance M i s s i l e  
Command placed major emphasis on f l i g h t  and r e l i a b i l i t y  t e s t i n g  t o  a s s u r e  t h e  
accumulation of enough da t a  f o r  t he  Army t o  make a dec i s ion  on t h e  f u t u r e  of 
SHILLELAGH i n  September 1962. Any s l i ppage  i n  t h i s  dec i s ion  p o i n t  could r e s u l t  
i n  program te rmina t ion  i n  favor  of another  approach t o  t h e  problem. 5 0 

F l i g h t  T e s t s  

(U) To determine the  f e a s i b i l i t y  and r e l i a b i l i t y  of t h e  m i s s i l e ,  t h e  
con t r ac to r  conducted s e v e r a l  s e r i e s  of t e s t s  during 1962 t o  eva lua t e  p r o p e l l a n t  
compa t ib i l i t y ,  and t h e  e f f e c t s  of sun ang le  and environmental condi t ion ing ,  
veh ic l e  t r anspor t a t ion ,  moving l i n e  of s i g h t ,  and l i m i t e d  v i s i b i l i t y .  Except 
f o r  t h r e e  experimental  f i r i n g s  i n  t h e  A r c t i c  i n  l a t e  1962, a l l  guided f i r i n g  
t e s t s  were conducted a t  t h e  White Sands M i s s i l e  Range. (For complete t e s t  
r e s u l t s ,  s e e  Appendix E, F i r i n g s  21 through 46.) 

(U) The p rope l l an t  eva lua t ion  t e s t s  showed t h a t  t h e  combination of double 
base N-5 rocket  motor p rope l l an t  and LFT-3 ammonium n i t r a t e  p rope l l an t  f o r  
the  g a s  genera tor  was s a t i s f a c t o r y .  With t h e s e  p r o p e l l a n t s ,  t h e  m i s s i l e  system 

- 

47(1)  His tory  of ARGMA, 1 Jul-11 Dec 61, pp. 84-85. (2)  Msg, CofOrd t o  

LAOD, DTG 0816322 Dec 61, r e  Decelerated Program wi th  Aeronutronic.  

48(1) Semiannual H i s t  Rept, I n d u s t r i a l  Div, ARGMA~AOMC, i n  F i n a l  Diary 
of ARGMA, 1 Jul-11 Dec 61, pp. 264-65. (2) H i s t  of HQ, AOMC, 1 Jan-30 Jun 62, 
p. 78. (3) MICOM An1 H i s t  Sum, 1 J u l  62-30 Jun 63, pp. 142-43. (4) H i s t  Rept, 

SHILLELAGH PM, FY 65. 

4 9 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  Monthly Progress  Report,  3 1  Dec 61, ARGMA~AOMC, pp. 5-6. 

' '~issile Development S t a tus ,  Bf g.by MAJ John Hamilton, Chf , SHILLELAGH 
B r ,  R&D Ops, AOMC, i n  Conference Minutes, SHILLELAGH R&D Review Meeting, he ld  
a t  D e t r o i t  Arsenal ,  OTAC, 2 Mar 62. RHA Box 12-721. 
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demonstrated i t s  a b i l i t y  t o  main ta in  t h e  f i x e d  l i n e  of s i g h t  t r a j e c t o r y  and 
impact t h e  t a r g e t  w i th in  accuracy requirements ,  even under cond i t i ons  of 
maximum exhaust plume concent ra t ion .  

(U) The f i r i n g s  i n  May and June 1962 demonstrated t h e  c a p a b i l i t y  of t h e  
m i s s i l e  t o  h i t  t a r g e t s  moving a c r o s s  t h e  f i e l d  of view. These f i r i n g s  marked 
t h e  f i r s t  u s e  of i n f r a r e d  guidance i n  t h i s  mode-a s i g n i f i c a n t  mi l e s tone  i n  
t h e  development of SHILLELAGH. Another f i r i n g  proved t h e  m i s s i l e ' s  capac i ty  
t o  h i t  a  t a r g e t  a t  maximum range  when t h e  t a r g e t  was b a r e l y  v i s i b l e  through 
blowing dus t .  The r e s u l t s  of t h i s  f i r i n g  s a t i s f i e d  t h e  l i m i t e d  v i s i b i l i t y  
t e s t  o b j e c t i v e s ;  t he re fo re ,  t h e  second scheduled f i r i n g  was cance l led ,  

(U) Other f i r i n g s  t e s t e d  t h e  m i s s i l e ' s  c a p a b i l i t y  t o  wi ths tand  a n  opera- 
t i o n a l  road t r a n s p o r t a t i o n  environment, then main ta in  a  f i x e d  l i n e  of s i g h t  
t r a j e c t o r y  during f l i g h t .  I n  J u l y  and August 1962, s e v e r a l  m i s s i l e s  were 
flown t o  determine guidance system performance when t h e  sun w a s  e i t h e r  n e a r  
t h e  edge of t h e  m i s s i l e  r e c e i v e r  f i e l d  of view o r  n e a r  t h e  t r a c k e r  l i n e  of 
s i g h t ,  

(U) During the  win te r  of 1962-63, n i n e  f l i g h t s  were conducted under a r c t i c  
condi t ions  a t  Fo r t  Greeley, Alaska, t o  determine t h e  low temperature l i m i t  a t  
which condensation of t h e  m i s s i l e ' s  exhaust plume weakened t h e  command l i n k  
enough t o  cause m i s s i l e  f a i l u r e ,  Three of t h e s e  t e s t s  f e l l  w i t h i n  t h e  time- 
frame of t h e  app l i ed  r e sea rch  program. I n  t h e  nine-round s e r i e s ,  completed 
on 16  March 1963, t h e r e  were f i v e  succes s fu l  f l i g h t s  and f o u r  f a i l u r e s ,  The 
major cause of  f a i l u r e  was t h e  i n a b i l i t y  of t h e  i n f r a r e d  command d a t a  t o  
p e n e t r a t e  t h e  i c e  fog. The test d a t a  i nd ica t ed  t h a t  t h e  SHILLELAGH'S lowest  
e f f e c t i v e  ope ra t ing  temperature was around -20°F, w e l l  above t h e  requirement 
o f - 6 5 ' ~  s p e c i f i e d  i n  t h e  m i l i t a r y  c h a r a c t e r i s t i c s .  

Findings and Conclusions 

(U) The app l i ed  r e sea rch  program was considered succes s fu l ,  n o t  on ly  from 
a demonstration s tandpoin t ,  b u t  a l s o  from t h e  a spec t  of f u l f i l l i n g  i t s  b a s i c  
o b j e c t i v e s  and fu rn i sh ing  answers t o  a  number of c r i t i c a l  ques t ions  about  t h e  
system and i t s  c a p a b i l i t i e s .  The c o n t r a c t o r  had amply assured  o p e r a t i o n a l  
f e a s i b i l i t y  and the  a b i l i t y  t o  achieve h igh  r e l i a b i l i t y ,  The i n f r a r e d  command 
and t r ack ing  l i n k  s u c c e s s f u l l y  guided t h e  missile w i t h  s i g n i f i c a n t l y  improved 
c a p a b i l i t y  f o r  f i r s t  round h i t  p r o b a b i l i t y  a t  extended ranges over e x i s t i n g  
tank armament . 

(U) While express ing  s a t i s f a c t i o n  wi th  t h e  t e s t  r e s u l t s  and confidence i n  
t he  ultimate success  of t h e  program, t h e  Army M i s s i l e  Command poin ted  t o  
s e v e r a l  s i g n i f i c a n t  system l i m i t a t i o n s .  The r e s u l t s  of a r c t i c  f i r i n g s  and 
o the r  l a b o r a t o r y  t e s t s  i nd ica t ed  t h a t  t h e  m i s s i l e  probably would n o t  f u l f i l l  
t h e  requirement f o r  ope ra t ion  a t  -65O~,  bu t  above -20°F-the most probable 
temperature range i n  which t h e  system would be  used-the SHILLELAGH could be 
expected t o  perform w e l l ,  Another s i g n i f i c a n t  l i m i t a t i o n  was t h e  low p r o b a b i l i t y  
of ope ra t ion  when t h e  sun was wi th in  a  40° cone (20° h a l f  angle)  behind t h e  
launching v e h i c l e  t r a n s m i t t e r .  F i r i n g s  w i t h  t h e  sun d i r e c t l y  behind t h e  
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t r a n s m i t t e r  would probably never be completely succes s fu l ;  however, s t u d i e s  
were be ing  conducted on t h e  use  of d i f f e r e n t  m i s s i l e  r e c e i v e r  d e t e c t o r  c e l l s  
t o  i n c r e a s e  the  p r o b a b i l i t y  of ope ra t ion  under t hese  condi t ions .  The appl ied  
research  program d a t a  a l s o  revea led  t h a t  t h e  m i s s i l e  weight would probably 
no t  be  reduced below 55 pounds. And i t  was doubt fu l  t h a t  a r a t e  of f i r e  of 
six t o  e i g h t  m i s s i l e s  per  minute would be  achieved a t  maximum range,  because 
of the increased  m i s s i l e  f l i g h t  t i m e .  Th i s  r a t e  of f i r e  could more probably 
be met a t  ranges of 1,000 meters ,  5 1 

F ina l  Development Program 

(U) Confidence i n  t h e  u l t i m a t e  success  of t h e  SHILLELAGH program having 
been r e s t o r e d ,  t h e  Ass i s t an t  Secre ta ry  of t h e  Army f o r  Research and Development, 
i n  January 1963, approved an  AMC r eques t  t o  i nc rease  t h e  scope of work and 
per iod  of performance of t h e  cu r r en t  Aeronutronic c o n t r a c t .  The Army Missile 
Command rece ived  approval  t o  r e i n s t a t e  t h e  development program e a r l y  i n  February 
1963, and modif ied t h e  R&D c o n t r a c t  (DA-04-495-ORD-1835) on 6 May 1963 t o  cover 
development from 3 December 1962 through 31 August 1963, a t  a c o s t  of $12,288,888. 
A new c o n t r a c t  (DA-04-495-AMC-309(~)), awarded t o  Aeronutronic on 1 September 
1963, extended t h e  r e sea rch ,  development, t e s t ,  and eva lua t ion  e f f o r t  u n t i l  
December 1965. 52 

F ina l  F l i g h t  T e s t s  

(U) Aeronutronic conducted t h e  f i n a l  development f l i g h t  t e s t  s e r i e s  from 
September 1963 through October 1964. In t h i s  series of 63 f i r i n g s ,  t h e  m i s s i l e  
met t e s t  o b j e c t i v e s  on 58 f l i g h t s  (see Appendix E). These f l i g h t s  s a t i s f i e d  
a number of o b j e c t i v e s ,  inc luding  design prove-out, warhead compa t ib i l i t y ,  
SHERIDAN compa t ib i l i t y ,  system c a p a b i l i t y  a f t e r  environmental condi t ion ing  and 
road t r a v e l ,  and system capac i ty  a g a i n s t  moving and t r a n s i e n t  t a r g e t s .  Ten 
f l i g h t s  were succes s fu l ly  conducted 21-25 September 1964 a s  a m i l i t a r y  

51 (1) SHILLELAGH Applied Research Program Technical  Report and S t a t u s ,  
Aeronutronic Pub l i ca t ion  No. (S)1814, 7 Sep 62, pp. 3-1 - 3-3, 3-20 - 3-35, 
5-8-6. RSIC. (2) Technical  Information Report CD-5, Supplement 11, AMC, Nov 
62, subj  : Development of Anti tank Weapons. RSIC. (3) His tory  of HQ, AOMC, 
1 Jan-30 Jun 62, pp. 77-80. (4)  MICOM An1 H i s t  Sum, 1 J u l  62-30 Jun 63, pp. 
145-46. (5) L t r ,  SHERIDAN/SHILLELAGH PM, t o  CG, MICOM, 27 Feb 63 ,  subj  : 
Gen. Sheridan "In-Process" Review Meeting 29-30 Jan  63, w i n c l :  Speech " ~ i s s i l e  
S ta tus"  by M r .  Lloyd Lively.  RHA Box 13-103. (6) SHILLELAGH Development Test  
F i r i n g  Data, Sec 1, Jan  62-25 Sep 64. RHA Box 12-721, (7) Report t o  SHERIDAN/ 
SHILLELAGH PM, In t e r im  Technical  Analysis  of A r c t i c  Program ( ~ e p o r t  T-63-I), 15  
Feb 63, prep by George Sipes,  SHILLELAGH B r ,  Dev Div, R&D Dr te ,  MICOM. (8) 
Also s e e  SHILLELAGH Dev Tes t  F i r i n g  Data, Appendix E. 

52(1) MICOM An1 H i s t  Sum, 1 J u l  62-30 Jun 63, p. 146. (2) H i s t  Rept, 
SHILLELAGH PM, FY 65, pp. 4-5. (3) Msg, USAMC t o  LAPD, DTG 2922302 Jan  63, 
r e  Amendment t o  Aeronutronic Contract .  RF! Box 12-659. 
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i n spec t ion  of t h e  system. The f l i g h t  on 23 September 1964 marked t h e  f i r s t  
f i r i n g  by a  m i l i t a r y  gunner,53 

Component Development 

(U) During t h e  f i n a l  phase of t h e  development program, t h e  con t r ac to r  
made a  number of component changes t o  f u l f i l l  system requirements.  Severa l  
modif icat ionsweremade i n  t h e  rocke t  motor g r a i n  system, and a  dual  i g n i t e r  
system f o r  t h e  rocke t  motor w a s  added. Because of v i b r a t i o n  problems, t h e  
gyro developed by t h e  Whittaker Gyro Company was r ep l aced  by a  Clary Dynamics 
Company prototype.  The o r i g i n a l  tungsten lamps f o r  t h e  m i s s i l e  source were 
off- the-shelf  i tems manufactured by t h e  General E l e c t r i c  Company. These 
were rep laced  by lamps s p e c i f i c a l l y  developed by t h e  Sylvania Products  Company 
t o  meet m i s s i l e  s p e c i f i c a t i o n s .  To s a t i s f y  r e l i a b i l i t y  requirements ,  
Aeronutronic changed from a commercially a v a i l a b l e  m i s s i l e  motor t o  one 
designed by American E lec t ron ic s ,  Incorpora ted ,  and l a t e r  t o  another  motor 
developed by Wright Machinery Corporation. 

(U) A number of ref inements  were a l s o  necessary  in t h e  guidance and con- 
t r o l  equipment. I n i t i a l  development r e s u l t e d  i n  an experimental  model design 
which proved t h e  system concepts i n  f i r i n g s  from a f ixed  launcher  and t h e  T95 
t e s t  bed. A s  system requirements were f i n a l i z e d ,  t h e  cont raceor  began 
developing t h e  engineering model guidance and c o n t r o l  (G&C) system, f o r  i n s t a l l -  
a t i o n  i n  t h e  SHERIDAN veh ic l e .  The requirements  f o r  h igh  r e l i a b i l i t y  and 
s e l f - t e s t  c a p a b i l i t y  d i c t a t e d  the  o v e r a l l  design,  r ep re sen t ing  an exhaus t ive  
t radeoff  of numerous design v a r i a b l e s  which had t o  b e  opt imal ly  c o n t r o l l e d  t o  
r e a l i z e  t h e  u l t i m a t e  system ob jec t ives .  

(U) The s t a r t i n g  p o i n t  f o r  development of t h e  s i g n a l  d a t a  conver te r  (SDC) 
was an  experimental  model designed by t h e  Raytheon Company w i t h  Aeronutronic 
t r a c k e r  s i g n a l  process ing  c i r c u i t r y .  This  model, which had no s e l f - t e s t  
c a p a b i l i t y ,  was used i n  R&D f i r i n g s  be fo re  September 1962. The design requi re -  
ments of r e l i a b i l i t y ,  environment, m a i n t a i n a b i l i t y ,  p r o d u c i b i l i t y ,  and c o s t  
implied an a l l - e l e c t r o n i c  design,  f r e e  from f a c t o r y  and f i e l d  adjustments .  
Since t h e  SDC contained about 60 percent  of t h e  e l e c t r o n i c  components used i n  
t h e  vehicle-mounted gear ,  i t  was expected t o  have t h e  l a r g e s t  frequency of 
maintenance of any of t h e  a l l - e l e c t r o n i c  components. Hence, any s i g n i f i c a n t  
degradat ion of  i t s  mean-time-between-failure CMTBF) r a t e  r e s u l t i n g  from t h e  
use  of complex electromechanical  elements was undes i rab le .  To improve t h e  
MTBF, a  simple and f l e x i b l e  a l l - e l e c t r o n i c  range programmer was developed 
which r equ i r ed  only  two modules w i t h  no s p e c i a l  components. This  p r o g r a m e r  
proved t o  b e  one of t h e  most important design con t r ibu t ions  t o  t h e  h igh  G&C 
r e l i a b i l i t y .  A t  t h e  end of t h e  development program, two complete engineer ing  
model SDC's underwent 2,500 hours  of cont inuous s tandard  b a t t l e f i e l d  day 
ope ra t ion  without  any e l e c t r o n i c  component f a i l u r e s .  

5 3 ~ H I ~ ~ E L ~ ~ ~  Development Test  P i r i n g  Data (Standard ~ a n g e ) ,  Apr 61 - Oct 
64. RHA Box 12-721. 
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UNCLASSIFIED 
(U) The design of t h e  engineering model modulator began i n  October 1962, 

fol lowing t h e  dec i s ion  t o  use  two 150-watt lamps, i n s t e a d  of a  s i n g l e  300-watt 
lamp. The change t o  two lamps would avoid t h e  frequency mixing e f f e c t s  found 
wi th  one lamp. Design and r e l i a b i l i t y  tests, and t h e  engineer ing  t e s t / s e r v i c e  
t e s t  (ET/ST) program uncovered no major design problems i n  t h e  modulator,  

(u) The t r a n s m i t t e r ,  which provided t h e  i n f r a r e d  l i n k  f o r  t h e  m i s s i l e ,  
o r i g i n a l l y  had a  s i n g l e  xenon a r c  lamp t o  t r ansmi t  both p i t c h  and yaw s i g n a l s .  
However, dur ing  t e s t i n g ,  "backscat ter"  from t h e  command beam c rea t ed  n o i s e  i n  
t he  t r acke r .  This problem was solved by us ing  two lamps i n  t h e  t r a n s m i t t e r ,  
one each f o r  p i t c h  and yaw commands, The f i n a l  design of t h e  xenon a r c  t r ans -  
mitter centered  around two major requirements:  r e l i a b l e  r ap id  s t a r t i n g  t o  
meet system requirements  f o r  capture ,  and a r c  s t a b i l i t y .  A th ree-e lec t rode  
xenon a r c  lamp was designed t o  so lve  t h e  s t a r t i n g  problem. The t h r e e  e l e c t r o d e  
xenon a r c  lamps developed by t h e  Hanovia Lamp Divis ion  of Englehard I n d u s t r i e s  
was adopted over t he  one developed by t h e  PEK Labora to r i e s ,  because of i t s  
supe r io r  a r c  s t a b i l i t y .  54 

Release f o r  Limited Product ion  

(U) In  May 1964, fol lowing 22 consecut ive succes s fu l  f i r i n g s  i n  t h e  R&D 
s e r i e s ,  members of t h e  AMC Subcommittee f o r  SHERIDAN/SHILLELAGH recommended 
t h a t  t h e  m i s s i l e  be type  c l a s s i f i e d  a s  l i m i t e d  product ion.  I n  t h e i r  view, 
t he  s i g n i f i c a n t  i nc rease  i n  h i t  and k i l l  p r o b a b i l i t i e s  t o  be  gained by t h e  
f i e l d  comander  us ing  t h e  weapon j u s t i f i e d  i t s  e a r l i e s t  p o s s i b l e  r e l e a s e .  The 
R&D t e s t i n g  t o  d a t e  had ind ica t ed  t h a t  t h e  m i s s i l e  system would be h igh ly  
r e l i a b l e  and extremely accu ra t e  f o r  i t s  intended use,  and t h a t  t h e  e s s e n t i a l  
requirements f o r  a 2,000-meter maximum range m i s s i l e  system were be ing  met. 
The engineering t e s t / s e r v i c e  t e s t ,  scheduled t o  begin l a t e r  i n  1964, would 
confirm those  f i n d i n g s  and t h e  degree t o  which t h e  system met both e s s e n t i a l  
and des i r ed  m i l i t a r y  c h a r a c t e r i s t i c s .  

(U) The Chief of Research and Development, DA, approved t h e  LP type  
c l a s s i f i c a t i o n  on 12 August 1964. The major missile system i t e m s  were 
i d e n t i f i e d  a s  fo l lows:  

Guided Miss i l e ,  Anti-Tank XMGM-51A (Sh i l l e l agh )  
Guided Miss i l e ,  Anti-Tank XMTM-51A (Training)  
Guidance and Control  Group: (Sh i l l e l agh )  XM25 
M i s s i l e  Test  Se t ,  Drawing No. EX10122245 
Transmit ter  Alignment Test S e t ,  Drawing No, EX10122012 

5 4 ~ i n a l  Technical Report,  SHILLELAGH Guided M i s s i l e  System, Vol I of 111, 
System Development His tory ,  24 Feb 67, Aeronutronic Pub No. S-3905, pp. 53-57, 
B-1, B-2, 62-64, 67, 69-78. 
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The vehicle-mounted guidance and c o n t r o l  group cons i s t ed  of the t r a c k e r ,  s i g n a l  
da t a  conver te r ,  modulator, r a t e  sensor ,  power supply t r a n s m i t t e r ,  c a b l s  set, 
and t e s t  and checkout panel.  The m i s s i l e  t e s t  s e t  w a s  formerly c a l l e d  t h e  
forward a r e a  con tac t  support  s e t ,  55 

(Ul In  mid-0ctober 1964, some 2 months a f t e r  t h e  m i s s i l e  was approved 
f o r  l i m i t e d  product ion,  an in-process  review was conducted on t h e  SHERIDAN* 
weapon system t o  update t he  DA s t a f f  and Combat Developments Cormnand (CDC) on 
t h e  s t a t u s  of both t h e  v e h i c l e  and the  m i s s i l e .  Development t e s t i n g  had 
revealed c e r t a i n  system l i m i t a t i o n s  which could r e q u i r e  r e v i s i o n  and/or  
c l a r i f i c a t i o n  i n  t h e  m i l i t a r y  c h a r a c t e r i s t i c s .  Most of t h e s e  changes concerned 
the  v e h i c l e ,  e .g . ,  gun launcher  e l e v a t i o n  and depress ion  l i m i t s ,  water  speed, 
2,500-mile p a r t s  l i f e ,  MDIAC** requirement,  gun launcher  tube  replacement 
time, maximum speed, t u r r e t  armor p r o t e c t i o n ,  smoke device,  swimming c a p a b i l i t y ,  
commander's n i g h t  observa t ion  device,  l a s e r  computer system, s p o t t i n g  charge 
i n  t h e  XM411 t a r g e t  p r a c t i c e  (TP) round, arming d i s t a n c e  f o r  t h e  XM410 wh i t e  
phosphorous (In) round, func t ioning  r e l i a b i l i t y  of convent ional  rounds, accuracy 
of  XM411 TP and 334410 WP rounds, and fragmentat ion requirements f o r  t he  XM409 
high-explosive an t i tank-mul t ipurpose  (HEAT-MP) round. 

(U) Severa l  l i m i t a t i o n s  on m i s s i l e  performance were a l s o  recorded. The 
requi red  r a t e  of f i r e  of six p r o j e c t i l e s  per  minute had n o t  been met, The CDC 
and DA s t a f f  r e p r e s e n t a t i v e s  reques ted  t h a t  t he  problem of p r o j e c t i l e  loading  
and breech ope ra t ions  whi le  a m i s s i l e  was i n  f l i g h t  be i n v e s t i g a t e d  f u r t h e r  t o  
keep the  f i r i n g  cyc le  of m u l t i p l e  p r o j e c t i l e s  a s  s h o r t  a s  poss ib l e .  Therefore,  
no change was made i n  t h i s  requirement.  

(U) A r c t i c  development tests had i n d i c a t e d  a low temperature l i m i t  between 
-15°F and -25°F f o r  f i r i n g  the  missile. A t  and below t h e s e  ambient tempera- 
t u r e  limits, t h e  motor and gas genera tor  exhausts  formed i c e  c r y s t a l s  which 
i n t e r f e r e d  wi th  t h e  l i n e  of s i g h t .  Without adequate  o p t i c a l  l i n e  of s i g h t ,  t h e  
m i s s i l e  command system would no t  func t ion .  

* 
The AR/AAV was no t  type  c l a s s i f i e d  a s  l i m i t e d  product ion until18November 
1965. (MCTC Item 3845, Meeting No. 11-65, 1 8  Nov 65, subj :  Sheridan Weapon 
System - Recording of DA S t a f f  Approval of Limited Production [LP] Type 
C l a s s i f i c a t i o n  of Armored ~econna i s sance /Ai rbome  Assaul t  Vehicle: F u l l  
Tracked, 152MM, XM551 [General Sheridan],  D/A P r o j e c t  1X579191D392 [AMCMS 
5583.12.2031.) RSIC. ** 
r a d i o  a c t i v i t y  de t ec t ion ,  i d e n t i f i c a t i o n ,  and computation 

5 5 A M ~ ~ ~  Item 2923, Meeting No. 1-65, 21 J m  65, sub j :  Guided Miss i l e ,  
Anti-Tank XMGM-51A (Sh i l l e l agh )  ; Guided Miss i l e ,  Anti-Tank XMTM-51A ( ~ r a i n i n g )  ; 
Guidance and Control Group: (Sh i l l e l agh )  XM25; Missile Tes t  Se t ,  Drawing No. 
EXl0122245; Transmi t te r  Alignment Test  Se t ,  Drawing No. EX10122012 - ~ e c o r d i n g  
of DA S ta f f  Approval of Nomenclature and a s  Limited Production. RSIC. 
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(U) Another recognized  l i m i t a t i o n  i n v o l v e d  sun i n t e r f e r e n c e ,  When t h e  
sun was e i t h e r  behind t h e  t a r g e t  o r  beh ind  t h e  weapon system,  t h e  guidance 
sys tem would n o t  o p e r a t e  p r o p e r l y ,  F u r t h e r  t e s t i n g  would de te rmine  e x a c t  
l i m i t a t i o n s  i n  t h i s  area. T e s t s  had a l s o  shown t h a t  t h e  SHILLELAGH t r a n s -  
m i t t e r  had a s i g n a t u r e  c h a r a c t e r i s t i c  which cou ld  r e v e a l  t o  t h e  t a r g e t  
v e h i c l e  when t h e  m i s s i l e  was launched.  A nar rower  beam p a t t e r n  i n  t h e  
t r a n s m i t t e r  would r e s t r i c t  t h i s  v i s i b i l i t y  t o  a r e a s  n e a r  o r  i n  l i n e  w i t h  t h e  
t a r g e t .  5 6 

Study of SHILLELAGH i n  Heavy A n t i t a n k  A s s a u l t  Weapon Role  

(U) I n  mid-1962, w h i l e  Aeronut ron ic  was conf i rming  t h e  f e a s i b i l i t y  of 
t h e  SHILLELAGH missile i n  t h e  a p p l i e d  r e s e a r c h  program, t h e  Army was contem- 
p l a t i n g  t h e  u s e  o f  t h i s  m i s s i l e  i n  t h e  heavy a n t i t a n k  a s s a u l t  weapon (HAW) 
r o l e ,  On 1 3  J u l y  1962, AOMC c a l l e d  upon Aeronut ron ic  t o  b e g i n  a n  i n t e n s i v e  
e f f o r t  a l o n g  t h o s e  l i n e s ,  Concur ren t ly ,  f e a s i b i l i t y  s t u d i e s  were  b e i n g  
performed on t h e  TOW* m i s s i l e  i n  t h e  combat v e h i c l e  weapon system (CVWS) r o l e .  
The r e s u l t s  of t h e s e  s t u d i e s  would b e  used i n  de te rmin ing  f u t u r e  fund ing  f o r  
b o t h  sys tems.  At t h a t  t i m e ,  AOMC a n t i c i p a t e d  t h a t  o n l y  one system,  t o  perform 
b o t h  r o l e s ,  would b e  funded. 

(U) On 1 8  J u l y  1962, AOMC began n e g o t i a t i n g  w i t h  Aeronut ron ic  on t h e  
SHILLELAGH HAW sys tem development and demons t ra t ion .  The c o n t r a c t o r  a g r e e d  
t o  s tar t  immediate ly  on t h e  HAW e f f o r t  i n  o r d e r  t o  complete  a m i s s i l e  
demons t ra t ion  i n  t h e  H A W  r o l e  by 1 October 1962, The ongoing SHILLELAGH a p p l i e d  
r e s e a r c h  e f f o r t ,  f i n a n c e d  w i t h  FY 1962 f u n d s ,  was r e o r i e n t e d  t o  d i r e c t  abou t  
60 p e r c e n t  o f  t h e  remaining work towards  t h e  H A W  t a s k ,  A c o n t r a c t  m o d i f i c a t i o n ,  
s i g n e d  on 8 August 1962, i n c l u d e d  t h e  H A W  e f f o r t  from 1 8  J u l y  through 1 
September 1962. On 3 1  August 1962, a 3-month supplement was s i g n e d  t o  fund 
t h e  SHILLELAGH program through 30 November 1962, a l t h o u g h  t h e  H A W  e f f o r t  was 
covered o n l y  u n t i l  1 October  1 9 6 2 . ~ ~  

* 
The TOW (tube-launched, q t i c a l l y - t r a c k e d ,  wire-guided)  m i s s i l e  concept  was 
s e l e c t e d  gy t h e  B a l l i s t i c  Research ~ a b o r a t o r i e s  t o  meet t h e  H A W  requ i rements .  
F e a s i b i l i t y  s t u d i e s  on t h e  concep t  were  conducted between January  and J u l y  
1962, and,  on 2 August 1962, Hughes A i r c r a f t  Company was s e l e c t e d  a s  t h e  
prime development c o n t r a c t o r .  (MICOM An1 H i s t  Sum, 1 J u l  62-30 Jun 63, pp. 
146-47. Also see Mary T. Cagle ,  History of the TOW Missile System, ~ M I R C O M ,  
20 Oct 771, pp. 22-25, 95-98.) 

5 6 A M C ~ ~  Item 3238, Meeting No. 4-65, 1 5  Feb 65, s u b j  : Armored 
Reconna i ssance /Ai rbome A s s a u l t  Veh ic le :  F u l l  Tracked,  152MM, XM551. (Gen. 
Sher idan)  5W45-02-003: OMS Code 5510 12.203 - Recording of In-Process  Review 
(Re lease  f o r  P r o d u c t i o n )  Meet ing and Proposed M i l i t a r y  C h a r a c t e r i s t i c  Changes. 
RSIC, 

57(1)  SS, ORDXM-R-452, R&D D r t e ,  n . d . ,  s u b j :  I n t e r i m  A n a l y s i s  o f  SHILLELAGH 
Development Program and AOMC Recommendations, w i n c l :  L t r ,  Dep t o  ~ ~ ~ / ~ u i d e d  
Missiles, AOMC, t o  CG, OTAC, 1 2  J u l  62, same s u b j  . RHA Box 13-104. (2)  MICOM 
An1 H i s t  Sum, 1 J u l  62-30 Jun 63, pp. 142-43. 
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(U) To eva lua t e  t he  c a p a b i l i t y  of t h e  SHILLELAGH m i s s i l e  i n  t h e  H A W  r o l e ,  
Aeronutronic conducted f i v e  open breech launches between 7 August and 26 
September 1962. Three s h o r t  range unguided f i r i n g s  were conducted a t  t h e  
Aeronutronic remote test s i te  n e a r  Newport Beach, Ca l i fo rn i a ,  t o  q u a l i f y  t h e  
open breech launcher  f o r  guided f i r i n g s ,  a s  w e l l  a s  t o  ga in  environmental da ta  
on launch e f f e c t s  on personnel  nearby. Following t h e s e  f l i g h t s ,  Aeronutronic 
conducted two guided f i r i n g s  a t  White Sands M i s s i l e  Range, proving t h a t  t h e  
m i s s i l e  could b e  f i r e d  from t h e  o en breech launcher  and a c c u r a t e l y  guided t o  
ranges i n  excess  of  2,000 m e t e r s .  3 8  

(U) Meanwhile, on 24 August 1962, t h e  Deputy Chief of S t a f f  f o r  L o g i s t i c s ,  
DA, d i r e c t e d  t h e  Army Mate r i e l  Command t o  prepare  p l a n s  f o r  f u l f i l l i n g  t h e  
combat v e h i c l e  weapon system and heavy a n t i t a n k  a s s a u l t  weapon system r o l e s  
using t h e  fol lowing contingencies: SHILLELAGH m i s s i l e  s e rv ing  i n  both t h e  
HAW and CVWS r o l e s ;  TOW m i s s i l e  f u l f i l l i n g  both  t h e  HAW and CVWS r o l e s ;  TOW 
m i s s i l e  se rv ing  i n  only  t h e  HAW r o l e ;  and SHILLELAGH m i s s i l e  f u l f i l l i n g  only  
t h e  CVWS r o l e .  The AMC assigned primary r e s p o n s i b i l i t y  f o r  t h e  s t u d i e s  t o  t h e  * 
Army Tank-Automotive Cemter, which obta ined  appropr i a t e  i n p u t  from MICOM . The 
r e s u l t i n g  TOW ver sus  SHILLELAGH Comparative Cost Study, dated 24 September 
1962, revea led  t h a t  t h e  most expensive of  t h e  proposed p l ans  was t h e  one using 
both of t h e  m i s s i l e  systems, i .e.,  SHILLELAGH i n  t h e  CVWS r o l e  and TOW i n  t h e  
HAW r o l e ,  t h e  t o t a l  c o s t  being es t imated  a t  $7.54 b i l l i o n .  The c o s t  of f i e l d i n g  
t h e  SHILLELAGH t o  f u l f i l l  bo th  r o l e s  was $7.39 b i l l i o n ;  whi le  t h e  c o s t  of 
deploying t h e  TOW t o  s e r v e  i n  both r o l e s  was $7.29 b i l l i o n .  59 

(U) On 30 August 1962, MICOM r epor t ed  t o  AMC t h a t  conclus ive  evidence 
of t h e  f e a s i b i l i t y  of us ing  t h e  TOW m i s s i l e  f o r  t h e  W S  r o l e  (based on 
closed breech f i r i n g s )  could n o t  b e  conducted be fo re  1 December 1962. However, 
h igher  headquar te rs  had scheduled mid-October 1962 a s  t h e  dec i s ion  po in t  on 
the  m i s s i l e  o r  m l s s l l e s  t o  f u l f i l l  t h e  CVWS and HAW r o l e s .  I n  view of t h i s ,  
and t h e  c o s t  o f  i n v e s t i g a t i n g  t h e  TOW f o r  t h e  CVWS r o l e ,  MICOM recommended 
t h a t  t h e  comparative s t u d i e s  b e  terminated.  

(U) I n  e a r l y  September 1962, t h e  B a l l i s t i c  Research Labora to r i e s  agreed 
wi th  MICOM1s  p o s i t i o n ,  and recommended t h a t  bo th  systems be  developed f o r  t h e i r  
r e s p e c t i v e  r o l e .  I f  e i t h e r  TOW o r  SHILLELAGH were s e l e c t e d  t o  f u l f i l l  both 
the  CVWS and HAW r o l e s ,  t h e  Army would have t o  accept  l e s s  than t h e  optimum 
system f o r  one r o l e  o r  the  o the r .  The advantages der ived  from having t h e  TOW 
i n  t h e  HAW r o l e  and t h e  SHILLELAGH i n  t h e  CVWS r o l e  were, from t h e  t e c h n i c a l  

* 
The Army Ordnance Missile Command (AOMC) became t h e  Army M i s s i l e  Command 
(MTCOM) on 1 August 1962. 

58Final Technical Report,  SHILLELAGH Guided M i s s i l e  System, Vo1 I of 111, 
System Development His tory ,  Aeronutronic Pub l i ca t ion  No. S-3905, 24 Fe6 67, 
Aeronutronic Div of Philco-Ford Corp., p. 43. 

59Fact Sheet ,  Kel ly F. Prady, P6P Drte ,  MICOM, 19 Mar 69, subj :  TOW v s  
SHILLELAGH Comparative Cost Study, 24 Sep 62, a tchd  t o  L t r ,  Cdr, OTAC, t o  CG, 
MICOM, 1 Oct 62, subj :  Transmi t ta l  of Report. RHA Box 14-131, 
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po in t  of  view, subs t an t ive  and ind ica t ed  t h a t  development of hoth systems 
was warranted. 60 

(U) After  considerfng t h e  i s s u e ,  t h e  Defense Department, i n  November 1962, 
decided t o  continue the  development of both m i s s i l e s :  t h e  SI-LILLELAGH f o r  t h e  
CVWS r o l e  and t h e  TOW f o r  t h e  HAW r o l e .  Amodi f i ca t ion  t o  t h e  Aeronutronic 
con t rac t ,  executed on 6 November 1962, de l e t ed  a l l  work on t h e  HAW program and 
required t h e  con t rac to r  t o  apply a l l  remaining e f f o r t  t o  t h e  appl ied  research  
program. 61 

60 (1) SS, AMSMI-R-530, R&D Drte, 29 Aug 62, subj  : Permission t o  Delete 
Inves t iga t ions  of TOW f o r  CVWS, w i n c l :  Msg, CG, MICOM, t o  CG, AMC, DTG 
3015102 Aug 62. (2) L t r ,  CO, BRL, t o  CG, AMC, n.d. ( c i r c a  e a r l y  Sep 62), subj :  
TOW/SHILLELAGH - Decision Concerning I n i t i a t i o n  of Development, RHA Box 13-168. 

61(1) SHILLELAGH Missile System Master Plan,  SSMO, MICOM, Feb 76, p. 9. 
(2) MICOM An1 H i s t  Sum, 1 Jul 62-30 Jun 63, p.143. 



CHAPTER V 

(U) INDUSTRIAL PROGRAM (U) 

(U) The SHILLELAGH m i s s i l e  product ion began w i t h  award of t h e  i n i t i a l  
hardware and t o o l i n g  c o n t r a c t  e a r l y  i n  November 1964 and continued through 
May 1971. During t h i s  timeframe, t h e  SHILLELAGH underwent s i g n i f i c a n t  modifi-  
c a t i o n s  t o  extend i t s  range, reduce the  m i s s i l e  keyway depth,  and adapt  i t  t o  
t he  M60 tank p la t form.  Product improvements incorpora ted  i n  t h e  m i s s i l e  a f t e r  
the  SHERIDAN/SHILLELAGH weapon system reached t h e  f i e l d  i n  June 1967 a r e  
covered i n  t h e  chapter  dea l ing  w i t h  system deployment. The e f f o r t  t o  adapt  t h e  
SHILLELAGH t o  t h e  j o i n t  ~S/German Main B a t t l e  Tank (MBT-YO), which began i n  
October 1965, was discont inued wi th  te rmina t ion  of  t h e  MBT-70 program i n  mid- 
1972. 

I n i t i a l  Sole  Source Procurement 

(U) For t he  f i r s t  two product ion buys, covering FY 1965 and FY 1966 hard- 
ware requirement,  t h e  prime development c o n t r a c t o r ,  Aeronutronic,  rece ived  
s o l e  source con t r ac t s .  In  August 1963, Aeronutronic had been awarded an 
advance product ion engineer ing  c o n t r a c t  (DA-04-495-AMC-254), f o r  t h e  per iod  
1 3  September 1963 t o  26 October 1964. Following appruval  of t h e  l i m i t e d  
product ion r e l e a s e  in August 1964, MICOM awarded Aeronutronic t h e  f i r s t  
engineer ing  s e r v i c e s  con t r ac t  (DA-04-495-AMC-556 [w] ) , on 26 October 1964. 

(U) The i n i t i a l  hardware and t o o l i n g  c o n t r a c t  (DA-04-495-AMC-555 [W]) , 
awarded t o  Aeronutronic on 9 November1964, c a l l e d  f o r  t h e  d e l i v e r y  of 1 ,375 
m i s s i l e s  and 98 s e t s  of guidance and c o n t r o l  (G&C) equipment, bu t  was l a t e r  
modified t o  i nc rease  t h e  hardware buy t o  1 ,393  m i s s i l e s  and 109 G&C s e t s .  
Under t h i s  c o n t r a c t ,  valued a t  over $30 m i l l i o n ,  Aeronutronic produced m i s s i l e s  
from January 1966 through January 1967 and G&C s e t s  from March 1966 through 
February 1967. l  

(U) On 30 December 1965, Aeronutronic rece ived  a cost-plus- incent ive-fee 
con t r ac t  (DA-01-021-AMC-13705 [Z]) ,  f o r  t h e  FY 1966 product ion of SHILLELAGH 
m i s s i l e s .  With subsequent a d d i t i o n s ,  t h e  cont rac t ,  amounting t o  $76.9 m i l l i o n ,  
provided f o r  16,552 missiles and 683 s e t s  of G&C equipment. This  product ion 
c o n t r a c t ,  a s  w e l l  as a l l  succeeding ones,  s p e c i f i e d  t h e  manufacture of extended 
range (3,000-meter) m i s s i l e s .  Although Aeronutronic w a s  supposed t o  complete 

'(1) MICOM An1 H i s t  Sum, FY 67, p. 60. (2) Cmt 2,  SHILLELAGH PM t o  
P r o j e c t  D i rec to r ,  Research & Engineering Drte, MICOM, 3 Apr 69, sub j :  Request 
f o r  Information f o r  Case Study, w i n c l s .  (3) SHILLELAGS Fact  Book. F i l e :  
SAIMS Group, Land Combat Cost & SAIMS Analysis  B r ,  Cost Analysis  Div, 
Comptroller. 



d e l i v e r i e s  i n  September 1967, sho r t ages  of bo th  con t r ac to r -  and Gove nment- 
furn ished  i tems caused f i n a l  d e l i v e r i e s  t o  be delayed t o  March 1968. 5 

(U) The con t r ac to r  produced t h e  SHILLELAGH components (mi s s i l e  sub- 
assemblies ,  guidance and c o n t r o l  group elements,  and t e s t  equipment) a t  t h e  
Government-owned Lawndale Army M i s s i l e  P l a n t  i n  Ca l i fo rn i a .  E f f e c t i v e  23 
November 1964, AMC placed t h e  contractor-operated L a m d a l e  p l a n t  under MICOM 
j u r i s d i c t i o n .  F i n a l  assembly of t h e  m i s s i l e s  took p l a c e  a t  t h e  Iowa Army 
Ammunition P l a n t  a t  Burl ington,  where Mason and Hanger S i l a s  Mason Company, 
Incorporated,  performed as t h e  fuze  l i n e  ope ra to r  under a subcont rac t  wi th  
Aeronutronic.  In  August 1966, t h e  C m a n d e r  of MICOM des igna ted  this f a c i l i t y  
as t h e  SHILLELAGH M i s s i l e  Assembly F a c i l i t y ,  Iowa, 3 

Competitive Procurement 

(U) In  1965, both AMC and DA had approved MICOM'S p l an  f o r  competi t ive 
procurement of t h e  SHILLELAGH m i s s i l e ,  less explos ive  components. The p l a n  
c a l l e d  f o r  t he  s e l e c t e d  second source producer t o  r e c e i v e  a firm-fixed-price 
educa t iona l  buy i n  FY 1966 which would con ta in  o p t i o n s  f o r  p a r t  of t h e  FY 
1967 m i s s i l e  requirements .  Following a h igh ly  compet i t ive  s e l e c t i o n  process  
f o r  t h e  second source producer,  MICOM, on 28 March 1966, awarded a $1.5 
m i l l i o n  f ixed-price- incent ive-fee c o n t r a c t  (DA-01-021-AMC-14299) t o  t h e  Martin- 
Mar i e t t a  Corporation a t  Orlando, F l o r i d a ,  Th i s  c o n t r a c t ,  termed an  educa t iona l  
buy, i n i t i a l l y  s p e c i f i e d  t h e  product ion of 160 m i s s i l e s  and 20 m i s s i l e  sub- 
assemblies ,  b u t  included op t ions  f o r  a d d i t i o n a l  hardware, Exercise  of t he  
op t ions  brought t h e  t o t a l  number of m i s s i l e s  produced under t h i s  c o n t r a c t  t o  
4,960. 

2 (1 )  MICOM An1 H i s t  Sum, FY 66, pp. 64-65. (2) MICOM An1 H i s t  Sum, N 68, 
pp. 45-46. (3) AMCTC I t e m  5236, 20 Apr 67, sub j : Recording of SHILLELAGH 
Product Improvement Change and Applicable  Nomenclature: Guided M i s s i l e ,  
Surface A t  tack:  MGM-51B (XMGM-51B) ; Guided Miss i l e ,  P r a c t i c e :  MTM-51B (ICMTM- 
51B). Recording of Change i n  Nomenclature: Dummy Guided Miss i l e :  M-29 
(XM-29) ; Shipping and Storage Container,  Guided Miss i l e :  M-555 (XM-555). RSIC. 
This document l a t e r  c i t e d  wi th  s u b j e c t  shor tened  t o  Recording of SHILLELAGH 
Product Improvement Change and Applicable  Nomenclature. 

3(1) L t r ,  DCG Land Combat Sys, MICOM, t o  CG, AMC, 28 Sep 64, sub j  : Request 
f o r  P r o j e c t  Approval f o r  Establishment of a SHILLELAGH Staging Area. (2) AMC 
GO 10, 23  Feb 65. (3)  SS, AMSMI-1-243-64, D/P&P, 10  Dec 64, subj :  ~emorandum 
of Agreement between US Army Missile Command and US Army Ammunition Procurement 
& Supply Agency, SHILLELAGH Assembly P l a n t .  (4) DF, Cdr, MICOM, t o  D i s t r ,  
1 Aug 66, subj :  S h i l l e l a g h  Missile Assembly F a c i l i t y ,  Iowa. (5)  SS, AMSMI- 
03-46-66, I n s t a l l a t i o n s  & Services  Off ice ,  22 Jul  66, same subj  . (6) MICOM 
An1 H i s t  Sum, FY 66, pp. 66-67. 

4 ~ ~ ,  Dep D i r ,  P&P, t o  CG, MICOM, 5 Oct 65, sub j : Fact  Sheet - commanding 
General ' s  V i s i t  t o  USAECOM. 

5(1) MICOM An1 H i s t  Sum, FY 66, p. 65. (2) SHILLELAGH Fact  Book. F i l e :  
SAIMS Group, Land Combat Cost & SATMS Analys is  B r ,  Cost Analysis  Div, ~ o m p t r o l l e r -  
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(U) I n  FY 1968, b o t h  Aeronutronic and Mart inlor land0 were awarded pro- 
duc t ion  con t r ac t s .  Martin/Orlando rece ived  a l e t t e r  c o n t r a c t  (DAAH01-68-C-1020) 
i n  December 1967 f o r  4,500 m i s s i l e s ;  however, on 1 March 1968 t h a t  product ion 
f i g u r e  was r a i s e d  t o  7,540. Aeronutronic received a similar c o n t r a c t  (DAAHO1- 
68-C-1402) on 1 March 1968, f o r  4,500 m i s s i l e s .  The product ion and funds under 
t h e  l a t t e r  c o n t r a c t  were l a t e r  incorpora ted  i n t o  an  ex i se ing  Aeronutronic 
c o n t r a c t  f o r  guidance and con t ro l  s e t s  ( ~ ~ 0 1 - 6 7 - C - 0 0 0 2 ) *  which even tua l ly  
included product ion of 21,846 m i s s i l e s  and 1,132 G&C s e t s .  b 

(U) According t o  t h e  competi t ive procurement p l an ,  when MartinIOrlando 
reached f u l l  competi t ive s t a t u s ,  t h e  e n t i r e  SHILLELAGH m i s s i l e  program would 
be procured and funded on a competi t ive b a s i s .  Therefore,  e a r l y  i n  FY 1969, 
Aeronutronic and Martin competed f o r  t h e  mul t iyear  product ion c o n t r a c t ,  which 
included a " f l y  be fo re  buy" p rov i s ion  descr ibed  below. Aeronutronic won t h a t  
con t r ac t ,  which was awarded on 29 J u l y  1968. The c o n t r a c t  (DAAH01-69-C-0059) 
included procurement of 18,700 m i s s i l e s  i n  FY 1969, 17,000 i n  FY 1970, and 
17,000 i n  FY 1971, p l u s  op t ions  f o r  a d d i t i o n a l  m i s s i l e s  i n  FY's 1970-74. I n  
August 1968, Aeronutronic a l s o  rece ived  a c o n t r a c t  (DAAHOI-69-C-0489) f o r  231 
G&C s e t s .  

(U) MartinIOrlando de l ive red  t h e  l a s t  of t h e  12,500 missiles under t h e i r  
second source product ion c o n t r a c t s  i n  September 1969. Meanwhile, i n  August 
1969, t h e  Army recommended t o  DOD t h a t  t h e  dec i s ion  t o  buy SHILLELAGH missiles 
beyond FY 1970 be  defer red  u n t i l  major problems wi th  t h e  M60AlE2 t a n k ' s  t u r r e t  
and gun c o n t r o l  systems were resolved.  I n  September 1969, a DOD program change 
dec i s ion  cance l led  t h e  FY 1971 procurement and d e l e t e d  $41.6 m i l l i o n  from t h e  
FY 1971 SHILLELAGH program. One month l a t e r ,  planned procurement of t h e  
SHERIDAN v e h i c l e s  w a s  sharp ly  reduced. A review of t h e  t o t a l  requirement f o r  
m i s s i l e s  t o  support  t h e  SHERIDAN, M60AlE2, and MBT-70 l e d  t o  t h e  dec i s ion  i n  
January 1970 t h a t  no a d d i t i o n a l  SHILLELAGH'S would b e  procured beyond FY 1970, 
pending a dec i s ion  on f i e l d i n g  t h e  MBT-70. 

(U) During FY 1970, an a d d i t i o n a l  203 missiles were procured, b r ing ing  
the  t o t a l  procurement under t h e  mul t iyea r  c o n t r a c t  t o  35,903 m i s s i l e s .  I n  
August 1970, AMC d i r e c t e d  MICOM t o  t e r n i n a t e  t h e  product ion  c o n t r a c t  a t  t h e  
completion of t h e  c u r r e n t l y  funded product ion and t o  phase down t h e  product ion 
f a c i l i t i e s .  Aeronutronic de l ive red  t h e  f i n a l  product ion missiles i n  May 
1971. 

* 
Awarded on 1 0  November 1966, d e f i n i t i z e d  on 28 February 1967. 

6(1)  Ib id .  (2) MICOM An1 H i s t  Sum, FY 68, pp. 45-47. (3) MICOM An1 Hist 
Sum, FY 67, p. 61. (4) MICOM Closed Out Contract  L i s t i n g s ,  J u l  67 - Jun 69. 

(1) MICOM An1 H i s t  Sum, FY 69, p. 37. (2) MICOM An1 H i s t  Sum, FY 71, 
pp. 119-20. (3) SHILLELAGH Fact  Book. F i l e :  SAIMS Group, Land Combat Cost 
& SAIMS Analysis  B r ,  Cost Analysis  Div, Comptroller.  (4)  SHILLELAGH Missile 
System Review, "AMC Br i e f ing  t o  GEN Chesarek - 22 Sep 69 ," SHILLELAGH P r o j e c t  
Manager. 
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Product ion Summary 

(U) P lans  c a l l e d  f o r  r e s t a r t i n g  product ion when needed t o  meet a d d i t i o n a l  
M60, MBT-70, o r  o t h e r  v e h i c l e  requirements;$ however, no a d d i t i o n a l  requi re -  
ments ma te r i a l i zed .  The May 1971 d e l i v e r i e s  t hus  completed product ion of t h e  
SHILLELAGH m i s s i l e .  In  a l l ,  88,194 m i s s i l e s  were produced-75,694 by 
Aeronutronic and 12,500 by Martin/Orlando. Table 2 shows t h e  missiles and 
major items produced by con t r ac to r ,  t oge the r  w i th  t h e  average and u n i t  c o s t s .  
Missile d e l i v e r i e s ,  by f i s c a l  year  were as  follow^:^ 

F i s c a l  Year Quanti ty  

1966 7,837 
1967 7,880 
1968 16,188 
1969 27,784 
19 70 20,955 

(U) The " f l y  be fo re  buy" p rov i s ion  i n  t h e  SHILLELAGH mul t iyear  procurement 
c o n t r a c t ,  M I C O M t s  f i r s t  use of t h i s  concept,  a s su red  t h e  Government t h a t  t h e  
hardware would perform t o  s p e c i f i c a t i o n s  be fo re  i t  w a s  accepted.  I n  e f f e c t ,  
t h e  arrangement r equ i r ed  t h e  con t r ac to r  t o  sha re  wi th  t h e  Army t h e  r i s k s  of 
poor product ion prac t ices-qual i ty  and process  control-and t h e  p o s s i b l e  
i n t roduc t ion  of substandard vendor p a r t s  i n t o  t h e  m i s s i l e  during product ion.  

(U) From each product ion l o t  o f  about  1,650 m i s s i l e s ,  a r e p r e s e n t a t i v e  
sample of 1 8  m i s s i l e s  w a s  randomly s e l e c t e d  and d iv ided  i n t o  four  groups (3 
groups of 5 m i s s i l e s  each t o  be  t e s t e d  and 1 group of 3 m i s s i l e s  h e l d  as a 
contingency i n  ca se  of a "no-test' ' f o r  any m i s s i l e  i n  t h e  3 test groups) .  
The t e s t  groups underwent v a r i o u s  p r e f l i g h t  condi t ion ing  by t h e  c o n t r a c t o r ,  
such as tztansportat ion v i b r a t i o n ,  temperature shock, drop shock, a l t i t u d e ,  
and humidity. M i s s i l e s  t h a t  s u c c e s s f u l l y  passed t h e  condi t ion ing  phase w e r e  
de l ive red  t o  White Sands Missile Range f o r  f i r i n g  £rum a f i x e d  launcher  a t  a 
maximum range t a r g e t .  The f l i g h t  performance of t h e s e  sample m i s s i l e s  
determined Government acceptance of t h e  e n t i r e  1 ,650-missi le  l o t ,  which 
represented  a product ion cos t  of about  $3 m i l l i o n .  

(U) The c r i t e r i a  permi t ted  l o t  acceptance wi th  less than  t h r e e  f a i l u r e s  
i n  a l o t  sample. I f  t h r e e ,  bu t  l e s s  than  f i v e ,  f a i l u r e s  occurred,  a second 
sample w a s  s e l e c t e d ,  condi t ioned,  and r e t e s t e d .  I f  t h e  combined f a i l u r e s  of  
bo th  t h e  f i r s t  and second samples were less than  seven, t h e  l o t  w a s  accepted.  
With seven o r  more f a i l u r e s ,  t h e  c o n t r a c t o r  had t o  perform f a i l u r e  a n a l y s i s  
and submit rework p l ans  t o  t h e  Army f o r  approval .  

'SHILLELAGH Weapon System P r o j e c t  T r a n s i t i o n  P lan ,  1 3  Nov 70, a tchd  t o  
L t r ,  Sec re t a ry  of t h e  Army t o  CG, AMC, 8 Feb 71, sub j :  Termination of P r o j e c t  
Management f o r  SHILLELAGH Weapon System. 

q ~ ~ ~ ~ ~ ~ ~ ,  M. T. Cagle w M s  J u l i a  Wilson,  mat Mgt, Missile L o g i s t i c s  
Center,  24 Nov 82. 



Item/Contractor 

MISSILES 

Aeronutronic 
Aeronutronic 
Aeronutronic 
Aeronutronic 
Martin-Mariet Oa 
Mart in-Mar ie t ta 

GUIDANCE & CONTROL UNITS 

c= Aeronutronic 
z Aeronutronic 
0 Aeronutronic s. Aeronutronic 

u Minneapolis-Honeywell 

POWER SUPPLY UNI TSW 
Varo, Inc. 

TABLE 2 

SHILLELAGH MISSILE AND MAJOR ITEM PRODUCTTON 

Contract No. Quantity Average Cost Unit Cost 

TRANSMITTER ALIGNMENT TEST SETS 

Aeronutronic 
Aeronutronic 

MISSILE TEST SETS 

Aeronutronic 
Aeronutronic 
Aeronutronic 

489 not reported $2,269 

NSP* 
NSP 

NSP 
NSP 
NSP 

* 
Not separately priced 



TABLE 2 (Continued) 

SHILLELAGH MISSILE AND MAJOR ITEM PRODUCTION 

NOTES : 
a 

Unit p r i c e  n o t  a p p l i c a b l e  because Contract  -555 w a s  cost-plus- incent ive-fee.  

b ~ e r o n u t r o n i c  Contract  -0489 d id  n o t  i nc lude  senso r s  and power u n i t s .  These i tems were broken 
o u t  t o  Minneapolis-Honeywell and Varo, Incorporated.  They were inc luded  i n  prev ious  
Aeronutronic c o n t r a c t s  f o r  G&C u n i t s .  

Cont rac ts  w i th  Reflectone,  Inc. ,  f o r  product ion of  Conduct-of-Fire T ra ine r s ,  were nego t i a t ed  
by t h e  US Naval Tra in ing  Serv ice  Center  a t  Orlando, F l o r i d a ,  and a r e  n o t  included.  

SOURCE: SHILLELAGH Fact  Book. F i l e :  SAlMS Group, Land Combat Cost and SAIMS Analysis  Branch, Cost 
Analysis  Div is ion ,  Comptroller.  
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(U) I n  p r a c t i c e ,  however, t h e  p rov i s ions  f o r  rework and retest were n o t  I 

used i n  t h e  SHILLELAGH product ion c o n t r a c t ,  because Aeronutronic  m e t  t h e  accep- 
tance  c r i t e r i a  i n  a l l  22 l o t s  t e s t e d .  Only 9 of  a t o t a l  of 297 missiles f i r e d  

1 

f a i l e d  t o  h i t  t h e  t a r g e t .  Before t h e  " f l y  b e f o r e  buy" p rov i s ion ,  t h e  m i s s i l e  I 
r e j e c t i o n  rate had ranged from roughly 4 percent  t o  8 .5  pe rcen t ,  The imple- 
mentat ion of " f l y  b e f o r e  buy" gave t h e  c o n t r a c t o r  added i n c e n t i v e  t o  s t r eng then  
h i s  q u a l i t y  c o n t r o l  program, r e s u l t i n g  i n  a r a p i d  drop i n  t h e  missile r e j e c t i o n  

I 
I 

rate. The Missile C m a n d  later  used t h e  same conce t on o t h e r  missile 
systems, such as t h e  TOW, w i t h  equa l ly  good r e s u l t s .  Y O  

E n g i n e e r i n g / ~ e r v i c e  Tes t  Program 

(U) The i n t e g r a t e d  engineer ing  test/service test @TIST) of t h e  2,000- 
meter SHERIDAN/SHILLELAGH system began on 3 March 1965 and continued through 
17 February 1967 a t  t h e  fo l lowing  l o c a t i o n s :  

Aberdeen Proving Ground, Maryland ------------- Mar 65-Jun 66 
White Sands Missile Range, New Mexico --------- Mar 65-0ct 65 
Fort  Knox, Kentucky ........................... Apr 65-D~c 65 
Y u m a  Proving Ground, Arizona ------------------ Jul 66-Aug 66 
Arctic Tes t  Center,  Alaska .................... Nov 66-Feb 67 

The test  program, conducted by t h e  US Army T e s t  and Evalua t ion  Command (TECOM), 
cons i s t ed  of missile f i r i n g s  under cond i t i ons  of  r a i n ,  snow, and fog  ( l i m i t e d  
v i s i b i l i t y ) ;  e lec t romagnet ic  r a d i a t i o n  and s t a t i c  e l e c t r i c a l  s a f e t y  tests; 
concen t r a t i ons  of carbon-monoxide; key l e s s  m i s s i l e  f i r i n g s ;  moving t a r g e t  
s h o r t  range  f i r i n g s  (high t r a v e r s e  r a t e ) ;  r a p i d  f i r e ;  and f i r i n g s  i n  d e s e r t  
and a r c t i c  environments. Of a t o t a l  of 265 ET/ST f i r i n g s ,  183  m i s s i l e s  
s u c c e s s f u l l y  achieved t h e  test o b j e c t i v e s ,  and 17  f i r i n g s  were r a t e d  as "no 
test." The 65 f a i l u r e s  were c l a s s i f i e d  as fol lows:  m i s s i l e  and G&C f a i l u r e s  - 
34; v e h i c l e  f a i l u r e s  - 1; system l i m i t a t i o n s  - 23; gunner e r r o r s  - 2; and 
accuracy f a i l u r e s  - 5. 11 

(U) I n  March 1966, fo l lowing  completion of t h e  bu lk  of t h e  ET/ST program, 
TECOM concluded i n  a comprehensive r e p o r t  t h a t  t h e  XM551 SHERIDAN weapon system 
represen ted  a major advance i n  des ign  and performance, had demonstrated a wide 
range of c a p a b i l i t i e s ,  and had achieved a h igh  percentage  of  design goa l s  i n  
f i repower,  mob i l i t y ,  and v e r s a t i l i t y .  It was a l s o  no ted  t h a t  t h e  SHILLELAGH 
m i s s i l e  provided an  i nc reased  h i t  and k i l l  p r o b a b i l i t y  over  e x i s t i n g  t ank  
weapon systems. I n  gene ra l ,  t h e  system accuracy and armor-defeating capa- 
b i l i t i e s  were deemed t o  meet o r  exceed t h e  requirements  o f  t h e  e s t a b l i s h 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 .  Other conc lus ions ,  however, maintained t h a t  t h e  
t o t a l  SHERIDAN system was n o t  s u i t a b l e  f o r  Army use because of  s p e c i f i e d  

lo (1) James G. Hughes, MICOM SHILLELAGH Engineer,  ' ~ l y  Bef o r e  Buy, I' 

Army Log<stic<m (Mar-Apr 73), pp. 34-36. (2) MICOM An1 H i s t  Sum, FY 70, 
p. 33. (3) MICOM An1 Hist Sum, FY 71, p .  120. 

11 
SHILLELAGH Missile System Agenda and Supporting Data f o r  Spec i a l  In- 

Process  Review, 29-30 Nov 67, SHILLELAGH PMO, pp. 34-37, 
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s a f e t y ,  d u r a b i l i t y ,  r e l i a b i l i t y ,  performance, t r a i n i n g ,  and maintenance l i m i t -  
a t i o n s .  I n  add i t i on ,  t h e  l a c k  of a s a t i s f a c t o r y  convent ional  c a p a b i l i t y  
represented  a s i g n i f i c a n t  t a c t i c a l  r e s t r i c t i o n  on t h e  system. 12  

(U) I n  a  follow-on ETIST r e p o r t  i s sued  i n  May 1967, TECOM a s s e r t e d  t h a t  
t h e  r e l i a b i l i t y  of t h e  SHILLELAGH m i s s i l e  and guidance system w a s  found t o  be 
u n s a t i s f a c t o r y  and, as a r e s u l t ,  t h e  f u l l  p o t e n t i a l  of t h e  system was n o t  
being r e a l i z e d .  I n d i c a t i o n s  poin ted  t o  a need f o r  des ign  changes, b e t t e r  
q u a l i t y  con t ro l ,  and f u r t h e r  t e s t i n g .  Tes t s  had demonstrated that t h e  m i s s i l e  
system could n o t  be  f i r e d  a t  n i g h t  w i t h  t h e  pas s ive  s i g h t s  provided i n  t h e  
SHERIDAN veh ic l e .  Furthermore, t h e  system's  performance i n  rain was marginal  
s i n c e  t h e  m i s s i l e  could n o t  be con t ro l l ed  t o  t h e  maximum v i s i b l e  range of t h e  
gunner. Tes t s  had a l s o  revea led  t h a t  carbon-monoxide accumulation i n  t h e  
SHERIDAN t u r r e t ,  as a r e s u l t  of SHILLELAGH f i r i n g s  wi th  the  ha tches  c losed ,  
c o n s t i t u t e d  a s a f e t y  hazard .I3 Other improvements r equ i r ed  t o  make the  
system s u i t a b l e  f o r  Army use  included a means t o  a l e r t  t h e  gunner t o  o b s t a c l e s  
along t h e  m i s s i l e  f l i g h t  pa th  (because of a l ine-of -s ight  dev ia t ion  a t  ranges 
l e s s  than  500 meters ) ;  an  inc rease  i n  t h e  l i f e  of t h e  gun tube  and gunl launcher  
s e a l ;  improved b a l l i s t i c  p r o t e c t i o n  i n  t h e  m i s s i l e  t r a n s m i t t e r  u n i t ;  a  
reduct ion  i n  t h e  n e c e s s i t y  t o  f r equen t ly  b leed  t h e  r e c o i l  system; and a  
reduct ion  i n  t h e  amount of e l e c t r i c a l  power drawn when t h e  t u r r e t  systems were 
i n  standby opera t ion .  

(U') The Combat Developments Command agreed w i t h  TECOM t h a t  t h e  noted 
d e f i c i e n c i e s  should be co r r ec t ed  be fo re  r e l e a s e  of t h e  system f o r  t roop  use. 
Since t h e  system had a l r eady  en tered  product ion,  TECOM recommended t h a t  e a r l y  
product ion models undergo confirmatory t e s t s  t o  v e r i f y  t h e  c o r r e c t i v e  a c t i o n .  
I n  a d d i t i o n ,  TECOM reconxnended t h a t  waivers  t o  the m i l i t a r y  c h a r a c t e r i s t i c s  
be reques ted  t o  accept  l i m i t a t i o n s  i n  t h e  r a t e  of aimed f i r e ,  s l o p e  climbing 
and swimming a b i l i t y ,  i n t e g r a l  c a p a b i l i t y  of r ep l ac ing  o p t i  a1 components, 
tube changing time, f i r i n g  on t h e  move, and t r a i n i n g  time. 18 

1 2 ~ t r ,  Cdr, TECOM, t o  CG, WECOM, 1 5  Mar 66, sub j : Report of Engineering 
and Serv ice  Test  of Sheridan Weapon System, XM551, USATECOM P r o j e c t  No. 1-4- 
2521- (U) . 

1 3 ~ t r ,  Cdr, TECOM, t o  CG, AMC, 1 5  May 67, sub j :  Ninth P a r t i a l  Report on 
In t eg ra t ed  Engineering and Serv ice  Tes t  of Armored ~ e c o n n a i s s a n c e / A i r b o m e  
Assaul t  Vehicle ,  XM551 (Sheridan/Shillelagh)(~issile and Tur re t  Phase) ,  Report 
No. DPS-2156, USATECOM P r o j e c t  Nos. 1-4-2521-061-08, RDTbE P r o j e c t  No. 1x57919- 
1D392, w i n c l :  Report,  same sub j ,  James W. Fas ig  & Wesley G. Swank, Feb 67, 
pp. v i i ,  11-13, 11-1. 

1 4 ~ t r ,  Cdr, CDC, t o  CRD, DA, 25 Apr 66, subj  : Proposed Type C l a s s i f i c a t i o n  
Standard A of t h e  Sheridan Weapcn System, XM551, w Appendix A, i n c l  t o  AMCTC 
Item 4661, Meeting No. 6-66, 23 Jun 66, subj :  SHERIDAN WEAPON SYSTEM, 
R e c l a s s i f i c a t i o n  from Limited Product ion t o  Standard-A Type, RSIC, 
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Standard A T v ~ e  C l a s s i f i c a t i o n  

CU) The process  of c l a s s i f y i n g  t h e  system as Standard A began i n  March 
1966, when the ET/ST (except f o r  d e s e r t  and a r c t i c  t e s t i n g )  w a s  e s s e n t i a l l y  
completed. This  t e s t i n g  revealed c e r t a i n  d e f i c i e n c i e s  and shortcomings, which 
were being co r rec t ed ,  and the  need f o r  c e r t a i n  waivers ,  which t h e  Army Mate r i e l  
Command cha rac t e r i zed  a s  r e l a t i v e l y  minor i n  n a t u r e  and r ep resen t ing  necessary I 
t r a d e o f f s  t o  a s s u r e  meeting t h e  exac t ing  requirements  of o t h e r  more e s s e n t i a l  
c h a r a c t e r i s t i c s .  The AMC a s s e r t e d  t h a t  t h e  XM551 SHERIDAN wi th  t h e  SHILLELAGH 
m i s s i l e  would provide t h e  Army w i t h  a m a j o r  advancement i n  tank- l ike  weapon 
systems and t h a t  t h e  system w a s  s u i t a b l e  f o r  Standard A type  c l a s s i f i c a t i o n .  

CU) While acknowledging t h a t  t h e  Army had a f i rm  Southeast A s i a  requi re -  
ment f o r  t h e  SHERIDAN wi th  i t s  convent ional  152mm ammunition, bo th  t h e  Combat 
Developments Command and the  Continental  Army Command expressed concern about 
d e f i c i e n c i e s  i n  t hose  munit ions and maintained t h a t  t h e  problems should b e  
overcome be fo re  des igna t ion  of t h e  system a s  Standard A. The SHERIDAN P r o j e c t  
Manager argued t h a t  f a i l u r e  t o  c l a s s i f y  t h e  system a s  s tandard  could jeopar- 
d i ze  product ion funds, d i s s i p a t e  t h e  momentum b u i l t  up i n  t h e  program, and 
l e a d  t o  program s t r e t c h o u t  and increased  cos t s .  The Tes t  and Evaluat ion Command 
s t a t e d  t h a t  t h e  c o r r e c t i o n s  b e i n  implemented appeared t o  overcome t h e  
d e f i c i e n c i e s  found i n  t h e  ET/ST. f 5  

(U) On 21 May 1966, DA approved Standard A type  c l a s s i f i c a t i o n  f o r  t h e  
General SHERIDAN weapon system, which included t h e  SHILLELAGH m i s s i l e  system 
components. Excluded from t h e  type  c l a s s i f i c a t i o n  approval  were t h e  1 5 2 m  
convent ional  ammunition, t r a i n e r s ,  grenade p r o j e c t o r ,  and t h e  gunner 's pas s ive  
periscope.  A s  p a r t  of t h e  type c l a s s i f i c a t i o n  a c t i o n ,  DA approved t h e  
reques ted  waivers  p e r t a i n i n g  t o  maximum v e h i c l e  width,  amphibious opera t ion ,  
qu ie tnes s  of ope ra t ion ,  t i m e  t o  r ep l ace  gun-launcher tube,  rate of f i r e ,  replace-  
ment of o p t i c a l  components from wi th in  t h e  t u r r e t ,  "PB tube  l i f e .  The items 
c l a s s i f i e d  as Standard A were i d e n t i f i e d  as fol lows:  

Armored Reconnaissance/Airbome Assaul t  Vehicle: F u l l  
Tracked, 152m,  M551 (General Sheridan) 

Guided Missile, Surface  Attack: MGM-51A 
Guided Miss i l e ,  P r a c t i c e :  MTM-51A 
Tes t  Se t ,  Guided Missile: AN/TJM-1 
Alignment Set ,  I n f r a r e d  Transmi t te r ,  Guided Missile Remote 

Control System: M45. 

15(1)  L t r ,  SHERIDAN PM, t o  OCRD, DA, 29 Mar 66, sub j :  In-Process Review 
of t h e  XM551 Armored Reconnaissance Airborne Assault Vehicle  (General Sheridan) - 
P r i o r  t o  Planned Type C l a s s i f i c a t i o n  as Standard A, i n c l  t o  AMCTC I t e m  4661, 
Meeting No. 6-66, 23 Jun 66, sub j :  SHERIDAN WEAPON SYSTEM, R e c l a s s i f i c a t i o n  
from Limited Product ion t o  Standard-A Type. RSIC. (2) Excerpts  from SHERIDAN In- 
Process  Review and Type C l a s s i f i c a t i o n .  

16AMC~c I t e m  4661, Meeting No. 6-66, 23 Jun 66, sub j  : SHERIDAN WEAPON 
SYSTEM, R e c l a s s i f i c a t i o n  from Limited Product ion t o  Standard-A Type; w i n c l :  
1st Ind, CRD, DA, t o  CG, AMC, 21  May 66 on L t r ,  SHERIDAN PM t o  OCRD, DA, 29 Mar 
66, subj :  In-Process Review of t h e  XM551 Armored Reconnaissance Airborne Assaul t  
Vehicle  (General SHERIDAN) - P r i o r  t o  Planned Type C l a s s i f i c a t i o n  a s  Standard A. 
RSIC. 
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Desert and A r c t i c  Tes t i ng  

(U) The Tes t  and Evaluat ion Command conducted the d e s e r t  phase of t h e  
ETIST a t  Y u m a  Pruving Ground, Arizona, from 1 June through 7 September 1966. 
The o v e r a l l  h i t  performance of t h e  SHILLELAGH m f s s i l e s  a g a i n s t  bo th  s t a t i o n a r y  
and moving t a r g e t s  a t  a 2,000-meter range was considered s a t i s f a c t o r y .  Accuracy 
of  t h e  convent ional  1 5 2 m  rounds, however, d i d  n o t  m e e t  e s t a b l i s h e d  c r i t e r i a .  
Problems p e c u l i a r  t o  d e s e r t  ope ra t i on  of t h e  M551 SHERIDAN v e h i c l e  inc luded  
exces s ive  t ransmiss ion  and coolan t  temperatures ,  unacceptab le  a i r  c l e a n e r  
performance, and a n  u n s a t i s f a c t o r y  r a t i o  of t o t a l  maintenance man-hours t o  
v e h i c l e  ope ra t i ng  hours.  The test results i n d i c a t e d  t h a t  t h e  system was on ly  
marg ina l ly  accep tab l e  f o r  ope ra t i on  i n  a d e s e r t  environment, and i d e n t i f i e d  
s e v e r a l  e s s e n t i a l  m i l i t a r y  c h a r a c t e r i s t i c s  t h a t  were n o t  m e t .  The TECOM 
recommended t h a t  changes be  incorpora ted  i n  t h e  SHERIDAN v e h i c l e  t o  c o r r e c t  t h e  
d e f i c i e n c i e s  and a s  many of t h e  shortcomings a s  p o s s i b l e ,  and t h a t  a roduc t ion  
v e h i c l e  be  ~ r o v i d e d  f o r  a check test under d e s e r t  summer cond i t i ons .  15 

(U) The a r c t i c  p o r t i o n  o f  t h e  ETIST, conducted a t  F o r t  Greely,  Alaska, 
dur ing  t h e  w in t e r  of  1966-67, confirmed prev ious  assessments  that t h e  SHILLELAGH 
m i s s i l e  system could n o t  be  e f f e c t i v e l y  used below -20°F t o  -25OF. I n  t h e  
a r c t i c  tes t ,  1 4  MGM-51Amissiles and 6 XMGM-51B extended range m i s s i l e s  were 
f i r e d  un.der temperature  cond i t i ons  ranging from a h igh  of  -3'F t o  a low of 
-37OF, a t  bo th  f i x e d  and moving t a r g e t s  a t  ranges of 1 ,000 t o  3,000 meters. 
Only 7 of t h e  20 missiles were succes s fu l .  Primary causes  of t h e  13 f a i l u r e s  
included i c e  fog  formation below -25OF, gunner v i s i b i l i t y  problems, and missile 
component f a i l u r e s .  Another problem seemingly p e c u l i a r  t o  a r c t i c  f i r i n g  was 
flash-back, a phenomenon i n  which f l a s h  o r  flame emi t ted  from t h e  breech  when 
i t  opened a f t e r  t h e  m i s s i l e  f i r e d .  

(U) The i c e  fog  r e s u l t e d  from t h e  f r e e z i n g  of water  vapor which was t h e  
product  of combustion from bo th  t h e  rocke t  motor and t h e  gas  genera tor  g r a i n .  
The i n f r a r e d  command d a t a  was unable  t o  p e n e t r a t e  t h i s  i c e  fog  and t h e  gunner 
l o s t  c o n t r o l  of t h e  missile. Following t h e  a r c t i c  development tests i n  1962- 
63, CONARC had been formal ly  n o t i f i e d  of t h i s  l i m i t a t i o n  and r e p l i e d  t h a t  no 
f u t u r e  e f f o r t  should be  expended t o  extend t h e  lower tempera ture  l i m i t .  The 
DA s t a f f  a l s o  rece ived  information on t h e  l i m i t a t i o n  dur ing  t h e  in-process  
review l ead ing  t o  t h e  s t anda rd  A c l a s s i f i c a t i o n  i n  May 1966. 

(U) I n  A p r i l  1967, TECOM repor t ed  t h a t  t h e  SHERIDANISHILLELAGH was unsui t -  
a b l e  f o r  a r c t i c  use.  I n  a d d i t i o n  t o  problems w i t h  t h e  missile, t hey  r epo r t ed  
d e f i c i e n c i e s  on t h e  v e h i c l e  engine,  t r a c k ,  w i n t e r i z a t i o n  k i t ,  gunl launcher ,  
human f a c t o r s ,  and o v e r a l l  system r e l i a b i l i t y .  The system would have t o  undergo 

1 7 ~ t r ,  Cdr, TECOM, t o  CG, AMC, 7 Apr 67, s u b j :  F i n a l  Report of I n t e g r a t e d  
Engineer ing/Service Tes t  (Deser t  Summer) of t h e  Armored ~ e c o n n a i s s a n c e /  
Airborne Assault Vehicle ,  M551 ( ~ h e r i d a n l s h i l l e l a g h ) ,  USATECOM P r o j e c t  No. 
1-4-2521-70, RDT&E P r o j e c t  No. 1X579141D392, w i n c l :  F i n a l  Report ,  P h i l i p  J. 
Moravec & David F. Faulkner ,  lLT, Armor, Oct 66, pp. iii, 7, 9-10, 40-41,92-93. 
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a check test under a r c t i c  condi t ions  a f t e r  improvements t o  c o r r e c t  t h e  
d e f i c i e n c i e s ,  l8 

Confirmatory I Test  Program 

(3)  The primary o b j e c t i v e s  of t h e  173-round Confirmatory I t e s t  program, 
conducted by  TECOM during CY 1967, weTe t o  a s s u r e  t h e  adequacy of c o r r e c t i v e  
a c t i o n s  taken a f t e r  t h e  ET./ST% and t o  demonstrate t h e  M55l SBERIDANISHILLELAGH 
system's compa t ib i l i t y  w i t h  extended range (3, a00-mete4 m i s s i l e s .  Of t h e  I 

173 f i r i n g s ,  138 were conducted a t  F o r t  Knox, Kentucky, 24 a t  Aberdeen Proving 
Ground, Maryland, and 11 at  t h e  US Amy Tropic  Tes t  Center i n  t h e  Panama 
Canal Zone. In  a d d i t i o n  t o  t h e  primary t e s t  program o b j e c t i v e s ,  t h e  f i r i n g s  

i 
I 

a t  F o r t  Knox eva lua ted  t h e  conduct-of-fire t r a i n e r  and t h e  shallow key m i s s i l e  
conf i gu ra t ion .  

(U) Hardware r e l i ab i l i t y -de f ined  a s  t h e  p r o b a b i l i t y  t h a t  t h e  m i s s i l e  and 
G&C system would func t ion  properly-was recorded a s  90 percent ,  However, t h e  
p r o b a b i l i t y  t h a t  t h e  system as a whole, t o  inc lude  t h e  gunner, t r a c k  v e h i c l e ,  
and miss i lesys tem,would  h i t  a 7-1 2 f o o t  by 7-112 f o o t  ta rge t -ca l led  system 
re l iab i l i ty -was  only  57 percent .  1 b 

The Extended Range SHILLELAGH M i s s i l e  

(U) The 1958 document i n i t i a t i n g  t h e  Combat Vehicle  Weapon System P r o j e c t  
descr ibed requirements  f o r  bo th  a midrange and a long-range m i s s i l e .  The 
midrange p r o j e c t  r e s u l t e d  i n  development of t h e  b a s i c  2,000-meter MGM-51A 
SHILLELAGH m i s s i l e .  In  1961, a f t e r  DA r e i t e r a t e d  t h e  requirement f o r  t h e  
long-range system, t h e  Army and Aeronutronic considered a number of approaches 
t o  f u l f i l l i n g  t h e  requirement f o r  a follow-on system which would inc rease  t h e  

l8 (1) F i n a l  Report,  SHERIDAN-SHILLELAGH A r c t i c  ETIsT Program, Aeronutronic 
Div, Philco-Ford Corp. Pub l i ca t ion  No. C-4208, 12  Oct 67, pp. 1, 3, 43. (2) 
Memorandum f o r  DCG, AMC, f r  SHILLELAGH PM, c i r c a  Feb 67, subj :  A r c t i c  SHILLELAGH 
M i s s i l e  Test  F i r i n g s ,  w i n c l :  Summary of SHERIDAN/SHILLELAGH ETIST A r c t i c  Phase. 
(3) L t r ,  Cdr, TECOM, t o  PM, SHERIDAN, 17  Sep 69, sub j : F i n a l  Report,  Product 
Improvement Test  of Sheridan Weapon System, M551, Under A r c t i c  Winter Conditions,  
USATECOM P r o j e c t  No. 1-VC-080-551-005 (Formerly 1-4-2528-60). 

''(1) SHILLELAGH M i s s i l e  System, Agenda and Supporting Data f o r  Spec ia l  
In-Process Review 29-30 November 1967, SHILLELAGH PMO, pp. 36-37. (2) 
SHILLELAGH Missile System Review, "AMC Br i e f ing  t o  GEN Chesarek - 22 Sep 69," 
SHILLELAGH PM. (3) P r o j e c t  Manager's Annual Review, a t chd  t o  DF, Chf, SYS 
Engrg Div, SHILLELAGH P r o j e c t  Off ice ,  t o  Program Management Ofc, SHILLELAGH 
P r o j e c t  Of f i ce ,  9 May 67, subj  : P r o j e c t  Manager's Annual Review, 
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SHILLELAGH'S e f f e c t i v e  range by 50 percent  without  a s i g n i f i c a n t  degradat ion 
i n  h i t  p r o b a b i l i t y .  20 

(U) The Army Ordnance M i s s i l e  Command i n t e r p r e t e d  t h e  long-range system 
a s  one s u p e r i o r  t o  t h e  midrange m i s s i l e ,  which would r e p l a c e  t h a t  m i s s i l e  i n  
t h e  1970's. I n  t h e  1961-62 timeframe, t h e  Army Ordnance M i s s i l e  Cormnand 
considered s e v e r a l  programs a s  having a p p l i c a b i l i t y  t o  t h e  long-range requi re -  
ments. The o p t i c a l  c o n t r a s t  seeker  then being developed a t  t h e  Army Ordnance 
M i s s i l e  Command had t h e  most promise of f u l f i l l i n g  t h e  t e c h n i c a l  guidance 
requirements wiLh a s u b s t a n t i a l  improvement i n  firepower and a c a p a b i l i t y  f o r  
i n d i r e c t  f i r e .  P lans  a t  t h a t  t ime were t o  extend t h i s  e f f o r t  t o  inc lude  an  
o p t i c a l  c o r r e l a t i o n  seeker .  In  Apr i l  1963, MICOM tasked Aeronutronic t o  
i n v e s t i g a t e  i n c r e a s i n g  t h e  range c a p a b i l i t y  of t h e  b a s i c  2,000-meter SHILLELAGH 
t o  3,000-3,500 meters ,  For t h e  nex t  1 2  months, t h e  prime con t r ac to r  and MICOM 
considered v a r i o u s  approaches t o  t h e  engineer ing  problems involved i n  achieving 
t h a t  obj  e c t i v e .  2 1 

(U) On 3 A p r i l  1964, personnel  of t h e  SHERIDAN/SHILLELAGH P r o j e c t  Of f i ce  
and Aeronutronic b r i e f e d  t h e  Ass i s t an t  Secre ta ry  of t h e  Army (Research and 
Development) on a program t h a t  would y i e l d  t h e  extended range, The range 
inc rease  could be obta ined  by minimum changes t o  t h e  m i s s i l e ;  however, t h e  
modi f ica t ions  presented  some disadvantage t o  t h e  use r ,  i n  t h a t  t h e  m i s s i l e  
would be s l i g h t l y  longer  and heavier .  During t h e  b r i e f i n g ,  two o t h e r  more 
e l a b o r a t e  and more expensive programs were presented ,  which would y i e l d  h igher  
performance and/or  l e s s e r  weight and l eng th .  The Department of t h e  Army 
s e l e c t e d  the  minimum change approach, which would cos t  about  $7.42 m i l l i o n ,  
and r e l eased  $1.3 m i l l i o n  t o  i n i t i a t e  t h e  program i n  June 1964, The fol lowing 
month, t h e  SHERIDAN/SHILLELAGH P r o j e c t  Of f i ce ' s  M i s s i l e  Engineering Div is ion  
a t  MICOM au thor ized  Aeronutronic t o  begin work on t h e  extended range m i s s i l e  
under t h e  c u r r e n t  R&D c o n t r a c t  (DA-04-495-AMC-309). I n  N 1965, $3,328,000 
was expended on t h e  improvement program. 22 

(U) The extended range product improvements involved minimum changes t o  
t h e  m i s s i l e  and m i s s i l e  guidance s e t  group, A longer-burning gas genera tor  
was added t o  t h e  m i s s i l e  t o  a l low increased  m i s s i l e  f l i g h t  time. This  change 

20(1) OTCM 36753, 1 3  Feb 58, sub j :  I n i t i a t i o n  of Combat Vehicle  Weapon 
System Pro jec t .  RSIC. (2) OTCM 37998, 17  Nov 61, sub j :  Combat Vehic le  
Weapon System (Long Range). RSIC. (3) SHILLELAGH Extended Range Study, 7 Aug 
64, SHILLELAGH Lead Lab, Electromagnet ics  Lab, R&D Drte ,  MICOM. RHA BOX 13-103. 

21(1) L t r ,  CG, AOMC, t o  CofOrd, 1 0  May 62, subj  : Research A c t i v i t i e s  
P e r t i n e n t  t o  t h e  Armored Combat Vehicle  Weapons System, Long Range. (2)  
F i n a l  Technical  Report,  Extended Range SHILLELAGH RDT&E Program, 1 Feb 66, 
Aeronutronic Pub l i ca t ion  No. C-3437, pp. v ,  2. RHA Box 13-103. (3) SHILLELAGH 
Extended Range Study, 7 Aug 64, SHILLELAGH Lead Lab, Electromagnetics Lab, 
R&D Drte ,  MICOM. RHA Box 13-103. 

22 (1) MFR, Dep PM, SHILLELAGH, 10  Nov 64, subj  : Extended Range Program 
Recommendation, RHA Box 13-103. (2) AMCTC Item 5236, 20 Apr 67, subj :  Recording 
of SHILLELAGH Product Improvement Chmge and Applicable  Nomenclature. 



caused an i n c r e a s e  of 1.7 inches  in l eng th  and 2.17 pounds i n  weight,  b r ing ing  
the  l e n g t h  t o  45.4 inches  and weight t o  61.28 pounds, A lengthened wi r ing  
harness  w i th  improved i n s u l a t i o n  and thermal i n s u l a t o r s  was added i n  t h e  a f t  
s ec t ion .  Wiring changes were made i n  two modules of t h e  s i g n a l  d a t a  conver te r  
(vehicle-mounted G&C equipment), which extended r e c y c l e  t ime t o  permit  m i s s i l e  
con t ro l  t o  t h e  3,000-meter range. A new module was a l s o  added t o  improve 
accuracy beyond 2,000 meters ,  and t h e  m i s s i l e  test set was modified t o  
accommodate e i t h e r  t he  2,000-meter o r  3,000-meter missile. None of t hese  
changes a f f e c t e d  t h e  accuracy o r  k i l l  p r o b a b i l i t y  of t h e  m i s s i l e  below 2,000 
meters ,  23 

(U) In  May 1965, MICOM awarded Aeronutronic a $943,041 cost-plus-fixed-fee 
con t r ac t  (DA-01-021-AMC-12293) f o r  f l i g h t  tests of t h e  extended range m i s s i l e .  
From May 1965 through January 1966, Aeronutronic conducted 26 development f l i g h t  
tests a t  WSMR. In t h i s  t e s t  s e r i e s ,  1 0  m i s s i l e s  were f i r e d  from t h e  SHERIDAN 
v e h i c l e  and 1 6  from t h e  M60AlE1 v e h i c l e  a g a i n s t  bo th  moving and t r a n s i e n t  
t a r g e t s .  Before f i r i n g ,  t h e  m i s s i l e s  underwent v a r i o u s  environmental condi t ion-  
ing,  such a s  high and low temperatures ,  temperature shock, t r a n s p o r t a t i o n  and 
handl ing shocks, sand, dus t ,  humidity,  fungus, s a l t  spray ,  and immersion, The 
26 f l i g h t s  r e s u l t e d  i n  23 successes  and 3 a r t i a l  successes ,  t hus  s u b s t a n t i a t i n g  
t h e  3,000-meter c a p a b i l i t y  of t h e  m i s ~ i l e . ~ 4  The performance and phys i ca l  
c h a r a c t e r i s t i c s  of t h e  R&Dmiss i l e  a r e  shown i n  Table 3. 

(U) A t  t h e  extended range STTILLELAGH in-process  review on 24 August 1965, 
t h e  P r o j e c t  Manager r epo r t ed  t h a t  t h e  minor changes i n  t h e  m i s s i l e  and guidance 
and c o n t r o l  equipment t o  provide t h e  50 percent  i n c r e a s e  i n  range would b e  
incorpora ted  a s  product improvements i n  t h e  second year  (FY 1966) product ion 
con t r ac t .  The P r o j e c t  Manager and t h e  Commander of MICOM agreed t h a t  i n t r o -  
ducing t h e  improvements i n  t h e  second year  buy was t h e  most economical approach, 
s i n c e  i t  would e l imina te  t he  need f o r  a c o s t l y  r e t r o f i t  program. The modifi-  
c a t i o n s  would a l s o  b e  incorpora ted  i n t o  t h e  M60 ET/ST m i s s i l e s  and G&C 
equipment. A s  a r e s u l t  of product ion engineer ing  ref inements  i n  gas  gene ra to r  
manufacturing, t h e  product ion c o s t  of  t h e  improved m i s s i l e  would be no g r e a t e r  
than t h a t  of t h e  s h o r t e r  range m i s s i l e .  

(U) I n  October 1966, DA approved an AMC r eques t  t o  r e p l a c e  t h e  2,000-meter 
m i s s i l e  (MGM-51A and MTM-51A) w i t h  t h e  product-improved 3,000-meter m i s s i l e .  
This  a c t i o n ,  recorded by the  AMC Technical Committee on 20 A p r i l  1967, 
c l a s s i f i e d  t h e  extended range m i s s i l e  a s  Standard A and ass igned  t h e  des igna t ions  
MGM-51B f o r  t h e  t a c t i c a l  missile and MTM-51B f o r  t h e  t r a i n i n g  m i s s i l e .  The 

23 (1) I b i d  . (2)  F i n a l  Technical Report,  Extended Range SHILLELAGH RDT&E 
Program, Aeronutronic Pub l i ca t ion  No. C-3437, 1 Feb 66, pp. v i i ,  v i i i .  RHA 
Box 13-103. 

24 (1) MICOM An1 Hist Sum, FY 66, p. 65. ( 2 )  SHILLELAGH Fact  Book. F i l e :  
SAIMS Group, Land Combat Cost and SAIMS Analysis  B r ,  Cost Analysis  Div, 
Comptroller,  MICOM. (3) AMCTC Item 5236, Meeting No. 4-67, 20 Apr 67, subj :  
Recording of SHILLELAGH Missile Product Lmprovement Change and Applicable  
Nomenclature . 



TABLE 3 
(U) EXTENDED RANGE MISSILE PERFORMANCE AND PHYSICAL CHARACTERISTICS 

(as  of February 1966) 

RDTE REQMT ACTUAL REMARKS 

Range Capabi l i ty  (meters) 
-25°F 2900 2950 
+25OF 3150 3240 +25OF was peak of curve i n  RDTE 

+145"F 2930 3170 

S ta t iona ry  Target H i t  
P r o h a b i l i t y  

Moving Target H i t  

P robab i l i t y  

86% 86% a t  +70°F - 3000-meter range 
(Goal) 

83%" 83%"" a t  +70°F - 3000-meter range 
(Goal) 

Loading Weight (pounds) 62.5 61.28 2.17 l b s .  above t h e  2000-meter m i s s i l e  

Loading Length ( inches)  45.4 45.4 1.7 inches  longer  than t h e  2000-meter 
m i s s i l e  

* 
H i t  P r o b a b i l i t y  not  s t a t e d  i n  RDTE; derived from o v e r a l l  mission r e l i a b i l i t y  of 82% i n  RDTE. * * 
A t  1 3  MPH c ross ing  v e l o c i t y .  

SOURCE: F i n a l  Technical Report, Extended Range SHILLELAGH RDTE Program, Aeronutronic Pub l i ca t ion  No. 
C-3437, 1 Feb 66, p. v i i i .  RHA Box 13-103, 
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3,000-meter SHILLELAGH would b e  t h e  primary weapon f o r  t h e  M551 SHERIDAN, 
the  M60AlE1 tank,  and t h e  MBT-70.25 

The Shallow Key M i s s i l e  Program 

(U) Another s i g n i f i c a n t  change app l i ed  t o  t h e  SHILLELAGH m i s s i l e  during 
the  product ion phase w a s  a reduct ion  in t h e  s i z e  of t h e  m i s s i l e  key. The 
o r i g i n a l  m i s s i l e  had a l o n g i t u d i n a l  key, ,241 i n c h  wide, ,130 inch  deep, and 
1 0  inches  long, l oca t ed  j u s t  hehind t h e  warhead. The key, which f i t  i n t o  an 
i n t e r f a c i n g  s l o t  o r  keyway i n  t h e  gun tube,  prevented t h e  missile from r o l l i n g  
a s  i t  t r a v e l e d  down t h e  gun tube.  It was a l s o  used dur ing  loading  t o  index 
the  m i s s i l e  i n  t h e  gun tube  so t h a t  t h e  m i s s i l e  gyros could be  proper ly  o r i e n t e d ,  

(U) Early r e s u l t s  of t h e  SHERIDAN/SHILLELAGH ET/ST revea led  t h a t  t h e  gun 
tube l i f e  w a s  l i m i t e d  by s t r u c t u r a l  c racks ,  which o r i g i n a t e d  in the  m i s s i l e  
keyway a t  t h e  muzzle end of t h e  gun tube.  Af t e r  conducting gun l i f e  t e s t s ,  
TECOM concluded t h a t  t h e  s a f e  tube l i f e  was l i m i t e d  t o  f i r i n g  100 rounds of 
conventional ammunition. Following modi f ica t ions  and a d d i t i o n a l  t e s t i n g ,  
TECOM r a i s e d  the  s a f e  l i f e  of t h e  tube  t o  200 rounds. The May 1966 type  c l a s s i -  
f i c a t i o n  a c t i o n  f o r  t he  SHERIDAN had e s t a b l i s h e d  200 rounds a s  t h e  minimum 
acceptable  l i f e  f o r  t h e  tube, whi le  a 500-round l i f e  was des i r ed .  

(U) Since t h e  gun t u b e  l i f e  w a s  l i m i t e d  by cracks  i n  t h e  tube,  a s  opposed 
t o  t h e  usua l  e ros ion ,  t h e  SHERIDAN and SHILLELAGH P r o j e c t  Off ices ,  a long w i t h  
Waterv l ie t  Arsenal,  i n i t i a t e d  a j o i n t  program t o  c o r r e c t  t h e  cracking problem. 
They i n v e s t i g a t e d  four  a l t e r n a t i v e s :  (1) Introduce t h e  SHERIDAN i n t o  t h e  f i e l d  
wi th  a reduced gun s e r v i c e  l i f e ,  (2) add m a t e r i a l  t o  t h e  gun, (3) make changes 
t o  t h e  mis s i l e / l aunche r  i n t e r f a c e  t o  reduce t h e  concent ra t ion  of s t r e s s  i n  t h e  
keyway, and (4) add a l i gh twe igh t  c o l l a r  t o  t h e  muzzle of t h e  gun tube.  They 
decided t h a t  a combination of t h e  l a t t e r  two a l t e r n a t i v e s  was t h e  most p r a c t i c a l ,  
economical, and d e s i r a b l e  from an o v e r a l l  weapon system s tandpoin t .  

(U) To reduce t h e  s t r e s s e s  i n  t h e  gun tube  m i s s i l e  keyway, t h e  depth of 
t h i s  keyway w a s  reduced s o  t h a t  i t  was no deeper than  t h e  e x i s t i n g  r i f l i n g  
grooves and thus  d id  n o t  extend i n t o  t h e  pa ren t  me ta l  of t h e  gun tube.  An 
added i n c e n t i v e  f o r  reducing t h e  m i s s i l e  groove i n  t he  gun came from develop- 
ment of t he  MBT-70, which would use  a k i n e t i c  energy round t h a t  would induce 
much h igher  s t r e s s e s  i n  t h e  gun tube  than e i t h e r  t h e  SHERIDAN o r  t h e  M60AlE1 
gun. Waterv l ie t  Arsenal,  i n  conjunct ion w i t h  t h e  MBT-70 P r o j e c t  Off ice ,  had 
determined t h a t  t h e  m i s s i l e  guide keyway i n  t h e  MBT gun, t h e  XM150, should not  
extend below t h e  r i f l i n g  grooves. 

25(1) Ib id .  (2) MICOM An1 H i s t  Sum, N 66, p. 67. (3) SS, AMCPM-SM-9-66, 
SHILLELAGH PI{, 3 Sep 65, sub j  : Extended Range SHILLELAGH. (4) L t r ,  CG, MICOM, 
t o  CG, WECOH, 10 Sep 65, subj  : Extended Range SHILLELAGH. 
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(U) I n  Ju ly  1965, MICOM reques ted  Aeronutronic  t o  i nves t igage  t h e  f e a s i -  
b i l i t y  of reducing t h e  he igh t  of t h e  m i s s i l e  key and t h e  depth of t h e  gun tube  
keyway, and t o  determine t h e  optimum conf igu ra t ion  of t h e  i n t e r f a c e  between t h e  
key and t h e  keyway. The c o n t r a c t o r  s e l e c t e d  t h e  optimum conf igu ra t ion  based on 
p u l l  t e s t s  of v a r i o u s  key conf igu ra t ions  through a gun tube  wi th  m u l t i p l e  keyway 
conf igura t ions .  The design was confirmed by a four-missi le ,  short-range f l i g h t  
t e s t  program. The optimum key conf igu ra t ion  reduced t h e  he igh t  of t h e  key 
from . I30  inch t o  ,075 inch,  and incorpora ted  a 3" t a p e r  extending back about  
1 / 2  inch  on each s i d e  of t h e  forward end of t h e  key, The optimum keyway had 
s t r a i g h t  o r  v e r t i c a l  s idewa l l s  and was cu t  no deeper than  t h e  r i f l i n g  grooves. 26 

(U) I n  Ju ly  and August 1966, s i x  shallow key m i s s i l e s  were succes s fu l ly  
flown a t  Aberdeen Proving Ground from a shal low keyway gun tube  t h a t  had been 
worn w i t h  150 companion round f i r i n g s .  A l l  f i r i n g s  i n  t h i s  t e s t  s e r i e s  were 
succes s fu l ,  wi th  t h e  impact p o i n t s  f a l l i n g  wi th in  t h e  s tandard  7-112 square- 
foo t  t a r g e t .  Data from t h e s e  f i r i n g s  and t h e  p u l l  t e s t s  i nd ica t ed  t h a t  t h e  
shallow key m i s s i l e  had a h igh  p r o b a b i l i t y  of success ,  h u t  a d d i t i o n a l  v e r i f i -  
c a t i o n  t e s t i n g  would b e  necessary .  A s  an  i n t e r i m  measure, t h e  SHILLELAGH 
P r o j e c t  Manager, i n  mid-August 1966, recommended t h a t  t h e  SHERIDAN and M60 
gun tubes b e  machined w i t h  a s t r a i g h t  s idewa l l ,  deep s l o t ,  which would b e  
compatible wi th  e i t h e r  t h e  s tandard  key o r  sha l low key m i s s i l e .  The SHERIDAN 
P r o j e c t  Manager dec l ined  t o  implement a reduced keyway i n t o  product ion,  
however, u n t i l  t h e  convent ional  ammunition could b e  t e s t e d  w i t h  t h e  reduced 
keyway gun. I n  a d d i t i o n ,  TECOM reques ted  t h a t  t e s t s  be  conducted t o  confirm 
t h e  s a f e t y  of t h e  reduced m i s s i l e  key/reduced keyway gun. 

CU) During January and February 1967, Aeronutronic  s u c c e s s f u l l y  f i r e d  six 
shallow key m i s s i l e s  from a s tandard  deep keyway gun tube  a t  t h e  White Sands 
M i s s i l e  Range. On t h e  b a s i s  of t h e s e  and previous  f i r i n g s ,  t h e  SHILLELAGH 
Pro jec t  Nanager concluded t h a t  m i s s i l e  performance during shal low key/deep 
keyway tube  f i r i n g s  was no d i f f e r e n t  from t h a t  of t h e  shal low key/shallow 
keyway t u b e  f i r i n g s .  Consequently, he advised  t h e  M60, SHERIDAN, and MBT-70 
P r o j e c t  Of f i ce s  of h i s  i n t e n t i o n  t o  c u t  t h e  shal low key i n t o  m i s s i l e  production 
upon completion of t h e  s a f e t y  tests and r e c e i p t  of a s a f e t y  r e l e a s e  from TECOM. 
A l l  t h r e e  p r o j e c t s  concurred i n  t h e  a c t i o n ;  however, t h e  SHERIDAN P r o j e c t  
Manager planned t o  withhold t h e  shal low keyway from product ion  u n t i l  a nuimber 
of o t h e r  gun improvements under development could be  incorpora ted  concurrent ly.  
The M60 P r o j e c t  Of f i ce  agreed t o  implement t h e  shal low keyway i n t o  t h e i r  
product ion a f t e r  TECOM issued  t h e  s a f e t y  r e l e a s e .  

(U) The d e s i r e d  s a f e t y  t e s t s ,  a s  o u t l i n e d  by TECOM, cons i s t ed  of mechan- 
i c a l l y  jamming shal low key m i s s i l e s  i n t o  a gun tube  t o  determine what would 
happen i f  t h e  m i s s i l e  should jump o u t  of  t h e  tube  keyway and jam i n s i d e  the  gun 
tube  dur ing  f i r i n g .  I n  t h e  f i r s t  s a f e t y  t e s t ,  conducted a t  Redstone Arsenal 
on 10  January 1967, t h e  jammed m i s s i l e  was s u c c e s s f u l l y  f i r e d  and impacted a 

26 (1) SHILLELAGH M i s s i l e  System Agenda and Supporting Data f o r  Spec ia l  
In-Process Review 29 & 30 November 1967, SHILLELAGH PM, pp. 90, 92, 94. (2) 
F i n a l  Technical Report,  Reduced Key F l i g h t  Tes t  Program, SHILLELAGH Guided 
M i s s i l e  System, Aeronutronic Pub l i ca t ion  No, C-3968, 28 Feb 67, pp. 1, 3, 15. 
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s t e e l  p l a t e  l oca t ed  250 f e e t  from t h e  gun muzzle. Following two succes s fu l  
f i r i n g s  a t  Aberdeen i n  A p r i l  1967, TECOM i s sued  a s a f e t y  r e l e a s e  f o r  f i r i n g  
shallow key m i s s i l e s  from e i t h e r  a shal low o r  deep-keyway gun tube. The 
SHILLELAGH P r o j e c t  Manager, on 25 May 1967, t hus  i n i t i a t e d  s tandard  change 
procedures t o  i nco rpora t e  t h e  shallow key design i n t o  m i s s i l e  product ion.  A t  
t h e  same time, t h e  SHILLELAGH, SHERIDAN, and M60 Project '  Managers approved a 
TECOM plan  t o  r e t r o f i t  e x i s t i n g  SHERIDAN Type I confirmatory m i s s i l e s  and 
M60AlE1 ET/sT m i s s i l e s  t o  t h e  shal low key conf igu ra t ion  f o r  f u r t h e r  confidence 
t e s t i n g .  

(U) A t  t h e  s p e c i a l  in-process review, h e l d  29-30 November 1967, t h e  
SHILLELAGH P r o j e c t  Manager r epo r t ed  t h a t  t h e  shal low key improvement would i n  
no way degrade t h e  performance of t h e  SHILLELAGH missile f i r e d  from e i t h e r  a 
deep keyway o r  a shal low keyway gun tube.  Moreover, t h e  combination of t h e  
shallow key m i s s i l e  and shal low keyway gun tube  was expected t o  prolong the  
l i f e  of t h e  gun tube  and r e s u l t  i n  o v e r a l l  c o s t  sav ings ,  The review a t t endees ,  
inc luding  r e p r e s e n t a t i v e s  of CDC, AMC, ATAC, TECOM, P ica t inny  Arsenal ,  and 
t h e  Army Armor and Engineering Board, agreed wi th  t h e  SHILLELAGH P r o j e c t  
Manager's recommendation t h a t  t h e  shal low key m i s s i l e  be considered a product 
improvement and t h a t  i t  be type  c l a s s i f i e d  a s  Standard A. 27 

(U) The Department of t h e  Army approved t h e  shal low key m i s s i l e  a s  
Standard A i n  January 1968. In t h e  same a c t i o n ,  t h e  des igna t ion  MGM-51C was 
ass igned  t o  t h e  t a c t i c a l  m i s s i l e  and MTM-51C t o  t h e  t r a i n i n g  m i s s i l e .  28 
Conversion of t he  e x i s t i n g  s t o c k  of MGM-51B deep key m i s s i l e s  t o  t h e  MGM-51C 
shallow key conf igu ra t ion  began a t  t h e  Anniston Army Depot i n  August 1968 and 
was completed i n  February 1969. 29 

27(1)  I b i d . ,  pp. 1, 3, 15.  (2) SHILLELAGH M i s s i l e  System Agenda and 
Supporting Data f o r  Spec ia l  In-Process Review 29-30 November 1967, SHILLELAGH 
PMO, pp. 94, 96, 98. (3) Summary Report, Shallow Key, Deep Keyway Compat ib i l i ty  
Se r i e s ,  SHILLELAGH Product ion Engineering Evaluat ion F l i g h t  Tes t  Program, 
Aeronutronic Pub l i ca t ion  No. C-3997, 3 Mar 67, pp. 1, 3-5, 15-17, 27. (4) L t r ,  
SHILLELAGH PM t o  CG, WECOM, 1 7  Aug 66, sub j :  SHILLELAGH Shallow Key Program. 
(5) Msg, CG, MICOM, t o  CG, WECOM, DTG 2016302 Jan 67, subj  : Implementation of 
t h e  Shallow Key on SHILLELAGH Miss i l e s .  (6) MFR, SHILLELAGH PM, 24 May 67, 
subj :  Implementation of Shallow Key. (7) L t r ,  Cdr, TECOM, t o  CG, AMC, 3 Aug 
67, sub j :  F i n a l  Report on Engineering Tes t  of Shallow Key S h i l l e l a g h  M i s s i l e  
(Safety T e s t ) ,  RDT&E P r o j e c t  No. lX579lglD392, USATECOM P r o j e c t  No. 1-4-2521-16, 

w i n c l ,  (8)  L t r ,  SHILLELAGH PM, t o  D i s t r ,  20 Dec 67, sub j :  SHILLELAGH M i s s i l e  
System In-Process Review (IPR), w i n c l :  O f f i c i a l  Minutes. 

2 8 A M ~ ~ ~  Item 5895, 22 Mar 68, subj :  Recording of DA Approval of Spec ia l  
In-Process Review, SHILLELAGH Missile System, DA P r o j e c t  lX579191D334 (AMCMS 
5584.12.251). RSIC. 

29 (1) DF, SHILLELAGH PM t o  P ro j  D i r ,  Research and Engineering Drte ,  MICOM, 
3 Apr 69, sub j :  Request f o r  Information f o r  Case Study, w i n c l :  His tory  of 
t h e  SHILLELAGH M i s s i l e  System. (2) SHILLELAGH Missile System Master P lan ,  SSMO, 
MICOM, Feb 76, p. 16 ,  
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(U) P a r a l l e l  w i th  t h e  shal low key s t u d i e s  and tests, t h e  c o n t r a c t o r  had 
inves t iga t ed  a m i s s i l e  con f igu ra t ion  wi th  t h e  l o n g i t u d i n a l  key removed. In  
June and J u l y  1965, two key le s s  m i s s i l e s  were flown a t  WSMR. The in -ba r r e l  
r o l l  of t h e s e  m i s s i l e s  was about  t h e  same a s  t h a t  of t he  keyed m i s s i l e s .  These 
results prompted t h e  t e s t i n g  of 37 a d d i t i o n a l  key le s s  m i s s i l e s  from e a r l y  
October 1965 t o  mid-March 1966 dur ing  t h e  SHERIDAN/SHILLELAGH ET/ST program. 
On s e v e r a l  f l i g h t s ,  t h e  missile r o l l  approached t h e  p o i n t  where i t  would i n t e r -  
f e r e  wi th  t h e  m i s s i l e  gyros.  I f  t h e  r o l l  excurs ion  ang le  exceeded 29", bo th  
missile gyros would tumble and t h e  m i s s i l e  would l o s e  a t t i t u d e  r e fe rence  i n  
p i t c h ,  yaw, and r o l l .  

(U) To eva lua t e  t h e  extremes of r o l l  which could be  expected, Aeronutronic 
conducted e i g h t  "worst case" key le s s  missile f i r i n g s  i n  October and November 
1966. These missiles were designed a ~ d  f a b r i c a t e d  t o  b r i n g  t h e  probable major 
c o n t r i b u t o r s  t o  i n -ba r r e l  m i s s i l e  r o l l  t o  t h e i r  extreme t o l e r a n c e  l i m i t s .  Four 
missiles were f i r e d  from a n  XM162 gun a n d f o u r  from a longe r ,  s imulated XM150 
gun ( fo r  use  on t h e  MBT-70). A l l  t h e  missiles funct ioned normally and peak 
r o l l  excurs ions  were below t h e  gyro tumble angle,  a l though s e v e r a l  approached 
t h a t  po in t .  A s  expected, t h e  missile r o l l  d e v i a t i o n s  w e r e ,  on t h e  average,  
g r e a t e r  on t h e  f l i g h t s  from t h e  longe r  MBT-70 XMl50 gun. Fur the r  t e s t i n g  of 
t h e  key le s s  m i s s i l e  w a s  suspended, pendin f i n a l  des ign  of t h e  MBT-70 automatic  
l oade r  and i g h t  t e s t i n g  from t h a t  gun.38 The MBT-70 program w a s  l a t e r  
terminated.  !3 

Adaptation of  SHILLELAGH t o  t h e  M6Q Tank 

(U) In  t h e  1960's,  t h e  main b a t t l e  tanks deployed by t h e  Army were t h e  
M60 and t h e  improved M60A1. The M60, f i r s t  produced i n  1959, w a s  t h e  f i r s t  
US tank  t o  mount a 105mm gun and t o  b e  equipped wi th  a d i e s e l  engine. The 
M6OAl model, r e l ea sed  f o r  product ion i n  1962, incorpora ted  improvements i n  
b a l l i s t i c  p ro t ec t ion ,  which enhanced i t s  s u r v i v a b i l i t y  on t h e  b a t t l e f i e l d  but  
increased  i t s  weight t o  n e a r l y  53 tons ,  some 2 t o n s  heav ie r  than  t h e  M60. It 
w i l l  b e  r e a a l l e d  t h a t ,  i n  1961, s e r i o u s  cons ide ra t ion  was given t o  mounting 
t h e  SHILLELAGH on t h e  M60 tank  i n s t e a d  of t h e  XM551 SHERIDAN v e h i c l e  t o  
expedi te  a v a i l a b i l i t y  of t h e  weapon s y s t e m . *  The i d e a  of an  M~O/SHILLELAGH 
system again  sur faced  2 yea r s  l a t e r ,  t h i s  t i m e  a s  a means of provid ing  an 
improved i n t e r i m  tank  pending a v a i l a b i l i t y  of t h e  MBT-70. 

(U) A t  t h e  r eques t  of DA, t h e  Combat Developments Command, i n  1963, 
conducted a s tudy  t o  determine t h e  combat e f f e c t i v e n e s s  of t h e  1 0 5 m  gun/ 
SHILLELAGH combination on t h e  main b a t t l e  tank. This  s tudy  r e s u l t e d  i n  a 
recommendation t o  use  t h e  SHILLELAGH a s  t h e  primary armament on t h e  M60 s e r i e s  

* 
See above, pp. 58-62. 

30 (1) F i n a l  Technical and Test  Report,  Keyless SHILLELAGH Program, Aero- 
n u t r o n i c  Pub l i ca t ion  No. U-4066, 1 2  May 67, pp. 1, 4-6, 8. (2) SHILLELAGH 
Missile System, Agenda and Supporting Data f o r  Spec ia l  In-Process Review 29 & 
30 November 1967, MICOM, p. 35. 

31~ee below, pp. 96-97. 



tank.  I n  1964, t h e  Army Weapons Command presented  t o  DA four  t u r r e t  concepts  
f o r  mounting t h e  SHILLELAGH weapon system. Subsequently s e l e c t e d  f o r  use  w a s  
t h e  compact t u r r e t  design which reduced t h e  f r o n t a l  exposed a r e a  by 40 percent  
and incorpora ted  a completely new main armament and f i r e  c o n t r o l  system. The 
t u r r e t  mounted t h e  e x i s t i n g  1 5 2 m  gun/launcher,  used on t h e  SHERIDAN v e h i c l e ,  
and was a l s o  designed t o  accomodate  t h e  152mm k i n e t i c  efiergy round and t h e  
l a s e r  range f i n d e r  when they  became a v a i l a b l e .  The new M60AlEl system would 
have almost twice t h e  armor p e n e t r a t i o n  of t h e  M60A1 tank  and would weigh 
about 56 tons  when combat loaded. 

(U) The Department of Defense approved a program change proposal  f o r  t h e  
M~OISHILLELAGH program i n  December 1964. With AMC approval  of t h e  engineering 
development program i n  March 1965, Aeronutronic was awarded a con t r ac t  (DA-01- 
021-AMC-12009) t o  adapt  t h e  SHILLELAGH t o  t h e  M60 tank.  In  t h e  engineering 
development t e s t s  of t h e  M6OAlE1, conducted from October 1965 through January 
1966, 7 s tandard  range and 1 6  extended range mis s i l e s*  were f i r e d  from t h e  
M60AlE1 tank.  A l l  bu t  3 of t h e s e  23 f i r i n g s  were succes s fu l ,  confirming t h e  
compa t ib i l i t y  of t h e  SHILLELAGH m i s s i l e  wi th  t h e  compact t u r r e t .  None 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  use of t h e  newly designed t u r r e t  o r  t h e  M60AlE1 
launch v e h i c l e .  

(U) Because of t h e  urgent  requirement f o r  an  improved i n t e r i m  tank  f o r  
use  u n t i l  t h e  MBT-70 became a v a i l a b l e ,  t h e  MGOISHILLELAGH program was acce le-  
r a t e d  t o  m e e t  a planned deployment d a t e  of November 1967, The Army Weapons 
Command (WECOM) thus  i n i t i a t e d  product ion engineer ing  on t h e  M6OAlEl tank  only 
6 months a f t e r  t h e  R&D phase began. I n  December 1965, DA author ized  pro-cure- 
ment of long leadt ime t u r r e t  components. The Army Weapons Conunand awarded t h e  
Chrysler  Corporation a con t r ac t  f o r  t h e  long leadt ime items i n  January 1966, 
and DA approved l i m i t e d  product ion f o r  t h e  M6OAlEl 4 months l a t e r .  ( I n i t i a l  
t a c t i c a l  deployment of t h e  M60lSHILLELAGH system, however, u l t i m a t e l y  s l i pped  
t o  e a r l y  1975 because of major t e c h n i c a l  problems. ) 

(U) Engineering and s e r v i c e  tests of t h e  M6OAlE1 began i n  January 1966 
and continued u n t i l  t h e  f a l l  of 1966, when they  were suspended because of 
problems w i t h  t h e  tank  and t h e  convent ional  ammunition. To c o r r e c t  t h e  
d e f i c i e n c i e s ,  WECOM developed a c losed  breech scavenger system t o  remove t h e  
hazards of t h e  combustible ammunition case ,  developed and t e s t e d  a l a s e r  range 
f inde r ,  and modif ied and r e t e s t e d  t h e  components t h a t  f a i l e d  t o  meet requi re -  
ments. It was not  u n t i l  September 1968 t h a t  TECOM i s sued  a r a p i d  f i r e  s a f e t y  
r e l e a s e  f o r  t he  system. Fur ther  t e s t i n g  fol lowing t h i s  r e l e a s e  revea led  a 
major problem wi th  t u r r e t l g u n  c o n t r o l  system r e l i a b i l i t y ,  r a i s i n g  ques t ions  
about t h e  adequacy of t h e  fundamental design.  I n  January 1969, t h e  Army 

* 
These f i r i n g s  w e r e  a l s o  p a r t  of t h e  engineer ing  development program f o r  t h e  
extended range missile. During t h e  same per iod ,  10  extended range m i s s i l e s  
were f i r e d  s u c c e s s f u l l y  from t h e  SHERIDAN v e h i c l e .  
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Materiel Command d i r e c t e d  t h a t  eng inee r ing / se rv i ce  t e s t i n g  and v e h i c l e  assembly 
be h a l t e d  u n t i l  t h e  problems could be resolved.32 

(U) Af t e r  f u r t h e r  improvements were incorpora ted  i n t o  t h e  system, a 
s p e c i a l  in-process review (IPR) w a s  conducted i n  mid-October 1970. Representa- 
t i v e s  from CDC, AMC, CONARC, and t h e  L o g i s t i c s ,  Doctr ine,  and Systems Readiness 
Agency agreed t h a t  t h e  modified M60AlE2 tank  w a s  ready t o  proceed i n t o  ET/ST. 
I n  those  test f i r i n g s ,  conducted from December 1970 through September 1971, t h e  
M60AlE2 gene ra l ly  m e t  o r  exceeded t h e  convent ional  round h i t  performance 
c r i t e r i a .  The SHILLELAGH missile, i n  338 f i r i n g s  from t h e  M60AlE2, m e t  o r  
exceeded accuracy c r i t e r i a ,  a s  shown below. Criteria e s t a b l i s h e d  f o r  t h e  
m i s s i l e  were 80 percent  h i t  p r o b a b i l i t y  a t  0 t o  2,000 meters range and 70 
percent  h i t  p r o b a b i l i t y  a t  2,000 t o  3,000 meters  range. 33 

M~OA~E~/SHILLELAGH Missile F i r i n g  Resu l t s  

Range Rounds Percent  H i t  
Target  (meters) F i r ed  H i t s  H i t s  P r o b a b i l i t y  

S t a t iona ry  1410-3000 68 6 2 9 1 
Moving 1000-2225 101  9 0 8 9 
Moving/ 

S t a t iona ry  1000-3000 169 152 90 

(U) On 29 September 1971, TECOM issued  a s ta tement  of s u i t a b i l i t y  f o r  t h e  
M60AlE2 tank.  A development acceptance IPR, h e l d  on 12  October 1971, recommended 
t h a t  t h e  program cont inue through r e t r o f i t  product ion,  which would inc lude  540 * 
t anks  and 32 t u r r e t  t r a i n e r s .  Following ASARC/DSARC approval  of t h e  recom- 
mendation, t h e  Deputy Sec re t a ry  of Defense, on 4 November 1971, approved t h e  
program s u b j e c t  t o  c e r t a i n  c o n s t r a i n t s ,  inc luding  an  i n t e n s i f i e d  confirmatory 

* 
Army Systems Acquis i t ion  Review Council/Defense Systems Acqu i s i t i on  Review 
Council. 

32 
(1) Formal Review of M60AlE2 Tank, P re sen ta t ion  by LTC Paul  W. Simpson, 

M60 Tanks PM, t o  CG, AMC, 1 Oct 69, pp. 1-6. (2) L t r ,  M60 Tanks PM, t o  CG, 
MICOM, 21 J u l  71, s u b j  : Master Schedule f o r  t h e  M60AlE2 Tank, w i n c l .  (3) 
Summary Br ie f ing ,  LTC Spencer R. Baen, SHILLELAGH PM, Feb 66. (4)  SHILLELAGH 
M i s s i l e  System Agenda and Supporting Data f o r  Spec ia l  In-Process Review 29- 
30 November 1967, a t  MICOM, pp. 21-22. (5)  MICOM An1 H i s t  Sum, FY 66, p .  66. 
(6) L t r ,  Cdr, TECOM, t o  M60 Tanks PM, 8 ~ a y  69, sub j : USATECOM P r o j e c t  No. 
1-4-2040-36, Serv ice  Test  of Tank, Combat, Full-Tracked, 152mm Gun, M60AlE2 
wi th  Closed Breech Scavenger System and Laser  Range Finder ,  RDT&E P r o j e c t  No- 
1M542706D351. (7) An1 H i s t  Sum, WECOM, FY 69, p. 218. 

33(1) L t r ,  MG John R. Guthrie ,  Chairman, M60AlE2 Spec ia l  In-Process Review, 
t o  CRD, DA, 1 Apr 71, sub j :  Minutes of M60AlE2 Spec ia l  In-Process Review. 
(2) Ex t r ac t  from Tab B, Engineering T e s t / ~ e r v i c e  Test  Resu l t s ,  Drte f o r  P lans  
and Analysis '  Summary of CDC Armor Agency's Evalua t ion  of t h e  M60AlE2 Tank, 
24 Sep 71, i n c l  t o  DF, Chf, Concept, D o c t r i n e & P l a n s  Div, Drte  f o r  P lans  & 
Analysis ,  MICOM, t o  Land Combat Spec ia l  I tems Manager, 1 7  Feb 72, sub j :  
USACDC Armor Agency's Evaluat ion of t h e  M60AlE2 Tank - 24 Sep 71. 
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troop t e s t .  On 8 November 1971, DA approved type c l a s s i f i c a t i o n  a s  Standard A 
f o r  the  N60AlE2 tank, which was redesignated a s  t h e  M60A2. The Chrysler 
Corporation received t h e  r e t r o f i t  production con t rac t  i n  l a t e  November 1971. 
Delivery of t h e  f i r s t  r e t r o f i t t e d  M60A2 tank s l ipped  from October 1972 t o  
February 1973, because of a l abor  s t r i k e  a t  one of t h e  subcontractor  plants .34 
T a c t i c a l  deployment of the  M ~ O A ~ / S H I L L E L A G H  system t o  Europe was than delayed 
u n t i l  e a r l y  1975, pr imar i ly  because of problems wi th  t h e  main gun r e c o i l  
~ ~ s t e m . 3 5  Meanwhile, on 29 June 1972, t h e  Army Mate r i e l  Command t r a n s f e r r e d  
the  o v e r a l l  r e s p o n s i b i l i t y  f o r  management and procurement of tanks and 
associa ted  combat v e h i c l e s  from WECOM t o  t h e  US Army Tank-Aubomotive Command 
(TACOM) . 36 

The MBT-~OISHILLELAGH Program 

(U) I n  August 1963, the United S t a t e s  and West Germany i n i t i a t e d  a j o i n t  
development program f o r  the  Main B a t t l e  Tank-70 (MBT-70). The new 51-ton 
computer-age veh ic l e ,  c a l l e d  the  "thinking man's tank,lt was designed t o  
opera te  underwater  o r  during nuclear  a t t a c k  and t o  f i r e  e i t h e r  high energy 
conventional armnunition o r  the  SHILLELAGH guided m i s s i l e .  The body of t h e  
tank could be r a i s e d  o r  lowered, and t i l t e d  from f r o n t  t o  back o r  from s i d e  
t o  s i d e  f o r  t a c t i c a l  o r  mobi l i ty  reasons. The armament system fea tu red  a 
s t a b i l i z e d  f i r e  c o n t r o l  system, a l a s e r  rangefinder ,  and a panoramic te lescope  
f o r  g r e a t e r  accuracy. The development con t rac to r s  f o r  t h e  MBT-70 w e r e  t h e  
Al l i son  Division of General Motors Corporation f o r  the  US and the German 
Development Corporation f o r  West Germany. I n  October 1965, MICOM awarded a 
cont rac t  (DA-04-495-AMC-0959) t o  Aeronutronic t o  adapt t h e  SHILLELAGH m i s s i l e  
system t o  t h e  MBT-70. 

(U) In  t h e  MBT-70 development program, both US and German test agencies 
f i r e d  SHILLELAGH missiles from engineering design models of t h e  tank. During 
the April-June 1969 period,  US personnel f i r e d  21  m i s s i l e s  from t h e  MBT-70 
a t  t h e  White Sands Missile Range, 1 6  of which impacted t h e  7 1 / 2  square-foot 
t a r g e t .  In  a subsequent test and evalua t ion  program a t  t h e  Aberdeen Proving 
Ground during July-August 1970, US personnel f i r e d  1 3  missiles from t h e  tank,  
10 of which h i t  t h e  t a r g e t .  From Ju ly  1970 through November 1971, the  German 
t e s t  agency f i r e d  51  SHILLELAGH missiles from t h e  MBT-70, 47 of which impacted 
the  t a r g e t .  

(U) Despite success i n  some a reas ,  t h e  j o i n t  MBT-70 development program 
experienced se r ious  problems which l e d  t o  i ts  discontinuance.  A s  t h e  concepts 
began t o  appear i n  hardware form i n  t h e  l a t e  19601s,  t h e  disadvantages of 
t h e  j o i n t  program began t o  outweigh t h e  advantages. D i f fe r ing  ob jec t ives ,  
phi losophies,  and techniques, combined w i t h  increased  c o s t s  and lengthened 
schedules, eventual ly  brought t h e  program t o  a h a l t .  I n  January 1970, t h e  

34(1) WECOM An1 H i s t  Sum, FY 71, p. 228. (2) WECOM An1 H i s t  Sum, FY 72, 
pp.173-75. (3) TACOM A m ,  FY 73, pp. 193-94. (4) TACOM ARMA, FY 74, p. 100. 

35~ee  below, pp  103-05. 

36AMC GO 149, 14 Jun 72, a s  amended by AMC GO 172, 7 Jul 72. 

UNCLASSIFIED 



UNCLASSIF 

US and Germany r e v i s e d  the program t o  a coopera t ive  e f f o r t  under which each 
n a t i o n  could make u n i l a t e r a l  t e c h n i c a l  dec i s ions  t o  meet i t s  own n a t i o n a l  
requirements.  This  agreement a l s o  terminated j o i n t  funding of t h e  program. 
To reduce c o s t s  t h e  US turned t o  an  a u s t e r e  model of t h e  tank,  des igna ted  a s  
t h e  MBT-XM802. 3f 

(U) Plans f o r  t h e  XM803 included a reconfigured SHILLELAGH m i s s i l e  which 
would be a 105mm supersonic m i s s i l e  wi th  a 4,000-meter range. However, t h e  
MBT-XM803 program proved t o  be shor t - l ived .  In  December 1971, t h e  US Congress 
passed a compromise ve r s ion  of t h e  Defense Appropriat ions B i l l ,  which d i r e c t e d  
t h e  Army t o  te rmina te  t h e  XM803 program by 30 June 1972. This b i l l  a l s o  approved 
funds f o r  a new tank  development program. This new tank,  designated a s  XI1815 
(which l a t e r  became t h e  XM1 and, f i n a l l y ,  t h e  111 Abrams main b a t t l e  t ank ) ,  d id  no t  
inc lude  a m i s s i l e - f i r i n g  ca  a b i l i t y .  Therefore,  t h e  program f o r  t h e  supersonic 
SHILLELAGH was terminated. 3 g 

Revival of t h e  SHILLELAGHITOW Controversy 

(U) In 1969 and 1970, t h e  Army w a s  aga in  c a l l e d  upon t o  defend t h e  requi re -  
ment f o r  bo th  t h e  SHILLELAGH and TOW a n t i t a n k  m i s s i l e s .  Controversy concerning 
t h e  development of bo th  m i s s i l e s  had f i r s t  a r i s e n  i n  1962, when t h e  SHILLELAGH 
was completing i ts app l i ed  r e s e a r c h  phase and t h e  TOWwas e n t e r i n g  t h e  * development s t age .  Di f fe rences  i n  views resur faced  i n  1969 during congress iona l  
debate  on TOW procurement funds.  r n  response t o  a congress iona l  r eques t ,  t h e  
Army eva lua ted  t h e  f e a s i b i l i t y  of Adapting t h e  SHILLELAGH m i s s i l e  t o  t h e  ground 
heavy a s s a u l t  weapon (HAW) r o l e  and t h e  a i r b o r n e  a n t i t a n k  r o l e  i n  p l ace  of T O W .  

(U) Although l i m i t e d  c o s t  s t u d i e s  conducted i n  1969 tended t o  i n d i c a t e  
t h a t  t h e  adap ta t ion  of SHILLELAGH t o  t h e  H A W  r o l e  could gene ra t e  sav ings ,  
more d e t a i l e d  f i s c a l  ana lyses  i n  1970 r e f u t e d  t h i s .  The SHILLELAGH c o n t r a c t o r ,  
Aeronutronic,  claimed monetary r educ t ions  and an  e a r l i e r  f i e l d  c a p a b i l i t y  by 
using SHILLELAGH i n  t h e  HAW r o l e .  The MICOM s tudy ,  however, showed that a 
t i m e  de lay  of some 4 yea r s  and marked cos t  i n c r e a s e s  would be  incu r red  by 
cance l l i ng  t h e  TOW and s u b s t i t u t i n g  t h e  SHILLELAGH f o r  i n f a n t r y  a n t i t a n k  missions.  
The Army and t h e  Di rec to r  of Defense Research and Engineering agreed that TOW 
should cont inue t o  b e  employed i n  t h e  H A W  r o l e .  

* 
See above. pp, 73-75. - - 

37(1) L t r ,  Mgr, T a c t i c a l  Surface Combat Systems, Aeronutronic Div, Phi lco-  
Ford Corp., t o  CG, MICOM, 29 Mar 72, sub j :  Submi t ta l  of F i n a l  Technical  Report,  
Contract  DA-04-495-AMC-959(Z), w i n c l :  F i n a l  Technical  Report,  SHILLELAGH 
M i s s i l e  Adaptat ion t o  USIFRG Main B a t t l e  Tank (MBT-70). (2) MICOM An1 H i s t  Sum, 
FY 66, p. 64. (3) USAMC H i s t  Sum, FY 71, pp. 90-91, 95, 108. (4) USAMC A m ,  
FY 72, pp. 127-131, 139, 141-148. (5) "The MBT-70: Everything But Wings," 
Army, Nov 67, pp. 16-17. 

38(1) MICOM An1 H i s t  Sum, FY 72, p. 89. (2) MICOM An1 H i s t  Sum, FY 73, 
p. 94. (3) USAMC ARMA, l?!~? 72, pp. 137-38. (4) USAMC ARMA, FY 73, p. 270. 
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CU) During t h i s  eva lua t ion ,  t h e  inhe ren t  d i f f e r e n c e s  i n  t h e  two systems 
were aga in  emphasized, Although both  systems had enemy armor a s  a common 
t a r g e t ,  they  opera ted  i n  d i f f e r e n t  environments and played s e p a r a t e  r o l e s .  The 
SHILLELAGH was designed s p e c i f i c a l l y  f o r  f i r i n g  from t h e  c losed  breech gun tube  
of an armored v e h i c l e .  On the  o the r  hand, t h e  TOWwas intended t o  be f i r e d  by 
i n f a n t r y  u n i t s  from an  open breech, l igh tweight  tube emplaced on an open v e h i c l e  
o r  on t h e  ground. The Army's conclusions p reva i l ed  and t h e  Congress approved 
FY 1971 funds t o  cont inue wi th  t h e  TOW i n  t h e  HAW r o l e .  

(U) A later i n v e s t i g a t i o n  of SHILLELAGH ve r sus  TOW f o r  a i rbo rne  use  
( in s t a l l edon  COBRA and CHEYENNE h e l i c o p t e r s )  d i sc losed  t h a t  t o t a l  program c o s t s  
were l e s s  f o r  TOW i n  each case ,  The eva lua t ion  a l s o  concluded t h a t  develop- 
ment t ime f o r  adap ta t ion  t o  t he  a i rbo rne  r o l e  would be s h o r t e r  f o r  t h e  TOW 
m i s s i l e ,  and t h a t  t h e  SHILLELAGH had c e r t a i n  l i m i t a t i o n s ,  such a s  range when 
f i r e d  from a hover p o s i t i o n  and sun i n t e r f e r e n c e ,  which made i t  l e s s  d e s i r a b l e  
f o r  t h e  h e l i c o p t e r  r o l e  than  the  TOW.39 

39 U) Statement by General Bruce Palmer, Jr., VCof & US Army, before  t h e  
Committee on Armed Serv ices ,  House of Representa t ives ,  Second Session,  91s t  
Congress, on TOW/SHILLELAGH Reevaluat ion,  c i r c a  Apr 70. (2) L t r ,  D i r ec to r  
of Defense Research and Engineering, t o  Chairman, Committee on Armed Serv ices ,  
US Senate,  6 Apr 70, re TOW/SHILLELAGH. (3) Mary T. Cagle, History of the TOW 
MissiZe System (MIRCOM, 20 Oct 77) ,  pp. 95-98. 
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CHAPTER V I  

WEAPON SYSTEM DEPLOYMENT AND FIELD SUPPORT 

(U) Timely deployment t o  using u n i t s  i n  t h e  f i e l d  remains t h e  fundamental 
o b j e c t i v e  underlying the  development of any weapon system. Following t h e  
i n i t i a l  i s s u e  of M551 SHERIDAN/SHILLEUGH systems t o  CONUS u n i t s  i n  mid-1967, 
deployments were extended worldwide i n  e a r l y  1969. Ear ly  i n  1975, SHILLELAGH 
m i s s i l e  systems mounted on M60A2 tanks  were f i e l d e d  t o  armor u n i t s  i n  Europe 
and t h e  Cont inenta l  United S t a t e s  (CONUS). A comprehensive suppor t  concept 
i n t e g r a t e d  f i e l d  and depot  maintenance s e r v i c e s  w i t h  o n s i t e  t echn ica l  a s s i s -  
tance provided by t h e  Army M i s s i l e  Command. Inventory phasedown of both  
SHERIDAN v e h i c l e s  and M60A2 tanks  during t h e  l a t e  1970's was accompanied by 
p a r a l l e l  r educ t ions  i n  deployed SHILLELAGH m i s s i l e  a s s e t s .  By N 1981, on ly  
140 SHILLELAGH-equipped SHERIDAN v e h i c l e s ,  des igna ted  as a r e s i d u a l  f l e e t ,  
remained i n  t h e  Army inventory ,  whi le  cdnvent ional  guns rep laced  t h e  
SHILLEL,AGHts mounted on M60A2 tanks.  During t h e  e n t i r e  per iod  of SHILLELAGH 
deployment, MICOM developed and implemented ex tens ive  product improvement 
programs t o  c o r r e c t  d e f i c i e n c i e s  i n  t h e  weapon system and t o  enhance i t s  
c a p a b i l i t i e s  and ope ra t iona l  performance. 

Deployment of t h e  SHERIDAN/SHILLELAGH System 

F i r s t  T a c t i c a l  Uni t s  Equipped 

(U) In  June 1967, t h e  1st B a t t a l i o n ,  63d Armor, a t  F o r t  Ri ley ,  Kansas, 
became t h e  f i r s t  t a c t i c a l  u n i t  t o  be equipped w i t h  t h e  SHERIDAN/SHILLELAGH 
weapon system. During m i s s i l e  gunnery t r a i n i n g  i n  February 1968, tank crews 
o t  t h e  l s t / 6 3 d  Armor f i r e d  a t o t a l  of 112 m i s s i l e s ,  s co r ing  88 t a r g e t  h i t s .  
Of t h e  59 missiles f i r e d  a t  s t a t i o n a r y  12-square-foot t a r g e t s ,  a t  a 1,500- 
meter range, a l l  bu t  f i v e  impacted t h e  t a r g e t ,  t h e  s t r i k e  d i s t a n c e  from t h e  
c e n t e r  aiming po in t  averaging s l i g h t l y  l e s s  than  9 inches .  The f i v e  misses w e r e  
a t t r i b u t e d  t o  e r r a t i c  m i s s i l e s .  I n  a l l  c a ses  i t  w a s  t h e  f i r s t  m i s s i l e  t h a t  t h e  
gunners had ever  f i r e d .  The success  r a t e  f o r  f i r i n g  a t  6 x 10-foot moving t a r -  
g e t s  w a s  cons iderably  lower,  on ly  34 of t h e  53 missiles f i r e d  being r e g i s t e r e d  
a s  h i t s .  According t o  t h e  eva lua t ion  r e p o r t  submit ted by t h e  Commander, l s t /  
63d Armor, one of t h e  misses  was caused by a f a u l t y  missile, fou r  were a t t r i b u t e d  
t o  system d i sc repanc ie s ,  and t h e  remainder r e s u l t e d  from gunner err0rs.l 

'(1) MICOM An1 H i s t  Sum, N 67, p .  65. (2) H i s t  Rept,  SHILLELAGH PM, 
N 68, p. 1. (3) L t r ,  Cdr, 1st Bn, 63d Armor, F t  Ri ley ,  KS, t o  ACSFOR, DA, 
5 Mar 68, sub j :  Operat ional  Report - Lessons Learned RCS CSFOR-65, w i n c l :  
Annex B - M i s s i l e  Gunnery, a tchd  t o  L t r ,  SHILLELAGH PM t o  M r .  John B. Lawson, 
VP & Gen Mgr, Aeronutronic Div, Philco-Ford Corp., 17  Apr 68, r e  SHILLEUGH 
Operat ional  Tes t s  By 1st Bn, 63d Armored Regiment. (4) Se lec ted  Acquis i t ion  
Report, SHILLELAGH Missile System, a s  of 31 Mar 70, pp. 6, 7. F i l e :  MICOM, 
M s l  Log Cen, Close Combat Weapon Systems Mgt Ofc. 
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(U) The SHERIDAN/SHILLELAGH system w a s  i s sued  i n  October 1967 t o  t h e  1st 
Squadron, 1 7 t h  Cavalry, an 82d Airborne Div is ion  u n i t ,  a t  P o r t  Bragg, North 
Carol ina.  In A p r i l  1968, 1 0  SHERIDAN/SHILLELAGE systems were deployed t o  t h e  
29th I n f a n t r y  Brigade i n  H a w a i i ,  marking the f i r s t  f i e l d i n g  of t h e  weapon 
system o u t s i d e  CONUS (OCONUS). The systems i n  H a w a i i  would b e  supported by 
d i r e c t  exchanges qf equipment, wi th  r e p a i r s  performed a t  t h e  Anniston Army 
Depot i n  Alabama. 

Worldwide Deployment 

(U) I n  October 1968, t h e  Army Vice Chief of S t a f f  approved overseas  
deployment of t h e  M551 SHERIDAN v e h i c l e .  S h o r t l y  t h e r e a f t e r ,  AMC i s sued  a 
s u i t a b i l i t y  r e l e a s e  and DA au tho r i zed  f i e l d i n g  t o  Yietman, US Army, Europe 
(USAREUR), and Korea, w i th  f i r s t  p r i o r i t y  given t o  Southeast  A s i a  deployment. 3 

I n  November 1968, t h e  SHILLELAGH P r o j e c t  Manager reques ted  t h a t  t h e  SHILLELAGH 
m i s s i l e  system and support  equipment a l s o  be  r e l e a s e d  f o r  i s s u e  w i t h  t h e  
SHERIDAN t o  t a c t i c a l  u n i t s  overseas.  T o j u s t i f y  t h i s  r eques t ,  he r epo r t ed  t h a t  
support  r e p a i r  p a r t s  were a v a i l a b l e  a t  t h e  r equ i r ed  l e v e l s  through normal 
supply channels  and s p e c i a l  i n t roduc to ry  t r a i n i n g  teams were scheduled t o  
meet t h e  requirements  f o r  overseas  deployments, On 26 November 1968, t h e  Army 
Mate r i e l  Command (AIJIC) approved a cond i t i ona l  worldwide release f o r  t h e  
SHILLELAGH m i s s i l e  system and support  equipment f o r  i s s u e  t o  t roops  overseas .  
This  r e l e a s e  included t h e  MGM- and MTM-51A, B, and C missiles ( t a c t i c a l  and 
t r a i n i n g  m i s s i l e s  of t h e  o r i g i n a l  range, extended range,  and reduced key 
conf igu ra t ion ) ,  t h e  guidance and c o n t r o l  system, m i s s i l e  test set (AN/TJM-11, 
m i s s i l e  d m y  round (M29C), t r a n s m i t t e r  alignment test set (M45), conduct of 
f i r e  t r a i n e r  (XM35), and guided m i s s i l e  system test set (AM/MSM-93). The 4 
r e l e a s e  w a s  l i m i t e d  t o  missiles accepted from t h e  i n i t i a l  producer ,  Aeronutronic.  

(U) Although deployments t o  Korea and Germany were n o t  inc luded  i n  t h e  
o r i g i n a l  master mi les tone  schedule,  DA au thor ized  t h e  f i e l d i n g  of SHERIDAN/ 
SHILLELAGH systems t o  t h e  Eighth Army (Korea) i n  November 1968 and t o  USAREW 
i n  January 1969. In  p repa ra t ion  f o r  overseas  deployments, new materiel 
in t roduc to ry  p r e s e n t a t i o n s  on t h e  SHERIDAN/SHILLELAGH equipment were given t o  
s p e c i f i e d  t a c t i c a l  u s e r s  and maintenance personnel  i n  Korea, Japan, Vietnam, 
and Hawaii dur ing  December 1968. 5 

2 (1 )  Ib id . ,  p. 7. (2) MICOM An1 H i s t  Rept, FY 68, p. 47. (3) L t r ,  
SHILLELAGH PM t o  CG, AMC, 20 Nov 68, sub j :  Condit ional  Release of SHILLELAGH 
f o r  I s s u e  t o  Troops Overseas. 

3 W E ~ ~ ~  An1 H i s t  Sum, FY 69, p. 124. 

4 ~ t r ,  SHILLELAGH PM t o  CG, AMC, 20 Nov 68, subj  : Condit ional  Release of 
SHILLELAGH f o r  I s s u e  t o  Troops Overseas, & 1st Ind,  CG, AMC, t o  CG, MICOM, 26 
Nov 68. 

5(1) Se l ec t ed  Acquis i t ion  Report,  SHILLELAGH Missile System, a s  of 31 Mar 
70, p. 7. P i l e :  MICOM, M s l  Log Cen, Close Combat Weapon Systems Mgt Ofc. (2) 
His tory  of t h e  SHILLELAGH M i s s i l e  System, i n c l  1 t o  DF, SHILLELAGH PM t o  P ro j  
D i r ,  Research & Engineering Drte ,  MICOM, 3 Apr 69, subj :  Request f o r  Informa- 
t i o n  f o r  Case Study. 
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(U) The i n i t i a l  shipment of  60 M551 SHERIDAN v e h i c l e s  was dispatched t o  
Vietnam i n  January 1969. Although they  d id  n o t  c a r r y  t h e  SHILLELAGH m i s s i l e ,  
t h e  v e h i c l e s  contained two of t h e  seven SHILLELAGH guidance and c o n t r o l  s e t  
components (power supply and r a t e  s enso r ) ,  which were a l s o  used f o r  f i r i n g  
convent ional  ammunition. Eventual ly 240 SHERIDAN' s w i t h  t h e  "two-box" G&C 
system s a w  s e r v i c e  i n  Vietnam. The 86th Ordnance Detachment (Land Combat 
Support System) a r r i v e d  a t  Sagami Depot, US Army, Japan, in May 1969 t o  sup- 
p o r t  t h e  SHILLELAGH i n  Korea and t h e  "two-box" system i n  Vietnam. By t h e  end 
of FY 1969, i n i t i a l  q u a n t i t i e s  of SHILLELAGH m i s s i l e s  were deployed w i t h  t h e  
M551 SHE IDAN v e h i c l e  t o  a l l  au thor ized  t h e a t e r s  - CONUS, Europe, and t h e  
P a c i f i c .  I 

(U) In t h e  f i e l d ,  t h e  SHILLELAGH m i s s i l e  w a s  recognized as an a c c u r a t e ,  
long-range tank  k i l l e r ,  bu t  i t  was n o t  w e l l  accepted on t h e  M551 SHERIDAN 
veh ic l e .  T a c t i c a l  u s e r s  f e l t  t h a t  t h e  l i gh twe igh t  M551 v e h i c l e  combined w i t h  
t h e  heavy r e c o i l  of t h e  main gun could render  t h e  missile system inope ra t ive .  
This  was n o t  a v a l i d  assumption; however, i t  could appear so  t o  t hose  who were 
unfami l ia r  w i t h  t h e  SHILLELAGH system, because t h e  r e c o i l  from convent ional  
ammunition f i r i n g s  and t h e  shock and v i b r a t i o n  rece ived  from t r a v e l i n g  over 
rough t e r r a i n  would cause t h e  checksight  source lamp i n  t h e  M149 t e l e scope  
mount t o  move. I f  t h e  ope ra to r  then performed a m i s s i l e  system s e l f - t e s t  
without  performing an  alignment t e s t ,  he could r e c e i v e  a s i g n a l  d a t a  conver te r  
o r  t r a c k e r  "no-go" s i g n a l .  Consequently, excess ive  maintenance support  
ensued, which generated complaints from f i e l d  commanders who needed a low 
downtime system f o r  combat use.  The checksight  problem was one of t h e  a r e a s  
addressed i n  t h e  guidance and c o n t r o l  product  improvement program which i s  
d iscussed  later. The SHILLELAGH equipment launch and f l i g h t  r e l i a b i l i t y  w a s  
c o n s i s t e n t l y  h igh ,  b u t  o v e r a l l  system performance f e l l  below MICOM assessment 
goa ls ,  p r i m a r i l y  because of gunner e r r o r s .  Those d i sc repanc ie s ,  MICOM r epor t ed ,  
could be reduced w i t h  b e t t e r  t r a i n i n g  equipment ( p a r t i c u l a r l y  an  improved 
conduct-of-f i re  t r a i n e r )  and more t roop  f i r i n g  e x e r c i s e s .  7 

(U) By t h e  end of FY 1971, t h e  SHILLELAGH h i s s i l e  was deployed w i t h  40 
SHERIDAN v e h i c l e s  i n  Korea, 309 i n  Europe, and 252 in CONUS. The normal 
m i s s i l e  l oad  ( b a s i s  of i s s u e )  was 1 0  m i s s i l e s  per  veh ic l e .  I n  FY 1972, u n i t s  
of t h e  Ohio and West V i r g i n i a  Nat ional  Guard rece ived  64 SHERIDAN v e h i c l e s  
equipped w i t h  SHILLELAGH m i s s i l e  systems. In  a real ignment  of t h e  National  
Guard dur ing  FY 1974, t h e s e  systems were reass igned  t o  u n i t s  i n  Idaho, 
Montana, Nevada, and Oregon. 

(U) Addi t iona l  deployments t o  Europe began i n  FY 1972 a s  a r e s u l t  of a 
DA s tudy  which recommended doubling t h e  dens i ty  of M551 v e h i c l e s  i n  t h a t  a r ea .  
With completion of t h i s  deployment i n  1974, 32 t roop  u n i t s  i n  Germany were 

6 (1 )  H i s t  Rept, SHILLELAGH PM, FY 69, p. 2. (2) MICOM An1 H i s t  Sum, FY 
69, p. 40. (3) Fac t  Sheet ,  Chf, ADCCS/LCSS/SHILL Div, SSMO, t o  CG, MICOM, 
8 Feb 74, subj :  Data Re la t ing  t o  SHILLELAGH Missile System. 

7 ~ t r ,  Cdr, MICOM, t o  DcGlMateriel Readiness,  DARCOM, 28 May 76, r e  
S t a t u s ,  Problem Areas, and Correc t ive  Actions Taken on t h e  SHILLELAGH M i s s i l e  
System, w i n c l s .  
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equipped wi th  18  SHERIDANts per  u n i t ,  f o r  a t o t a l  d e n s i t y  of 576 SHERIDAN'S 
t a c t i c a l l y  deployed the re .  These v e h i c l e s ,  ope ra t ing  a long  t h e  E a s t l ~ e s t  
German border ,  f i l l e d  a v i t a l  r o l e  i n  USARlUR's t a c t i c a l  planning f o r  t h e  
defense  of West Germany. I n  concer t  w i th  t h i s  r o l e ,  improvements i n  t h e  
ope ra t iona l  r ead ines s  of t h e  SHERIDAN f l e e t  i n  Germany became a major concern 
wi th in  DAe8 

(U) The Tank-Automotive Cammand (TACOM),which had assumed program manage- 
ment r e s p o n s i b i l i t y  f o r  t h e  SHERIDAN v e h i c l e  from WECOM on 29 June 1972, 
placed s p e c i a l  emphasis on improving t h e  ope ra t iona l  r ead ines s  (OR) o f t h e  M551 
f l e e t .  During N 1975, a s u b s t a n t i a l  ga in  was achieved i n  t h e  worldwide OR 
r a t e ,  which climbed from 66 percent  i n  June 1974 t o  80 percent  i n  June 1975, 
exceeding t h e  DA goal  by 2 percent .  The OR r a t e  on USAREUR'S M551 v e h i c l e s  
reached 90 percent  i n  FY 1977 surpass ing  f o r  t h e  f i r s t  t ime t h e  88 percent  
s tandard  set i n  t h a t  t h e a t e r .  9 

(U) During t h e  1975-77 period,  a p p l i c a t i o n  of l a s e r  r ange f inde r s  (LRl?) 
was completed on USAREUR's a c t i v e  f o r c e  M551's and those  a t  Fo r t  Knox and o the r  
s e l e c t e d  CONUS l o c a t i o n s .  Following i n s t a l l a t i o n  of t h e  LRF's, t h e  weapon 
systems were redes igna ted  a s  M551A1 SHERIDAN'S. By t h e  end of FY 1978, a l l  
M551's i n  war r e s e r v e  and o t h e r  prepos i t ioned  s tocks  had been s i m i l a r l y  up- 
graded, and t h e  new LRF-e uipped models comprised about 63 percent  of t h e  
worldwide SHERIDAN  fleet.?^ A more ex tens ive  product  improvement program t o  
enhance t h e  performance and r e l i a b i l i t y ,  a v a i l a b i l i t y ,  and m a i n t a i n 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  SHERIDAN v e h i c l e  and t h e  SHILLELAGH guidance and c o n t r o l  
system was a l s o  under way i n  t h e  mid-1970's. 

Phasedown of t h e  M551 SHERIDAN 

(U) In  February 1978, DA had approved a J u l y  1977 ASARC Specia l  Tank 
Task Force recormnendation f o r  r ep l ac ing  t h e  M551 v e h i c l e s  i n  armored cava l ry  
u n i t s  w i t h  improved M60-series main b a t t l e  tanks ,  The new M60A1 tank,  us ing  
convent ional  ammunition, appeared t o  o f f e r  increased  f i repower and s u r v i v a b i l i t y  
i n  sus t a ined  reconnaissance opera t ions .  Furthermore, t h e r e  had been consider-  
a b l e  d i s s a t i s f a c t i o n  among t a c t i c a l  u s e r s  wi th  t h e  M551 v e h i c l e ' s  r e l i a b i l i t y ,  

(U) A t  t h e  beginning of t h e  phasedown ope ra t ion ,  t h e r e  were 1,570 M551 
SHERIDAN v e h i c l e s  i n  t h e  Army inventory ,  which included 867 deployed i n  
USAREUR, 535 i n  CONUS, and 41  i n  t h e  P a c i f i c  (Korea and Hawaii). An a d d i t i o n a l  
55 were he ld  i n  war r e s e r v e  o r  f l o a t  s t a t u s ,  and 72 were assigned a s  r e s i d u a l  

8 ~ )  MICOM An1 H i s t  Sum, FY 72, p. 88. (2) MICOM ARMA, N 73, p. 94. (3) 
MICOM ARMA FY 74, pp. 141-42. (4) SHILLELAGH Missile System Master P lan ,  Feb 
76, SSMO, MICOM, p. 18. 

'(1) TACOM ARMA, FY 73, pp. 113-14. (2)  TACOM ARMA, N 74, p. 160. (3) 
TACOM ARMA, N 75, p. 179. (4) AEC GO 149, 14  Jun 72, as amended by AMC GO 
172, 7 Jul 72. 6) TARCOM AHR, FY 77, pp. 122-23. 

''(1) Ib id . ,  p. 123. (2) TACOM ARMA, FY 75, pp. 179-80. (3) TARCOM AHR, 
FY 78, p. 109. 
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* 
P r e p o s i t i o n e d  O r g a n i z a t i o n a l  M a t e r i e l  Configured t o  Uni t  S e t s  

1 b i d . ,  p. 109. (2)  TARCOMAHR, FY 77, p .  123. (3) TARCOMAHR, FY 
79, pp. 111, 137-38. (4)  MICOM AHR, FY 78,  p .  144. (5)  MICOM AHR, FY 80 ,  p .  
211. (6)  Rout ing & T r a n s m i t t a l  S l i p ,  Gene F i n c h ,  ADcCS/LCSS/SHILLELAGH Div,  
SS140, t o  Mr. Cleveland,  23 May 79, w a t c h d  d i s t r  f o r  M551 SHERIDAN and M60A2. 

12(1)  TARCOM AHR, FY 79, p .  111. (2)  MICOM AHR, FY 79, p .  278. (3)  MICOM 
AHR, FY 80,  p .  211. (4)  MICOM AHR, FY 81,  pp. 238-40. 

1 3 ~ ~ ~ ~ ~ ~ ~ ,  M. T. Cagle w F. J.  Mihalak,  TACOM H i s t  Ofc, 8  Dec 82. 

a s s e t s  a t  F o r t  Bragg, F o r t  Knox, and t h e  Arkansas N a t i o n a l  Guard. The conver- 
s i o n  from M551 v e h i c l e s  t o  M60A1 t a n k s  i n  USAREUR's armored c a v a l r y  u n i t s  began 
i n  June  1978 and was completed b  A p r i l  1979. The CONUS and P a c i f i c  change- 
o v e r s  were concluded i n  FY 1980. T l  

(U) A t  t h e  complet ion of t h e  M551 phasedown, t h e  SHERIDAN i n v e n t o r y  had 
been reduced t o  a  r e s i d u a l  f l e e t  of 140 v e h i c l e s ,  which DA planned t o  r e t a i n  
through t h e  l a t e  1980 ' s .  A t o t a l  o f  57 SHERIDAN's were a s s i g n e d  t o  a n  armor 
b a t t a l i o n  i n  a n  a i r b o r n e  d i v i s i o n ,  and 12 v e h i c l e s  were s t i l l  i n  u s e  by t h e  
N a t i o n a l  Guard. The remaining 71 SHERIDAN'S were h e l d  a s  CONUS POMCUS* s t o c k .  
I n  FY 1981, t h e  Annis ton Army Depot a p p l i e d  improvements t o  t h e  guidance and 
c o n t r o l  components ( t e s t  checkout p a n e l ,  t r a c k e r ,  and s i g n a l  d a t a  c o n v e r t e r )  
of a l l  140 r e s i d u a l  f l e e t  v e h i c l e s .  The M551ts i n  POMCUS s t a t u s  a l s o  would be  
modi f i ed  w i t h  t h e  guidance and c o n t r o l  improvements. 

(U) Over 12,700 e x c e s s  SHILLELAGH m i s s i l e s  t u r n e d  i n  d u r i n g  t h e  phasedown 
were p laced  i n  s t o r a g e  a t  t h e  Annis ton Army Depot. S i n c e  MICOM was i n  a  long- 
s t o c k  p o s i t i o n  on t h e  m i s s i l e s ,  d e t a i l e d  s c r e e n i n g  and c o n d i t i o n  c l a s s i f i c a t i o n  
t o  v e r i f y  t h e i r  s e r v i c e a b i l i t y  would be accomplished o n l y  i f ,  and when, t h e  
supp ly  p o s t u r e  d i c t a t e d .  During FY 1979-80, t h e  depo t  d e m i l i t a r i z e d  and 
d i sposed  of some 4,800 code F ( u n s e r v i c e a b l e - r e p a r a b l e )  m i s s i l e s .  

(U) I n  FY 1980, t h e  Army had decided t o  f u r n i s h  330 M551 SHERIDAN's t o  
t h e  N a t i o n a l  T r a i n i n g  Cente r  a t  F o r t  I r w i n ,  C a l i f o r n i a ,  f o r  u s e  a s  opposing 
f o r c e  v e h i c l e s .  These M551ts went i n t o  o p e r a t i o n  d u r i n g  FY 1981. Only b lank  
ammunition would be  f i r e d  from t h e  main gun o f  t h e  SHERIDAN's. However, s i n c e  
a  s t a b i l i z e d  t u r r e t  was r e q u i r e d ,  t h r e e  of t h e  SHILLELAGH guidance and c o n t r o l  
component boxes ( r a t e  s e n s o r ,  power supp ly ,  and s i g n a l  d a t a  c o n v e r t e r )  would 
remafn i n  t h e  t u r r e t .  There fore ,  t h e r e  would be a  c o n t i n u i n g  r e  u i rement  t o  
p r o v i d e  depo t  maintenance (box tu rnaround)  f o r  t h e s e  components. ?2 

Deployment of 1460A2/SHILLELAGH 

(U) Troop c o n f i r m a t o r y  t e s t s  of t h e  M60A2/SHILLELAGH system were conducted 
a t  F o r t  Knox and F o r t  Hood i n  t h e  s p r i n g  of 1974.13 However, D A ' s  a p p r o v a l  f o r  
t a c t i c a l  deployment of t h e  t ank  t o  Europe was de layed  t o  December 1974, c h i e f l y  
because  of problems w i t h  t h e  main gun r e c o i l  system. The MICO14 Commander, i n  
l a t e  November 1974, had a u t h o r i z e d  t h e  f u l l  r e l e a s e  of t h e  SHILLELAGH m i s s i l e  
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f o r  use wi th  t h e  M60A2 tank.  I n  February 1975, t h e  f i r s t  e i g h t  M60A2's 
equipped wi th  SHILLELAGH m i s s i l e s  a r r i v e d  i n  Germany. Company-size combat 
u n i t s  began r ece iv ing  t h e  tanks  i n  June 1975, and by March 1977 t h e  planned 
deployment of 363 M60A2's t o  6 USAREUR tank  b a t t a l i o n s  was completed. In  
CONUS, 39 tanks  wi th  SHILLELAGH m i s s i l e s  were i n  s e r v i c e  a t  T o r t  Knox and 59 
a t  F o r t  H d. The normal SHILLELAGH m i s s i l e  l oad  f o r  t h e  M60A2 was 1 3  rounds 
per  tank. ?x 

(U) I n i t i a l  p l ans  envisaged an  a d d i t i o n a l  M60A2 tank  b a t t a l i o n  t o  be  
formed a t  F o r t  Hood i n  mid-FY 1977; however, DA had postponed t h a t  deployment 
u n t i l  FY 1979. I n  Apr i l  1979, DA d i r e c t e d  a s i g n i f i c a n t  reduct ion  i n  t h e  
M60A2 force .  Shor t ly  t h e r e a f t e r ,  t h e  p l ans  t o  a c t i v a t e  t h e  a d d i t i o n a l  b a t t a -  
l i o n  a t  F o r t  Hood were cance l led  and t h e  M6OA2-equipped USAREUR b a t t a l i o n s  
were reduced from s i x  t o  t h ree .  13 

(U) The r ev i sed  p lans  d r a f t e d  i n  FY 1979 c a l l e d  f o r  t h e  540 M60A2 tanks  
produced thus  f a r  t o  remain i n  t h e  Army inventory  through FY 1987. Most of 
them were ass igned  t o  t h r e e  tank b a t t a l i o n s  i n  USAREUR (1s t  and 3d Armored 
Divis ions and t h e  3d I n f a n t r y  Div is ion)  and t o  one b a t t a l i o n  i n  CONUS (2d 
Armored Divis ion a t  F o r t  Hood). In  a d d i t i o n ,  M60A2's s u f f i c i e n t  t o  equip 
one a d d i t i o n a l  USAREUR b a t t a l i o n  were he ld  i n  POMCUS s t o c k s  i n  Germany. The 
remainder of t h e  540 were b 'ng used f o r  t r a i n i n g  a t  F o r t  Knox o r  were s t o r e d  
a s  war r e s e r v e s  and f l o a t s .  fk 

(U) S fgn i f i can t  problems wi th  bo th  t h e  SHILLELAGH m i s s i l e  and M60A2 tank 
in t h e  FY 1978-79 timeframe, however, in f luenced  f u t u r e  deployment p l ans  f o r  
t he  weapon system. I n  FY 1978, f o u r  m i s s i l e  malfunct ions occurred i n  CONUS 
(two a t  F o r t  Knox and one each a t  F o r t  Hood and F o r t  B l i s s )  i n  which t h e  
m i s s i l e ' s  gas genera tor  i g n i t e d ,  b u t  t h e  rocke t  motor f a i l e d  t o  i g n i t e .  I n  
each i n c i d e n t ,  t h e  m i s s i l e  l e f t  t he  gun b a r r e l ,  t r a v e l e d  about 30 meters  and 
h i t  t h e  ground, where i t  l a y  u n t i l  t h e  ho t  gases  from t h e  gas genera tor  

17  i g n i t e d  t h e  rocke t  motor, causing t h e  m i s s i l e  t o  ascend i n  uncont ro l led  f l i g h t .  
I n v e s t i g a t i o n  of t h e  malfunct ions l e d  t o  a product improvement proposal  t o  
redes ign  t h e  m i s s i l e ' s  gas  gene ra to r l rocke t  t h r u s t e r  i g n i t i o n  sequence, adding 
an a c c e l e r a t i o n - s e n s i t i v e  switch which would prevent  t h e  gas genera tor  from 
burning w i t h o u t  rocke t  motor i g n i t i o n .  The modi f ica t ion  was s u c c e s s f u l l y  
demonstrated i n  February 1980 and p l ans  were made t o  use  t h e  swi tch  i n  t h e  
scheduled product ion v e r i f i c a t i o n  t e s t s  of guidance and c o n t r o l  improvements. 

1 4 ( 1 )  TACOM ARMA, F Y  74, p .  100. (2) TACOM ARMA, FY 75, pp. 124-25. (3) 
TACOM ARMA, F Y  76, pp. 113-14. (4) L t r ,  Cdr, MICOM, t o  Cdr, TACOM, 25 Nov 74, 
subj :  Release of t h e  SHILLELAGH M i s s i l e  System f o r  Use wi th  t h e  M60A2 Tank, 
Combat. (5) Fac t  Sheet,  Chf, ADCCS/LCSS/SHILL Div, SSMO, t o  CG, MICOM, 8 Feb 
74, sub j :  Data Re la t ing  t o  SHILLELAGH M i s s i l e  System. (6) SHILLELAGH M i s s i l e  
System Master P lan ,  SSMO, MICOM, Feb 76, pp. 18-19. 

15(1) TARCOMAHR, FY 77, p. 163. (2) TARCOMAHR, FY 78, p. 147. (3) 
TARCOMAHR, FY 79, p.  138. 

' $ 1 ~ 0 ~  AHR, FY 79, p. 279. 

1 7 ~ ~ ~ ~ ~ ~  AHR, FY 78, p. 147. 
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However, t h e  vendor could n o t  d e l i v e r  t h e  switches i n  t ime t o  support  t h e s e  
f i r i n g s .  Because of t h e  e a r l y  phaseout of t he  M~OA~/SHILLELAGH (discussed 
below), t h i s  improvement e f f o r t  was terminated,  

(U) Addi t iona l  problems experienced wi th  t h e  M60A2 tank  dur ing  'FY 1979 
had markedly decreased use r  confidence i n  t h e  system. A "ca tas t rophic"  
equipment f a i l u r e  o c c u r r e d i n J u l y  1979 wh i l e  t h e  33d Tank B a t t a l i o n  was f i r i n g  
convent ional  ammunition i n  Germany. A va lve  b lock  assembly of t h e  tank was 
blown a g a i n s t  t h e  r e a r  breech housing, causing t h e  housing t o  f a l l  i n s i d e  t h e  
t u r r e t ,  b reaking  the  tank commander's l e g .  The b a t t a l i o n  a l s o  r epo r t ed  
numerous o t h e r  equipment f a i l u r e s  involv ing  both  t h e  tank  and t h e  m i s s i l e  
during t h i s  gunnery program. The 3d Div is ion  Commander r epo r t ed  t h a t  f r u s t r a -  
t i o n  over t h e  f requent  f a i l u r e  of t h e  m i s s i l e  system t o  hold a "ready" o r  "go" 
condi t ion  from checkout t o  f i r i n g ,  sometimes f o r  s e v e r a l  minutes du ra t ion ,  
was t h e  g r e a t e s t  d e t e r r e n t  t o  crew confidence i n  and p ro f i c i ency  w i t h  t h e  
SHILLELAGH. 

(U) In  view of t h e  p r e v a i l i n g  hardware d e f i c i e n c i e s  and o t h e r  d i f f i c t l t i e s ,  
such a s  a cont inuing  shor tage  of s k i l l e d  M60A2 t u r r e t  mechanics, USAREUR and 
DA i n v e s t i g a t e d  ways t o  r e so lve  t h e  problem of u n s a t i s f a c t o r y  performance of 
t he  M60A2 tank.  The a l t e r n a t i v e  s e l e c t e d  was e a r l y  replacement of t h e  tank.  
In  May 1980, DA decided t o  a c c e l e r a t e  t h e  phaseout of t h e  540 M60A2 tanks  i n  
t h e  a c t i v e  Army inventory.  A t  t h a t  time, t h e  Army had two M6OA2-equipped 
b a t t a l i o n s  i n  USmEUR ( 1 s t  Armored Divis ion  and 3d I n f a n t r y  Div is ion)  and 
one i n  CONUS. In t h e  phaseout,  completed i n  FY 1981, t h e  t u r r e t s  on t h e  M60A2 
tanks were rep laced  wi th  M48A5 t u r r e t s ,  which had convent ional  tank  cannons. 
The SHILLELAGH missiles were re turned  t o  t h e  Anniston Army Depot f o r  s torage .  1 8  

Maintenance Support 

(U) Upkeep f o r  t h e  f i e l d e d  SHILLELAGH m i s s i l e  systems, i n  both AR/AAV 
and tank-mounted modes, cons i s t ed  of o r g a n i z a t i o n a l ,  d i r e c t  support  (DS), 
genera l  support  (GS), and depot maintenance. A t  t h e  o rgan iza t iona l  l e v e l ,  u n i t  
personnel  c leaned and preserved t h e  m i s s i l e ,  inspec ted  t h e  munitions and con- 
t a i n e r  f o r  nonstandard condi t ions ,  and forwarded damaged o r  unserv iceable  
missiles t o  t h e  Anniston Army Depot. The operator /crew used t h e  onboard system 
s e l f - t e s t  equipment t o  determine i f  t h e  system was i n  a ready s t a t u s .  I f  a 
no-go condi t ion  was ind ica t ed ,  t h e  o rgan iza t iona l  t u r r e t  mechanic attempted t o  
f a u l t  i s o l a t e  t h e  malfunct ion t o  a s p e c i f i c  assembly. Using u n i t  personnel  had 
t h e  c a p a b i l i t y  t o  r e p l a c e  d e f e c t i v e  components of t h e  guidance and c o n t r o l  s e t  
group. In a d d i t i o n ,  t h e  u n i t  was equipped wi th  an  M45 o p t i c a l  alignment t e s t  
set f o r  use by t h e  crew i n  checking t h e  mechanical alignment of t h e  t r a n s m i t t e r  
r e l a t i v e  t o  t h e  t r a c k e r  l ine-of -s ight .  

18(1) MICOM AHR, FY 79, pp. 279-82. (2) MICOM AHR, FY 80, pp, 211-13. . - -  

(3) MICOM AHR, FY 81, p. 238. 
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(U) Since t h e  onboard s e l f - t e s t  devices  d id  n o t  have t h e  capac i ty  f o r  
i d e n t i f y i n g  a l l  f a i l u r e s ,  an  a d d i t i o n a l  checkout c a p a b i l i t y  was provided by t h e  
AN/MSM-93 guided m i s s i l e  system t e s t  s e t ,  This p o r t a b l e  equipment, o rgan ic  
t o  t h e  DS and GS u n i t s ,  was used o n s i t e  by a SHILLELAGH contac t  team capable 
of suppor t ing  27 weapon systems. Using u n i t s  tu rned  i n  f a u l t y  components t o  ~ 
the  d i r e c t  support  a c t i v i t y ,  which e i t h e r  performed necessary  r e p a i r s  o r  fo r -  I 

warded t h e  items t o  t h e  genera l  support  u n i t  f o r  overhaul ,  The Land Combat 
Support System (LCSS) provided f a u l t  i s o l a t i o n  and r e p a i r  t o  t h e  p iece-par t  
l e v e l  a t  bo th  DS and GS a c t i v i t i e s .  The genera l  support  mission a l s o  included 
r e p a i r i n g  and c a l i b r a t i n g  o p t i c s .  

(U) A t  t h e  Anniston Army Depot, t h e  LCSS was augmented wi th  acceptance 
in spec t ion  equipment f o r  major overhaul  of guidance and con t ro l  assemblies  
and r e p a i r  of s e l e c t e d  subassemblies.  Defec t ive  missiles r e q u i r i n g  ex tens ive  
overhaul were placed i n  s t o r a g e  f o r  f u t u r e  r e b u i l d  i f  they  were l a t e r  needed 
f o r  i s sue .  19  

(U) When t h e  SHILLELAGH was f i r s t  deployed i n  1967, t h e  LCSS, which was 
t o  provide f i e l d  support,was no t  a v a i l a b l e .  Therefore,  t h e  only  maintenance 
a s s i s t a n c e  a v a i l a b l e  was depot- level  support  provided by t h e  con t r ac to r  
(Aeronutronic).  Because of space l i m i t a t i o n s  and t h e  volume of product ion a t  
t he  c o n t r a c t o r ' s  p l a n t ,  MICOM, Aeronutronic,  and Anniston Army Depot representa-  
t i v e s  s igned an  agreement on 14 June 1967 t o  e s t a b l i s h  t h e  maintenance and 
r e p a i r  func t ion  a t  Anniston a s  a Government-owned, contractor-operated f a c i l i t y .  
A modi f ica t ion  t o  Aeronutronic 's  c o n t r a c t  f o r  long-leadtime components of t e s t  
equipment (DA-01-021-AMC-14643) covered t h e  movement of personnel  and o the r  
requirements t o  e s t a b l i s h  t h e  f a c i l i t y .  

(U) By t h e  end of FY 1970, t he  LCSS was suppor t ing  t h e  SHILLELAGH m i s s i l e  
system i n  CONUS, USAREUR, and USARPAC, and t h e  two-box system i n  Alaska. Also 
i n  t h a t  year ,  t h e  t r a n s i t i o n  began from con t r ac to r  t o  Government ope ra t ion  of 
the  Anniston SHILLELAGH f a c i l i t y ,  w i th  on-the-job t r a i n i n g  i n  guidance and 
con t ro l  maintenance f o r  depot personnel .  Upon completion of t h e  conversion on 
30 June 1971, t h e  depot assumed f u l l  o rgan ic  support  of t h e  SHILLELAGH m i s s i l e  
hardware. 20 

Product Improvements 

I n i t i a l  Improvement Program 

(U) The MICOM completed a comprehensive p l an  i n  November 1971 t o  i n i t i a t e  
a long-range product improvement program (PIP) f o r  t h e  SHILLELAGH m i s s i l e  system. 
Several months e a r l i e r ,  t h e  ASA (R&D) had approved development of t h e  p l an  and 
au thor ized  s o l e  source procurement f o r  t h e  e f f o r t .  The need f o r  a d d i t i o n a l  

l9 (1) H i s t  Rept, SHILLELAGH PM, FY 69, pp. 2-3. (2) SHILLELAGH Maintenance 
Concept P re sen ta t ion ,  Land Combat Support System Predeployment Conference, 6 Feb 
68, 93-96, 

20(1) MICOM An1 H i s t  Sum, FY 67, p. 64. (2)  MICOM An1 H i s t  Sum, FY 70, PP- 
36, 105. (3) MICOM An1 H i s t  Sum, FY 71, p .  121. 



improvements t o  p e r f e c t  t h e  system had been determined l a r g e l y  through observa- 
t i o n  and a n a l y s i s  of a cons iderable  number of SHILLELAGH t e s t s  conducted during 
t h e  preceding s e v e r a l  y e a r s ,  The most s i g n i f i c a n t  element of t h e  PIP was aimed 
a t  i nc reas ing  t h e  m i s s i l e ' s  hardness  a g a i n s t  enemy countermeasures,  Other 
planned upgrading a c t i o n s  included modi f ica t ions  t o  t h e  t r a c k e r  and s i g n a l  da t a  
conver te r  t o  improve t h e  m i s s i l e  t r a j e c t o r y ,  guidance system signal- to-noise 
r a t i o ,  and o v e r a l l  system r e l i a b i l i t y  and m a i n t a i n a b i l i t ~ . ~ ~  

(U) I n  January 1972, Aeronutronic rece ived  an  $11.8 m i l l i o n  con t r ac t  f o r  
development of t h e  PIP and appropr i a t e  t e c h n i c a l  d a t a  packages. However, i n  
view of t h e  subsequent congress iona l  d i sapproval  of t h e  proposed XM803 main 
b a t t l e  tank, which w a s  designed t o  c a r r y  t h e  SHILLELAGH m i s s i l e ,  DA concurred 
wi th  an AMC recornendat ion  t h a t  no funds be  au thor ized  f o r  t h e  PIP. Consequently, 
i n  mid-November 1972, t h e  Army Chief of Research and Development discont inued 
the  product improvement program and ins55ucted MICOM t o  t e rmina te  t h e  engineering 
development c o n t r a c t  w i t h  Aeronutronic.  

Guidance and Control Equipment Improvements 

(U) I n  February 1975, MICOM submit ted another  product improvement proposal  
f o r  t h e  SHILLELAGH guidance and c o n t r o l  equipment, a s  p a r t  of a l a r g e r  TACOM- 
d i r e c t e d  M551 SHERIDAN improvement program. The p r i n c i p a l  r a t  i o n a l e  f o r  t h e  
PIP centered  on t h e  r e l a t i v e  obsolescence of t h e  e a r l y  1960's-vintage G&C 
system designs.  The Missile Command maintained t h a t  r e c e n t  technologica l  
advances, i f  s u b s t i t u t e d  i n  t h e  h igh - fa i lu re - r a t e  i tems  of t h e  SHILLELAGH G&C 
equipment, would s i g n i f i c a n t l y  improve t h e  r e l i a b i l i t y ,  a v a i l a b i l i t y ,  and 
m a i n t a i n a b i l i t y  @AM) of those  components o r  modules and s u b s t a n t i a l l y  reduce 
support  cos t s .  

(U) The t o t a l  c o s t  of PIP 1-76-03-006 was es t imated  a t  $14.24 mi l l i on .  
The primary purpose of t h e  PIP was t o  develop replacement hardware f o r  t h e  
fa i lure-prone  i tems  i n  t h e  t r a c k e r ,  o p t i c a l  t r a n s m i t t e r ,  and t e s t  checkout 
panel .  Data c o l l e c t e d  by MICOM dur ing  t h e  J u l y  1971-April 1974 per iod  showed 
t h a t  31 percent  of SHILLELAGH system f a i l u r e s  were a t t r i b u t e d  t o  t r a c k e r  
assembly d e f i c i e n c i e s  and 26 percent  t o  t r a n s m i t t e r  malfunct ions.  The system 
s e l f - t e s t  c i r c u i t r y  i n  t h e  s i g n a l  d a t a  conve r t e r  a l s o  needed d e t a i l e d  r e -  
examination. About 30 percent  of t h e  G&C "black boxes'' t h a t  i nd ica t ed  a "no go" 
s t a t u s  dur ing  t h e  o p e r a t o r ' s  s e l f - t e s t  procedures  had been found t o  be i n  a 
"go" condi t ion  when they  were checked on LCSS t e s t  equipment .23 

2 1 ~ ~ ~ ~ ~ ~ L A ~ ~  M i s s i l e  System (Product Improvement program) S y s t w  Develop- 
ment Plan,  d td  1 Nov 71, r e v i s e d  1 Sep 72, Land Combat Support Items Mgt Oft, 
MICOM, pp. 16-17, 45, 54. 

22(1) MICOM AHR, Fi 71, p. 88. (2)  MICOM AHR, FY 72, p. 94, 

23(1) Product Improvement Proposal  No. 1-76-03-006, 3 Feb 75, SSMO, MICOM, 
PP. 7-8, 30. (2) I n c l  1 & 2 t o  CMT 2, Chf , Engrg Svc Diu, Sys Engrg Dr te ,  
WELy t o  Chf, ADCCS/LCSS/SHELL Div, SSMO, MICOM, 1 8  ~ c t  74, subj  : Information 
on SHILLELAGH G&C Problems. 
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(U) The US Army Miss i l e  Command (MICOM) awarded Aeronutronic t h e  guid- 
ance and c o n t r o l  PIP c o n t r a c t  (DAAHOI-76C-1227) on 28 September 1976. The 
$2,348,650 c o n t r a c t  c a l l e d  f o r  t h e  development of RAM modif ica t ions  t o  t h e  
t r a c k e r ,  t r a n s m i t t e r ,  and s i g n a l  da t a  conver te r .  I n  mid-1977 t h e  c o n t r a c t  
was increased  by $1,916,000 t o  encompass s e l f - t e s t  improvements. Pro to type  
hardware was t o  be de l ive red  f o r  Government product lmptovement t e s t s  i n  t h e  
spr ing  of 1978.24 

(U) Aeronutronic de l ive red  e i g h t  models of t h e  improved G&C u n i t  t o  
MIRCOM i n  mid-1978. Of t h e  1 5  m i s s i l e  f l i g h t s  conducted dur ing  t h e  follow-on 
development t e s t s ,  1 3  were h i t s  and 2 were recorded a s  "no t e s t "  because of 
m i s s i l e  f a i l u r e s  not  a s soc i a t ed  wi th  G&C system performance. Subsequently,  
MIRCOM awarded Aeronutronic a $6,460,000 l e t t e r  c o n t r a c t  (DAAHOI-78C-1006) on 
31 J u l y  1978 f o r  t h e  product ion of 972 t r a c k e r  and s i g n a l  d a t a  conver te r  
modi f ica t ion  k i t s ,  followed by a $371,085 engineer ing  s e r v i c e s  c o n t r a c t  (DAAHO1- 
78C-1332) on 29 September 1978. E a r l i e r  t h a t  month t h e  Teledyne Brown Engineering 
Company had rece ived  a $315,900 l e t t e r  c o n t r a c t  (DMHOI-78~-1233) f o r  product ion 
of 972 t e s t  checkout panel  mod i f i ca t ion  k i t s .  

(U) D e l i v e r i e s  of t h e  t r a c k e r ,  s i g n a l  d a t a  conver te r ,  and t e s t  checkout 
panel  modi f ica t ion  k i t s  were completed by t h e  sp r ing  of 1980. A s  p a r t  of t h e  
product ion v e r i f i c a t i o n  t e s t s  conducted a t  Redstone Arsenal ,  s i x  m i s s i l e s  were 
f l i g h t  t e s t e d ,  a l l  of which s u c c e s s f u l l y  impacted a s t a t i o n a r y  t a r g e t .  Shor t ly  
t h e r e a f t e r ,  an Anniston Army Depot team i n s t a l l e d  t h e  improved SHILLELAGH G&C 
systems, on a cond i t i ona l  r e l e a s e  b a s i s ,  i n  t h e  57 M551 SHERIDAN r e s i d u a l  
f l e e t  v e h i c l e s  i n  use  a t  F o r t  Bragg and i n  12  M551's he ld  by t h e  Arkansas 
National  Guard. The C o m n d e r  of M I C O M  approved a f u l l  m a t e r i e l  r e l e a s e  f o r  
i s s u e  of t h e  SHILLELAGH improvements on 4 February 1981. Because of t h e  
ongoing phaseout of M551 v e h i c l e s  and M60A2 tanks  from t h e  Army inventory ,  on ly  
136 a d d i t i o n a l  G&C u n i t s  were scheduled f o r  f u t u r e  modi f ica t ion ,  w i t h  over  ha l f  
t o  be  i n s t a l l e d  i n  M5511s programmed f o r  POMCUS s t o c k s  and t h e  remainder 
r e t a i n e d  a s  spa re  components. The Anniston Army Depot completed t h e  POMCUS 
i n s t a l l a t i o n s  dur ing  FY 1981. 25 

(U) The p r i n c i p a l  c o n t r i b u t o r  t o  t h e  o p t i c a l  t r a n s m i t t e r ' s  h igh  f a i l u r e  
r a t e  had been t h e  xenon a r c  lamp component. (Two lamps in s t a l - l ed  i n  t h e  t r ans -  
m i t t e r  provided t h e  i n f r a r e d  source  f o r  m i s s i l e  guidance s i g n a l s . )  Data 
furn ished  by USAREUR u s e r s  dur ing  t h e  J u l y  1971-April 1974 per iod  indicaped 
t h a t  45 percent  of a l l  SHILLELAGH t r a n s m i t t e r  f a i l u r e s  i n  t h a t  t h e a t e r  were 
a t t r i b u t e d  t o  lamp malfunct ions.  The qua r t z  envelope lamp was f a b r i c a t e d  by 
employing complex glass-blowing techniques,  which r e s u l t e d  i n  a h igh  product ion 
m o r t a l i t y  r a t e  and a consequent r educ t ion  i n  t h e  vendor 's  d e l i v e r y  output .  

24(1)  MIRCOM AHR, FY 77, p. 145. (2) SHILLELAGH M i s s i l e  System Annual 
Assessment Report,  Rept No, QW-MR-79-2, 1 5  Feb 79, D/Prod Assur,  MICOM, App 
v, p. 2. 

25(1) MIRCOM AHR, FY 78, pp. 145-46. ( 2 )  MImM B, TY 80, p. 212. (3) 
MICOM Am, FY 81, pp. 239-40. 
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(U) Significant procurement difficulties had arisen in May 1974, when 
the sole qualified manufacturer, Illumination Industries, refused a contract 
for supplying additional lamps to replenish diminishing military stocks. 2 6 
Subsequent efforts to procure spare lamps revealed there were no other quali- 
fied vendors available. Factors contributing to the lack of vendors included 
the unique expertise required in the fabrication and testing of the lamp; 
significant initial capital outlays for manufacturing facilities; and the trend 
towards obsolescence of the SHILLELAGH lamp design. Recent state-of-the-art 
improvements in arc lamps had led MICOM engineers to conclude that other designs 
or configurations could offer more reliable methods of generating infrared 
signals, with fewer attendant production problems and at lower cost. Among 
the possibilities considered were sapphire/xenon lamps, and a solid state 
source for the transmitter. 2 7 

(U) A program to qualify a new vendor capable of producing the quartz 
envelope arc lamp was begun in May 1975 under a $375,000 task order (DAAHOl- 
75-A-0030) awarded to Aeronutronic. Aeronutronic selected the Optical 
Radiation Corporation as the lamp manufacturer in August 1975, Because of the 
critical supply posture, Aeronutronic was awarded a contract, in December 1976, 
for a limited quantity of 400 lamps. Following Government acceptance tests, 
MIRCOM released the lamps for issue in July 1977. Aeronutronic received another 
production contract (DAAH01-78-C-0430) in FY 1978 for 1,696 additional lamps, 
delivery of which was completed in October 1979. The contractor had started 
efforts in December 1976 to qualify a vendor for manufactureof a sapphire 
envelop transmitter lamp, but unresolved technical problems and funding 
restrictions forced an early cancellation of the project. 2 8 

(U) As directed by the MIRCOM Commander, a special study had been initi- 
ated in FY 1978 to investigate the feasibility of a solid-state source for the 
transmitter, as a backup or possible replacement for the xenon lamp. Results 
of the study showed that a solid state transmitter would meet SHILLELAGH system 
performance requirements and be cost effective. A solid-state version, 
eliminating the xenon lamp and its attendant problems, would provide greater 
reliability, reduce repair parts costs, guarantee multiple sources for the 
component items, and prevent near-term obsolescence. 

2 6 ~ ~ ,  H. M. Bartlett, Contr Off, Proc Div, D/P&P, MICOM, to Chf, BCCS/ 
LCSS/SHILLELAGH Div, SSMO, 21 Jun 74, subj : SHILLELAGH Lamp Subassembly, APN 
11433676, Illumination Industries (Successor to PECK Inc.) (No-Quote - 'RFP 
DAAH01-74-R-1159) PRON Dl-4-11964. 

27(1) Product Improvement Proposal No. 1-76-03-006, 3 Feb 75, SSMO, MICOM, 
pp. 15-16, 24. (2) Incl 1 & 2 to CMT 2, Chf, Engrg Svc Div, Sys Engrg Drte, 
MRDEL, to Chf, ADCCS/LCSS/SHILLELAGH Div, SSMO, MICOM, 18 Oct 74, subj : 
Information on SHILLELAGH G&C Problems. 

28(1) SHILLELAGH Missile System Master Plan, Feb 76, SSMO, MICOM, p. 48. 
(2) MIRCQM AHR, FY 77, pp. 145-46. (3) MICm AHR, FY 78, p. 147. (4) MICOM 
AHR, m 79, p. 283. 
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(U) I n  FY 1979, a MIRADCOM* pro to type  s o l i d - s t a t e  t r a n s m i t t e r ,  packaged 
i n  an  e x i s t i n g  SHILLELAGH t r a n s m i t t e r  housing w i t h  the  xenon lamp and modulator 
removed, underwent ex t ens ive  s t a t i c  f i e l d  and guided f l i g h t  f e a s i b i l i t y  tests. 
Mounted on an M60A2 tank,  t h e  t r a n s m i t t e r  was subjec ted  t o  t h e  usua l  f l i g h t  
condi t ions  of launch shock and v i b r a t i o n  and t o  t h e  smoke and m i s s i l e  plume 
obscura t ion  found i n  normal f i r i n g s ,  Because of an appak-ently inadequate  
cap t ive  beam ang3e I n  t h e  s o l i d - s t a t e  breadboard model, t h e  f i r s t  two m i s s i l e s  
f a i l e d  t o  capture .  Af t e r  modi f ica t ion  of t h e  beam s i z e ,  s i x  mPssi les  were 
f i r e d  which scored h igh ly  accu ra t e  h i t s .  The f l i g h t  t e s t  program s u c c e s s f u l l y  
demonstrated t h e  f e a s i b i l i t y  of t h e  s o l i d - s t a t e  t r a n s m i t t e r  i n  t h e  f u l l y  
ope ra t iona l  mode. However, because of t h e  SHERIDAN/M~OA~ phasedown, t h e  so l id -  
s t a t e  development program was d iscont inued  i n  FY 1980. 29 

Laser Beamrider Improvement 

(U) I n  Apr i l  1975, MICOM i n i t i a t e d  a 5-year product improvement program 
f o r  a p p l i c a t i o n  of newly developed l a s e r  beamrider technology t o  t h e  SHILLELAGH 
m i s s i l e  system. The proponent engineers  claimed t h a t  conversion t o  an o p t i c a l  
beamrider guidance u n i t  would extend t h e  l i f e  of t h e  SHILLELAGH weapon system, 
provide increased  hardening a g a i n s t  enemy countermeasures,  reduce l o g i s t i c  and 
maintenance suppor t ,  and r e s u l t  i n  an improved h i t  c a p a b i l i t y  a t  extended ranges. 
Under t h e  PIP, s i x  of t h e  seven e x i s t i n g  i n f r a r e d  source  G&C "black boxes" 
(major subassemblies) would b e  rep laced  w i t h  two p r i n c i p a l  components-a l a s e r  
beam p r o j e c t o r  ( t r a n s m i t t e r )  and a s i m p l i f i e d  test checkout panel .  The t o t a l  
cos t  of t h e  beamrider PIP was es t imated  a t  $126.5 m i l l i o n .  3 0 

(U) Aeronutronic was awarded a con t r ac t  i n  September 1975 t o  modify 16  
SHILLELAGH m i s s i l e s  t o  l a s e r  beamrider guidance, r e t r o f i t  M551 v e h i c l e  and 
M60A2 tank  f i r i n g  p la t forms,  and conduct a f l i g h t  demonstration program. During 
July-October 1976, 1 5  t e s t  m i s s i l e s  were f i r e d  a t  2,000-3,000-meter ranges,  a l l  
s t r i k i n g  t h e  t a r g e t  w i th in  30 inches  of i t s  cen te r .  C r i t i c a l  i s s u e s  r e l a t i n g  
t o  t h e  l a s e r  beam p r o j e c t o r  u n i t ' s  s u r v i v a b i l i t y  and bo res igh t  r e t e n t i o n  were 
adequately reso lved ,  as we l l  as t h e  system's c a p a b i l i t i e s  t o  f i r e  from d e f i l a d e ,  
through t a c t i c a l  smoke condi t ions ,  and wi th  t h e  sun i n  t h e  m i s s i l e  r e c e i v e r ' s  
f i e l d  of view. The MIRADCOM-s onsored l a s e r  beamrider demonstration program 
was completed i n  August 1977. 3f A s h o r t  t ime l a t e r ,  however, t h e  Army began 

* 
Army M i s s i l e  Research and Development Command. 

29(1)  MIRCOM AHR, FY 78, p. 147. (2) MICOM AHR, FY 79, p. 283. (3) MICOM 
AHR, FY 80, p. 212. (4) SHILLELAGH M i s s i l e  System Annual Assessment Report,  
Rept No. QW-MR-79-2, 1 5  Feb 79, System Performance Assessment Div,  p prod 
Assur, MICOM, Appendix V, p ,  3. 

30product Improvement Proposal  1-77-03-016, Revision A, 23 Apr 75, SSMO, 
MICOM, pp. 3, 7-8, 27, (Appendix B t o  SHILLELAGB Missile System Master P l an ,  
Feb 76 SSMO, MICOM.) 

3iMIFXDCOM AHR, FY 77, pp. 173-74. 
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the  phaseout of M551 SHERIDAN veh ic l e s ,32  and t h e  laser beamrider improvement 
w a s  never r e l ea sed  f o r  product ion.  

Welded Module Redesign 

(U) By t h e  mid-1970's, r e p a i r  p a r t s  procurement f o r  SHILLELAGH e l e c t r o n i c  
modules w i t h  welded l e a d s  had become inc reas ing ly  more d i f f i c u l t  and expensive, 
a s  on ly  t h r e e  manufacturers  were i d e n t i f i e d  who could assemble them, During 
FY 1978, MIRCOM s t a r t e d  a packaging redes ign  and engineer ing  q u a l i f i c a t i o n  
program, during which 1 3  modules having t h e  h ighes t  frequency of r e p a i r  were 
t o  be converted from welded t o  so lde rab le  l e a d  conf igu ra t ion .  The goa l s  of 
t h e  program were t o  lower c o s t s ,  i nc rease  r e l i a b i l i t y ,  e l i m i n a t e  obsolescence 
of p i ece  p a r t s ,  and enhance competi t ive b idding  without  changing t h e  m i s s i l e  
system's performance c h a r a c t e r i s t i c s .  Teledyne, Incorporated,received a 
c o n t r a c t  t o  b u i l d  test u n i t s  f o r  n i n e  modules, whi le  MIRADCOM would f a b r i c a t e  
t he  remaining fou r  on an  in-house b a s i s .  Contractor  d e l i v e r i e s  were completed 
in FY 1979. During t h e  fo l lowing  year ,  t h e  Tes t  and Evaluat ion D i r e c t o r a t e  
of M I C O M ' s  Army Missile Laboratory q u a l i f i e d  t h e  n i n e  Teledyne-constructed 
test u n i t s  and r e l eased  t e c h n i c a l  d a t a  packages f o r  competi t ive procurement. 
Work w a s  discont inued on t h e  f o u r  modules planned f o r  in-house development 
because of design and f a b r i c a t i o n  problems. 3 3 

Other Improvements During Deployment 

(U) During n i g h t  f i r i n g s  of ear ly-praduct ion  SHILLELAGH m i s s i l e s ,  gunners 
complained of t h e i r  v i s u a l  a c u i t y  be ing  temporar i ly  impaired by b r i g h t  l i g h t  
from t h e  missile's tungs ten  beacon ( i n f r a r e d  source  l i g h t ) ,  I n  March 1969, an  
o p t i c a l  f i l t e r  w a s  i n s t a l l e d  on t h e  m i s s i l e  beacon t o  e l i m i n a t e  t h e  d i s t r a c t i n g  
v i s i b l e  l i g h t .  Af t e r  a 2-year t e s t  program which included over  20 m i s s i l e  
f i r i n g s  i n  vary ing  weather condi t ions ,  t h e  Tes t  and Evaluat ion Command determined 
t h a t  t h e  f i l t e r e d  source beacon caused no m i s s i l e  f a i l u r e s  and d i d  n o t  s i g n i f i -  
c a n t l y  degrade t r ack ing  l i n k  performance. The DA approved t h e  modi f ica t ion  of 
a l l  SHILLELAGH missiles w i t h  t h e  beacon f i l t e r  commencing i n  FY 1971. The 
i n s t a l l a t i o n  work, completed i n  1974, was performed on CONUS s t o c k p i l e s  by t h e  
Anniston Army Depot and in Germany by t h e  Miesau Army Depot. The model number 
of t h e  modif ied SHILLELAGH missile w a s  changed from MGM/MTM-51C t o  -51C-1. 34 

32 See above, pp. 102-03. 

33(1) MIRCOM AHR, FY 78, p. 146. (2) MICOM AM(, FY 78, p. 284. (3) MICOM 
AHR, FY 80, p. 212. (4) SHILLELAGH Missile System Annual Assessment Report,  
Rept No. QW-MR-79-2, 15  Feb 79, System Performance Assessment Div, D/Prod Assur, 
MICOM, Appendix V, pp. 3-4. 

34(1) mcoM AHR, FY 69, p. 38. (2) MIcoM AHR, FY 70, p. 35. (3) MICOM 
AHR, FY 72, p. 88. (4) SHILLELAGH Missile System Annual Assessment Report,  
Rept No. AW-MR-79-2, Feb 79, System Performance Assessment Div,  p prod Assur, 
MICOM, Appendix I, p. 2. 
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(U) I n  1972, t h e  r ed  s i l i c o n e  rubber r i n g s  on t h e  m i s s i l e  a f t  caps were 
found t o  he incompatible  w i th  t h e  modified c losed  breech scavenger system 
(CBSS) used on t h e  M60A2 tank,  Analysis  by MICOM engineers  i d e n t i f i e d  t h e  
source of t h e  problem a s  h igh  p re s su re  a i r  from t h e  CBSS i n j e c t e d  behind t h e  
m i s s i l e  a f t  caps,  causing them t o  s t i c k  i n  t h e  gun breech.  A b lack  neoprene 
r i n g  was designed which could adequately wi ths tand  the  CBSS pressure .  I n s t a l l a -  
t i o n  of t h e  new r i n g s  on t h e  SHILLELAGH s t o c k p i l e  began i n  1973 and was 
comple ted inPebruary  1976, No m i s s i l e  model change was r equ i r ed .  

(U) Four a c c i d e n t a l  m i s s i l e  f i r i n g s  i n  1972-73 were t r a c e d  t o  sho r t ed  
f i r i n g  c i r c u i t s  i n  worn and damaged m i s s i l e  t e s t  s t and  components (cables ,  
connectors,  and r a d i o  frequency i n t e r f e r e n c e  f i l t e r s ) .  To e l i m i n a t e  t h e  
problem, MICOM redesigned those  components t o  provide  g r e a t e r  d u r a b i l i t y ,  and 
cont r ived  a t e s t  s t and  m i s s i l e  support  tube  locking  mechanism. The design 
changes were incorpora ted  i n  t h e  f i e l d  hardware by t h e  Anniston Army Depot i n  
1977-78 under PIP' s 1-76-03-06028 and 1-78-03-0601Wl. 35 

Conduct-of-Fire T ra ine r  

(U) The conduct-of-fire t r a i n e r  (COFT) was designed t o  a l low gunners t o  
develop and ma in ta in  t h e i r  p ro f i c i ency  i n  SHILLELAGH m i s s i l e  f i r i n g s  wi thout  
a c t u a l l y  launching l i v e  m i s s i l e s .  The requirement f o r  t h e  COFT stemmed from 
both t e c h n i c a l  and economical reasons:  t h e  d i f f e r e n c e s  i n  f t r i n g  t h e  m i s s i l e  
a s  opposed t o  convent ional  ammunition and t h e  h i g h  c o s t  of t h e  l i v e  m i s s i l e .  
The conduct-of-f i re  t r a i n e r  provided a v i s u a l  s imula t ion  of m i s s i l e  e j e c t i o n  
and f l i g h t ,  performed t h e  computing func t ions  r equ i r ed  t o  s co re  t h e  gunner 
proper ly ,  and housed t h e  c o n t r o l s  and i n d i c a t o r s  needed t o  c o n t r o l  and monitor 
t he  t r a i n i n g  mission.  It cons i s t ed  of two major  subsystems-a launch v e h i c l e  
and a t a r g e t  veh ic l e .  

(U) On t h e  launch v e h i c l e  subsystem were t h e  i n s t r u c t o r  c o n t r o l  u n i t  (ICU) 
and t h e  v i s u a l  e f f e c t s  s imula tor  (VES), bo th  of which were e l e c t r i c a l l y  
connected t o  t h e  ope ra t iona l  guidance and c o n t r o l  system of t h e  SHERIDAN 
veh ic l e .  The I C U ,  mounted on t h e  top  of t h e  SHERIDAN t u r r e t  forward of t h e  
tank commander's hatch,  contained t h e  c o n t r o l s  and d i s p l a y s  which permi t ted  
t h e  i n s t r u c t o r  t o  e s t a b l i s h  t h e  t r a i n i n g  e x e r c i s e  and t o  monitor t h e  gunner 's 
performance. It a l s o  had t h e  necessary  e l e c t r o n i c s  f o r  computing range, h i t -  
m i s s  d i s t ance ,  and gunner 's  t r a c k i n g  performance, and f o r  d i sp l ay ing  t h e  r e s u l t s  
t o  t h e  i n s t r u c t o r .  The VES, mounted forward of t h e  gunner 's  t e l e scope  on t h e  
gunshield of t h e  SHERIDAN v e h i c l e ,  housed t h e  e l e c t r i c a l ,  o p t i c a l ,  and 
mechanical assemblies  necessary  t o  produce t h e  m i s s i l e  s imula t ion  e f f e c t .  The 
VES responded t o  i n p u t s  from t h e  I C U  and t h e  G&C equipment. 

(U) The t a r g e t  v e h i c l e  subsystem, mounted on another  SHERIDAN o r  o t h e r  
s u i t a b l e  v e h i c l e ,  cons i s t ed  of a tower, tower base,  prime power supply, and 
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power c o n t r o l  u n i t .  The tower assembly contained two xenon lamp assembl ies  
which provided the  necessary  s i g n a l s  t o  t h e  launch v e h i c l e  subsystem. 36 

(U) The requirement f o r  a conduct-of-fire t r a i n e r  had been e s t a b l i s h e d  
when R&D work commenced on t h e  SHILLELAGH system i n  1959. The SHERIDAN/ 
SHILLELAGH P r o j e c t  Manager a t  WECOM subsequent ly de lega ted  COET development t o  
t he  Army P a r t i c i p a t i o n  Group, US Naval Tra in ing  Device Center (NTDC), t h e  
agency r e spons ib l e  f o r  t he  evo lu t ion  of t h a t  type  t r a i n i n g  equipment w i t h i n  * DOD. In June 1964, t h e  NTDC awarded a $400,000 c o n t r a c t  t o  t h e  Ref lec tone  
Divis ion of O t i s  E leva tor  Company f o r  t h e  development and d e l i v e r y  of seven 
pro to type  COFT u n i t s .  

(U) Limited product ion of 67 t r a i n e r s  was approved i n  October 1965, 3 
months be fo re  t h e  TECOM ET/STts were scheduled t o  begin.  Ref lec tone  rece ived  
a $3.75 m i l l i o n  product ion c o n t r a c t  f o r  t h e  f i r s t  67 u n i t s  i n  February 1966. 
Upon completion of t he  ET/ST program t h e  fol lowing September, TECOM repor t ed  
t h a t  t he  SHERIDAN t r a i n e r ,  des igna ted  as t h e  XM35, was d e f i c i e n t  i n  r e l i a b i l i t y  
and ruggedness and was u n s u i t a b l e  f o r  Army use. Another TECOM t e s t  of t h e  COFT 
2 months l a t e r ,  us ing  u n i t s  from t h e  f i r s t - y e a r  product ion  buy, a l s o  y i e lded  
u n s a t i s f a c t o r y  r e s u l t s .  Check t e s t s  of a modified COFT i n  January 1967 
ind ica t ed  t h a t  t h e  t r a i n e r  was s u f f i c i e n t l y  r e l i a b l e ;  however, F o r t  Knox 
observers  i n s i s t e d  t h a t  s e v e r a l  t r a i n i n g  e f f e c t i v e n e s s  mod i f i ca t ions  be app l i ed .  
Limited product ion was then extended f o r  a second year  buy of  127 t r a i n e r s .  
Reflectone rece ived  a $4.08 m i l l i o n  c o n t r a c t  f o r  t h e s e  u n i t s  i n  January 1967. 

(U) Af t e r  t r a i n i n g  e f f e c t i v e n e s s  mod i f i ca t ions  were added t o  t h e  SHERIDAN 
t r a i n e r s ,  t h e  u n i t s  were r e t e s t e d  i n  October 1967. The r e s u l t s  aga in  i n d i -  
ca ted  poor r e l i a b i l i t y ,  d u r a b i l i t y ,  and m a i n t a i n a b i l i t y .  An ad hoc 
i n v e s t i g a t i v e  committee, appointed by t h e  NTDC, r epor t ed  i n  l a t e  January 1968 
t h a t  t h e  poor performance of t h e  t r a i n e r  r e s u l t e d  from design shortcomings, 
inadequate  q u a l i t y  assurance  and r e l i a b i l i t y ,  and m a i n t a i n a b i l i t y  problems 
Tes t ing  of t h e  COFT was suspended pending c o r r e c t i o n  of t h e  d e f i c i e n c i e s .  37 

(U) Meanwhile, e a r l y  i n  1966, CONARC e s t a b l i s h e d  a requirement f o r  a COFT 
t o  use wi th  t h e  SHILLELAGH/M~OA~E~ system. This  t r a i n e r ,  designated a s  t h e  XM38, 
was i d e n t i c a l  t o  t h e  XM35 SHERIDAN COFT, except  f o r  i n s t a l l a t i o n  hardware, cab le  
connect ions,  and t h e  v i s u a l  e f f e c t s  s imula tor ,  which w a s  modified t o  accept  t h e  
l a r g e r  f o c a l  l e n g t h  of t h e  M60 o p t i c s .  The XM38 was type  c l a s s i f i e d  a s  l i m i t e d  

* 
When t h e  SHILLELAGH P r o j e c t  Of f i ce  w a s  e s t a b l i s h e d  a t  t h e  Army M i s s i l e  Command 
i n  September 1964, t h e  SHERIDAN P r o j e c t  Of f i ce  a t  WECOM r e t a i n e d  o v e r a l l  
r e s p o n s i b i l i t y  f o r  t he  COFT. 

3 6 A M ~ ~ ~  Item 8012, 24 Jun 70, subj  : Type C l a s s i f i c a t i o n  as Standard "A" 
of t h e  Tra iner ,  Launcher, Conduct-of-Fire: SHERIDAN Weapon System M41; Target ,  
Conduct-of-Fire Tra iner :  SHERIDAN Weapon System M42. DA P r o j e c t  lX579191D33502. 
Type C l a s s i f i c a t i o n  Standard "A" of t h e  Shop Equipment, Conduct-of-Fire T ra ine r  
Semi t r a i l e r  Mounted, AN/MSM-97. RSIC. 

3 7 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  M i s s i l e  System Master P lan ,  SSMO, MICOM, Feb 76, pp. 23-24. 
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product ion i n  Se tember 1966, and Reflectone rece ived  a $2.2 m i l l i o n  c o n t r a c t  
f o r  57 t r a i n e r s ,  4 8  

(U) Pursuant t o  recommendations of t h e  SHERIDAN and SHILLELAGH P r o j e c t  
Managers and t h e  Commander of MICOM, t h e  Army Materiel Comand t r a n s f e r r e d  
r e s p o n s i b i l i t y  f o r  t h e  XM35 and XM38 conduct-of-fire t r a i n e r s  from WECOM t o  
MICOM on 25 March 1968. The SHILLELAGH P r o j e c t  Manager worked w i t h  t h e  SHERIDAN 
P r o j e c t  Off ice  a t  WECOM on a p lan  t o  c o r r e c t  t h e  design d e f i c i e n c i e s ,  and i n  
Apr i l  1968 au thor ized  t h e  c o n t r a c t o r  t o  modify seven t r a i n e r s  f o r  t e s t i n g .  I n  
J u l y  1968, a f t e r  t h e i r  performance had been eva lua ted ,  t h e  SHILLELAGH P r o j e c t  
Manager r e l ea sed  t h e  XM35 CO'FTts f o r  ET/ST and committed a d d i t i o n a l  t r a i n e r s  t o  
modi f ica t ion ,  t o  s a t i s f y  upcoming overseas  deployment of t h e  SHERIDAN/SHILLELAGH. 
The ET/sT was about 85 percent  complete i n  November 1968 when t h e  SHILLELAGH 
P r o j e c t  Manager included t h e  XM35 COPT i n  h i s  r eques t  f o r  cond i t i ona l  r e l e a s e  
of t h e  SHILLELAGH equipment overseas  deplo Tnt . The Army Missile Command 
approved t h i s  r e l e a s e  on 26 November 1968. 

(U) I n  t h e  ET/ST, conducted from Auguat 1968 t o  mid-April 1969, the 
conduct-of-fire t r a i n e r  m e t  a l l  b u t  3 of t h e  47 test requirements ,  These 
t h r e e  involved m i s s i l e  grounding, l ine-of-s ight  obs t ac l e s ,  and t r a i n e r  rugged- 
ness ,  The Tes t  and Evaluat ion Command waived t h e  m i l i t a r y  c h a r a c t e r i s t i c s  f o r  
t he  f i r s t  two requirements  and approved t h e  ~ g g e d n e s s  of t h e  i tem. On 31 
March 1970, DA type  c l a s s i f i e d  t h e  conduct -of - f i re  t r a i n e r  as s tandard  A. 4 0 

(U) Meanwhile, i n  response t o  a recommendation from t h e  SHILLELAGH P r o j e c t  
Manager, DA, i n  November 1968, reduced t h e  b a s i s  of i s s u e  f o r  t h e  COFT t o  2 
launch u n i t s  and 1 t a r g e t  u n i t  pe r  27 SHERIDAN v e h i c l e s ,  Previous ly ,  9 launch 
u n i t s  and 3 t a r g e t  u n i t s  per  27 v e h i c l e s  had been au thor ized ,  This  reduced 
d e n s i t y  lowered t h e  t o t a l  requirement f o r  t r a i n e r s  from 656 t o  194. 41  

38(1) Serv ice  Test  of Tra iner ,  Conduct of F i r e :  1 5 2 m ,  Gun Launcher, 
XM38 f o r  M60AlE1 Tanks, USATECOM P r o j e c t  No. 1-4-2040-35, Tes t  P lan ,  US Amy 
Armor and Engineer Board, 23 Feb 68, p. 2-3. (2) Fac t  Sheet,  Mar 69, subj  : 
S t a t u s  of Funds Paid t o  t h e  Contractor  on t h e  COPT Cont rac ts .  

39 (1) SHILLELAGH Missile System Master P lan ,  SSMO, MICOM, Feb 76, pp. 24-27. 
(2) L t r ,  SHILLELAGH PM t o  CG, WECOM, 26 Sep 67, s u b j  : SHILLELAGH Conduct of F i r e  
T ra ine r ,  (3)  L t r ,  CG, MICOM, t o  CG, WECOM, 3 Jan  68, sub j :  SHILLELAGH Conduct 
of F i r e  Tra iner .  (4) L t r ,  CG, WECOM, t o  CG, MICOM, 14 Feb 68, s u b j  : Transfer  
of Conduct of F i r e  T ra ine r s ,  XM35 and XM38. (5) Fac t  Shket,  E. R. Edmondson, 
Dep SHILLELAGH PM, t o  ACSFOR, DA, 11 Mar 69, subj :  I n i t i a l  Deployment of 
Conduct of F i r e  Tra iner  (COFT) XM35. 

4 0 A M ~ ~ ~  Item 8012, 24 Jun 70, sub j :  Type C l a s s i f i c a t i o n  a s  Standard "A" 
of t h e  Tra ine r ,  Launcher, Conduct-of-Fire: SHERIDAN Weapon System M41; Targe t ,  
Conduct-of-Fire Tra iner :  SHERIDAN Weapon System M42. DA P r o j e c t  lX579191D33502. 
Type C l a s s i f i c a t i o n  Standard t'A" of t h e  Shop Equipment, Conduct-of-Fire T ra ine r  
S e m i t r a i l e r  Mounted, AN/MsM-97, RSIC. 

4 1 ~ a c t  Sheet,  Mar 69, subj  : Tota l  Number of SHERIDAN/SHILLELAGH COPT'S 
Required under Revised B O I ,  a tchd  t o  L t r ,  ACSFOR, DA, t o  CG, AMC, 4 Nov 68, 
subj :  Basis  of I s s u e  of Conduct of F i r e  T r a i n e r  (XM35). 
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(U) By t h e  end of FY 1969, about  40 XM35 COFT's had been deployed wi th  
SHERIDAN/SHILLELAGH u n i t s  i n  Germany, Korea, Hawaii, and CONUS. I n  Apr i l  1969, 
AMC au thor ized  modi f ica t ion  of t h e  XM38 COFT1s used wi th  SHILLELAGH-equipped 
M60A2 tanks.  The con t r ac to r ,  Reflectone,  completed d e l i v e r i e s  of 160 launch 
u n i t s  and 99 t a r g e t  u n i t s  f o r  t h e  SHERIDAN and 49 launch u n i t s  and 24 t a r g e t  
u n i t s  f o r  t h e  M60A2 during FY 1971. A t  t h a t  time, 108  launch u n i t s  and 81 
t a r g e t  t r a i n e r  u n i t s  were deployed wi th  SHERIDAN systems worldwide. The 
M60A2 t r a i n e r s  were i ssued  t o  CONUS schools  a t  For t  Knox and Redstone Arsenal .  
Maintenance support f o r  t h e  COFT1s w a s  provided by d i r e c t  and genera l  support  
shop s e t s  i n  s e m i t r a i l e r  vans. 4 2 

Improved Conduct -of-Fire T ra ine r  

(U) Following deployment of t h e  COFT, u s e r s  i n  t a c t i c a l  u n i t s  and t r a i n i n g  
agencies  i d e n t i f i e d  s e v e r a l  major performance d e f i c i e n c i e s  which l i m i t e d  t h e  
e f f e c t i v e n e s s  of SHILLELAGH gunner t r a i n i n g .  One l i m i t a t i o n  c i t e d  was t h e  l a c k  
of r ea l i sm i n  s imulated f i r ings- the  COFT d i d  n o t  a l l ow f o r  t h e  one-second 
de lay  between c los ing  t h e  f i r e  switch and launching t h e  m i s s i l e ,  and i t  d id  n o t  
s imula te  t h e  launch r e c o i l  o r  a c o u s t i c  no i se .  Another s i g n i f i c a n t  drawback w a s  
t h e  l a c k  of d a t a  provided t o  t h e  i n s t r u c t o r  f o r  a c c u r a t e l y  eva lua t ing  gunner 
performance. Moreover, t h e  gunner d id  not  r e c e i v e  d i r e c t  feedback on a miss 
and what caused i t .  The i n s t r u c t o r  had t o  e x t r a p o l a t e  t h i s  information from 
an  osc i l l og raph  recording.  Since t h e  COFT d i d  n o t  r e q u i r e  t h e  gunner t o  
maintain h i s  l i n e  of s i g h t  on t h e  t a r g e t  during t h e  e n t i r e  launch and f l i g h t  
s imula t ion ,  he could be  t r ack ing  s i g n i f i c a n t l y  o f f - t a r g e t  dur ing  most of t h e  
s imula t ion ,  then p l ace  t h e  l i n e  of s i g h t  on t h e  t a r g e t  a t  t h e  last  i n s t a n t  and 
g e t  c r e d i t  f o r  a h i t .  The t r a i n e r  provided l i n e  of s i g h t  e r r o r  in format ion  
f o r  on ly  t h e  last h a l f  of t h e  f l i g h t  s imula t ion .  R e l i a b i l i t y  and maintain-  
a b i l i t y  of t h e  COFT c o n s t i t u t e d  a d d i t i o n a l  problem a r e a s .  The bu lk  and weight 
of t h e  components, a long w i t h  s t i f f  cab l ing ,  made i n s t a l l a t i o n  of t h e  equip- 
men t cumbersome and time-consuming . 4 3 

(U) Because of t h e s e  d e f e c t s ,  t h e  M i s s i l e  Command, i n  December 1973, 
i n i t i a t e d  e f f o r t s  t o  redes ign  t h e  t r a i n e r  under a n  engineer ing  s e r v i c e s  memo- 
randum funded by t h e  1969 engineer ing  s e r v i c e s  con t r ac t  w i th  Aeronutronic.  
Under t h i s  c o n t r a c t ,  Aeronutronic de l ive red  a demonstration u n i t  o f  a redesigned 
COFT i n  September 1974. SHILLELAGH-equipped u n i t s  at For t  B l i s s  and For t  Knox 
t r a i n e d  wi th  t h i s  pro to type  i n  September and October 1974, and judged i t  a 
major improvement i n  rea l i sm,  ease  of ope ra t ion ,  r e l i a b i l i t y ,  and m a i n t a i n a b i l i t y .  

42(1)  Fact  Sheet,  E. R. Edmondson, Dep SHILLELAGH PM, t o  ACSFOR, DA, 11 
Mar 69, subj  : I n i t i a l  Deployment of Conduct of F i r e  T ra ine r  (COFT) XM35. (2) 
MICOM An1 H i s t  Sum, FY 69, p. 40. (3) MICOM An1 H i s t  Sum, FY 70, pp. 37-38. 
(4) MICOM An1 H i s t  Sum, FY 71, pp. 121-22. 

4 3 ~ F ,  Chf , ADCCS/LCSS/SHILLELAGH Div, SSMO, MICOM, t o  Sys Engrg Drte, 
MRDEL, 29 Oct 73, subj :  SHILLELAGH Conduct of F i r e  Tra iner .  
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(U) I n  March 1974, MICOM submit ted a product  improvement p roposa l  $or t h e  
improved t r a i n e r  t o  AMC; however, i n  J u l y  1975, DA decided t h a t  t h e  PIP should 
b e  c l a s s i f i e d  a s  new development work r a t h e r  than  a product  improvement. The 
"new s t a r t 1 '  e f f o r t  was funded i n  August 1975, and Aeronutronic  rece ived  a $2.8 
m i l l i o n  c o n t r a c t  (DAAH01-76-C-0221) i n  January 1976 t o  develop t h e  improved 
COFT (I-COFT) .44 

(U) The c o n t r a c t o r  redesigned t h e  t r a i n e r  t o  reduce s i z e  and weight of 
t h e  major components ( v i s u a l  e f f e c t s  s imula tor ,  i n s t r u c t o r ' s  c o n t r o l  u n i t ,  
and t a r g e t  assembly), and improve r e l i a b i l i t y ,  a v a i l a b i l i t y ,  m a i n t a i n a b i l i t y ,  
and o p e r a b i l i t y .  Other changes provided more r e a l i s t i c  gunner t r a i n i n g  and 
b e t t e r  feedback t o  t h e  gunner and t h e  i n s t r u c t o r  on s imula ted  f i r i n g  e x e r c i s e s .  
An a d d i t i o n a l  advantage o f f e r e d  by t h e  I-COFT was t h a t  t h e  same v i s u a l  e f f e c t s  
s imu la to r  and mounting h a r  ware could be  used on e i t h e r  t h e  M551 SHERIDAN 
v e h i c l e  o r  t he  M60A2 tank.  8 5 

(U) I n  September 1977, t h e  I-COFT was c l a s s i f i e d  a s  l i m i t e d  product ion and 
Aeronutronic rece ived  a product ion  c o n t r a c t  (DAAHOI-77C-0975) f o r  45 l aunche r s  
and 45 t a r g e t s .  L a t e r  a d d i t i o n s  t o  t h i s  c o n t r a c t  i nc reased  t h e  product ion  buy 
t o  103  launchers ,  60 t a r g e t s ,  25 f i e l d  support  test  equipment u n i t s ,  and 1 0  
maintenance van mod i f i ca t i on  k i t s .  An engineer ing  s e r v i c e s  c o n t r a c t  (DAAHOI- 
77C-1012) was a l s o  awarded t o  Aeronutronic i n  September 1977. I n  A p r i l  1980, 
t h e  I-COFT was t ype  c l a s s i f i e d  a s  s tandard  and approved f o r  r e l e a s e  t o  t h e  
f i e l d .  The f i r s t  t r a i n e r s  became o p e r a t i o n a l  a t  F o r t  Bragg i n  May, and 
worldwide deployment was completed i n  August 1980. The c o n t r a c t o r  provided 
engineer ing  s e r v i c e s  suppor t  f o r  t h e  I-COFT through September 1980. There- 
a f t e r ,  MICOM's  Army Missile Laboratory assumed t h a t  r e ~ p o n s i b i l i t y . ~ ~  

44(1)  Fac t  Sheet ,  Mgr, SSMO, t o  Cdr, MICOM, 1 3  J an  76, sub j  : SHILLELAGH 
Conduct of F i r e  T ra ine r  Redesign. (2) MIRCOM AHR, FY 77, p. 144. 

45 (1) I b i d . ,  p. 144. (2) SHILLELAGH Missile System Master Plan ,  SSMO, 
MICOM, Feb 76, pp. 27-28. (3) Statement of Need, p. 3., I n c l  1 t o  L t r ,  Chf ,  
Drte of Tra in ing ,  US Army Armor School, TRADOC, t o  HQ, DA, 4 Aug 75, sub j :  
SHILLELAGH Conduct of F i r e  Tra iner .  

46(1) Fac t  Sheet ,  Mgr, SSMO, t o  Cdr, MICOM, 7 Aug 78, sub j  : Improved 
Conduct of F i r e  T ra ine r  (I-COFT) SHILLELAGH. (2) MIRCOM AHR, FY 77, pp. 144- 
45. (3) MIRCOM AHR, FY 78, p. 145. (4) MICOM AHR, FY 79, p. 283. (5) MICOM 
AHR, FY 80, pp. 211-12. (6) MICOM Am, FY 81, p. 239. (7) SHILLELAGH ~ i s s i l e  
System Annual Assessment Report,  Rept No. QW-MR-79-2, 1 5  Feb 79, System 
Performance Assessment Div, D/Prod Assur, MICOM, Appendix V,  p. 1. 
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CHAPTER V I I  

CONCLUSION 

Program Summary 

(U) Throughout t h e  e n t i r e  course of t h e  SHILLELAGH m i s s i l e  subsystem 
development program, an i n o r d i n a t e  number of problems and u n c e r t a i n t i e s  su r f aced  
and p e r s i s t e d  i n  a convoluted fash ion .  In  t h e  program's e a r l y  yea r s  (1959- 
1964),  a fragmented management s t r u c t u r e  generated d i f f e r e n t  concepts of how 
research  and development should be c a r r i e d  ou t  and under whose aeg i s .  Since t h e  
SHILLELAGH m i s s i l e  was designated a s  a subsystem of v a r i o u s  combat v e h i c l e  weapon 
systkms, t h e  m i s s i l e  developer a t  Redstone Arsenal w a s  r equ i r ed  t o  r e p o r t  t o  t h e  
o v e r a l l  v e h i c l e  system manager a t  a d i s t a n t  l oca t ion .  Those arrangements pre- 
vented t h e  e f f e c t i v e  i n t e g r a t i o n  of program management and c o n t r o l ,  and l e d  t o  
t he  es tab l i shment  of m u l t i p l e ,  overlapping l i n e s  of a u t h o r i t y  and r e s p o n s i b i l i t y  
which i n  t u r n  caused pervas ive  decisionmaking and coord ina t ion  d i f f i c u l t i e s ,  a s  
we l l  as dup l i ca t ion  of e f f o r t .  Before t he  a c t i v a t i o n  of t h e  SHILLELAGH P r o j e c t  
Management Of f i ce  a t  MICOM i n  September 1964, development work on t h e  m i s s i l e  
proceeded l a r g e l y  on a makeshif t  and piecemeal b a s i s .  

(U) During t h e  i n i t i a l  r e sea rch  and development s t a g e s ,  t h e  prime c o n t r a c t o r  
(Aeronutronic) encountered numerous unforeseen t e c h n i c a l  problems, which caused 
ex tens ive  redes ign  of major components and r e s u l t a n t  schedule s l i ppages  and 
cos t  i nc reases .  Upon completion of t h e  i n i t i a l  f e a s i b i l i t y  s tudy  i n  May 1958, 
Aeronutronic had expressed confidence t h a t  t h e  proposed m i s s i l e  subsystem could 
be made ope ra t iona l  i n  54 months a t  a t o t a l  development c o s t  of $33,922,000 
(excluding f a c i l i t y  c o s t s ) .  A t  t h e  beginning of t h e  formal development program 
e a r l y  i n  FY 1960, t h e  Army p ro j ec t ed  a t o t a l  RDTE cos t  of $57,550,000 f o r  t h e  
FY 1960-63 per iod ,  wi th  a planned system a v a i l a b i l i t y  d a t e  of December 1963." 
The c o n t r a c t o r ,  however, had g ros s ly  underest imated both t h e  complexity and 
magnitude of t h e  development e f f o r t .  I n  la te  1961, t h e  SHILLELAGH program had 
t o  be r e o r i e n t e d  t o  an appl ied  research  e f f o r t  t o  r e so lve  major design 
d e f i c i e n c i e s .  Following t h e  resumption of f u l l  development e a r l y  i n  1963, a 
s e r i e s  of succes s fu l  R&D f l i g h t  t e s t s  i nd ica t ed  t h a t  t h e  m i l i t a r y  charac te r -  
i s t i c s  were e s s e n t i a l l y  be ing  met. The Department of t h e  Army t h e r e a f t e r  
approved t h e  r e l e a s e  f o r  l i m i t e d  product ion i n  August 1964 and type c l a s s i f i e d  
the  system a s  Standard A i n  May 1966. The SHERIDAN/SHILLELAGH system f i n a l l y  
reached t h e  f i e l d  i n  June 1967, r ep re sen t ing  a s l i p p a g e  of some 42 months, and 
the  t o t a l  RDTE c o s t ,  inc luding  subsequent product improvements, even tua l ly  
came t o  $151.2 m i l l i o n .  

(U) While t h e  SHILLELAGH w a s  i n  f u l l  product ion,  from November 1964 u n t i l  
May 1971, t h e  con t r ac to r  developed and app l i ed  major  modi f ica t ions  t o  overcome 
repor ted  d e f i c i e n c i e s ,  i n c r e a s e  t h e  m i s s i l e ' s  range,  and adapt  t h e  system t o  

* 
See above, pp. 15, 17.  Also s e e  Appendix C. 
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t h e  M60A2 tank  p la t form,  A program t o  inco rpora t e  t h e  SHILLELAGH system i n  
the  j o i n t  US/German Main B a t t l e  Tank (MBT-70) pro to type ,  which began i n  1965, 
was discont inued when t h e  MET-70 p r o j e c t  was te rmina ted  i n  mid-1972. 

(U) Early in 1978, when worldwide deployment reached i ts  peak, t h e r e  were 
1,570 SHERIDAN/SHILLELAGH systems i n  s e rv i ce ,  over ha l f  of which were assigned 
t o  armored cava l ry  u n i t s  i n  Germany, A t o t a l  of 540 M~O/SHILLELAGH systems 
had a l s o  been deployed beginning e a r l y  i n  1975, t h e  bulk  of them i n  Europe. 
I n  February 1978, t h e  Army decided t o  r ep l ace  t h e  SHERIDAN v e h i c l e s  i n  nea r ly  
a l l  armored cava l ry  u n i t s  w i th  t h e  improved M60 s e r i e s  main b a t t l e  tanks armed 
only w i t h  convent ional  guns, P r imar i ly  because of t u r r e t  and o t h e r  hardware 
d e f i c i e n c i e s  i n  t h e  M60A2 tank, t h e  Army then decided i n  February 1980 t o  phase 
ou t  t h a t  model from t h e  Army inventory.  By FY 1982, t h e r e  were no M60/SHILLELAGH 
systems i n  s e r v i c e  and only  a r e s i d u a l  f l e e t  of 140 SHERIDAN/SHILLELAGH systems 
remained i n  t h e  inventory.  

SHILLELAGH Subsystem Cost Summary 

(U) Excluding t h e  cos t  of f e a s i b i l i t y  s t u d i e s  i n  FY 1958-59, t h e  US Army 
inves ted  about $664.6 m i l l i o n  i n  development, procurement, and support  of t h e  
SHILLELAGH m i s s i l e  subsystem, $509,886,000 o r  about  76.7 percent  of  which went 
t o  Aeronutronic,  t h e  prime developer and producer of t h e  subsystem. Following 
i s  a summary of t h e  funding program ( i n  m i l l i o n s ) .  

Rec ip ien ts  RDTE - PEMA - OMA - T o t a l  - 
Various Cont rac tors  $134.1 $454.7 $ . 2  $589.0 
In-House Government support  * 17 .1  54.9 - 3.6 75.6 

$151.2 $509.6 $3.8 $664.6 * 
Charges through FY 1971 when t h e  SHILLELAGH P r o j e c t  Of f i ce  was closed.  

(U) Of t h e  $134.1 m i l l i o n  i n  RDTE funds expended under c o n t r a c t s ,  
Aeronutronic recefved $131,355,000 o r  about 97.9 percent .  Included i n  t h e  
l a t t e r  were 3 c o n t r a c t s  t o t a l i n g  about $100.3 m i l l i o n  f o r  appl ied  research ,  
development, and r e sea rch  engineering,  and 11 o t h e r  c o n t r a c t s  t o t a l i n g  
$31,055,000 f o r  product improvementsandother e f f o r t ,  such a s  extended range 
m i s s i l e  f l i g h t  t e s t i n g  ($1 m i l l i o n ) ;  adap ta t ion  of t he  m i s s i l e  t o  t h e  M60 tank 
($3.7 m i l l i o n )  and t h e  MET-70 ($7.5 m i l l i o n )  ; advanced development ($9.9 m i l l i o n )  ; 
counter  countermeasure r e sea rch  ($2.3 m i l l i o n ) ;  advance product ion engineer ing  
($3.8 m i l l i o n ) ;  and system improvement s tudy  ($1.7 m i l l i o n ) .  

(U) The bulk  of t h e  $509.6 m i l l i o n  i n  PEIU funds was expended under 
product ion c o n t r a c t s  w i t h  Aeronutronic and MartinjOrlando, t h e  former r ece iv ing  
$378,384,000 under some 22 c o n t r a c t s  and t h e  l a t t e r  $38,425,000 under 3 con- 
t r a c t s .  A l l  b u t  $147,000 of t h e  $3.8 m i l l i o n  i n  OMA funds went f o r  in-house 
Government support  through BY 1971. Aeronutronic conducted depot t r a i n i n g  
under a $147,000 con t r ac t  during t h e  per iod  June 1970 t o  June 1971. 1 

'SHILLELAGH Pac t  Book, pp. 8-8, C-1, C-2-1, and Summary of S h i l l e l a g h  
Cont rac ts  (Sec F) .  F i l e :  SAIMS Group, Land Combat Cost & SAIMS Analysis  B r ,  
Cost Analysis  Div, Comptroller,  
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APPROVED - 10 APR 58 

WJMorawski/PDDenn/53749 
DEPARTMENT OF THE ARMY 

Off ice  of t h e  Chief of Ordnance 1 3  February 1958 

FROM : The Subcommittee on A r t i l l e r y  and Vehicle  Systems 

TO : The Ordnance Technical Committee 

SUBJECT: COMBAT VEHICLE WEAPON SYSTEM (PENTOMIC) - I n i t i a t i o n  of Department of 
Army P r o j e c t  No. 5W45-07-034, Ordnance P r o j e c t  TW-413 (U) 

1. REFERENCES: 

References p e r t i n e n t  t o  t h i s  p r o j e c t  a r e  contained i n  t h e  a t t ached  Appendix 
I, P r o j e c t  Card (Combat Vehicle  Weapon System (PENTOMIC).) 

2. DISCUSSION: 

a .  A b r i e f  h i s t o r y ,  s ta tement  of requirements ,  and genera l  c h a r a c t e r i s t i c s  
f o r  Combat Vehicle  Weapon System (PENTOMIC) a r e  contained i n  Appendix I. 

b. The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  provide a long range development of 
weapon systems (armament-ammunition-fire c o n t r o l  combination) f o r  use  i n  combat 
v e h i c l e s  of t h e  Pentomic and f u t u r e  Armies. 

c .  This p r o j e c t  i s  included i n  t h e  F i s c a l  Year 1958 Research and Development 
Program and w i l l  be included i n  t h e  Research and Development and Procurement 
Programs f o r  succeeding F i s c a l  Years. 

3. RECOMMENDATIONS : 

The Subcommittee recommends: 

a .  That t h e  information ou t l i ned  i n  Appendix I (P ro jec t  Card Combat Vehicle  
Weapon System (PENTOMIC) a p p l i c a b l e  t o  t h i s  p r o j e c t  be approved. 

b. That Department of Army P r o j e c t  No. 5W45-07-034, Ordnance P r o j e c t  TW-413 
be au thor ized  f o r  t h e  purpose of development of Combat Vehicle  Weapon S y s t e m  
(PENTOMIC) . 

c .  That t h i s  p r o j e c t  b e  ass igned  Department of Army P r i o r i t y  1 A  and 
Technical  Object ive LC-lb . 

d. That approval  be  granted t o  perform s t u d i e s ,  i n v e s t i g a t i o n s ,  eva lua t ions  
and development, a s  necessary,  t o  accomplish s u b j e c t  program ob jec t ives .  

* 
Formerly SECRET - Group 4 (A?fCTC 3978, 4 Nov 65) .  Downgraded t o  Unclass i f ied  
Apri l  1970. 
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e. That t h e  i tem o r  i tems developed under t h i s  p r o j e c t  be  assigned Moderniza- 
t i o n  Code DEV-Z. 

f .  That t h i s  a c t i o n  be c l a s s i f i e d  SECRET and t h e  Combat Vehicle Weapon 
Sy,stem (PENTOMIC) be c l a s s i f e d  i n  accordance wi th  a t t ached  Appendix I1 (Consoli- 
dated Ordnance Item Secur i ty  Check L i s t ) .  

SUBMITTED FOR CONSIDERATION: 

/s/ M. A. KINLEX 
M. A. KINLEY 
Colonel, Ord Corps 
Chairman, Subcommittee 
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RDB P r o j e c t  Card (DD Form 613) 
P r o j e c t  No. 5W45-07-034 

26 March 1958 

EXTRACT 

. . . . . . . . . . . . . . . . . . . . .  

20. Requirement 
range per iod f o r  
combat v e h i c l e s ,  

and/or  J u s t i f i c a t i o n :  A requirement  e x i s t s  dur ing  t h e  mid- 
a  d i r e c t - f i r e ,  guided m i s s i l e  type  weapon system f o r  armored 
t h e  system t o  be  d i s t i n g u i s h e d  by i t s  c a p a b i l i t y  of des t roy ing  

t h e  h e a v i e s t  enemy armored v e h i c l e s  and t o  be  cha rac t e r i zed  by a  s i g n i f i c a n t  
improvement over  convent iona l  gun type  t ank  armament i n  i t s  p r o b a b i l i t y  oT h i t -  
t i n g  and i t s  a d a p a t a b i l i t y  t o  v e h i c u l a r  i n s t a l l a t i o n  and employment. A f u r t h e r  
requirement e x i s t s  f o r  t h e  long range  per iod f o r  a  missile type  weapon system 
f o r  combat v e h i c l e  i n s t a l l a t i o n  and employment, t h e  system t o  be capable  of 
r a p i d l y  engaging and e f f i c i e n t l y  des t roy ing  a  wide v a r i e t y  of c l o s e  i n  and 
d i s t a n t  ground and sub-sonic a i r  t a r g e t s  a t  ranges  up t o  5000 meters .  

a .  B r i e f :  The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  develop an  armored combat 
v e h i c l e  weapon system which i n  combination w i t h  o the r  weapons w i l l  provide t h e  
p ro t ec t ed  mobile  o f f e n s i v e  and de fens ive  f i r e  power now a s s o c i a t e d  w i t h  gun 
type tank  armament. The mid-range weapon system i s  r equ i r ed  a s  exped i t i ous ly  
a s  f e a s i b l e ,  t o  o f f s e t  t h e  q u a n t i t a t i v e  and perhaps q u a l i t a t i v e  s u p e r i o r i t y  of 
Sovie t  armored v e h i c l e s .  The mid-range weapons system i s  d i s t i n g u i s h e d  from 
t h e  long-range system t o  t h e  e x t e n t  t h a t  t h e  l a t t e r  imposes an  a d d i t i o n a l  
requirement f o r  a  combat v e h i c l e  type  system which i s  ,capable  of performing 
many more of t h e  o f f e n s i v e  and de fens ive  r o l e s  of t h e  primary and secondary 
armament of t h e  fami ly  of t anks .  The mid-range d i r e c t  f i r e  system w i l l  embody 
weapons development beyond t h e  p re sen t  r i f l e d  and smooth-bore convent iona l  
tubes  now reaching t h e  p o i n t  of diminishing r e t u r n  and would even tua l ly  r e p l a c e  
t h e  high p re s su re  l i g h t ,  medium and heavy c l a s s  of t ank  guns. The long-range 
system w i l l  be employed on a combat v e h i c l e  t o  engage t a r g e t s  dur ing  t h e  
a s s a u l t ,  suppor t ,  p u r s u i t  and e x p l o i t a t i o n  miss ions  by armored u n i t s  and com- 
bined arms teams. It w i l l  be t h e  primary o f f e n s i v e  weapon t o  e x p l o i t  and 
counter  t h e  use  of t a c t i c a l  mass-destruct ion dev ices  and f o r  seeking ou t  and 
des t roy ing  t h e  enemy mobile o f f e n s i v e  s t r e n g t h ,  t o  i nc lude  low a l t i t u d e  sub- 
sonic  f l y i n g  elements .  It is  d e s i r a b l e  t h a t  t h i s  weapon be  capable  of being 
armed wi th  a  low y i e l d  atomic warhead. 

b. APPROACH: 

(1) Mid-Range 

(a )  It i s  r equ i r ed  t h a t  t h e  guided m i s s i l e  be  capable  of des t roy ing  
t h e  h e a v i e s t  armored v e h i c l e  l i k e l y  t o  be encountered on t h e  b a t t l e f i e l d .  It 
i s  d e s i r e d  t h a t  i t  be  employable e f f i c i e n t l y  and e f f e c t i v e l y  a g a i n s t  o t h e r  
t a r g e t s .  

(b)  It a l s o  is requ i r ed  t h a t  t h e  p r o b a b i l i t y  of h i t t i n g  a  s t a t i o n a r y  
and moving t a r g e t  w i th  each guided m i s s i l e  must be  markedly b e t t e r  than  t h a t  
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achievable  w i th  gun o r  rocket- type p r o j e c t i l e s  and must be  a t t a i n e d  without  
e i t h e r  r e s u l t i n g  i n  a  r a t e  of aimed f i r e  unduly lower than t h a t  of e x i s t i n g  
medium gun tanks  o r  r e q u i r i n g  more than  one on-vehicle control ler-gunner .  It 

is  des i r ed  t h a t  t h i s  c a p a b i l i t y  extend from nea r  0 t o  5,000 meters ,  t h e  
approximate l i m i t s  of d i r e c t  f i r e  a s soc i a t ed  wi th  tanks .  It i s  f u r t h e r  des i r ed  
t h a t  t h i s  c a p a b i l i t y  be  r e t a i n e d  when t h e  v e h i c l e  i n  which t h e  m i s s i l e  system 
is mounted i s  moving and when ope ra t ing  during t h e  hours  of darkness and under 
condi t ions  of poor v i s i b i l i t y .  

(c )  F ina l ly ,  i t  is  r equ i r ed  t h a t  loading  and re loading  be c a r r i e d  out  
by one man and t h a t  t h e  unass i s t ed  r a t e  of loading  n o t  r e s t r i c t  t h e  r a t e  of 
aimed f i r e .  Moreover, i t  is  d e s i r a b l e  t h a t  t h e  weight ,  s i z e ,  and conf igura t ion  
of t h e  m i s s i l e  system and i t s  components be  such t h a t  t h e  v e h i c l e  c h a r a c t e r i s t i c s  
a r e  s u b s t a n t i a l l y  independent of t h e  phys i ca l  c h a r a c t e r i s t i c s  of t h e  former. 

(d) In o r d e r  t h a t  t h e  mandatory po r t ions  of t h e  above l i s t e d  requi re -  
ments can be  m e t  qu ick ly ,  i t  i s  accepted t h a t :  

1 Defeat of 150mm r o l l e d  homogeneous armor a t  60' and a s soc i a t ed  
equiva len t  t a r g e t s  w i th  a  shaped charge warhead w i l l  provide a  s a t i s f a c t o r y  
l e v e l  of t e rmina l  performance a t  t h e  o u t s e t .  

2 Use of a guided m i s s i l e  a g a i n s t  unarmored t a r g e t s  may prove 
i n e f f i c i e n t  £Tom t h e  s tandpoin t  of a o s t  and supply. Theref o re ,  cons idera t ion  
during t h e  i n i t i a l  concept s tudy  phase should b e  given t o  t h e  f e a s i b i l i t y  of 
a  weapon capable of no t  on ly  launching a guided m i s s i l e  b u t  a l s o  f i r i n g  
r e l a t i v e l y  low v e l o c i t y  unguided gun-type p r o j e c t i l e s .  I f ,  however, i t  is  
e s t a b l i s h e d  t h a t  a t ta inment  of t h i s  dual  c a p a b i l i t y  w i l l  pena l i ze  unduly t h e  
b a s i c  guided m i s s i l e  system o r  de lay  m a t e r i a l l y  t h e  l a t t e r ' s  i n t roduc t ion  i n t o  
s e r v i c e ,  i t  f u r t h k r  i s  accepted t h a t  companion f r e e  rocke t s  o r  d i f f e r e n t  and 
more convent ional  weapons w i l l  have t o  be  used i n  non-armor de fea t ing  r o l e s .  

3 Reduction i n  t h e  d i r e c t  f i r e  range l i m i t s  of n e a r  0  t o  5,000 
meters may prove necessary  and t h a t  a maximum range of approximately 2,000 
meters is  adequate i n i t i a l l y .  

( e )  Concept s t u d i e s  of t h e  complete Armored Combat Vehicle  (ACV) 
m i s s i l e  system t o  inc lude  weapon, guided m i s s i l e ,  weapon mount, f i r e  c o n t r o l  
equipment, weapon c o n t r o l s  and f i r i n g  gear ,  w i l l  b e  completed by 31 Dec. 1958. 

(£1 S tudies  w i l l  be  eva lua ted  t o  determine which concepts,  i f  any, 
w i l l  be  pursued. 

(g)  Upon s d l e c t i o n  of one o r  more promising concepts ,  subsequent 
s t e p s  i n  development w i l l  b e  determined i n  o r d e r  t o  e s t a b l i s h  t h e  p r a c t i c a b i l i t y  
of t h e  b a s i c  weapon - missile - f i r e  c o n t r o l  combination a t  t h e  e a r l i e s t  
poss ib l e  da t e  and p repa ra to ry  t o  developing a n c i l l a r y  equipment and t o  f a b r i -  
ca t ing  pro to types  of complete o p e r a t i o n a l  systems f o r  ACV a p p l i c a t i o n s .  

(h) Concurrent w i t h  t h i s  weapon system development every cons idera t ion  
w i l l  b e  given t o  t h e  compa t ib i l i t y  of t h e  weapon system wi th  app ropr i a t e  
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vehicular  concept employing new developments i n  armor, suspension, propulsion 
and other  elements of t h e  combat vehic le  systems. 

(2) Long-Range 

(a) The long range requirement is  f o r  a g rea t ly  ref ined and improved 
system which includes c h a r a c t e r i s t i c s  which cannot be c l e a r l y  foreseen a t  t h i s  
t i m e  and a r e  doubtful of attainment with present  technological  development. 
This second system w i l l  succeed t h e  i n i t i a l  system and should not  be permitted 
t o  complicate i t s  development. Capabi l i t ies  and c h a r a c t e r i s t i c s  w i l l  be 
determined a s  development progresses on t h e  mid-range requirement. 

(b) F e a s i b i l i t y  s tud ies  f o r  t h e  long range system w i l l  be i n i t i a t e d  
i n  N59 ,  based upon areas  of p r o f i t a b l e  inves t iga t ions  revealed during t h e  
s tud ies  and development of t h e  mid-range system. 

c. SUB-PROJECTS : 

Appropriate sub-projects w i l l  be es tabl ished t o  implement recommendations 
contained i n  Reference 21-h(3) by subsequent Ordnance Technical Committee ac t ion 
concurrently with establishment of m i l i t a r y  c h a r a c t e r i s t i c s  now being formu- 
l a t e d  by CONARC. It i s  expected t h a t  t h i s  p ro jec t  w i l l  be divided i n t o  two (2) 
major sub-projects; "A" Mid-Range Weapon System, and "B" Long-Range Weapon 
System. 

d. FISCAL ESTIMATES: 

Total  Amy Proc & Prod Other Agency 
Period Estimate R&D Funds Funds 

Sub-Pro j e c t  Funding 

FY59 (A) 3,500 M 1,500 M 2,000 M 
FY59 (B) 500 M 500 M None 

Total  Projec t  Funding 

N 5 8  (A) only 659 M 659 M None 
N59 (A) + (B) 4,000 M 2,000 M 2,000 M 
N60 " 11 4,000 M 2,000 M 2,000 M 
FY61 " 11 4,000 M 2,000 M 2,000 M 
FY62 " I I 4,000 M 2,000 M 2,000 M 

None 
None 

None 
None 
None 
None 
None 

e . OTHER INFORMATION 

(1) This pnoject w i l l  be coordinated by a s i n g l e  Ordnance Corps agency. 
However, assignment of s p e c i f i c  t a sks  w i l l  be made t o  appropriate a r sena l s  or 
commands i n  accordance with mission r e s p o n s i b i l i t i e s  a s  defined i n  OCO 15-55 
through 22-55. 

(2) No bas ic  research contrac ts  a r e  contemplated i n  t h i s  program. 

(3) This projec t  is  not  present ly  included i n  an in te rna t iona l  standardiza- 
t i o n  program. 
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UNCLASSIFIED 
(4) Opera t iona l  a v a i l a b i l i t y  da t e  : Unknown 

(5) Severa l  f e a s i b i l i t y  s t u d i e s  i n i t i a t e d  by Redstone and Frankford 
Arsenals  under DA 545-03-029, "Airborne Assaul t  Weapon", w i l l  be  reviewed f o r  
a p p l i c a b i l i t y  t p  t h i s  p r o j e c t  . 
f .  BACKGROUND AND PROGRESS: 

(1) Cumulative H i s to ry  

(a )  I n  e a r l y  1954, P r o j e c t  545-01-002 (TT2-€!lo), "Astron", was i n i t i a t e d  
i n  o rde r  t o  f u l f i l l  a requirement f o r  long-range development l ead ing  t o  v a s t l y  
improved types  of medium tanks.  The P r o j e c t  D i r ec t i ves  i nd i ca t ed  t h a t  emphasis 
should be  placed on pre l iminary  design of a complete end i t e m .  The a c t i v i t y  on 
t h i s  p r o j e c t  cons i s t ed  of  two c o n t r a c t s  w i t h  commercial f a c i l i t i e s  and design 
e f f o r t s  by De t ro i t  Arsenal .  "Astron" was te rmina ted  i n  1956 t o  preclude end 
i t e m  development due t o  u n s a t i s f a c t o r y  concept development, and i n a b i l i t y  t o  
p r o j e c t  s u f f i c i e n t  improvement over  cu r r en t  developments. 

(b) I n  J u l y  1956, P r o j e c t  545-03-029 (TT2-829)(Now TW-402), "Airborne 
Assaul t  Weapons Systems", was i n i t i a t e d  t o  conduct r e sea rch ,  i n v e s t i g a t i o n  and 
s tudy l ead ing  t o  t h e  s o l u t i o n  of  t h e  medium tank  problem. This  program d i f f e r e d  
from Astron i n  t h a t  t h e  emphasis was placed on i n v e s t i g a t i o n  in fou r  sub-system 
a reas .  These sub-system a r e a s  were des igna ted  a s  c h a s s i s ,  power package, a r m -  
ment and b a l l i s t i c  p ro t ec t i on .  Funds were a l l o c a t e d  t o  v a r i o u s  commands and 
a r s e n a l s  t o  conduct i n v e s t i g a t i o n s ,  f e a s i b i l i t y  s t u d i e s ,  and development i n  t h e  
armament and b a l l i s t i c  p r ~ t e c t i o n  sub-system a reas .  No work was conducted i n  
t h e  o t h e r  sub-system a r e a s ,  under  t h i s  s p e c i f i c  p r o j e c t  . The "Airborne Assaul t  
Weapons Systems" p r o j e c t  i s  be ing  te rmina ted ,  u n t i l  such t i m e  a s  s a t i s f a c t o r y  
improvement i n  t h e  weapon system can be  assured .  

(2) Discussion : 

(a)  Deta i led  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  weapon systems w i l l  be  
recorded by f u t u r e  OTCM ac t ion .  

(b) Discussion p e r t i n e n t  t o  t h i s  p r o j e c t  is  contained i n  WD Ad HOC 
Report on Armament f o r  Future  Tanks o r  S imi l a r  Combat Vehicles  (Ref. 3.)  and 
CONARC Statement of Ma te r i e l  Requirements (Ref. 4 . ) .  

g. FUTURE PLANS : 

It i s  planned t o  u t i l i z e  t h e  mid-range and long-range weapon systems 
developed under t h i s  p r o j e c t  i n  f u t u r e  armored combat v e h i c l e s .  

h . REFERENCES : 

(1) CWG, par .  336-a(l  t h r u  5 ) ,  336-B, (9 ,  10 ) .  

(2) OTCM I t e m  36240 da ted  6 Apr i l  1956, "Airborne Assaul t  Weapons systems." 
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(3) DOD Ad Hoc Group Report on Armament f o r  Future Tanks o r  S imi la r  Combat 
Vehicles (forthcoming).  

(4 )  U. S. CONARC L e t t e r  ATSWD - ~451 .619  (C)  dated 1 8  March 1955, s u b j e c t :  
"Qual i ta t ive  Mate r i a l  Requirements f o r  Mis s i l e  System Armored Combat Vehicle  (U) ." 

Complete concurrence i n  t h i s  r e p o r t  has  been rece ived  from a l l  members 

of t h e  Ordnance Technical Committee. 

Is/ E. DERICKSON 
Executive Secre ta ry  

APPROVED BY ORDNANCE TECHNICAL COMMITTEE 
10  APR 58 

Is/ J. F. KREITZER, L t  Col, Ord Corps 
Chairman Pro Tem and Secre ta ry  

APPROVED BY ORDER OF THE 
SECRETARY OF THE ARMY 

Is/ L. R. PATRICK, Lt Col, GS 
For t h e  Chief of Res. and Dev., OCS 
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OTCM 37039* 
READ FOR RECORD - 2 APRIL 1959 

DEPARTMENT OF THE ARMY 
O f f i c e  of t h e  Chief of Ordnance 

READ FOR RECORD ~ a y e r / c a s / 7 3 9 1 6  
4 March 1959 

Refe rences :  OTCM 36753, 1 0  A p r i l  1 9 5 8 - I n i t i a t i o n  f o r  Development of Combat 
V e h i c l e  Weapon System (PENTOMIC) 
OTCM 36791, 8 May 1958-Assignment of S t a f f  S u p e r v i s i o n  and r e c o r d -  
i n g  of p r o j e c t  number TU1-2051 t o  Pentomic System F i l e  00/8C-10871, 
September 25, 1958 c o n t a i n i n g  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  Armored 
Combat Vehic le  Weapon System (Midrange) 

MEMORANDUM FOR SECRETARY, ORDNANCE TECHNICAL COMMITTEE 

SUBJECT: MILITARY CHARACTERISTICS FOR ARMORED COMBAT VEHICLE WEAPON SYSTEM 
(MIDRANGE) 

1. The PENTOMIC Weapon system was i n i t i a t e d  by OTCM 36753. Inc luded  i n  
t h e  OTm were  an  R&D p r o j e c t  c a r d  (DD Form 613) and S e c u r i t y  check L i s t  (00 
Form 1889) .  

2. The i n c l o s e d  m i l i t a r y  c h a r a c t e r i s t i c s  approved by t h e  Department of t h e  
Army supplement t h e  i n £  ormat ion con ta ined  i n  OTCM 36753. 

3. The f o l l o w i n g  s e c u r i t y  c l a s s i f i c a t i o n s  a r e  a s s i g n e d  : 

a .  READ FOR RECORD w/Appendices : SECRET* 

b .  READ FOR RECORD w i t h o u t  Appendices:  U n c l a s s i f i e d  

c .  Appendix I (MC'S) : SECRET* 

d. Appendix I1 (Requirement f o r  T r a i n i n g  Devices) :  U n c l a s s i f i e d  

/s /  Edward Hayer f o r  
B. J .  LEON HIRSHORN 
Colone l ,  Ordnance Corps 

READ FOR RECORD BEFORE ORDNANCE TECHNICAL COMMITTEE 
2 APR 59 

/s/  J. F. KREITZER, L t  Col,  Ord Corps 
Chairman Pro  Tem and S e c r e t a r y  

k 
Formerly SECRET - Group 4 (AMCTC I tem 7290, 2 1  0 c t  69) .  Downgraded t o  U n c l a s s i f i e d  
A p r i l  1971. 
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OTCM 37039 continued 
DEPARTMENT OF THE ARMY MILITARY CHARACTERISTICS 

FOR 
ARMORED COMBAT VEHICLE%~%PON SYSTEM (MIDRANGE) 

I - GENERAL 

1. Statement of t h e  requirement.  -A d i r e c t  f i r e ,  guided miss i le - type  weapon 
system f o r  armored combat v e h i c l e s ,  t h e  system t o  be  d i s t i ngu i shed  by i t s  capa- 
b i l i t y  of des t roying  t h e  heav ie s t  enemy armored v e h i c l e s  and t o  be charac te r -  
ized  by a s i g n i f i c a n t  improvement over convent ional  gun-type tank  armament i n  
i t s  p r o b a b i l i t y  of h i t t i n g  and i t s  a d a p t a b i l i t y  t o  veh icu la r  i n s t a l l a t i o n  and 
employment. The system w i l l  inc lude  a c a p a b i l i t y  t o  u t i l i z e  a l e r t i n g  and t a r -  
g e t  a c q u i s i t i o n  information from t h e  combat s u r v e i l l a n c e  system. (MR) (CDOG) 
subparagraph is  336b (9) .  ) 

2 .  Operat ional  concept.  -The Armored Combat Vehicle  M i s s i l e  System, i n  com- 
b i n a t i o n  wi th  o t h e r  weapons, w i l l  provide t h e  p ro t ec t ed ,  mobile o f f e n s i v e  and 
defens ive  f i r e  power now as soc ia t ed  wi th  gun-type armament. 

3. Organiza t iona l  concept.  - The new m i s s i l e  system w i l l  be  organic  t o  a l l  
unitsequipped wi th  armored combat v e h i c l e s  r equ i r ing  an a g i l e ,  d i r e c t  f i r e ,  
armor-defeating c a p a b i l i t y .  

4 .  Considerat ion of t r i p a r t i t e ,  Navy, A i r  Force,  and Marine Corps development 
a c t i v i t i e s .  

a .  T r i p a r t i t e .  - Both t h e  United Kingdom and t h e  United S t a t e s  have a n t i -  
t ank  guided weapons under development. The Fourth T r i p a r t i t e  Conference on 
Armor agreed t o  a meeting l a t e r  t h i s  year t o  w r i t e  t r i p a r t i t e  m i l i t a r y  cha rac t e r -  
i s t i c s  and ag ree  on s tandard  terminology and b a t t l e f i e l d  employment. To d a t e  
t h i s  meeting has no t  been held.  

b.  Other s e r v i c e s .  - No s i m i l a r  development by o the r  s e r v i c e s  i s  known a t  
t h i s  time. 

5. F e a s i b i l i t y  of development. - I f ,  during t h e  development phase, i t  appears  
t o  t h e  design agency ( t h e  Ordnance Corps) 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  he re in  
r e q u i r e  t h e  inco rpora t ion  of c e r t a i n  imprac t icable  f e a t u r e s  and/or unnecessar i ly  
expensive and complicated components o r  devices ,  c o s t l y  manufacturing methods 
and processes ,  c r i t i c a l  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 negate  
mass product ion techniques and c o n t r o l s  of t he  i tem, such m a t t e r s  should be 
brought t o  t h e  immediate a t t e n t i o n  of Chief of Research and Development, and 
t h e  Commanding General,  United S t a t e s  Cont inenta l  Army Command, f o r  c a r e f u l  
cons ide ra t ion  be fo re  incorpora t ion  i n  a f i n a l  design.  

6. Background. - Reason f o r  requirement - A s i g n i f i c a n t  and immediate i nc rease  
i n  mobile pro tec ted  f i r e  power is  r equ i r ed  t o  o f f s e t  t h e  q u a n t i t a t i v e  and, per-  
haps,  q u a l i t a t i v e  s u p e r i o r i t y  of Soviet  armored v e h i c l e s .  Since tank  gun 
development appears  t o  be reaching  t h e  p o i n t  of diminishing r e t u r n s  and a new 
p a r a l l e l  approach is  e s s e n t i a l ,  t h e  p o t e n t i a l  of t h e  guided m i s s i l e  should be 
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e x p l o i t e d  i n  o r d e r  t h a t  a  d i r e c t  f i r e ,  armored vehicle-mounted m i s s i l e  sys tem 
can b e  a v a i l a b l e  f o r  o p e r a t i o n a l  u s e  a t  t h e  e a r l i e s t  p o s s i b l e  d a t e .  

I1 - OPERATIONAL CHARACTERISTICS 

7. C o n f i g u r a t i o n .  

a .  The c o n f i g u r a t i o n  of t h e  sys tem i n c l u d i n g  t h e  m i s s i l e ( s )  shou ld  be  
compat ib le  w i t h  i n s t a l l a t i o n  on p r e s e n t  s t a n d a r d  and b o t h  c u r r e n t  and f u t u r e  
development combat v e h i c l e s .  However, t h e  pr imary requ i rement  f o r  sys tem 
e f f e c t i v e n e s s  must n o t  be  compromised t o  o b t a i n  v e h i c l e  c o m p a t i b i l i t y .  I n  
a d d i t i o n  t o  t h e  missiles t h e  sys tem i s  c o n s i d e r e d  t o  i n c l u d e :  Launcher o r  
p r o j e c t o r ,  weapon mounting, f i r e  c o n t r o l  components, equipment f o r  c o n t r o l l i n g  
movement of t h e  weapon and /or  i t s  mounting,  and f i r i n g  g e a r .  

b .  The weapon system shou ld  b e  a s  l i g h t w e i g h t  a s  p r a c t i c a b l e  w i t h o u t  com- 
promise  of t h e  r e q u i r e d  performance c h a r a c t e r i s t i c s .  The o v e r a l l  combinat ion 
weapon system-armored v e h i c l e  weight  shou ld  show a  marked improvement over  t h e  
weight  of c o n v e n t i o n a l  gun-type armored v e h i c l e s .  

8. Performance.  

a .  The system s h a l l  b e  c a p a b l e  of f i r i n g  a t  t a r g e t s  l o c a t e d  up t o  and i n -  
c l u d i n g  20' above and 10" below t h e  h o r i z o n t a l ,  when t h e  v e h i c l e  mounting t h e  
sys tem is  l e v e l .  Ex tens ion  t o  40° above t h e  h o r i z o n t a l  i s  d e s i r a b l e .  

b.  The system must b e  c a p a b l e  of be ing  o p e r a t e d  by one g u n n e r - c o n t r o l l e r  
and of be ing  s e r v e d  by one l o a d e r ,  b o t h  crewmen t o  be  l o c a t e d  i n s i d e  a n  armored 
combat v e h i c l e  and t o  be a b l e  t o  perform t h e i r  d u t i e s  w i t h o u t  exposing them- 
s e l v e s .  The r a t e  of l o a d i n g  must n o t  r e s t r i c t  t h e  r a t e  of aimed f i r e .  The 
r a t e  of aimed f i r e  shou ld  b e  on  t h e  o r d e r  of 6  t o  8 missiles p e r  minu te  a t  
v a r y i n g  r a n g e s  up t o  2,000 meters. 

c .  The weapon system shou ld  be  s imple  t o  o p e r a t e ;  e x c e s s i v e  t r a i n i n g  t i m e  
shou ld  n o t  be  r e q u i r e d .  S p e c i a l  s e l e c t i o n  of crew members t o  o p e r a t e  t h e  sys tem 
i s  n o t  d e s i r a b l e .  

d. The m i s s i l e  shou ld  b e  c a p a b l e  of d e s t r o y i n g  t h e  h e a v i e s t  armored v e h i c l e  
l i k e l y  t o  be encounte red  on t h e  b a t t l e f i e l d .  However, d e f e a t  of 150-~mn of r o l l e d  
homogeneous armor a t  60° o b l i q u i t y  and a s s o c i a t e d  e q u i v a l e n t  t a r g e t s  a t  r a n g e s  
up t o  2,000 meters w i l l  p r o v i d e  a  s a t i s f a c t o r y  i n i t i a l  l e v e l  of performance.  

e. The same b a s i c  missile w i t h  a p p r o p r i a t e  warheads s h a l l  be  employable 
e f f i c i e n t l y ,  economical ly ,  and e f f e c t i v e l y  a g a i n s t  unarmored t a r g e t s ,  i n c l u d i n g  
p e r s o n n e l ,  m a t e r i a l ,  and f i e l d  f o r t i f i c a t i o n s .  I f  t h i s  i s  i n f e a s i b l e ,  i t  is 
mandatory t h a t  means o f  f i r i n g  p r e f e r a b l y  a  b a l l i s t i c  t y p e  h i g h  e x p l o s i v e  pro- 
j e c t i l e  b e  p rov ided .  Maximum p r a c t i c a b l e  e f f e c t i v e n e s s  i n  a t t a c k  of p e r s o n n e l  
and unarmored m a t e r i e l ,  i n c l u d i n g  f i e l d  f o r t i f i c a t i o n s ,  is d e s i r a b l e .  The 
a t t a i n m e n t  of t h i s  c a p a b i l i t y  must n o t  d e l a y  o r  unduly p e n a l i z e  achievement of 
t h e  armor-defeat ing c a p a b i l i t y  of t h e  sys tem.  
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f .  H i t t i n g  a b i l i t y .  

(1) The u l t i m a t e  engagement o b j e c t i v e  f o r  t h i s  system i s  t o  achieve  
wi th  a  given load of ammunition, t h e  l a r g e s t  number of succes s fu l  engagements, 
each i n  t h e  s h o r t e s t  poss ib l e  t ime; t ime r equ i r ed  t o  r e a l i z e  t h e s e  u l t i m a t e  
o b j e c t i v e s  cannot be accu ra t e ly  p red ic t ed .  Any i n t e r i m  s o l u t i o n  may n e c e s s i t a t e  
compromises among d e l i v e r y  accuracy, r a p i d i t y  of engagement a t  va r ious  ranges ,  
and number of rounds t o  k i l l .  Such compromises must r e s u l t  i n  systems which 
a r e  p r a c t i c a l  from t h e  s tandpoin t  of c o s t ,  maintenance, t r a i n i n g ,  and s i m p l i c i t y  
of opera t ion  and must i n s p i r e  s o l d i e r  confidence. 

(2) The weapon-ammunition-fire c o n t r o l  system must produce s i g n i f i c a n t  
improvements i n  engagement c a p a b i l i t i e s  by independent ly o r  c o l l e c t i v e l y  in-  
c r eas ing  t h e  e f f e c t ,  decreas ing  t h e  t ime t o  h i t ,  or  i nc reas ing  t h e  d e l i v e r y  
accuracy of t h e  p r o j e c t i l e  without  p re jud ic ing  t h e  p r a c t i c a l i t y  of t h e  system. 
The a b i l i t y  of a  system t o  provide such a  c a p a b i l i t y  w i l l  be  determined by 
t e s t i n g  comparatively a g a i n s t  t h e  b e s t  equipment i n  being a t  t h e  time. 

(3) D i rec t  f i r e  range l i m i t s  must extend from near  0  t o  a t  l e a s t  
2,000 meters .  Extension of the  maximum l i m i t  t o  3,500 meters  i s  d e s i r a b l e  
without  compromise of t h e  requi red  near  0  t o  2,000 meter c a p a b i l i t y .  A n  in -  
d i r e c t  f i r e  c a p a b i l i t y  f o r  t h e  m i s s i l e  i s  n o t  requi red .  

g. A s  much of t he  c a p a b i l i t y  a s  is p r a c t i c a b l e  should be provided when 
e i t h e r  t h e  Armored Combat Vehicle  o r  t h e  t a r g e t  o r  both a r e  moving, and during 
hours of darkness  o r  under condi t ions  of l i m i t e d  v i s i b i l i t y .  

h. I n  t h e  event  a  new t u r r e t  is  r equ i r ed  i n  order  f o r  t h e  system t o  be 
mounted on p re sen t  and c u r r e n t  development type  combat v e h i c l e s  t h e  armor pro- 
t e c t i o n  of t h e  t u r r e t  s h a l l  be equal  t o  t h e  armor p r o t e c t i o n  of t he  v e h i c l e  t o  
which t h e  system i s  adapted. The e x t e r i o r  components of t h e  m i s s i l e  system 
should be p ro t ec t ed  a g a i n s t  small  arms p r o j e c t i l e s  and a r t i l l e r y  s h e l l  fragments.  

i. Preopera t ion  checks and o ther  s t o p s  p repa ra to ry  t o  f i r i n g  must be  he ld  
t o  a minimum. 

9. D u r a b i l i t y  and r e l i a b i l i t y .  - The system s h a l l  be capable  of f i r i n g  1,000 
m i s s i l e s  and withstanding 2,500 mi l e s  of v e h i c l e  ope ra t ion  w i t h  no g r e a t e r  
than  o rgan iza t iona l  maintenance and 2,000 m i s s i l e s  and 4,000 mi les  of v e h i c l e  
ope ra t ion  without  r e q u i r i n g  major overhaul  o r  replacement of major components. 

10. T ranspor t ab i l i t y .  - The system and t h e  parent  v e h i c l e s  should be t r a n s -  
po r t ab l e  by r a i l  and/or water i n  f i g h t i n g  cond i t i on  and w i t h i n  t h e  l i m i t a t i o n s  
of t h e  Berne-Internat ional  Agreements f o r  unrestricted r a i l  movement. The 
m i s s i l e  system s h a l l  n o t  be adverse ly  a f f e c t e d  i n  c a s e s  where t h e  v e h i c l e  on 
which t h e  system i s  mounted i s  t r anspor t ed  by a i r .  

11. Associated equipment. 

a .  Ammunition stowage. - The stowage should be compatible w i th  t h e  pa ren t  
v e h i c l e s .  Maximum stowage i s  des i r ed  and must be w i t h i n  t h e  ca r ry ing  veh ic l e .  
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b .  I n t e r f e r e n c e .  - I n t e r f e r e n c e  between a d j a c e n t  sys tems and d i s c l o s u r e  
of f i r i n g  p o s i t i o n s  should b e  avoided t o  t h e  g r e a t e s t  p r a c t i c a l  e x t e n t .  The 
command guidance must b e  s u b s t a n t i a l l y  independent  of enemy countermeasures .  

c .  Opt ics .  - Any o p t i c a l  components which may become damaged shou ld  be  
r e a d i l y  r e p l a c e d  by t h e  crew from i n s i d e  t h e  v e h i c l e .  

I11 - SPECIAL CHARACTERISTICS 

12.  Environmental  and t e r r a i n  requ i rements .  - Same as f o r  t h e  v e h i c l e  i n  
which i t  is  mounted. 

13.  CBR and a tomic requ i rements .  - Same as f o r  t h e  v e h i c l e  i n  which i t  i s  
mounted. 

14.  K i t  r e q u i r e m e n t s .  - None. 

15.  Maintenance and i n t e r c h a n g e a b i l i t y  r e q u i r e m e n t s .  - The f requency  of 
maintenance and t h e  t i m e ,  s k i l l s ,  and number of t o o l s  r e q u i r e d  t o  c a r r y  o u t  
p r e v e n t i v e  maintenance w i l l  be  k e p t  a s  low a s  p r a c t i c a b l e .  

I V  - ORDER OF PRIORITY 
OF CHARACTERISTICS 

t h e  
and 

17.  
'="'P 

16 .  Order of p r i o r i t y .  - I f  any of t h e  r e q u i r e d  c h a r a c t e r i s t i c s  are incom- 
p a t i b l e  w i t h  each  o t h e r  t o  t h e  e x t e n t  t h a t  s i g n i f i c a n t  compromises are r e q u i r e d ,  

CG, USCONARC w i l l  b e  c o n s u l t e d  as t o  t h e  d e g r e e  of compromise a c c e p t a b l e  
t h e  merits of r e v i s i n g  t h e  r e l a t i v e  p r i o r i t i e s  which are a s  f o l l o w s :  

A. Performance. 

B. D u r a b i l i t y ,  r e l i a b i l i t y ,  and ease of maintenance.  

C. Conf i g u r a t  i o n .  

D. Assoc ia ted  equipment. 

E. 

F. 

G.  

It 
l o  ye, 

CBR and a tomic  requ i rements .  

T r a n s p o r t a b i l i t y .  

Environmental  and t e r r a i n  r e q u i r e m e n t s .  

V - ITEMS SUPERSEDED BY THIS ITEM 

is  contemplated t h a t  t h i s  i t e m  w i l l  r e p l a c e  t a n k  gun systems c u r r e n t l y  
f o r  t h e  d e f e a t  of armor. 

1 3 3  
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OTCM 37039 continued 

Appendix 

REQUIREMENTS FOR TRAINING 
EQUIPMENT AND TRAINING DEVICES 

1. Tra in ing  equipment. - Components of t h e  m i s s i l e  system i t s e l f  w i l l  be  used 
a s  t r a i n i n g  equipment. 

2.  Tra in ing  Devices.  

a .  A requirement  e x i s t s  f o r  a  simple,  rugged, and r e l i a b l e  t r a i n e r  f o r  
t h e  guided missile t ype  weapon system f o r  armored combat v e h i c l e s  of a  des ign  
t h a t  w i l l  f a c i l i t a t e  t r a i n i n g  of armored combat v e h i c l e  crewmen i n  a l l  a s p e c t s  
of missile f i r i n g .  The t r a i n e r  w i l l  r e p l a c e  c u r r e n t  t u r r e t  t r a i n e r s ,  and w i l l  
be  used t o  f a c i l i t a t e  t r a i n i n g  i n  a l l  phases of ope ra t i on  from i n i t i a l  f a m i l i a r -  
i z a t i o n  through crew t r a i n i n g  t o  i nc lude  sequence of ope ra t i on ,  f i r i n g ,  tests ,  
adjustments ,  maintenance, and replacement of p a r t s .  The t r a i n e r  s h a l l  con ta in  
a l l  t h e  ope ra t i ng  c o n t r o l s ,  f i r i n g  c o n t r o l s ,  and i n t e r i m  f i x t u r e s  a s s o c i a t e d  
w i th  t h e o p e r a t i o n a l  equipment, each component being i n  i t s  c o r r e c t  r e l a t i v e  
p o s i t  ion .  

b.  A requirement e x i s t s  f o r  a  t r a i n i n g  dev ice  t o  be  used i n  teaching  
conduct of f i r e  and i n  t e s t i n g  crew r e a c t i o n  t o  s imulated t a r g e t s  under 
s imulated t a c t i c a l  cond i t i ons .  

c .  A requirement e x i s t s  f o r  a  mod i f i ca t i on  of Device 17-AR-1, Tra iner  
Tank Platoon Leaders t o  make i t  compatible  w i th  t h e  m i s s i l e  system. 

d. Manuals, t r a i n i n g  equipment, and a i d s  t o  i nc lude  i n e r t  warheads, should 
be a v a i l a b l e  p r i o r  t o  and must be  a v a i l a b l e  co inc iden t  w i th  t h e  i s s u e  of t h e  
product ion i t e m .  
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OTCM 37245* 
APPROVED 5 NOV 1959 

DEPARTMENT OF THE ARMY 
Of f i ce  of t h e  Chief of Ordnance 

~.~eiss/~.~.~enn/~.~.~oeck/le1/54137 
1 9  August 1959 

FROM: Subcommittee on A r t i l l e r y  and Vehicle  Systems 

TO: The Ordnance Technical  Committee 

SUBJECT: COMBAT VEHICLE WEAPON SYSTEM (SHILLELAGH) - Reor i en ta t ion  of Department 
of Army P r o j e c t  545-07-034, I n i t i a t i o n  of Development of Gun-Launcher, 
Ammunition and F i r e  Control ;  Continuat ion of Development of Guided 
Miss i l e ;  I n i t i a t i o n  of Research on COMBAT VEHICLE WEAPONS SYSTIN (LR) 

1. 

2. 

f o r  

REFERENCES : 

References per t inent  t o  t h i s  p r o j e c t  a r e  contained i n  a t t ached  Appendices. 

DISCUSSION: 

a .  A b r i e f  h i s t o r y ,  s ta tement  of requirement ,  and genera l  c h a r a c t e r i s t i c s  
Combat Vehicle  Weapon System (SHILLELAGH) and Combat Vehicle  Weapon System 

(LR) a r e  contained i n  Appendix I. 

b. The o b j e c t i v e  of t h i s  p r o j e c t  is  t o  provide f o r  t h e  development of a 
weapon system during t h e  midrange period (1963) c o n s i s t i n g  of a gun-launcher, 
guided m i s s i l e ,  convent ional  type  ammunition and f i r e  c o n t r o l  f o r  use  i n  armored 
combat veh ic l e s .  

c .  A f u r t h e r  o b j e c t i v e  of t h i s  p r o j e c t  is t o  provide f o r  t h e  cont inua t ion  
of r e sea rch  l ead ing  t o  a g r e a t l y  r e f i n e d  and improved system f o r  use  on combat 
v e h i c l e  dur ing  t h e  long-range t i m e  per  iod . 

d. The requirements  f o r  t hese  weapons systems a r e  e s t a b l i s h e d  i n  CDOG, 
par .  336b(9) f o r  t h e  midrange system and paragraph 336b(10) f o r  t h e  long range 
weapons system. 

e .  This  p r o j e c t  has  been included i n  t h e  R&D program f o r  FY 58, 59 and 
60, and w i l l  be  included i n  t h e  R&D procurement programs f o r  succeeding f i s c a l  
yea r s  . 
3. RECWENDATIONS : The Subcommittee Recommends : 

a .  That t h e  information contained i n  p r o j e c t  and t a s k  ca rds  a p p l i c a b l e  t o  
t h i s  o v e r a l l  p r o j e c t  be approved. 

* 
Formerly SECRET - Group 4 (AMCTC 6265, 26 Jun 68).  Downgraded t o  Unc la s s i f i ed  
November 1971. 
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b, That the  Department of Army Pro jec t  No. 545-07-034 be re ta ined on 
t h i s  p ro jec t  f o r  both the  midrange and long range systems. 

c.  That Ordnance Pro jec t  TW-413 be assigned f o r  the  midrange system, 
and t h a t  Ordnance Pro jec t  TU1-2053 be authorized f o r  the  long range system. 

d. That t h i s  p ro jec t  be assigned Department of Army P r i o r i t y  1 A  and 
Technical Objective LC-02, 

e .  That approval be granted t o  perform s t u d i e s ,  inves t iga t ions ,  eval-  
ua t ions ,  development and manufacture of a s u f f i c i e n t  number of R&D p i l o t s  of 
gun-launchers, guided m i s s i l e s ,  conventional type ammunition, f i r e  con t ro l  s e t s  
and associated t e s t  and check-out equipment, and improvised t u r r e t  i n s t a l l a t i o n s  
t o  achieve a completely developed and accepted weapon system t o  f u l f i l l  the  
midrange requirement. 

f .  That approval be granted t o  perform research  s tud ies ,  evaluat ions ,  
and labora tory  development, a s  required,  t o  accomplish the  long range program 
object ive.  

g. That the  following p ro jec t  tasks  and nomenclatures be approved: 

(1) Task A - CANNON, 152MM GUN-LAUNCHER: XM81. (This designation 
t o  be reserved f o r  prototype design).  

CANNON, 152MM GUN-LAUNCHER: XM81E1. ( b a l l i s t i c  gun- 
launcher).  

(2) Task B - GUIDED MISSILE, ARMOR DEFEATING: XM13 
(3) Task C - CARTRIDGE, 152MM HEAT-MP, XM409 
(4) Task D - CARTRIDGE, 152MM WP, XM410 
(5) Task E - CARTRIDGE, 152MM prac t i ce ,  XM411 
(6) Task F - F i r e  Control 
(7) Task G - Combat System Vehicle Weapon System (LR) 

h. That t h i s  ac t ion  be c l a s s i f i e d  SECRET, and the  Combat Vehicle Weapon 
System (SHILLELAGH) and Combat Vehicle Weapon System (LR) be c l a s s i f i e d  i n  
accordance with the  a t tached appendix (Consolidated Ordnance Items Securi ty 
Check L i s t )  . 

SUBMITTED FOR CONSIDERATION: 

Is/ J .  L. Quinnally, Lt Col 0. C .  
f o r  N. S. GLASSMAN 

Acting Chairman, Subcommittee 
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R&D P r o j e c t  Card (DD Form 613) 
P r o j e c t  No. 547-07-034 

19 Aug 1959 

EXTRACT 

1. P r o j e c t  T i t l e :  
Combat Vehicle  Weapon System (SHILLELAGH) 
Combat Vehicle  Weapon System (LR) 

19 .  This  r e o r i e n t a t i o n  p r o j e c t  card supersedes P r o j e c t  Card 545-07-034, 
dated 26 March 58. 

20. Requirement and/or J u s t i f i c a t i o n :  A requirement e x i s t s  during t h e  mid- 
range per iod  f o r  a  d i r e c t - f i r e ,  command guided m i s s i l e  t ype  weapon system f o r  
armored combat v e h i c l e s ,  t h e  system t o  be d i s t i n g u i s h e d  by i t s  c a p a b i l i t y  of 
de s t roy ing  the  heav ie s t  enemy armored v e h i c l e s  and t o  be c h a r a c t e r i z e d  by a  
s i g n i f i c a n t  improvement over convent iona l  gun type  tank  armament i n  i t s  pro- 
b a b i l i t y  of h i t t i n g  and i t s  a d a p t a b i l i t y  t o  veh icu l a r  i n s t a l l a t i o n  and 
employment. A f u r t h e r  requirement e x i s t s  f o r  t h e  long range  per iod  f o r  a  
m i s s i l e  type  weapon system f o r  armored combat v e h i c l e  i n s t a l l a t i o n  and employ- 
ment, t h e  system t o  be capable  of r a p i d l y  engaging and e f f i c i e n t l y  des t roy ing  
a  wide v a r i e t y  of c lose- in  and d i s t a n t  ground and sub-sonic a i r  t a r g e t s  a t  
ranges up t o  5,000 meters .  

21. BRIEF OF PROJECT AND OBJECTIVE: 

a .  BRIEF: The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  develop an armored combat 
v e h i c l e  long-range weapon system which i n  combination wi th  o the r  weapons w i l l  
provide t h e  p ro t ec t ed  mobile o f f e n s i v e  and de fens ive  f i r e  power now a s s o c i a t e d  
wi th  gun type  tank  armament. The midrange weapons system i s  r equ i r ed  t o  be i n  
t h e  hands of t r oops  by December 1963 t o  o f f - s e t  t h e  q u a n t i t a t i v e  and perhaps 
q u a l i t a t i v e  s u p e r i o r i t y  of Soviet  armored v e h i c l e s .  The mid-range weapons 
system i s  d i s t i n g u i s h e d  from t h e  long-range system t o  t h e  ex t en t  t h a t  t h e  
l a t t e r  imposes an a d d i t i o n a l  requirement f o r  a  armored combat v e h i c l e  type  
system which i s  capable  of performing many more of t h e  o f f e n s i v e  and de fens ive  
r o l e s  of t h e  primary and secondary armament of t h e  family of t anks .  The mid- 
range d i r e c t  f i r e  system w i l l  embody weapons development beyond t h e  p re sen t  
r i f l e d  and smooth-bore convent iona l  tubes  now reaching  t h e  p o i n t  of diminishing 
r e t u r n s  and would even tua l ly  r e p l a c e  t h e  h igh  p r e s s u r e  l i g h t ,  medium and heavy 
c l a s s  of t ank  guns. The long-range system w i l l  be employed on a  combat v e h i c l e  
t o  engage t a r g e t s  during t h e  a s s a u l t ,  suppor t ,  p u r s u i t  and e x ~ l o i t a t i o n  missions 
by armored u n i t s  and combined arms teams. It w i l l  be t h e  primary o f f e n s i v e  
weapon t o  e x p l o i t  and counter  t h e  use  of t a c t i c a l  mass-destruct ion devices  and 
f o r  seeking ou t  and des t roy ing  t h e  enemy mobile o f f e n s i v e  s t r e n g t h ,  t o  inc lude  
low a l t i t u d e  sub-sonic f l y i n g  elements.  It i s  d e s i r a b l e  t h a t  t h i s  weapon be  
capable  of being armed wi th  a  low y i e l d  atomic warhead. 
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b. APPROACH: 

( a )  A c o n t r a c t  has  been executed wi th  Aeronutronic,  Divis ion of 
Ford Motor Company, on 11 June 1959 f o r  t h e  engineer ing ,  design and development 
of a d i r e c t  f i r e  guided m i s s i l e  t o  be f i r e d  from t h e  152MM closed  breech gun- 
launcher.  The scope of t h e  c o n t r a c t  wi th  Aeronutronic a l s o  inc ludes  t h e  design 
and development of t h e  guidance and f i r e  c o n t r o l  components, no t  only t o  al low 
f i r i n g  and c o n t r o l l i n g  t h e  guided m i s s i l e ,  b u t  a l s o  t o  al low f i r i n g  t h e  
convent ional  type  ammunition from the  152MM gun-launcher. This  c o n t r a c t  a l s o  
includes t h e  i n s t a l l a t i o n  design t o  mount t h i s  system i n  e x i s t i n g  T95 t u r r e t s  
i n  order  t h a t  they  may be used a s  improvised t e s t  beds t o  al low complete 
development and f i n a l  engineering and use r  t e s t i n g  of t h e  weapons system. 

(b)  The guided m i s s i l e  being developed w i l l  b e  considered t h e  
primary round and i t  w i l l  be capable of de fea t ing  armored t a r g e t s  a t  a l l  ranges 
up t o  2,000 meters ,  wi th  a very  h igh  p r o b a b i l i t y  of a f i r s t  round k i l l .  The 
convent ional  type  HEAT-MP round w i l l  be  considered t h e  secondary an t i - t ank  
round, a s  w e l l  a s  t h e  primary s o f t  t a r g e t  round. It w i l l  be  t h e  primary armor 
de fea t ing  round a t  ranges up t o  800 meters  and t h e  p r i n c i p a l  HE round f o r  d e f e a t  
of s o f t  t a r g e t s  a t  a l l  ranges.  The l e t h a l i t y  of t he  HEAT-MP round i n  de fea t ing  
s o f t  t a r g e t s  w i l l  b e  g r e a t e r  than  e x i s t i n g  tank armament HE type rounds. 

(c)  Concurrent wi th  t h i s  weapon system development, u t i l i z a t i o n  of 
t h i s  system w i l l  b e  i n t e g r a t e d  i n t o  s e p a r a t e  v e h i c l e  p r o j e c t s  c u r r e n t l y  being 
approved, i n  order  t o  supply p i l o t  v e h i c l e  and/or  t u r r e t s  t o  meet s p e c i f i c  
veh icu la r  m a t e r i e l  requirements.  It is c u r r e n t l y  planned t h a t  t h i s  weapons 
system w i l l  be  u t i l i z e d  on t h e  AR/AAV, t h e  New Main B a t t l e  Tank. 

(2) Long-Range 

(a )  The long range requirement is  f o r  a g r e a t l y  r e f i n e d  and 
improved system which inc ludes  c h a r a c t e r i s t i c s  which can no t  be foreseen  a t  
t h i s  t ime and a r e  doub t fu l  of a t ta inment  w i th  p re sen t  technology. This  long 
range period system w i l l  succeed t h e  mid-range system and w i l l  no t  be permit ted 
t o  complicate  o r  de lay  i t s  development. C a p a b i l i t i e s  and c h a r a c t e r i s t i c s  w i l l  
b e  determined a s  development progresses  on t h e  mid-range system and a s  a r e s u l t  
of r e sea rch  and t h e o r e t i c a l  i n v e s t i g a t i o n s .  

(b) F e a s i b i l i t y  s t u d i e s  f o r  t h e  long range system w i l l  b e  i n i t i a t e d  
i n  Fi 60. 

c .  SUB-PROJECTS: 

The fol lowing t a s k  a r e a s  a r e  e s t a b l i s h e d  i n  order  t h a t  development may 
proceed i n  consonance wi th  e s t a b l i s h e d  Ordnance mission assignments.  Tasks A - D 
a r e  under t h e  cognizance of ORDTW on P r o j e c t  TW-413. Task E is under t h e  cogniz- 
ance of ORDTU. 

(1) Design and development and manufacture of p i l c t  models of cannon 
152MM gun-launcher, XM81. F e a s i b i l i t y  s t u d i e s  and development work on t h i s  
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t a s k  were prev ious ly  conducted under DA P r o j e c t  501-04-076, Ordnance P r o j e c t  
NO. TW-411. 

(2) Guided m i s s i l e ,  an t i - t ank :  XM13, f e a s i b i l i t y  s t u d i e s  and develop- 
ment on t h i s  t a s k  was formerly be ing  conducted under DA P r o j e c t  545-07-034, 
Ordnance P r o j e c t  TU1-2051. 

(3) Ca r t r i dge ,  152MM: HEAT-MP, XM409 
Car t r i dge ,  152MM: WP, XM410 
Car t r i dge ,  152MM: P r a c t i c e ,  XM411, f e a s i b i l i t y  s t u d i e s  and pre- 

l iminary  development of a l l  convent iona l  type  ammunition f o r  t h e  152MM gun- 
launcher  was p rev ious ly  conducted under DA P r o j e c t  504-03-040, Ordnance P r o j e c t  
TW-430. 

(4)  Design and development of a l l  components i n  t h e  f i r e  c o n t r o l  system 
s u i t a b l e  f o r  f i r i n g  and guiding t h e  guided m i s s i l e ,  a s  w e l l  a s  f i r h g  t h e  con- 
v e n t i o n a l  type  ammunition. 

(5)  To conduct r e s e a r c h  i n v e s t i g a t i o n s  and l a b o r a t o r y  development of 
t h e  CVWS (long range system). 

d.  FISCAL ESTIMATES: 

T o t a l  
Es t .  -- 

P r i o r  5188 
FY 60" 12310 
FY 61  12425 
FY 62 12915 
FY 63 19900 

Army T&E Other 
R&D Funds Agency Funds 

3029 1500 None 
8890 3420 I I 

9675 2750 11 

4565 8350 I I 

7550 12350 I I 

* 
Funds t o  be  supp l i ed  f o r  gun and ammunition development under P r o j e c t  

Nos. DA 501-04-076 and DA 504-03-041 a r e  inc luded .  

e. OTHER INFORMATION: 

(1) This  p r o j e c t  w i l l  b e  coord ina ted  i n  t h e  f i e l d  by a s i n g l e  Ordnance 
Agency (OTAC). However, assignment of s p e c i f i c  t a s k s  w i l l  be  made t o  a p p r o p r i a t e  
a r s e n a l s  o r  commands i n  accordance w i th  miss ion  r e s p o n s i b i l i t i e s  a s  def ined  i n  
OCO 15-55 through 22-55. 

(2) No b a s i c  r e sea rch  c o n t r a c t s  a r e  contemplated i n  t h i s  program. 

(3) This  p r o j e c t  is  c u r r e n t l y  inc luded  i n  an  i n t e r n a t i o n a l  s t anda rd i -  
z a t i o n  program, T r i p a r t i t e  Category L i s t  1-8-102-2 a s  CVWS (Pentamic). 

(4)  Opera t iona l  A v a i l a b i l i t y  Dates:  

(a )  CVWS (SHILLELAGH) - December 1963 
(b) CVWS (LR) - Cannot be  determined a t  t h i s  t i m e .  

(5) Same o r  r e l a t e d  i t e m s .  No o t h e r  work i n  t h i s  f i e l d  i s  be ing  done by 
e i t h e r  t h e  Navy, A i r  Force,  o r  o t h e r  Army development agenc ies .  

APPENDIX I t o  OTCM 37245 139 

~WCUSSIHED 



APPENDIX C (Cont) UNCLASSIFIED 
f  . BACKGROUND AND PROGRESS : 

(1) Cumulative His tory :  

(a )  The SHILLELAGH Weapon System i s  an outgrowth of t h e  Combat 
Vehicle  Weapon System (Pentomic) and t h e  New Tank Main Armament System. 

(b) The "Pentomic" p r o j e c t ,  approved by OTCM a c t i o n  (36753) i n  
Apr i l  1958, i n i t i a t e d  development f o r  a r a d i c a l l y  improved tank  armament system. 
F i e ld  r e s p o n s i b i l i t y  f o r  t h i s  p r o j e c t  was ass igned  t o  t h e  Ordnance Tank- 
Automotive Command. Technical  r e s p o n s i b i l i t y  of t h e  s tudy  c o n t r a c t s  was 
handled by ARGMA. A working committee, cha i red  by OTAC, was formed t o  eva lua t e  
t he  f e a s i b i l i t y  s t u d i e s  being conducted by Aeronutronic,  Sperry,  Chrysler  and 
G i l f i l l a n .  As  a r e s u l t  of t h i s  eva lua t ion  and S ta f f  d i r e c t i v e ,  c o n t r a c t s  f o r  
con t inua t ion  of e f f o r t  were awarded t o  Sperry and Aeronutronic.  Af te r  a f i n a l  
eva lua t ion  of t h e  two proposed systems by t h e  committee and subsequent reviews 
by OCO and OCRD, S t a f f  approval  f o r  t h e  s e l e c t i o n  of Aeronutronic a s  development 
con t r ac to r  was forwarded on 10 A p r i l  1959. A c o n t r a c t  with Aeronutronic f o r  t he  
development of t h e  m i s s i l e  and guidance equipment was executed on 11 June 1959. 

( c )  F e a s i b i l i t y  s t u d i e s  of t he  convent ional  type  ammunition and 
gun-launcher were i n i t i a t e d  i n  August 1958 and were based on a BRL s tudy  f o r  a 
new concept tank armament system f o r  t h e  main b a t t l e  tank.  The system envisioned 
was a moderate p re s su re ,  l i gh twe igh t ,  l a r g e  c a l i b e r ,  s h o r t  o v e r a l l  l eng th  gun, 
launching a s p i n  s t a b i l i z e d  multi-purpose p r o j e c t i l e .  In  au tho r i z ing  these  
s t u d i e s ,  OCRD i nd ica t ed  t h e  a d d i t i o n a l  requirement t h a t  t h i s  system be capable 
of launching a d i r e c t  f i r e  wingless  (or  fo ld ing  f i n )  guided m i s s i l e .  

(d) During March 1959, by DF from CofOrd t o  CRD, Ordnance advised 
of t h e  f e a s i b i l i t y  of such a system and recommended i n i t i a t i o n  of development of 
t h e  New Tank Main Armament System t h a t  would be  capable of f i r i n g  both guided 
m i s s i l e s  and convent ional  type ammunition. 

( e )  In  June 1959, CRD approved t h e  Ordnance recommendations and 
o f f i c i a l l y  i d e n t i f i e d  t h e  Combat Vehicle  Weapon System ( ~ e n t o m i c )  a s  t h e  
SHILLELAGH Weapon System, which i s  t o  i nco rpora t e  t h e  gun-launcher, t h e  guided 
m i s s i l e ,  convent iona l  ammunition and s u i t a b l e  f i r e  c o n t r o l .  

( f )  By d i r e c t i o n  of t h e  Chief ,  R&D Divis ion ,  Of f i ce ,  Chief of 
Ordnance, i n  June 1959, OCO R&D S t a f f  supe rv i s ion  of t h e  SHILLELAGH m i s s i l e ,  
i n  t h e  Of f i ce ,  Chief of Ordnance was t r a n s f e r r e d  from ORDTU t o  ORDTW, thereby 
i n t e g r a t i n g  t h e  complete system i n  ORDTW. 

(g) On 19 June, ORDTW i n  a l e t t e r  t o  OTAC, reques ted  t h e  
implementation of t h i s  program. 

(2) Discuss ion:  

( a )  De ta i l ed  c h a r a c t e r i s t i c s  f o r  t h e  mid-range weapon system 
(SHILLELAGH) have been approved by the  Dept of Army and were recorded by Read 
f o r  Record OTCM 37039 i n  A p r i l  1959. 
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(b) Discuss ion  and background informat ion  l ead ing  t o  a s p e c i f i c  
m a t e r i e l  requirement f o r  t h e s e  weapon systems a r e  contained i n  DOD AD HOC r e p o r t  
on Armament f o r  Future  Tanks o r  S imi la r  Combat Veh ic l e s ,  da ted  20 January 1958, 
Log No. 58-356. 

g . FUTURE PLANS: 

(1)  It i s  planned t o  u t i l i z e  t h e  mid-range weapon system (SHILLELAGH), 
being developed under t h i s  p r o j e c t ,  on t h e  f u t u r e  Main B a t t l e  Tank and on t h e  
AR/AAV. 

(2) The long range weapon system w i l l  be  c a r r i e d  ou t  a s  a s e p a r a t e  
development from t h e  midrange weapon system. 

h .  REFERENCES : 

(1) CDOG, paragraph 336-B(9, 10)  

(2)  OTCM I t e m  36753, da ted  1 3  Feb 58 (Combat Vehic le  Weapon System) 
(Pentomic) . 

(3) Report of AD HOC Group Advisory Pane l  on Ordnance, Transport  and 
Supply, Of f i ce  of t h e  A s s i s t a n t  Secre ta ry  of Defense, Research and Engineering 
"Armament f o r  Future  Tanks o r  S imi la r  Combat Vehicles",  da t ed  20 January 1958, 
Log No. 58-356. 

(4) Read f o r  Record OTCM 37039, A p r i l  59, recommending 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  Combat Vehicle  Weapon System (SHILLELAGH) mid-range. 

APPENDIX I t o  OTCM 37245 



APPENDIX C (Cont) 

R&D Task Card E (DD Form 613) 
P r o j e c t  No. 545-07-034 

19  Aug 1959 

EXTRACT 

1. Task T i t l e :  

Combat Vehicle  Weapon System (LR) 

19.  This  t a s k  was prev ious ly  included on superseded P r o j e c t  Card 545-07-034, 
dated 26 March 1958. 

20. Requirement and/or  J u s t i f i c a t i o n :  A requirement  e x i s t s  f o r  t h e  long range  
t i m e  per iod  f o r  a  m i s s i l e  type  weapon system f o r  armored combat v e h i c l e  
i n s t a l l a t i o n  and employment which is  capable  of r a p i d l y  engaging a,nd e f f i c i e n t l y  
des t roy ing  a  wide v a r i e t y  of c lo se - in  and d i s t a n t  ground and subsonic  a i r  
t a r g e t s  a t  ranges up t o  5,000 meters w i t h  a n  o p t i o n  of u t i l i z i n g  an atomic war- 
head. The system w i l l  i nc lude  a  c a p a b i l i t y  t o  u t i l i z e  a l e r t i n g  and/or  t a r g e t  
information from t h e  combat s u r v e i l l a n c e  system and t h e  Army A i r  Defense warning 
n e t .  

21. a .  BRIEF: This  system w i l l  be employed on armored combat v e h i c l e s  t o  
engage t a r g e t s  dur ing  t h e  a s s a u l t ,  suppor t ,  p u r s u i t  and e x p l o i t a t i o n  miss ions  by 
armored u n i t s  and combined arms teams. It w i l l  be  t h e  primary o f f e n s i v e  weapon 
t o  e x p l o i t  and counter  t h e  u se  of t e c h n i c a l  mass-destruct ion devices  and f o r  
seeking ou t  and des t roy ing  t h e  enemy mobile o f f e n s i v e  s t r e n g t h ,  t o  i nc lude  low 
a l t i t u d e  subsonic  f l y i n g  elements.  It i s  d e s i r a b l e  t h a t  t h i s  weapon be  capable  
of being armed wi th  a  low y i e l d  atomic warhead. 

b .  APPROACH: Research e f f o r t  and f e a s i b i l i t y  s t u d i e s  w i l l  b e  i n i t i a t e d  
i n  FY 60 t o  i n v e s t i g a t e  p r o f i t a b l e  a r e a s  revea led  dur ing  t h e  s t u d i e s  and 
development of t h e  SHILLELAGH system t o  i nc lude  a  complete t h e o r e t i c a l  a n a l y s i s  
of t h e  e lec t romagnet ic  spectrum t o  determine t h e  u l t i m a t e  p o s s i b i l i t y  of 
ach iev ing  a  homing device .  C a p a b i l i t i e s  and c h a r a c t e r i s t i c s  which cannot be  
c l e a r l y  fo re seen  a t  t h i s  t ime and which may be  d o u b t f u l  of a t ta inment  w i th  
p re sen t  t e c h n i c a l  development w i l l  be determined a s  r e s u l t s  of i n v e s t i g a t i o n  
and r e sea rch  e f f o r t  a r e  r e a l i z e d  on t h i s  t a s k .  
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R&D Task Card D (DD Form 613) 
P r o j e c t  No. 545-07-034 

19  Aug 1959 

EXTRACT 

1. Task T i t l e :  

F i r e  Cont ro l  f o r  SHILLELAGH 

19.  New Task Card 

20. Requirement and/or  J u s t i f i c a t i o n :  A requirement e x i s t s  f o r  f i r e  c o n t r o l  
equipment i nc lud ing  guidance dev ices  t o  a l l ow  launching and c o n t r o l l i n g  t h e  
guided missile a s  w e l l  a s  f i r i n g  t h e  convent iona l  t ype  ammunition being 
developed a s  o t h e r  t a s k s  w i t h i n  t h i s  p r o j e c t .  

21. a .  BRIEF: The o b j e c t i v e  of t h i s  t a s k  i s  t o  develop t h e  guidance and 
c o n t r o l  dev i ce s  r equ i r ed  f o r  t h e  SHILLELAGH system t o  i nc lude  t h e  missile 
t r ack ing  device ,  t h e  computer, t h e  m i s s i l e  t r a n s m i t t e r ,  t h e  s i g h t  b a l l i s t i c  
d r i v e ,  ranging device ,  and o t h e r  misce l laneous  a s s o c i a t e d  equipment. 

b. APPROACH: The components of t h e  f i r e  c o n t r o l  r equ i r ed  f o r  guidance of 
t h e  missile and convent iona l  t ype  rounds w i l l  be  designed,  i f  p o s s i b l e ,  f o r  end 
i t e m  use.  Other components, such a s  t h e  ranging dev ice  and b a l l i s t i c  d r i v e  may 
be  designed f o r  end i t e m  u se  i f  a l r eady  s t anda rd  o r  development components can 
no t  be  used i n  t h e i r  p r e sen t  o r  modified form. The s i g h t  w i l l  n o t  be  designed 
f o r  end i t e m  u se  inasmuch a s  t h i s  would r e q u i r e  t h e  i nco rpo ra t i on  of n i g h t  
f i r i n g  c a p a b i l i t i e s .  It i s  be l i eved  t h a t  t h e  i nco rpo ra t i on  of t h i s  f i r i n g  
c a p a b i l i t y  might s e r i o u s l y  de l ay  t h e  achievement of t h e  primary o b j e c t i v e s  of 
t h e  p r o j e c t .  P lans  have been e s t a b l i s h e d  t o  i n i t i a t e  development of an 
i n t e g r a t e d  s i g h t  a s  p a r t  of a new program c u r r e n t l y  being approved. Close 
coord ina t ion  must be accomplished wi th  t h e  u s e r  dur ing  a l l  phases of t h i s  program. 

c .  SUB-TASKS: Sub-tasks have n o t  been sepa ra t ed ,  inasmuch a s  t h i s  a r e a  i s  
completely under c o n t r a c t  w i t h  Aeronutronic ,  under t h e  t e c h n i c a l  supe rv i s ion  of 
AOMC(ARGMA) wi th  o t h e r  a r s e n a l s  supplying consu l t i ng  s e r v i c e s .  

d. FISCAL ESTIMATES: F i s c a l  e s t ima te s  f o r  t h i s  t a s k  have n o t  been 
separa ted  from t h e  o v e r a l l  p r o j e c t  requirements .  

e. OTHER INFORMATION: 

(1) This  t a s k  w i l l  be  coord ina ted  w i t h  o t h e r  t a s k s  under t h e  complete 
system. Respons ib i l i t y  f o r  development w i l l  b e  ass igned  i n  accordance w i t h  
mission r e s p o n s i b i l i t i e s  a s  def ined  by OCO 15-55 through 22-55. 

(2)  No b a s i c  r e sea rch  c o n t r a c t s  a r e  contemplated i n  accomplishment of 
t h i s  t a sk .  
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(3)  T h i s  t a s k  is  c u r r e n t l y  inc luded  i n  an  i n t e r n a t i o n a l  s t a n d a r d i z a t i o n  
program, T r i p a r t i t e  Category L i s t  1-8-102-2 a s  CVWS (Pentomic).  

(4) Ope ra t i ona l  A v a i l a b i l i t y :  Th is  i t e m  i s  scheduled t o  be  a v a i l a b l e  
t o  t r o o p s  i n  December 1963. 

. BACKGROUND, HISTORY & PROGRESS: See Basic  P r o j e c t  Card. 

g .  FUTURE PLANS: It i s  planned t o  con t i nue  t h e  development of t h e  f i r e  
c o n t r o l  and guidance equipment by Aeronutronic .  I nco rpo ra t i on  of n i g h t  f i r i n g  
c a p a b i l i t y  is  be ing  developed under  a  s e p a r a t e  p r o j e c t .  

h.  REFERENCES: See Basic  P r o j e c t  Card. 
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R&D TASK CARD B(DD Form 613) 
PROJECT NO. 545-07-034 

19  Aug 1959 

EXTRACT 

1. Task T i t l e :  

Guided Miss i l e ,  Armor Defeat ing,  XMl3. 

19.  New t a s k  card 

20. Requirement and/or J u s t i f i c a t i o n :  A requirement  f o r  t h e  development of a 
d i r e c t  f i r e ,  command guided m i s s i l e  f o r  t h e  SHILLELAGH Weapons System. 

21. a .  BRIEF: The o b j e c t i v e  of t h i s  t a s k  is  t o  develop a  d i r e c t  f i r e ,  command 
guided m i s s i l e  incorpora t ing  a  HEAT war-head of s u f f i c i e n t  s i z e  t o  de fea t  t h e  
T r i p a r t i t e  heavy tank t a r g e t s .  It is  intended t h a t  t h i s  guided m i s s i l e  w i l l  be  
t h e  primary an t i - t ank  de fea t ing  c a p a b i l i t y  of t h e  SHILLELAGH m i s s i l e  system and 
w i l l  be  f i r e d  from t h e  152MM gun-launcher i nd ica t ed  a s  a  s e p a r a t e  t a s k  on t h i s  
p r o j e c t .  

b.  APPROACH: A s  a  r e s u l t  of f e a s i b i l i t y  s t u d i e s  by s e v e r a l  c o n t r a c t o r s  
i t  has been determined advantageous t o  develop a  command guided m i s s i l e  i n  o rde r  
t o  achieve  g r e a t e r  f i r s t  round h i t  p r o b a b i l i t i e s ,  p a r t i c u l a r l y  a t  longer  ranges ,  
aga ins t  hard t a r g e t s  which a r e  s i g n i f i c a n t l y  higher  than  those  normally a s soc i -  
a t e d  wi th  gun type  armament systems. 

C .  SUB-TASKS: 

The proposed guided m i s s i l e ,  an t i - t ank  XM13 is  t h e  only t a s k  l i s t e d  
on t h i s  t a s k  card.  

d. FISCAL ESTIMATES: 

F i s c a l  e s t ima te s  a r e  included i n  t hose  l i s t e d  on t h e  b a s i c  p r o j e c t  
card.  

e  . OTHER INFORMATION : 

(1)  The m i s s i l e  propuls ion  w i l l  b e  provided by a  s o l i d  p rope l l an t  
rocke t  motor which w i l l  a c c e l e r a t e  t h e  m i s s i l e  t o  a  peak v e l o c i t y  of approxi- 
mately 1050 f e e t  per  second. It i s  intended t h a t  t h e  m i s s i l e  w i l l  g l i d e  t o  
t h e  t a r g e t  a f t e r  burn-out t o  a  maximum range  of 2,000 meters .  S t a t i c  s t a b i l i t y  
i s  obtained by means of four  f i n s  a t  t h e  r e a r  of t h e  m i s s i l e  which a r e  extended 
a f t e r  t he  m i s s i l e  l eaves  t h e  launcher .  The m i s s i l e  is  s t a b i l i z e d  i n  r o l l  and 
con t ro l l ed  i n  p i t c h  and yaw by a  system of h o t  gas  r e a c t i o n  j e t s  i n  t h e  nose of 
t h e  m i s s i l e .  Hot gas f low is  provided t o  t h e  p i t c h ,  yaw and r o l l  c o n t r o l  j e t s  
by burning a  s o l i d  p r o p e l l a n t  i n  a  gas  gene ra to r .  The m i s s i l e  c a r r i e s  on-board 
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r e c e i v e r s  and e l e c t r o n i c s  wi th  which t o  r e c e i v e  I R  c o n t r o l  s i g n a l s  from t h e  
guidance equipment and t r a n s l a t e  them i n t o  p i t c h ,  yaw and r o l l  c o n t r o l  s i g n a l s  
t o  t h e  h o t  gas  j e t  con t ro l s .  The m i s s i l e  i s  tracked from a modulated I R  
source i n  t h e  base  of t h e  m i s s i l e .  It is  expected t h a t  phys i ca l  c h a r a c t e r i s t i c s  
w i l l  approximate t h e  following: 

Length 42 inches  
Diameter 6  inches 
Gross Weight 45 pounds 
Warhead 12.8 pounds 

S i g n i f i c a n t  changes i n  t h e  phys i ca l  c h a r a c t e r i s t i c s  p a r t i c u l a r l y  changes which 
would inc rease  t h e  weight ,  diameter ,  and l eng th  of t h e  m i s s i l e ,  must be 
immediately coordinated wi th  t h e  use r .  

(2) No b a s i c  r e sea rch  c o n t r a c t s  a r e  contemplated i n  t h i s  program. 

(3) This p r o j e c t  is  c u r r e n t l y  included i n  an  i n t e r n a t i o n a l  s t anda rd i -  
z a t i o n  program, T r i p a r t i t e  Category L i s t  1-8-102-2 a s  CVWS (Pentamic). 

(4) Opera t iona l  a v a i l a b i l i t y  da t e :  The guided m i s s i l e  an t i - t ank ,  XM13 
is  scheduled t o  be a v a i l a b l e  and i n  t h e  hands of t h e  t roops  i n  combination wi th  
o the r  i tems of t h e  SHILLELAGH Weapon System by December 1963. 

f .  BACKGROUND HISTORY AND PROGRESS: 

See Basic  p r o j e c t  card .  

g. FUTURE PLANS: 

It is  planned t o  cont inue  development of t h i s  guided m i s s i l e  under t h e  
t e c h n i c a l  d i r e c t i o n  of AOMC (ARGMA). 

h  . REFERENCES : 

References p e r t i n e n t  t o  t h i s  t a s k  a r e  included on t h e  b a s i c  p r o j e c t  
card.  
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R&D Task Card A 
P ro j ec t  No. 545-07-034 

19 Aug 1959 

EXTRACT 

1. Task T i t l e :  

Cannon, 152MM Gun-Launcher, XM81 (Ser ies )  

19.  New Task 

20. Requirement and/or J u s t i f i c a t i o n :  A requirement e x i s t s  f o r  t h e  develop- 
ment of 152MM gun-launcher capable of f i r i n g  both convent ional  type  ammunition 
and a guided m i s s i l e .  It w i l l  be cha rac t e r i zed  by i t s  l i gh twe igh t ,  s h o r t  l eng th  
and a d a p t a b i l i t y  t o  vehicu lar  i n s t a l l a t i o n  and employment. 

21. a .  BRIEF: 

(1) The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  develop a Gun-Launcher f o r  a 
Tank Main Armament System cha rac t e r i zed  by moderate t o  low p res su re ,  l i gh twe igh t ,  
s h o r t  tube,  small  chamber volume and capable of launching a spin-stabTlized 
chemical energy HEAT s h e l l  having a spin-compensated l i n e r  f o r  t h e  shaped charge. 
The c a l i b e r  of t h i s  armament system i s  t o  be  of s u f f i c i e n t  s i z e  t o  p e n e t r a t e  t h e  
armor of a l l  e x i s t i n g  o r  f u t u r e  enemy heavy tanks and t o  provide adequate  
r e s i d u a l  damage a f t e r  pene t r a t ion  t o  i n s u r e  des t ruc t ion .  

(2) This armament system must s e rve  a s  a launcher  f o r  t h e  d e l i v e r y  of 
d i r e c t  f i r e ,  guided m i s s i l e s ,  a s  a gun t o  d e l i v e r  convent ional  type ammunition. 

b.  APPROACH: 

(1) I n  t h e  p a s t ,  a chemical energy HEAT s h e l l  was considered a s  a 
secondary round i n  a high v e l o c i t y  k i n e t i c  energy system. I n  t h e  proposed 
armament system, s o l e  r e l i a n c e  is  placed on chemical energy f o r  t h e  d e f e a t  of 
armor. Since te rmina l  performance of t h e  shaped charge i s  independent of 
s t r i k i n g  v e l o c i t y ,  t h e  HEAT p r o j e c t i l e  need only be launched a t  a speed c o n s i s t -  
e n t  wi th  good f l i g h t  c h a r a c t e r i s t i c s ,  hence p re s su re  and v e l o c i t y  can be 
r e l a t i v e l y  low when compared t o  c u r r e n t  h igh  v e l o c i t y  k i n e t i c  energy cannon. 
Such a combination of c h a r a c t e r i s t i c s  a l lows t h e  des ign  of a compact, l igh tweight  
gun type  launcher  most adaptab le  t o  v e h i c l e  i n s t a l l a t i o n .  

(2) The new Gun-Launcher w i l l  employ t h e  sepa rab le  chamber breech 
design and w i l l  be  cons t ruc ted  of h igh  phys i ca l ,  cold worked components. The 
breech w i l l  u t i l i z e  a s e l f - s ea l ing  o r  o b t u r a t i n g  device  t o  accommodate com- 
b u s t i b l e  cased ammunition. 

(3 )  Gun-Launcher des ign  w i l l  be  such a s  t o  permit t h e  launching of 
t h e  guided m i s s i l e  c u r r e n t l y  being developed. 

APPENDIX V t o  OTCM 37245 



APPENDIX C (Cont ) 

c .  SUB-TASKS: The proposed Cannon, 152MM Gun-Launcher XM81 S e r i e s  i s  t h e  
only t a s k  l i s t e d  on t h i s  t a s k  card .  

d.  FISCAL ESTIMATES: F i s c a l  e s t ima te s  f o r  t h i s  t a s k  a r e  included on t h e  
b a s i c  p r o j e c t  card .  During FY 60 funds w i l l  be u t i l i z e d  from P r o j e c t  No. 
DA-501-04-076, Ordnance P r o j e c t  TW 411 f o r  t h i s  development work. I n  fol lowing 
yea r s  t h e  funding w i l l  be incorpora ted  i n t o  DA 

e. OTHER INFORMATION: 

(1) Design C h a r a c t e r i s t i c s :  

Proposed c h a r a c t e r i s t i c s  f o r  t h e  

Cal iber  
Bore Length 
P r o j e c t i l e  Travel  
Chamber Volume 
Max. Rated P re s su re  
T o t a l  E s t .  Weight 
Twist of R i f l i n g  

P r o j e c t  No. 545-07-034. 

152MM Gun-Launcher a r e :  

152MM (6.00" Bore) 
1 7 - 5 3  c a l i b e r s  
96 I n s .  
285 cu. In s .  
32,000 p . s . i .  (cu) 
870 l b s .  
l / 43 .6  - RH 

(2)  S c i e n t i f i c  Research -- No b a s i c  r e sea rch  c o n t r a c t s  a r e  contemplated 
i n  t h i s  program. 

(3) Standa rd i za t i on  -- This  t a s k  i s  c u r r e n t l y  included i n  an  i n t e r -  
n a t i o n a l  s t a n d a r d i z a t i o n  program, T r i p a r t i t e  Category L i s t  1-8-102-2 a s  CVWS 
(Pentornic) . 

(4) Engineering Tes t  -- C r i t i c a l  m a t e r i a l s  t o  be  used i n  t h i s  program 
a r e  a l l o y i n g  elements  f o r  h igh  s t r e n g t h  gun steels such a s  chromium, n i c k e l ,  
molybdenum, manganese, e t c .  There i s  no a n t i c i p a t e d  l a c k  of c r i t i c a l  m a t e r i a l s .  

(5) Opera t iona l  A v a i l a b i l i t y  Date -- It i s  es t imated  t h a t  t h e  "New 
Tank Main Armament System'' can be o p e r a t i o n a l l y  a v a i l a b l e  t o  t h e  User, by 
December 1963. 

( 6 )  Same o r  Related Items -- No o t h e r  defense  agenc i e s  a r e  performing 
work i n  t h i s  a r e a .  

f .  BACKGROUND, HISTORY AND PROGRESS: 

(1) Cumulative His tory :  

(a )  I n  A p r i l  1958, t h e  B a l l i s t i c  Research Laboratory a t  Aberdeen 
Proving Ground publ i shed  Technical  Note 1183 (Ref. 1 )  proposing a concept t ank  
armament system u t i l i z i n g  a gun cha rac t e r i zed  by i t s  l a r g e  c a l i b e r  combined 
w i t h  s h o r t  t r a v e l  and moderate p re s su re  t o  provide a l i gh twe igh t  component f o r  
launching a s p i n - s t a b i l i z e d  d u a l  purpose s h e l l  having a spin-compensated l i n e r  
f o r  t h e  shaped charge.  

(b) In  J u l y  
t h a t  a t e c h n i c a l  s tudy  be 

1958, t h e  Chief of Research and Development requested 
conducted t o  determine t h e  p r a c t i c a b i l i t y  of 
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development, and t h e  design parameters f o r  a "New Tank Main Armament System" 
capable of de fea t ing  t h e  h e a v i e s t  known or  p ro j ec t ed  Soviet  t anks  i n  sub- 
s t a n t i a l l y  a l l  a t t a c k  cond i t i ons ,  whether u t i l i z i n g  compound, s p e c i a l  o r  spaced 
armor arrangements. In  a d d i t i o n ,  t h e  system should be capable  of launching 
d i r e c t  f i r e ,  wingless ,  guided m i s s i l e s  f o r  extreme b a t t l e  ranges .  

(c)  Under t h e  d i r e c t i o n  of t h e  Chief of Ordnance, a committee was 
formed of r e p r e s e n t a t i v e s  from BRL, OTAC, P ica t inny  and Waterv l ie t  Arsenals  t o  
conduct t h e  s tudy ou t l i ned  i n  (b) above. The mission was completed i n  January 
1959 and presented t o  S t a f f ,  USCONARC and i n t e r e s t e d  Ordnance agencies  e a r l y  
i n  February. The completed r e p o r t  was publ ished i n  March by Waterv l ie t  
Arsenal (Ref. 5 ) .  

(2) DISCUSSION: 

(a)  Deta i led  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  proposed Gun- 
Launcher w i l l  b e  recorded by f u t u r e  OTCM ac t ion .  

(b) Discussion p e r t i n e n t  t o  t h i s  p r o j e c t  is  contained i n  
Waterv l ie t  Arsenal t e c h n i c a l  r e p o r t ,  "A new Tank Main Armament System" (U) , 
dated March 1959. 

g .  FUTURE PLANS: It is  planned t o  u t i l i z e  t h e  Gun-Launcher developed 
under t h i s  p r o j e c t  i n  f u t u r e  armored combat v e h i c l e s  i n  connection wi th  CVWS 
(SHILLELAGH). 

h .  REFERENCES: 

(1) BRL Tech. Note 1183, "A Concept Armament System f o r  t h e  Main 
B a t t l e  Tank" (U), Apr i l  1958. 

(2) F i l e  0018s-6402, CRDjC-6042, Comment N r .  2, C/R&D t o  Chief of 
Ordnance, Subject :  "Future Tank Product ion,"  da ted  24 J u l y  1958. 

(3) L e t t e r  from OCO (ORDTW) 0018s-8894 t o  Waterv l ie t  Arsenal ,  dated 
12 August 1958. 

(4) 1st Ind t o  0018s-8894, Waterv l ie t  Arsenal t o  OCO (ORDTW), da ted  
22 August 1958. 

(5) Technical  Study, "A New Tank Main Armament System" (U), Waterv l ie t  
Arsenal ,  March 1959. 
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SUBJECT: COMBAT VEHICLE WEAPON SYSTEM (SHILLELAGH) - Reor i en ta t ion  of 
Department of Army P r o j e c t  545-07-034, I n i t i a t i o n  of Develop- 
ment of Gun-Launcher, Amuni t ion  and F i r e  Control;  Continua- 
t i o n  of Development of Guided M i s s i l e ;  I n i t a t i o n  of Research 
on COMBAT VEHICLE WEAPONS SYSTEM (LR) 
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1 7  Aug 1964 

Major General W, B. Bunker 
Deputy Commanding General 
U. S. Army Mate r i e l  Command 
Washington, D. C. 20315 

Dear General Bunker: 

A s  you may know, I submit ted a  l e t t e r  t o  AMC on 7  J u l y  1964 i n  which I 
ou t l i ned  t h e  problems t h a t  e x i s t  between MICOM and WECOM regard ing  t h e  
management of t h e  Sh i l l e l agh  subsystem and recommended t h a t  it be  p r o j e c t i z e d  
a t  t h e  Mis s i l e  Command. I understand t h e  contents  of t h a t  l e t t e r  a r e  
c u r r e n t l y  be ing  s tud ied .  

I would l i k e ,  a t  t h i s  t ime, t o  emphasize my concern and s t rong  convic- 
t i o n s  i n  t h i s  mat te r .  I am convinced t h a t  t h e  cu r r en t  arrangement, which i n  
essence uses  my people a s  a  t e c h n i c a l  management l a b o r  pool ,  is not  working 
and w i l l  n o t  work s a t i s f a c t o r i l y ,  even a s  modified by a  r ecen t  proposal  by 
General Anderson. What I want most i s  t o  be  given t h e  t o t a l  doing job f o r  t h e  
mis s i l e .  My recommendation t h a t  t h e  S h i l l e l a g h  b e  p r o j e c t i z e d  i s  of secondary 
importance, a l though I do f e e l  t h a t  such a c t i o n  would p lace  t h e  whole ma t t e r  
i n  t h e  b e s t  pe r spec t ive  wi th  r e spec t  t o  c l a r i t y ,  s i m p l i c i t y ,  e f f i c i e n c y ,  and 
e f f ec t iveness .  

Recognizing t h a t  my 7  J u l y  l e t t e r  h i t  on ly  t h e  h i g h l i g h t s  of t h e  problem, 
I asked my people t o  put t oge the r  a  p re sen ta t ion  t h a t  would a p p r o p r i a t e l y  
e l a b o r a t e  on t h e  d e t a i l s .  I had i n  mind t h a t  a t  a  proper time it would be  
given a t  AMC. Af t e r  having thought f u r t h e r  on t h i s  s u b j e c t ,  I f e l t  t h a t  i t  
would b e  b e t t e r  t o  present  t h e  content  of t h a t  p re sen ta t ion  i n  w r i t t e n  form 
t o  you f o r  your personal  pe rusa l .  

Your cons ide ra t ion  of my p o s i t i o n  i n  t h i s  ma t t e r  w i l l  be  g r e a t l y  
apprec ia ted .  

S ince re ly  yours ,  

1 I n c l  
a s  

/s/ John G. Z i e rd t  
JOHN G. ZIERDT 
Major General,  USA 
Command i n  g  



WNCUSSIF~ 
MICOM B r i e f i n g  on S h i l l e l a g h  Subsystem 

Gent lemen : 

1. The fundamental problem t h a t  e x i s t s  between t h e  Missile Command and 
the  ~ h e r i d a n l s h i l l e l a g h  P ro jec t  Manager has  a l r eady  been presented.  However, 
it i s  f e l t  t h a t  some e l a b o r a t i o n  i s  appropr i a t e  i n  o r d e r  t h a t  t h e  MICOM view- 
point  i s  thoroughly understood. To accomplish t h i s  I w i l l  p r e sen t ,  f i r s t ,  an 
eva lua t ion  of t h e  cu r r en t  t a s k  o rde r  arrangement; second, a d iscuss ion  of t h e  
new WECOM/Project Manager proposal ;  and, t h i r d ,  an examination of t h e  
commodity command r o l e  i n  r e l a t i o n  t o  p r o j e c t  management. 

2. In  summary, t h e  disadvantages of t h e  cu r r en t  arrangement a r e  
r e f l e c t e d  on t h i s  cha r t .  

3.  A t  t h i s  po in t  i t  i s  be l i eved  t h a t  t h e s e  disadvantages can be placed 
i n  proper pe r spec t ive  by providing a few i l l u s t r a t i o n s .  

4.  Our f i r s t  i l l u s t r a t i o n  involves t h e  a c q u i s i t i o n  of t h e  manufacturing 
f a c i l i t y .  La te  l a s t  summer, MICOM o f f i c i a l l y  submit ted a f a c i l i t y  plan t o  
t h e  P ro j ec t  Manager which, i n  essence,  s t i p u l a t e d  t h a t  t h e  con t r ac to r  would 
fu rn i sh  t h e  r equ i r ed  f a c i l i t y  p l u s  20% of t h e  necessary  c a p i t a l  equipment. 
From t h e  po in t  of having submit ted t h i s  p lan  t o  t h e  P r o j e c t  Manager u n t i l  
mid-July (an e l a p s e  of about t e n  months), t h e  M i s s i l e  Command was n o t  f u r t h e r  
o f f i c i a l l y  involved i n  t h i s  a r ea .  U n o f f i c i a l l y ,  however, w e  understand t h a t  
t he  plan w a s  n o t  considered accep tab le  by t h e  P r o j e c t  Manager. Apparently 
t h e  P ro j ec t  Manager subsequent ly developed and rece ived  approval  of a p lan  
which would u t i l i z e  a government owned f a c i l i t y  a t  Lawndale, Ca l i fo rn i a ;  
he then  submitted a p r o j e c t  reques t  t o  r e h a b i l i t a t e  t h e  Lawndale f a c i l i t y  
and as a r e s u l t  rece ived  approval ,  i n  p r i n c i p l e ,  whereupon program a u t h o r i t y  
i n  t h e  amount of about $679,000 w a s  s e t  a s i d e  f o r  t h e  p r o j e c t .  We f u r t h e r  
understand t h a t ,  because t h e  p r o j e c t  r eques t  d id  n o t  conta in  cos t  v e r i f i c a -  
t i o n  by t h e  Corps of Engineers,  on ly  $25,000 was r e l e a s e d  u n t i l  such  time 
as t h e  v e r i f i c a t i o n  w a s  received.  

5. On 2 1  J u l y  of t h i s  year ,  t h e  M i s s i l e  Command w a s  aga in  o f f i c i a l l y  
brought back i n t o  t h e  a c t .  Our job w a s  t o  work wi th  t h e  Corps of Engineers 
and a l l  o t h e r s  concerned t o  f i n a l i z e  a l l  necessary  p l ans ,  r ece ive  Corps of 
Engineer v e r i f i c a t i o n s ,  o b t a i n  f i n a l  p r o j e c t  approval ,  and t ake  necessary  
implementing ac t ions  i n  such a manner a s  t o  preclude schedule s l i ppages  i f  
at a l l  pos s ib l e .  As t h ings  now s t and ,  we f i n d  ou r se lves  i n  a very  awkward 
and c r i t i c a l  s i t u a t i o n  i n  t h a t  w e  a r e  o b l i g a t e d  t o  t a k e  every a c t i o n  p o s s i b l e  
t o  circumvent t i m e  i n  o r d e r  t o  make t h e  f a c i l i t y  a v a i l a b l e  as nea r  t o  t h e  
scheduled da t e  as i s  poss ib l e .  It appears  t h a t  even under t h e  most o p t i m i s t i c  
condi t ions  t h e  a v a i l a b i l i t y  of t h e  f a c i l i t y  t o  t h e  con t r ac to r  w i l l  s l i p  at 
l e a s t  two months. 
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CHART 1 

DISADVlWTAGES O F  CURRENT SHILLELAGH ARRANGEMENT 

I. PROJECT MANAGER DEVIATES FROM TASK AGREEMENTS. 

11. EFFORT I S  DUPLICATED. 

111. MICOM PERSONNEL CANNOT BE COMPLETELY KNOWLEDGEABLE. 

I V .  S T I F L E S  "SENSE O F  URGENCY" O F  MICOM PEOPLE. 

V. CREATES V O I D S ~ ~  AND TJNNECESSARY DELAYS" WHILE AWAITING 
DECISIONS 
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6. Having very b r i e f l y  presented  t h e  p a r t i c u l a r  i l l u s t r a t i o n ,  I would 

l i k e  t o  r e l a t e  t h e s e  events  t o  t h e  s t a t e d  disadvantages previous ly  shown. 
F i r s t ,  l e t  me emphasize t h a t  we a r e  i n  no way r a i s i n g  t h e  ques t ion  a s  t o  t h e  
p rop r i e ty  of us ing  a  government owned f a c i l i t y  versus  a  c o n t r a c t o r  f a c i l i t y .  
Our b igges t  s i n g l e  po in t  i n  t h i s  i l l u s t r a t i o n  i s  t h a t  t h e  P r o j e c t  Manager 
chose t o  pu t  t h e  M i s s i l e  Command out  of t h e  a c t  l a t e  l a s t  year  and pursue t h e  
matter  h imsel f .  

7.  It is obvious from t h e  example h e r e  t h a t  t h e  P r o j e c t  Manager, t o  one 
degree o r  another ,  dupl ica ted  t h e  c a p a b i l i t y  and s t a f f i n g  of t h e  M i s s i l e  
Command because he  was a b l e  t o  put  personnel  t o  work on t h e  p r o j e c t  i n  t h e  
in te rvening  months. Obviously, t h e  Mis s i l e  Command's people were n o t  kept  
knowledgeable of what t r a n s p i r e d  and when given t h e  job back on 21 J u l y  
found themselves a t  a  cons iderable  disadvantage - inc luding  a  l a c k  of 
documentation t o  back up our  cu r r en t  and f u t u r e  ac t ions .  Although we in t end  
t o  pursue requi red  a c t i o n s  wi th  t h e  g r e a t e s t  of v igo r ,  we must admit t o  
having a  f e e l i n g  of be ing  c a l l e d  upon f o r  t e c h n i c a l  management " labor  pool'' 
s e r v i c e s  because of an emergency which could n o t  be  handled wi th in  t h e  
resources immediately a v a i l a b l e  t o  t h e  P r o j e c t  Manager. This obviously 
a f f e c t s  t h e  morale and sense  of urgency of ou r  people.  F i n a l l y ,  and most 
important,  t h e  de lay  exemplif ied here ,  we f e e l ,  would n o t  have occurred had 
the  Miss i l e  Command been handl ing  the  job cont inuously.  

8. Another i l l u s t r a t i o n ,  c l o s e l y  r e l a t e d  t o  our  prev ious  one, concerns 
i t s e l f  wi th  requi red  reprogramming a c t i o n s  and t h e  l e t t i n g  of t h e  hardware 
cont rac t .  Funds were programmed and approved f o r  hardware and f a c i l i t i e s  
on t h e  b a s i s  of t h e  o r i g i n a l  p lan  submit ted t o  t h e  P r o j e c t  Hanager l a s t  
summer. During t h e  in te rvening  time, when t h e  f a c i l i t y  concept was be ing  
changed, no one took a c t i o n  t o  c o r r e l a t e  w i th  t h i s  endeavor t h e  requirement 
f o r  reprogramming funds based upon u t i l i z a t i o n  of t h e  Lawndale f a c i l i t y .  
U t i l i z a t i o n  of Lawndale has  r e s u l t e d  i n  increased  hardware c o s t s  and a  
reduct ion  i n  f a c i l i t i e s  c o s t s ,  thereby r e q u i r i n g  a  reprogramming ac t ion .  
This a c t i o n  cannot be  completed u n t i l  a l l  f a c i l i t i e s  requirements  ( inc luding  
the  m i s s i l e  f i r i n g  range) a r e  f i n a l i z e d  and costed.  The M i s s i l e  Command 
is p r e s e n t l y  developing t h e  cos t  f o r  t h e  manufacturing and assembly p l a n t s .  
However, we have n o t  been given t h e  r e s p o n s i b i l i t y  f o r  developing t h e  cos t  
of e s t a b l i s h i n g  a  f i r i n g  range. Thus, even having been brought back i n t o  
the  p i c t u r e  on 21 Ju ly ,  we s t i l l  a r e  n o t  doing t h e  t o t a l  job and, consequently,  
we cannot provide t h e  d a t a  necessary  f o r  t h e  reprogramming ac t ion .  

9. The hardware c o n t r a c t  scheduled f o r  execut ion on 1 Sep 64 cannot be  
l e t  u n t i l  a l l  reprogramming a c t i o n  has  been accomplished. Again, s i n c e  we 
a r e  n o t  aware of a l l  of t h e  a c t i o n s  which must n e c e s s a r i l y  precede 
reprogramming, we a r e  unable t o  p r e d i c t ,  a t  t h i s  t ime, a  s p e c i f i c  d a t e  when 
the  hardware con t r ac t  w i l l  be  executed. Ce r t a in ly  t h e r e  w i l l  b e  a  s i g n i f i c a n t  
s l i ppage  from t h e  scheduled da te .  

10. This example v i v i d l y  i l l u s t r a t e s  dup l i ca t ion ,  l a c k  of knowledge, 
and, more s i g n i f i c a n t l y ,  t h e  c r e a t i o n  of a  vo id  which w i l l  cause schedule 
s l ippage.  Again, t h e  M i s s i l e  Command f e e l s  conf ident  t h a t  had we been 
doing t h e  t o t a l  job t h e  system would no t  b e  i n  t h e  t r o u b l e  which i t  cur- 
r e n t l y  f i n d s  i t s e l f  - even w i t h  t h e  r e j e c t i o n  of ou r  i n i t i a l  plan.  
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11. These a r e  bu t  two of  many examples wherein t h e  P r o j e c t  Manager 
u t i l i z e s  t h e  M i s s i l e  Command on an i n t e r m i t t e n t  b a s i s ,  l e av ing  us  with 
the  d i s t i n c t  impression t h a t  we a r e  c a l l e d  upon only  a s  a  t echn ica l  manage- 
ment l a b o r  pool.  Ce r t a in ly  he  i s  no t  u t i l i z i n g  the  i n t e g r a t e d  c a p a b i l i t y  of 
t he  Miss i l e  Command t o  ge t  a  m i s s i l e  job accomplished. 

12.  We, of course,  have pursued t h i s  ma t t e r  w i th  WECOM and the  P ro j ec t  
Manager. These d i scuss ions  have culminated i n  a  proposal  by WECOM and the  
P r o j e c t  Manager. This  proposal  i s  unacceptable  t o  t h e  M i s s i l e  Command. 
Although t h e  new WECOM p lan  would reduce t h e  number of t a s k s  from 70 t o  
10,  t h i s  is  i n  r e a l i t y  only  a  s u p e r f i c i a l  improvement. The more important 
quest ion remains,  "What is t o  be  t h e  a c t u a l  job of t h e  M i s s i l e  Command 
and the  concept of management w i t h  r e spec t  t h e r e t o ? "  E s s e n t i a l l y ,  t h e  l a t e s t  
proposal  does n o t  a l t e r  t h e  previous concept and we have no reason t o  b e l i e v e  
t h a t  we w i l l  b e  used o t h e r  than i n t e r m i t t e n t l y  a s  a  t e c h n i c a l  management 
l a b o r  pool. Our reasoning is a s  fol lows:  

a.  Although t h e  proposal  pu rpor t s  t o  g ive  us  t h e  P&P and SbM 
mission a c t i v i t i e s ,  we, i n  f a c t ,  f i n d  t h a t  t h i s  cannot be  s o  because, i n  
essence,  t h e  P r o j e c t  Manager would r e t a i n  d i r e c t  c o n t r o l  over  t h e  cont rac tor -  
both gene ra l ly  and on s i t e  a t  t h e  p l a n t .  The proposa l ,  however, i s  vague 
i n  t h a t  i t  recognizes  t h a t  MICOM can g ive  c e r t a i n  undefined d i r e c t i o n  t o  t h e  
con t r ac to r  i n  o r d e r  t o  accomplish i t s  ass igned  suppor t ing  a c t i v i t i e s ,  bu t  
under r e s t r i c t i o n s  so severe  t h a t  we a r e  a t  a  l o s s  t o  understand what 
d i r e c t i o n s  we may give.  In  p r i n c i p l e ,  t h e  c o n t r a c t o r  may be  d i r e c t e d  by 
two o r  more sources.  It is our  considered opin ion  t h a t  sound p r a c t i c e s  of 
procurement r e q u i r e  t h a t  t h e r e  b e  a  s i n g l e  f o c a l  po in t  f o r  d i r e c t i n g  a  
con t r ac to r .  This  is n o t  meant t o  imply t h a t  t h e  P r o j e c t  Manager could give 
no d i r e c t i o n  t o  t h e  con t r ac to r .  To t h e  con t r a ry ,  he  could g ive  any d i r e c t i o n  
des i r ed  b u t  normally through t h e  M i s s i l e  Command a s  h i s  managing agent .  In  
f a c t ,  a t  a r ecen t  meeting between General Z ie rd t  and Aeronutronics,  M r .  
Lawson, t h e  top  execut ive  of Aeronutronics,  "urged t h a t  somebody be  i n  charge ." 
The u l t ima te  t e s t  which, i n  r e a l i t y ,  determines who d i r e c t s  t h e  con t r ac to r  i s  
t h e  source of t h e  funds. Since funds would go d i r e c t  from t h e  P r o j e c t  
Manager t o  t h e  procuring agency and thus  t o  t h e  c o n t r a c t o r ,  i t  is obvious 
t h a t  t h e  con t r ac to r  would n o t  consider  t h e  M i s s i l e  Command a s  being i n  charge. 

b. With r e spec t  t o  funds ,  t h e  P r o j e c t  Manager must unquestionably 
con t ro l  t h e s e  a long  w i t h  a s soc i a t ed  program a u t h o r i t y .  The new proposal  
would l eave  i t  as i t  has  been i n  t h e  p a s t ,  i . e . ,  t h a t  each a c t i o n ,  except 
MICOM in-house work, would go back t o  t h e  P r o j e c t  Manager f o r  i s suance  of 
funds and program au tho r i ty .  This  command s t r o n g l y  urges a  r e l a t i o n s h i p  
similar t o  t h a t  w i t h  major con t r ac to r s  who c o n t r o l  funds and a u t h o r i t y  f o r  
sub-contractors .  This  could be  accomplished under whatever c o n t r o l s  t h e  
P ro j ec t  Manager needs. 

c .  The WECOM proposa l  s p e c i f i e s  t h a t  t h e  M i s s i l e  Command w i l l  
have r e s p o n s i b i l i t y  f o r  a l l  P&P and S&M mission a c t i v i t i e s .  It a l s o  
s p e c i f i e s  t h a t  t h e  mission of t h e  P r o j e c t  Manager's M i s s i l e  Engineering 
Divis ion,  l o c a t e d  a t  Redstone Arsenal,  would execute  t hose  func t ions  
s p e c i f i e d  in an attachment.  The func t ion  of t h a t  Div is ion  a s  w r i t t e n  
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i nc ludes  "plan, d i r e c t ,  eva lua t e ,  and/or  execute t h e  e n t i r e  engineer ing  
processes  r equ i r ed  t o  develop, produce, and maintain t h e  S h i l l e l a g h  m i s s i l e  
system." This ,  of course,  i nc ludes  a l l  product ion and maintenance engineering,  
which t h e o r e t i c a l l y  would be given t o  t h e  M i s s i l e  Command a s  a  p a r t  of t h e  P&P 
and S&M a c t i v i t i e s ,  t h u s  t h e  proposal  c o n f l i c t s  w i t h  i t s e l f  and does n o t  
i n d i c a t e  anything o t h e r  than a  cont inua t ion  of t h e  undesiicable s i t u a t i o n  we 
have a l r eady  s u b s t a n t i a l l y  i l l u s t r a t e d .  

d. I f  t h e  Mis s i l e  Command is t o  be  used t o  b e s t  advantage, we f e e l  
s t rong ly  t h a t  we should be  given t h e  t o t a l  m i s s i l e  job t o  do inc luding  t h e  
development engineering.  Ce r t a in ly  t h e r e  w i l l  be  continued development e f f o r t  
exe r t ed  - f o r  example - t h e  extended range vers ion .  These development e f f o r t s  
w i l l  have t o  be meshed i n  an e f f e c t i v e  manner w i th  t h e  product ion and f i e l d  
support  a s p e c t s  of t h e  cu r r en t  mi s s i l e .  Concurrency i n  t h i s  dimension w i l l  
involve f a c t o r s  which r e q u i r e  a c t i v e  p a r t i c i p a t i o n  and t imely  coordinat ion of 
many people wi th  many d i f f e r e n t  skills involved i n  many d i f f e r e n t  a r eas .  
This r e q u i r e s  a  w e l l  organized,  experienced,  and t e s t e d  team which has  
demonstrated a  c a p a b i l i t y  of working i n  unison t o  ge t  a  job done  effectively - 
i n  s h o r t  - t h e  Missile Command. 

13.  Poss ib ly  t h e  va r ious  f a c t o r s  which have been d iscussed  up t o  t h i s  
po in t  may b e  summarized g raph ica l ly .  

CHART #2 

14. This c h a r t  d e p i c t s  g raph ica l ly  t h e  management i n t e r f a c e s  which cur- 
r e n t l y  e x i s t  wi th  r e spec t  t o  t h e  m i s s i l e .  It is  noted t h a t  t h e  ope ra t ions  
a r e  d iv ided  and r e q u i r e  numerous h o r i z o n t a l  i n t e r f a c e s  between t h e  r e spec t ive  
o p e r a t i o n a l  groups. Such i n t e r f a c e s  r e q u i r e  l e a r n i n g ,  n e c e s s i t a t e  ex t ens ive  
communication, consume time, cause de lays ,  s u b j e c t  t h e  p a r t i e s  concerned t o  
misunderstandings, and r e q u i r e  a circumventing of normal i n t e r n a l  o rgan iza t iona l  
i n t e r p l a y .  Of course,  t h e s e  h o r i z o n t a l  i n t e r f a c e s  a r e  i n  a d d i t i o n  t o  t h e  normal 
v e r t i c a l  i n t e r f a c i n g .  

15 .  The con t r ac to r  is  i n  t h e  con'fusing p o s i t i o n  o f  r ece iv ing  d i r e c t i o n  
from two sources.  The ques t ion  mark i n d i c a t e s  a  l a c k  of understanding on t h e  
p a r t  of a l l  concerned a s  t o  s p e c i f i c a l l y  who g ives  what d i r e c t i o n .  

16. It is  t h e  Miss i l e  Command's b e l i e f  t h a t  a  s t r o n g e r  and more e f f e c t i v e  
t o t a l  s t r u c t u r e  would evolve i f  we would e l i m i n a t e  t h e  numerous h o r i z o n t a l  
i n t e r f a c e  requirements between two m i s s i l e  ope ra t iona l  groups and provide a  
s i n g l e  f o c a l  po in t  f o r  d i r e c t i n g  t h e  c o n t r a c t o r  a c t i v i t i e s .  

CHART #3 

17. This next  c h a r t  i l l u s t r a t e s  t h i s  d e s i r e d  s i t u a t i o n .  One could 
contend t h a t  even though we merged t h e  two ope ra t ions ,  h o r i z o n t a l  i n t e r f a c i n g  
would s t i l l  b e  requi red .  In  one sense  t h i s  is  t r u e .  However, t h e  b a s i c  
theory  of organiz ing  t o  ge t  a  job done recognizes  t h a t  t h e  o b j e c t  of any 
o rgan iza t iona l  system is  t o  provide a  framework of s t r u c t u r e ,  procedures,  and 
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communication i n t e g r a t e d  i n  such a f a sh ion  t h a t  i n d i v i d u a l s  involved,  a f t e r  
gaining experience,  respond t o  t h e  system so  spontaneously t h a t  when viewed 
a s  a  whole one s e e s  on ly  t h e  e f f i c i e n t  func t ioning  of  a  s o p h i s t i c a t e d  machine. 
In t h i s  sense ,  i n t e r f a c i n g ,  a s  such, i s  e l imina ted  and t h e  team, based upon 
t h e  experience of having worked toge the r  i n  a  d i s c i p l i n e d  manner, t ends  t o  
au tomat ica l ly  respond i n  an i n t e g r a t e d  fash ion  t o  a l l  requirements  a t  t h e  
r i g h t  t ime and i n  t he  r i g h t  fash ion .  The M i s s i l e  Command f e e l s  t h a t  it h a s  
such a  team e x p e r t l y  o r i e n t e d  i n  t h e  m i s s i l e  bus ines s  and t h a t  f a i l u r e  t o  
u t i l i z e  i t s  t o t a l  ' i n t eg ra t ed  c a p a b i l i t y  r ende r s  t h i s  command's e f f e c t i v e n e s s  
much l e s s  than  could b e  r e a l i z e d .  

18. I should l i k e  now t o  broadly  examine t h e  method of ope ra t ion  wi th in  
t h e  Army Mate r i e l  Command a s  i t  r e l a t e s  t o  t h e  r e s p e c t i v e  r o l e s  of t h e  P r o j e c t  
Manager and t h e  major subord ina te  commands. We f e e l  t h a t  no one apprec i a t e s  
t h e  concept of p r o j e c t  management more than does t h e  M i s s i l e  Command. It i s  
w e l l  e s t a b l i s h e d  t h a t  a s  i t  r e l a t e s  t o  h i s  p r o j e c t ,  t h e  p r o j e c t  manager i s  
s o l e l y  r e spons ib l e  f o r  h i s  system and t h a t  h e  e x e r c i s e s  f u l l - l i n e  a u t h o r i t y  
i n  a l l  planning,  d i r e c t i o n ,  and con t ro l  of t h e  p r o j e c t  and a s soc i a t ed  resources .  
The primary ques t ion  is ,  "How does t h e  P r o j e c t  Manager u s e  t h e  major sub- 
o r d i n a t e  commands t o  accomplish h i s  t o t a l  job?" We a r e  c e r t a i n  t h a t  he can 
completely c o n t r o l  h i s  p r o j e c t  and, a t  t h e  same time, e f f e c t i v e l y  u t i l i z e  t h e  
major subord ina te  commands i n  accordance wi th  t h e i r  ass igned  miss ions .  
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19. This  c h a r t  d e p i c t s  t h e  mission of t h e  M i s s i l e  Command. Mission 81 
s p e c i f i c a l l y  expresses  coverage and ex ten t  of  t h e  mission.  Mission 63, shown 
a t  t h e  bottom of t h e  c h a r t ,  we f e e l  e f f e c t i v e l y  s p e c i f i e s  t h e  command's r o l e  
f o r  commodities t h a t  a r e  p r o j e c t  managed. This  mission s tatement  g ives  u s  
t h e  t o t a l  job t o  do on t h e  S h i l l e l a g h  subsystem and, a t  t h e  same t ime,  p l aces  
t h e  performance of t h a t  job i n  context  by spec i fy ing  t h a t  it is in support  
of t h e  P r o j e c t  Manager and under h i s  d i r e c t  a u t h o r i t y .  

20. We recognize t h i s  approach i n  t h e  case  of t h e  p r o j e c t  managed 
systems t h a t  a r e  l oca t ed  a t  t h e  Mis s i l e  Command. This  next  c h a r t  i l l u s t r a t e s  
t h i s .  

21. In  t h e  Pershing system, t h e  warhead is  assigned t o  MUCOM, t h e  
v e h i c l e  t o  MOCOM, t h e  communications pack t o  t h e  E lec t ron ic s  Command. A 
s i m i l a r  s i t u a t i o n  e x i s t s  f o r  Hawk and f o r  a l l  of ou r  o t h e r  systems which 
r e q u i r e  performance by o t h e r  than t h e  P r o j e c t  Manager/MICOM. In  a l l  of t h e s e  
cases  t h e  t o t a l  job is  given t o  t h e s e  commands. Under such an arrangement, 
each of t h e  commodity commands is a b l e  t o  perform t h e  assigned c o m o d i t y  
mission by b r ing ing  t o  bea r  t h e  t o t a l  resources  of t h e  command i n  an i n t e -  
g ra t ed  e f f o r t  a s  requi red  t o  accomplish t h e  job,  b u t  under t h e  d i r e c t i o n  and 
c o n t r o l  of t h e  p r o j e c t  manager. To remove t h e  o v e r a l l  management of  t h e  
commodity from t h a t  aommodity command would n o t  on ly  weaken i t s  t e c h n i c a l  
c a p a b i l i t y ,  b u t ,  i f  c a r r i e d  t o  t h e  extreme, would des t roy  t h e  AMC 
commodity commands. 
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M I S S I O N  O F  THE U.  S .  ARMY M I S S I L E  COMMAND 

I. EXERCISE INTEGRATED COMMODITY MANAGEMENT O F  M I S S I L E S  AND ROCKETS AND 
OTHER ASSOCIATED EQUIPMENT, INCLUDING: 

A. DESIGN AND DEVELOPMENT. 

B . ENGINEERING. 

C. PROCUREMENT AND PRODUCTION. 

D . CATALOGING AND STANDARDIZATION. 

E .  INVENTORY MANAGEMENT, SUPPLY CONTROL, AND ASSIGNED STOCK CONTROL. 

F. NEW EQUIPMENT TRAINING,  TRAINING DEVICES,  AND TECHNICAL ASSISTANCE. 

11. CONDUCT OR MANAGE B A S I C  AND A P P L I E D  RESEARCH. 

111. EXECUTE ASSIGNED M I S S I O N S  I N  SUPPORT O F  OTHER AMC ELEMENTS HAVING 
PROJECT MANAGEMENT OR COMMODITY MANAGEMENT R E S P O N S I B I L I T Y  FOR S P E C I F I C  
WEAPON SYSTEMS OR ITEMS. 



SYSTEM 

PERSHING 
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U S E  O F  OTHER COMMODITY COMMANDS 
BY - 

COMPONENTS 

WARHEAD 
TRACKED V E H I C L E  
COMMUNICATIONS PACK 

R E S P O N S I B L E  
COMMAND 

MUCOM 
MOCOM 
E COM 

HAWK WARHEAD 
LOADER 

MUCOM 
MOCOM 



22. A s  it r e l a t e s  t o  t h e  warhead f o r  t h e  Sh i l l e l agh  subsystem, w e  under- 
s t and  t h a t  MUCOM, i n  e f f e c t ,  has  t h e  t o t a l  job t o  do - working, of  course,  
under t h e  d i r e c t i o n  of t h e  P ro j ec t  Manager. We f a i l  t o  see why t h e  m i s s i l e  
i t s e l f  should be  handled any d i f f e r e n t l y .  

23. Another analogy can b e  made. The P r o j e c t  Nanager f o r  A i r c r a f t  
Armament, working ou t  [of ]  AMC HQ, has  def ined  h i s  system by components and 
assigned t o t a l  r e s p o n s i b i l i t y  f o r  t hose  components t o  t h e  app ropr i a t e  commodity 
sub commands whi le  r e t a i n i n g  o v e r a l l  d i r e c t  ion ,  c o n t r o l ,  and system i n t e g r a t i o n .  
In  t h i s  case ,  t h e  Missile Command has  been ass igned  t h e  job f o r  t h e  XM3 and 
XM22 m i s s i l e  subsystems. 

CHART #6 

24. This  cha r t  d e p i c t s ,  i n  p r i n c i p l e ,  t h e  method of management used by 
t h e  A i r c r a f t  Armament P r o j e c t  Manager (with IIOCOM supplying the  v e h i c l e ) .  
I t a l s o  r ep re sen t s  t h e  method w e  would l i k e  t o  s e e  t h e  ~ h e r i d a n / ~ h i l l e l a g h  
P ro jec t  Manager adopt - giv ing  t h e  m i s s i l e  job t o  MICOM w i t h  c o n t r o l  over  
t h e  c o n t r a c t o r  and necessary  resources .  Actua l ly  t h e  sher idan/  S h i l l e l a g h  
P r o j e c t  Manager opera ted  gene ra l ly  i n  t h i s  f a sh ion  when he  was a  p a r t  of 
AMC HQ. The reason f o r  changing a f t e r  t r a n s f e r  t o  WECOM i s  n o t  apparent ,  
p a r t i c u l a r l y  s i n c e  MICOM w a s  no t  contacted i n  any way a t  t h e  t ime of dec is ion .  

25. I n  summary, t h e  primary concern of t h e  Missile Command i s  t h a t  t h e  
t o t a l  doing job f o r  Sh i l l e l agh  is  be ing  withheld.  Our s t r o n g  b e l i e f ,  d e s i r e ,  
hope, and p l e a  is  t h a t  t h i s  t o t a l  doing job be  given t o  t h e  M i s s i l e  Command. 

26. For whom we do t h e  job is  of secondary importance, Ce r t a in ly  w e  
have no i n h i b i t i o n s  f o r  accomplishing t h i s  t o t a l  job f o r  t h e  sher idan/  
Sh i l l e l agh  P r o j e c t  Manager. A t  t h e  t ime t h i s  ma t t e r  w a s  brought t o  t h e  
a t t e n t i o n  of A X ,  i t  was deemed appropr i a t e ,  from a t h e o r e t i c a l  viewpoint,  
t o  reques t  t h a t  t h e  S h i l l e l a g h  b e  p r o j e c t i z e d  i n  i t s  own r i g h t  a t  t h e  
M i s s i l e  Command. The l o g i c  f o r  t h i s  is  a s  fol lows:  

a .  The S h i l l e l a g h  w i l l  b e  used f o r  m u l t i p l e  a p p l i c a t i o n s .  Already 
i t  has  been s e l e c t e d  f o r  two a p p l i c a t i o n s  and i t  is  a candida te  t o  be used on 
two a d d i t i o n a l  modes (Direc t  Support and A i r c r a f t  Armament). It appears  t o  
t h e  Miss i l e  Command t h a t  under such m u l t i p l e  a p p l i c a t i o n s  t h e  p r o j e c t i z a t i o n  
of S h i l l e l a g h  as such would permit t h e  most o b j e c t i v e  response t o  all 
concerned. Admittedly t h e  two uses  t hus  f a r  approved involve  WECOM v e h i c l e s ,  
WECOM imp l i e s  t h a t  s i n c e  they  have both v e h i c l e s  t h e r e  a r e  no new o u t s i d e  
f a c t o r s  which should cause a d d i t i o n a l  cons idera t ion  t o  be  given t o  p l ac ing  
Sh i l l e l agh  a t  t h e  Miss i l e  Command. Under e x i s t i n g  condit ions,  i n t e r f a c e s  must 
be  accomplished between t h e  Sheridan/ S h i l l e l a g h  P r o j e c t  Manager and t h e  Main 
Battle Tank P r o j e c t  Manager. This ,  in essence,  s p e c i f i e s  t h a t  t h e  sher idan/  
S h i l l e l a g h  P r o j e c t  Manager, e s t a b l i s h e d  f o r  t h e  purpose of managing t h e  
S h e r i d a n / ~ h i l l e l a g h  Systems, must now d i v e r t  some of h i s  ene rg i e s  t o  t h e  
i n t e r f a c e  problems a s soc i a t ed  wi th  t h e  Main B a t t l e  Tank - which i n  i t s e l f  i s  
p ro j ec t i zed .  This  seems t o  be an unnecessar i ly  awkward s i t u a t i o n  when a 
much more s t r a i g h t  forward s t r u c t u r e  could be evolved wi th  t h e  Miss i l e  Command 
doing t h e  m i s s i l e  job, responding t o  t h e  requirements of each P r o j e c t  Manager 
who, of course,  would have c o n t r o l  over  i n t e r f a c e s .  

Inc losure  t o  Appendix D 162 .-. 





b.  Continuation of t h e  current  arrangement seems t o  set t h e  s tage  
f o r  continued fragmentation of the  miss i l e  mission i n  terms of t h e  "conrmodity 
command concept. " This becomes ser ious  when w e  recognize t h a t  a l l  indica t ions  
point  toward a reduction i n  the  number of types of miss i l e  systems and t o t a l  
associated do l l a r s .  Under these  condit ions,  it would seem tha t  t h e  s t rength  
of t h e  Missile Cormnand can be sustained only by giving it  r e s p o n s i b i l i t y  f o r  
a l l  miss i l e  a c t i v i t y .  

27. In  conclusion, w e  request ,  f i r s t ,  t h a t  the  Miss i le  Command be given 
the t o t a l  doing job, and, secondly, t h a t  the  Shi l le lagh be projec t ized i n  i ts  
own r i g h t  a t  t h e  Missile Command. 

Inclosure t o  Appendix D 



APPENDIX E 
(U) SHILLELAGH Development Test F i r i n g  ~ a t a *  

(Standard Range) 
Apr i l  1961 - October 1964 

FIRING FAILURE RANGE TO 
NO DATE OPERATION OBJECTIVE SCORE AREA FIRST TARGET 

20 Apr 6 1  

3 May 61  

1 0  May 6 1  

24 May 61 

21 Jul 61 

4 Aug 61 

29 Aug 6 1  

7 Sep 61  

15  Sep 61 

22 Sep 6 1  

29 Sep 61 

6 Oct 61 

20 Oct 61 

26 O c t  61  

F l i g h t  Control 

Microphonic Noise Level 

In f r a red  Transmission 

In f ra red  Transmission 

Command E lec t ron ic s  

Command E lec t ron ic s  

Command E lec t ron ic s  

Command E lec t ron ic s  

CQmmand E lec t ron ic s  

IDS F l i g h t  Control  

IDS F l i g h t  Control 

Guidance 

Guidance 

Success 

Success 

Success 

Success 

F a i l u r e  

Success 

Success 

Success 

Qua l i f i ed  
Success 

F a i l u r e  

Qua l i f i ed  
Success 

Qua l i f i ed  
Success 

F a i l u r e  

F a i l u r e  

Rocket Motor 

Rol l  Gyro 

Mis f i r e  - on-board 
f i r i n g  c i r c u i t r y  

P i t c h  Gyro 

Caged 
Yaw-Roll-Gyro 

P i t c h  Gyro 



2  4  2 3  Feb 62 ' 

25 7  Mar 62 

26 2 1  Mar 62 

2  7  2 3  Mar 62 

2  8  30 Mar 62 

APPENDIX E  (CONT'D) 
FIRING TEST FAILURE RANGE TO 

NO DATE OPERAT ION OBJECTIVE SCORE AREA FIRST TARGET 

1 5  3  Nov 6 1  CL-5 Guidance F a i l u r e  Smoke N /  A 

1 6  1 6  Nov 6 1  CL-6 Guidance F a i l u r e  Tracker  N /  A  

1 7  2 2 N o v 6 1  CL-7 Guidance Success  N/  A 

1 8  1 Dec 6 1  CL-8 Guidance F a i l u r e  M i s f i r e - B a t t e r i e s  N/A 

19 6 D e c 6 1  CL-8A Guidance F a i l u r e  Noise  i n  Rece iver  N / A  

2  0  1 4  Dec 6 1  CL-9 Guidance Q u a l i f i e d  S t r u c k  Guy Wire N/A 
Success  

2 1  1 2  J a n  62 TC-1 Tank Launch Mode Success  N/A 

P 
m 22 30 Jan  62 PE-1 P r o p e l l a n t  C o m p a t i b i l i t y  2.74 M High 1520 Meters 
m . O  M Yaw 'II 

2  3  13 Feb 62 PE-2 P r o p e l l a n t  C o m p a t i b i l i t y  F a i l u r e  Plume Meter w i t h  N/A 
Track ing  L ink  

' PE- 3  P r o p e l l a n t  C o m p a t i b i l i t y  .9  M Low 
.9 M Right  

PE-4 P r o p e l l a n t  C o m p a t i b i l i t y  . 5  M Low 
.08  M L e f t  

PE-5 P r o p e l l a n t  C o m p a t i b i l i t y  . 5  M Low 
.05 M L e f t  

PE-6 P r o p e l l a n t  C o m p a t i b i l i t y  . 3  M High 
.15 M Right  

PE- 7  P r o p e l l a n t  C o m p a t i b i l i t y  . 7  M High 
. 8  M Righ t  

1520 Meters 

1520 Meters 

1520 Meters 

1520 Meters 

1520 Meters 



APPENDIX E (CONT'D) 
FIRING TEST FAILURE RANGE TO 

NO DATE OPERAT I O N  OBJECTIVE S CORE AREA FIRST TARGET 

24 Apr 62 

2 May 62 

9 May 62 

1 0  May 62 

1 6  May 62 

2 3  May 62 

12 Jun  62 

1 4  Jun  62 

6 Jul 62 

20 J u l  62 

3 Aug 62 

1 0  Aug 62 

1 5  Aug 62 

PET-8 

ML- 1 

ML-2 

ML-3 

ML-4 

ML-5 

LV- 1 

ML- 6 

VT-1 

SR- 1 

SR-2 

Ec-1/ 
ST-1 

ST-2/ 
VT-2 

P r o p e l l a n t  C o m p a t i b i l i t y  . 7  M High 
. 5  M High 

1520 Meters 

Moving Targe t  .41  M High 
.36 M Right  

980 Meters 
27 MPH 

Moving Target  F a i l u r e  Tracker  Zoom 
Mechanism 

2000 Meters 
26 MPH 

P 

. 8  1 M Low 

.94 M L e f t  
Moving T a r g e t  

1000 Meters 
30 MFH 

Moving Targe t  .05 M Low 
.25 M Right 

Moving Targe t  

Dust 

F a i l u r e  Opera to r  

.2  M High 

. 3 8  M Right 
1950 Meters 

Moving Targe t  1 .45  M High 
.81 M L e f t  

2000 Meters 
30 MFH 

F a i l u r e  A u t o p i l o t  T r a n s p o r t a t  i o n  

Sun Angle-Receiver 

Sun Angle-Receiver 

F a i l u r e  Gas Gen Ign 

2000 Meters . O  M E lev  
.002 M Right  

Sun Angle Tracker1  
H Temp 

F a i l u r e  Missile Not 
Captured 

Sun Angle Tracker1  
Trans  

F a i l u r e  P i t c h  Control  



APPENDIX E (CONT'D) 
FIRING TEST FAILURE RANGE TO 

NO DATE OPERATION OBJECTIVE SCORE AREA FIRST TARGET 

.46M High 

.04M Right 

. 43  M High 

.08 M Right 

.002 M High 

. O  M Yaw 

F a i l u r e  

1000 Meters 

2000 Meters 

1000 Meters 

One F in  Did Not 

17 Oct 62 

19 Oct 62 

29 Nov 62 

6 Dec 62 

29 Dec 62 

3 Feb 63  

6 Feb 63 

11 Mar 63 

1 4  Mar 63  

16 Mar 63 

16 Mar 63 

1 3  Sep 63  

EC-2 

AR-I/ 
MVT-3 

AT- 1 

AT-2 

AT- 3 

AT-4 

AT-5 

AT-6 

AT- 7 

AT-8 

AT-9 

EC-3 

Low Temperature 

~ccuracy/Moving 
Vehicle  Transpor ta t  ion 

A r c t i c  T e s t  of Operab i l i t y  
of Command Link 

A r c t i c  Test of  Operab i l i t y  
of Command Link Erect  

Yaw Transmi t te r  A r c t i c  Test of Operab i l i t y  
of Command Link 

F a i l u r e  

A r c t i c  Test  of Operab i l i t y  
of Command Link 

F a i l u r e  At tenuat ion  
of S igna l  

1000 Meters 

1000 Meters 

A r c t i c  Test of  Operab i l i t y  
of  Command Link 

F a i l  ure  Attenuat ion 
of S igna l  

A r c t i c  Test  of Operab i l i t y  
of Comand Link 

.15 M Right 

.61  M High 

.05 M Right 

. O  M Elev. 
A r c t i c  Test of Operab i l i t y  
of Command Link 

2000 Meters 

A r c t i c  Test  of Operab i l i t y  
of Command Link 

Success SMU-10 1 
No Target 

A r c t i c  Test  of Operab i l i t y  
of Command Link 

.05 M Right 

.76 M Low 
2000 Meters 

High Temperature .09 M Right 
.O M Elev. 

2000 Meters 



APPENDIX E (CONT I D) 
FIRING TEST FAILURE RANGE TO 

NO DATE OPERATION OBJECTIVE SCORE AREA FIRST TARGET 

2 1  Sep 6 3  

3 Oct 6 3  

9 Oct 6 3  

22 Oct 6 3  

23 Oct 6 3  

25 Oct 6 3  

5 Nov 63 

1 2  Nov 6 3  

20 Nov 6 3  

26 Nov 6 3  

4 Dec 6 3  

11 Dec 6 3  

1 8  Dec 6 3  

DP-1 

EC-4 

DP-21 
HL-1 

WC-1 

WC-2 

WC- 3 

DP-31 
ML-1 

DP- 4 1 
ML- 2 

TS-1 

TS-2 

CA- 1 

WG- 1 

PL- 1 

D e s i g n  Proof 

High Temperature 

Design Proof E l e v a t e d  L i n e  
of S i g h t  

Warhead 

Warhead 

Warhead 

C o m p a t i b i l i t y  

Cornpat i b i l i t y  

C o m p a t i b i l i t y  

Design Proof Moving 
L i n e  o f  S i g h t  

Design Proof Moving 
L ine  of S i g h t  

F ixed  T a r g e t  Tank 
S i l h o u e t t e  

Moving Tank S i l h o u e t t e  

Canted Tank 

Gus t ing  Wind 

Programmed Slewing Rate  

.36 M Righ t  

. O  M Elev.  

.38  M L e f t  

. 1 8  M High 

.25 M o r  LOS 
of 2000 Meters 

.15 M Right  
- 5 0  High 

.07 M Righ t  

.50 M High 

. 3 8  M Righ t  

.50 M High 

- 3 0  M L e f t  
.50 M High 

.07 M Low 

. 3 1  M Right  

.13  M High 

.07 M Right  

No Fixed 

. 5 3  M High 

. 1 3  M L e f t  

.10 M High 
- 0 5  M Right  

No Targe t  

2000 Meters 

2000 Meters  

No Targe t  

2000 Meters  

2000 Meters 

257 Meters 

2000 Meters 

2000 Meters  

2000 Meters  

2000 Meters  

2000 Meters  

2000 Meters  

N/A 



APPENDIX E (CONT'D) 
FIRING TEST FAILURE RANGE TO 

NO DATE OPERAT I O N  OBJECTIVE SCORE AREA FIRST TARGET - 
6  7  

68 

6 9  

70 

71 

t-' 
u 72 
0 

73 

74 

75 

7  6  

7  7  

7  8  

12  Mar 64 

31 Mar 64 

8  Apr 64 

7  May 64 

1 4  May 64 

20 May 64 

1 6  Jun 64 

1 9  Jun  64 

30 Jun 64 

9  J u l  64 

4  Aug 64 

20 Aug 64 

DM- 1 

RT- 1 

SC-1 

SC-2 

SC-3 

SC-4 

SC-5 

SC-6 

SC- 7  

SC-8 

SC-9 

EN-1 

Demonstrat i o n  

Simulated Rain 

Sher idan  C o m p a t i b i l i t y  

Sher idan  C o m p a t i b i l i t y  

Sher idan  C o m p a t i b i l i t y  

Sher idan  C o m p a t i b i l i t y  

Sher idan  C o m p a t i b i l i t y  

Sher idan  C o m p a t i b i l i t y  

Sher idan  C o m p a t i b i l i t y  

Sher idan  C o m p a t i b i l i t y  

Sher idan  C o m p a t i b i l i t y  

Environmental  Condi t ion ing  

.44 above 

.72 R i g h t  

.0  3  High 

.344 Righ t  

. O  High 
, 4 8 3  L e f t  

.2  3  M High 

.15 M L e f t  

Missed T a r g e t  
8 . 5  M Righ t  
5 . 5  M High 

.16 M High 
2.34 M L e f t  

1 .19 M High 
.48 M L e f t  

.23 M High 

.81  M L e f t  

.12 M High 

.087 

.20 M High 
1 . 3 7  M L e f t  

- 3 1  M High 
.38 M L e f t  

Did Not H i t  Targe t  

2000 Meters 

Fixed 
2000 Meters  

Fixed 
2000 Meters 

F ixed  
2000 Meters 

Moving 
2000 Meters 

Moving 
2000 Meters 

Moving 
2000 Meters 

Moving 
2000 Meters 

Moving 
1000 Meters  

Fixed 
2000 Meters 

Fixed 
2000 Meters  



APPENDIX E (CONT'D) 
FIRING FAILURE RANGE TO 

NO DATE OPERATION OBJECTIVE SCORE AREA FIRST TARGET 

21 Aug 64 

2 Sep 64 

2 Sep 64 

3 9ep 64 

9 Sep 64 

9 Sep 64 

10 Sep 64 

1 0  Sep 64 

1 0  Sep 64 

14 Sep 64 

14 Sep 64 

15  Sep 64 

EN-2 

TE-1 

EN-3 

TE-2 

TE- 3 

EN-4 

ART- 1 

ART-2 

EN-5 

ART- 3 

HT- 1 

EN-6 

Environmental Conditioning .050 M High 
.025 M Le f t  

Turre t  Evaluat ion .25 M High . 0 Azimuth 

Environmental Conditioning .32 M High 
.20 M Right 

Turre t  Evaluat ion F a i l u r e  

Turre t  Evaluation . O  Elevat ion 
.89 M Lef t  

Environmental Conditioning .37 M High . 0 Azimuth 

Aberdeen Road Test .42 M Low 
.075 M Le f t  

Aberdeen Road Test .075 M High 
. I12 M Lef t  

Environmental Conditioning F a i l u r e  

Aberdeen Road Test . O  E levat ion  
.05 M L e f t  

High Traverse Rate ,075 M High 
.32 M Right 

Environmental Conditioning .35 M High 
.18 M Le f t  

Gyro 

Fixed 
2000 Meters 

Fixed 
2000 Meters 

Fixed 
2000 Meters 

Moving 
2000 Meters 

Moving 
2000 Meters 

Fixed 
2000 Meters 

Fixed 
1947 Meters 

Fixed 
1947 Meters 

Fang F i r e  Fixed 
1947 Meters 

Fixed 
1947 Meters 

Moving 
1000 Meters 

Fixed 
1947 Meters 



APPENDIX E (CONT 'D) 
FIRING TEST FAILURE RANGE TO 

NO DATE OPERATION OBJECTIVE SCORE AREA FIRST TARGET 

15 Sep 64 

16 Sep 64 

1 7  Sep 64 

17 Sep 64 

1 8  Sep 64 

2 1  Sep 64 

2 1  Sep 64 

22 Sep 64 

22 Sep 64 

23 Sep 64 

23 Sep 64 

24 Sep 64 

EN- 7 

ART-4 

EN-8 

TT- 1 

TT-2 

M I - 1  

MI-2 

M I - 3  

M I -  4 

MI-5/ 
EN- 9 

MI-6 

M I -  7 

Environment a 1  Conditioning 

Aberdeen Road Test  

Environmental Conditioning 

Trans ien t  Target 

Trans ien t  Target 

M i l i t a r y  Inspec t  ion  

M i l i t a r y  Inspec t  ion 

M i l i t a r y  Inspec t  ion  

M i l i t a r y  Inspec t  ion  

Environment a 1  Conditioning 
w i t h  M i l .  Gunner 

M i l  it a r y  Inspec t  ion 

M i l i t a r y  Inspec t  ion 

.D Elevat ion  

.25 M Left  

,050 H High 
. I25  M Right 

. O  E leva t ion  

. O  Azimuth 

. I75  M High 

.O Azimuth 

.42 M High 

.53  H Right 

. I22  M High 

.05 M Right 

1 .2  M High 
.05 M Right 

.05 M Low 

.15 M Right  

.42 M Low 

.1 M Right 

.075 M High 

.1 M Le f t  

.205 M High 

.360 M Right 

.205 M High 

. I54  Lef t  

Fixed 
1947 Meters 

Fixed 
1947 Meters 

Fixed 
2000 Meters 

Moving 
2000 Meters 

Moving 
1700 Meters 

Fixed 
1947 Meters 

Moving 
2000 Meters 

Fixed 
1947 Meters 

Moving 
2000 Meters 

Fixed 
1947 Meters 

Moving 
2000 Meters 

Moving 
1000 Meters 



APPENDIX E (CONT'D) 
FIRING TEST FAILURE RANGE TO 

NO DATE OPERAT I O N  OBJECTIVE SCORE AREA FIRST TARGET 

103  24 Sep 64 MI-8 M i l i t a r y  Inspect  ion  .12 8 M High Moving 
.12 8 M High 100 Meters 

104 24 Sep 64 MI-9/ Environmental Conditioning .076 High 
EN- 10 wi th  M i l i t a r y  Gunner .615 Right 

105 25 Sep 64 MI-10 M i l i t a r y  Inspect  ion . I28  Low 
0 

106 25 Sep 64 TT-3 Transient  Target 

29 Sep 64 

30 Sep 64 

2 Oct 64 

5 Oct 64 

EN-11 

CA-2 

CA- 3 

EN-12 

Environment a 1  Conditioning 

Cant Angle 

Cant Angle 

Environment a 1  Conditioning 

Moving 
1000 Meters 

Moving 
1000 Meters 

Missed Target Gunner-Tracker Moving 
1000 Meters 

. I54 High 

.051 Right 

1.0 M Low 
.077 Lef t  

.2 82 Low 
0 

F a i l u r e  

111 6 Oct 64 EN-13 Environmental Conditioning F a i l u r e  

112 7 Oct 64 TT-4 Transient  Target 0 
.642 M Right 

113 14  Oct 64 HT-2 High Traverse Rate .334 M Low 
1.05 M Le f t  

114 22 Oct 64 SP-1 System Performance .051 M High 
.308 M Left  

115 29 Oct 64 SP-2 System Performance .436 M High 
.310 M Le f t  

2000 Meters 

2000 Meters 

2000 Meters 

Launcher S h i f t  

Inver ted  Diode 

1000 Meters 

200 Meters 

2000 Meters 

2000 Meters 



APPENDIX E (CONT'D) 

NOTES : 
* 
Does n o t  i nc lude  : 

9 s h o r t  range f l i g h t s  conducted November 1960 - May 1961; 5 open breech ( I n f a n t r y  SHILLELAGH) 
f l i g h t s  conducted August - September 1962; 4 unguided f l i g h t s  t o  test  warhead s a f e t y  conducted 
i n  August 1963; and 1 2  unguided propuls ion  r e l i a b i l i t y  f l i g h t s  conducted J u l y  - August 1964. 

* * 
Unguided f l i g h t s  t o  e v a l u a t e  c o n t r o l  system. 

SOURCE: SHILLELAGH P r o j e c t  F i l e s ,  RHA, B x  12-721. 



UNCLASS IF1 ED 

GLOSSARY 

~f~----------------------- briefing 
Bn------------------------ battalion 
BOI----------------------- basis of issue 
BRL----------------------- Ballistic Research Laboratories 

CLASS IFIED 



UNCLASS IF1  ED 

U 6  

UNCLASS LF I ED 



UNCLASS I F I ED 

UNCLASSIFIED 



UNCLASSIFIED 

178 

UNCLASSIFIED 



INDEX 

Aberdeen Proving Ground, Maryland, 82, 86, 91-92, 96 
Ad Hoc Group on Armament for Future Tanks or Similar Combat Vehicles, 10 
Aerojet Engineering Corporation, 6 
Aeronutronic Division, Ford Aerospace and Communications Corporation, 19, 22, 

28, 35, 37, 41, 43-45, 47-53, 55-58, 65-66, 69-70, 73-74, 76, 78, 
80-82, 86-88, 91, 93-94, 96-97, 106-09, 115-18. See also Ford 
Motor Company. 

accelerated development effort of, 62-63 
acceleration proposal by, 58-60 
under ARGMA technical supervision, 22 
background and name changes of, 37 
depot-level support provided by, 106 
depot training effort by, 106, 118 
improvement in technical management, 48, 50 
as initial producer of SHILLELAGH missile, 100 
keyless missile investigation by, 93 
Newport Beach facility of, 62 
as prime contractor for SHILLELAGH, 15, 37-39, 117-18 
redesign of Conduct-of-Fire Trainer (COFT) by, 115-16 
resident engineer at Picatinny Arsenal, 51 
Shallow key missile investigation by, 91-92 
SHILLELAGH missile research and development by, 35-36, 41, 43-45, 47-72, 

117-18 
SHILLELAGH product improvement by, 107-08, 110 
Vice President and General Manager of, 58. See also Lynch, Gerald J. 

Aeronutronic-Ford Corporation, 37 
Aeronutronic Systems, Incorporated (ASI), 13-16, 37. See also Ford Motor 

Company. 
Aerophysics Development Corporation, 8 
AeroSWAT (Seeker Weapon Antitank), 6, 6n 
Airborne assault weapon, 5. See also Airborne Assault Weapon System Project; 

Armored Reconnaissance/Airborne Assault Vehicle (AR/AAv). 
Airborne Assault Weapon System Project, 9-10, 13, 41. See also Project WHIP. 
Airborne units, 8 
Aircraft Armaments, Inc., 21 
Air Force (U.S.), 37 
Alabama, 100 
Alaska, 68, 82, 85, 106 
Allied armies, prewar antitank guns of, 2 
Allied countries, 2 
Allied tank attacks, 1 
Allison Division of General Motors Corporation, 96 
American 

allies, 1, 57 
tanks, 2-3 

American Electronics, Inc., 70 
American Expeditionary Force, 2 



Ammunition, 19, 38, 64, 90-91 
armor defeating, 2-5 
conventional, 16, 64, 72, 90-91, 94, 96, 101-02, 105, 112. See also guns, 

105mm and 152mm. 
SHILLELAGH as tank ammunition, 56 

Amphibious cargo carriers, 2 
ANIDAN-3 infrared seeker, 6-7 
ANIMsM-93 guided missile system test set, 100, 106 
Anniston Army Depot, Alabama, 92, 100, 103, 105-06, 108, 111-12 
Anniston SHILLELAGH facility, 106 
Antitank guns. See guns, antitank. - 
Antitank mines, 2 
Antitank requirements and weapons, evolution of Army, 1-8 
Applied Physics Laboratory, 7 
Arctic 

conditions, 68, 82, 86 
development tests, 72, 85 
experimental firings in, 67-68, 84 
SHERIDANISHILLELAGH unsuitability for, 85 

Arctic Test Center, Alaska, 82 
Arizona, 82 
Armo r 

in hulls and turrets, 3 
more resistant type, 5 
protection of, 4 
sloped frontal, 3 

Armored cavalry units, 103, 118 
Armored combat vehicles, 8, 36. See also Armored vehicle. 
Armored Combat Vehicle Weapon System (Midrange), 9, 15. See also Combat 

Vehicle Weapon System (Pentamic); SHILLELAGH Armored Combat Vehicle 
Weapon System. 

Armored divisions, 4 
Armored forces 

interim antitank requirements of, 8 
primary and secondary mission of, 4 

Armored infantry carriers, 1 
Armored ~econnaissance/Airborne Assault Vehicle (AR/AAV), 5, 8, 16, 54 

as basic vehicle for SHILLELAGH, 20, 58-60, 62-63 
assignment of responsibilities for, 20-22 
classification as standard A type, 84 
fragmented management structure for development of, 22 
integrated articulated telescope, 22 
interim plan for, 20 
program acceleration of, 23, 58-60, 63 
redesignation of, 16. See also M551 (XM551) SHERIDAN tank. 
requirements for, 36 
SHILLELAGH Program, 62-64 
turret, 54 
weapon mount, 58 

Armored reconnaissance vehicle, 5 
Armored tank, 1-2 
Armored units, 8 



Armored vehicle 
closed breech gun tube of, 98 
design improvement of, 3 
World War I1 vintage of, 3 

Army Armor and Engineering Board, 92 
Army Chief of Research and Development, 14-16, 35, 59, 71, 107 
Army Chief of Staff, 11, 15. See also Taylor, GEN Maxwell D. 
Army, Department of the. - See Department of the Army (DA). 
Army Deputy Chief of Staff for Logistics, 74 
Army Equipment Development Guides (AEDG's), 4 
Army Field Forces (AFF), 6 
Army Materiel Command (AMC), 18-19, 26, 74, 77-78, 84, 88, 92, 94-96, 100, 107, 

114-16 
approval of M601SHILLELAGH engineering development program, 94 
Chief of Staff, 30 
Commanding General, 24, 31 
creation of, 18n, 24 
Deputy Commanding General, 30. See also Bunker, MG W. B. 
direction terminating SHILLELAGH production, 78 
formal project management system of, 23-24 
Headquarters, 24-25, 31 
and Ordnance Corps missions, 18 
plans for CVWS in HAW roles, 74 
SHERIDAN/SHILLELAGH Project Manager, 18, 24 
SHERIDAN/SHILLELAGH Project Office, transfer of, 25 
SHILLELAGH liaison representative at, 31 
Subcommittee for SHERIDAN/ SHILLELAGH, 70 
Technical Committee, 88 
weapon system management by, 18, 25 

Army Missile Command (MICOM) 
activation of, 18n, 25, 74n 
AntitankIAircraft Weapons Commodity Office, 25 
Antitank and Field Artillery Product Office, 25 
Antitank Commodity Office, 25 
Antitank Product Management Office, 25 
Antitank Product Manager, 24 
Army Missile Laboratory, 111, 116 

Test and Evaluation Directorate, 111 
assessment goals of, 101 
Close Combat Systems Management Office, 34 
Commander, 19, 24, 27, 30-31, 34, 77, 88, 103, 108, 114. See also McMorrow, 

MG Francis J.; Zierdt, MG John G. 
competitive procurement plan, 77-78 
contracting for SHILLELAGH, 69, 76-78, 87-88, 96, 106-07, 115-16. See also 

Contracts. 
contractor-operated Lawndale plant under jurisdiction of, 77 
Deputy Project Manager of SHILLELAGH, 33 
engineers of, 109 
Field Office of, 31 
"fly before buy" concept, 79, 82 
Installation and Services Office, 29 
Land Combat Special Items Management Office (LCSIMO), 33 
liaison representatives of, 31 



Army Missile Command (MICOM) (continued) 
Maintenance Engineering Directorate, 34 
management responsibilities for SHILLELAGH, 25-34 
Materiel Management Directorate, 34 
Missile Division, 26-28. See also Missile Engineering Division. 
Missile Engineering Division, 25-26, 87 
Missile Logistics Center (MLC), 34 
onsite technical assistance provided by, 99 
performance on task order basis, 25, 27-30 
position on SHILLELAGH and TOW missiles in CVWS and HAW roles, 74-75 
Procurement and Production Division, 28 
reactivation of, 34 
Readiness Project Officer, 34 
refined project management concept of, 31-32 
Research and Development Directorate 

Development Division, SHILLELAGH Branch, 26 
and the SHILLELAGH applied research program, 68-69 
SHILLELAGH Commodity Office, 25-26 
SHILLELAGH missile stock of, 103 
and SHILLELAGH Product Improvement, 99, 106-12, 115-16 
SHILLELAGH Project Management Staff Office, 19, 24 
SHILLELAGH Project Manager (Office), 18-19, 30-33, 88, 90-92, 100, 11311, 

114, 118 
Special Systems Management Office, 33-34 
split of, 34 
as a subordinate element of AMC, 18n, 25 
support of SHERIDANISHILLELAGH Project Manager at AMC and WECOM, 18, 24-33 
Targets Management Office of, 34 
tasking for 3,000-meter range SHILLELAGH missile, 87 
Weapon Systems Management Directorate, 34 

Army Missile Materiel Readiness Command (MIRCOM) 
Commander, 109 
Readiness Project Officer for SHILLELAGH, 34. See also Prosser, Stanley B. 
Special Systems Management Off ice, 34 
SHILLELAGH guidance and control improvement, 108, 11 1 
Weapon Systems Management Directorate, 34 

Army Missile Research and Development Command (MIRADCOM) 
fabrication of electronic modules, 111 
laser beamrider demonstration program of, 110 
solid state transmitter development, 110 

Army Ordnance Missile Command (AOMC) 
and acceleration of SHILLELAGH development, 63 
and AR/AAV (X~13 guided missile and related fire control) responsibility, 

21-22 
ARGMA functions merged with, 18n 
Commander, 19-20. See also Medaris, MG John B.; Schomburg, MG August. 
Deputy Commander, 63 
development responsibility for SHILLELAGH, 15, 18-20, 22. See also Army 

Rocket and Guided Missile Agency (ARGMA). 
discontinuance of, 18n, 74n 
emphasis of flight and reliability testing, 67 
establishment of, 18n 
on extension of SHILLELAGH range, 87 



Army Ordnance Missile Command (AOMC) (continued) 
optical contrast seeker development at, 87 
participation in SHILLELAGH HAW system development, 73 
policy of, 20 
support to Ordnance Corps Project Commander, 18 

Army Participation Group, US Naval Training Device Center (NTDC), 113 
Army Rocket and Guided Missile Agency (ARGMA) 

abolition of, 18n 
acceleration plans for SHILLELAGH, 58-65 
activation of, 18n 
ad hoc committees of, 43-45, 48, 50-51, 60 
and applied research program for SHILLELAGH, 66 
approval of aft jet configuration, 45 
and AR/AAv responsibi 1 ity , 20-22 
Commander, 22, 43, 51. See also Zierdt, COL John G. 
as commodity command for guided missiles, 18 
contractual supervision for SHILLELAGH, 15-16, 19, 37-38 
development responsibilities for 

fire control components for T-95 test vehicle, 19-20, 22 
guidance and control package, 18-20, 22 
SHILLELAGH missile, 18-20, 22 

and early development of SHILLELAGH, 43-57 
Field Service Division, 19 
Industrial Division, 19-20 
industrial and field service responsibilities for the XM13 guided missile, 

20 
Ordnance Missile Laboratories (OML) Division 

Missile Electronics Laboratory, 43 
Propulsion Laboratory, 51 
Research and Development Division, 19-20, 43 
and SHILLELAGH/M~~ plans, 23 
support to Ordnance Tank-Automotive Command (OTAC), 20-21 

Army Systems Acquisition Review Council/Defense Systems Acquisition Review 
Council (AsARCIDSARC), 95 

Army Systems Acquisition Review Council (ASARC) Special Tank Task Force, 102 
Army Tank-Automotive Center (ATAC), 26n, 74. See also Army Tank-Automotive 

Command (TACOMI; Ordnance Tank-Automotive Command (OTAC). 
Army Tank-Automotive Command (TACOM) , 96, 102, 107 
Army Tank Guided Missile Steering Committee, 14 
Army Test and Evaluation Command (TECOM), 82-86, 90-95, 111, 113-14 
Army Tropic Test Center, Panama Canal Zone, 86 
Army Vice Chief of Staff, 100 
Army Weapons Command (WECOM), 102 

Commander, 27-29 
Conduct-of-Fire Trainer (COFT) mission, 113 
as developer of closed breech scavenger system, 94 
procurement of M60AlE1 turret items, 94 
production engineering for M60AlE1 tank, 94 
SHERIDAN Project Office, 113-14 
SHERIDAN/SHILLELAGH Project Management, 18, 25-31 
SHERIDAN Weapon System Project Manager, 31 

Artillery, 4 
Assistant Chief of Ordnance, 54. See also Clark, BG C. W. 



A s s i s t a n t  S e c r e t a r y  of t h e  Army (Research and Development) (ASA[R&D]), 62 ,  6 9 ,  
8 7 ,  106 

Astron P r o j e c t .  - See P r o j e c t  Ast ron.  

Baen, LTC Spencer R. ,  33 
B a l l i s t i c  p r o t e c t i o n  subsystem,  s t u d i e s  o f ,  10 
B a l l i s t i c  Research L a b o r a t o r i e s  (BRL) 1 3 ,  16,  21, 47,  57 ,  731-1, 74 
Bazooka, 2-3 
B r i t i s h  t a n k s ,  1-2 
Brownson, COL Harold N. 23 
Bunker, MG W. B. ,  30 
B u r l i n g t o n ,  Iowa, 77 

C a d i l l a c  Motor Car D i v i s i o n ,  21 
C a l i f o r n i a ,  37 ,  77 
Cambrai , F r a n c e ,  1-2 
Cannonball  m i s s i l e ,  7. See a l s o  D-40 m i s s i l e .  
C a r t r i d g e s  (XM409, XM410, XM411), 21 
CHAPARRAL m i s s i l e  p r o j e c t ,  32 
CHEYENNE H e l i c o p t e r ,  98 
Chief of Ordnance, 18-19, 23, 59-62, 66. See a l s o  O f f i c e ,  Chief  of Ordnance 
Chief of Research and Development, Army, 14-15, 35,  59 ,  71 
Chief of S t a f f ,  Army. - See Army Chief of S t a f f .  
Chrys le r  C o r p o r a t i o n ,  13, 94,  96 
C l a r k ,  BG C .  W . ,  54 
C l a r y  Dynamics Company, 70 
C l a s s i f i c a t i o n  

of Conduct-of-Fire T r a i n e r  (COFT) a s  s t a n d a r d  A t y p e ,  114 
of General  SHERIDAN weapon sys tem 

a s  l i m i t e d  p r o d u c t i o n  (LP) t y p e ,  72 
a s  s t a n d a r d  A t y p e ,  84 

of Improved COFT (I-COFT) 
a s  l i m i t e d  p roduc t ion  (LP) t y p e ,  116 
a s  s t a n d a r d  A t y p e ,  116 

of M60AlE1 t ank  a s  l i m i t e d  p r o d u c t i o n  (LP) t y p e ,  94 
of M60AlE2 (M60A2) t a n k  a s  s t a n d a r d  A t y p e ,  96 
of SHILLELAGH extended range m i s s i l e  a s  s t a n d a r d  A t y p e ,  88 
of SHILLELAGH m i s s i l e  system (midrange)  

a s  l i m i t e d  p r o d u c t i o n  (LP) t y p e ,  64,  71-72, 76 
a s  s t a n d a r d  A t y p e ,  84-85 

of S H I L L E L A G H / S ~ ~ ~ ~ O W  key m i s s i l e  a s  s t a n d a r d  A t y p e ,  92 
Closed b r e e c h  c o n c e p t ,  14 
Closed b r e e c h  scavenger  sys tem,  94 
C,OBRA he 1 i c  op t e  r , 98 
Cold War, 3  
Columbia U n i v e r s i t y ,  44 
Combat Developments Command, 72, 83-84, 92-93, 95 
Combat Development O b j e c t i v e s  Guide ,  5 
Combat v e h i c l e s  

gunner o f ,  38 ,  41 
i n n o v a t i o n s  i n  development o f ,  2-11 
i n t e g r a t e d  s i g h t  o f ,  38-39, 42,  53 



Combat vehicles (continued) 
types at end of World War 11, 2-3 

See also Armored Combat Vehicle Weapon System  idra range); Combat 
Vehicle Weapon System (Pentomic); Combat Vehicle Weapon System (SHILLE- 
LAGH); SHILLELAGH Weapon System. 

Combat Vehicle Weapon System (Pentomic) 
Aeronutronic proposal for, 14 
contractual supervision for, 15 
development authorization for, 11, 15, 19, 86 
feasibility studies of, 9, 13-15 
midrange and long range missile requirements for, 86 
popular name approved for, 15-16, 19 
primary management responsibility for, 13 
prime development contractor for, 15-16 
program reorientation of, 19 
SHILLELAGH missile as subsystem of, 18-19, 117 
Sperry proposal for, 14 
system requirements and plans for, 9, 11-13, 15, 86-88 
TOW missile considered as subsystem of, 73-75 

See also Combat vehicle Weapon System (SHILLELAGH); SHILLELAGH Weapon 
System. 

Combat Vehicle Weapon System (SHILLELAGH), 15-16 
separate Ordnance projects for, 19 
selection of for project management, 23 

See also SHILLELAGH Weapon System. 
Conduct-of-Fire Trainer (COFT) 

deployment of, 115 
developer of, 113. See also Naval Training Devices Center (NTDC). 
evaluation of, 86 
improvement of, 115-16. See also - Improved Conduct-of-Fire Trainer (I-COFT). 
maintenance support for, 115 
management responsibility for, 114 
requirements, development, production, and deployment, 100, 111-14 
type classification of, 113-14 
XM35 model of (for SHERIDAN/SHILLELAGH weapon system), 100, 113-14 
XM38 model of (for M~~A~E~/SHILLELAGH weapon system), 113 

Conference on Antitank Defense, 4 
Congress, 23, 97-98 
Continental Army Command (CONARC), 5, 13, 58, 84-85, 95 
Continental United States (CONUS), 99-106, 111, 115 
Contracts 

engineering development, 88, 94, 96, 107-08, 110-11 
engineering services, 76, 115-16 
production, 19, 28-29, 31, 58-60, 64, 76-82, 106, 108-09 
research and development, 13-16, 19, 35, 37-38, 43, 62-63, 66-67, 69, 73, 

75, 87, 116 
Cornell Aeronautical Laboratory, 37-38, 45 
Cost 

estimates, original, 15, 17, 117 
final, 117-18 
increases, 56, 61 

See also Funds; SHILLELAGH missile, funding for. 



DART m i s s i l e  sys tem,  7-8, 41 
Defense A p p r o p r i a t i o n s  B i l l ,  97 
Defense Department.  See  Department of  Defense (DOD).  
Department of  t h e  A ~ ~ Z D A ) ,  9 ,  14 ,  23, 29, 58-59, 64,  66-67, 71-72, 76-79, 

82-88, 92,  94, 96-98, 100-105, 111,  113-14, 116-18 
Department of  Defense (DOD) ,  8 ,  10 ,  57-59, 62,  66,  75,  78,  94,  113. See  a l s o  

Deputy S e c r e t a r y  of Defense;  S e c r e t a r y  of  Defense.  
Department of  t h e  Navy, 7, 37 
Deployment 

of t h e  Conduct-of-Fire T r a i n e r  (COFT), 114-15 
of  t h e  f i r s t  t a n k s ,  1-2 
of  t h e  Improved COFT (I-COFT), 116 
o f  t h e  M551 SHERIDAN/SHILLELAGH sys tem,  99-103, 117-18 
o f  t h e  M ~ ~ A ~ / S H I L L E L A G H  sys tem,  94,  96,  99,  102-05, 118 

Deputy Chief  of  S t a f f  f o r  L o g i s t i c s ,  DA, 74 
Deputy S e c r e t a r y  of  Defense ,  95 
D e t r o i t  A r s e n a l ,  9  
D e t r o i t ,  Michigan,  26n 
D e v i l l e  Wood (North  F r a n c e ) ,  1 
D-40 m i s s i l e ,  7. See  a l s o  Cannonball  m i s s i l e .  
Diamond Ordnance Fuze L a b o r a t o r i e s ,  43 
D i r e c t - f i r e  a n t i t a n k  guided m i s s i l e ,  13-14, 16,  37. S e e  a l s o  Combat v e h i c l e  

Weapon System ( ~ e n t o m i c ) ;  SHILLELAGH Weapon System. 
D i r e c t o r  of  Defense Research and Eng ineer ing ,  97 

Edmondson, E a r l  R., 26, 33 
E igh th  Army, Korea,  100 
82d Ai rborne  D i v i s i o n ,  100. See  a l s o  F o r t  Bragg,  North C a r o l i n a .  
8 6 t h  Ordnance Detachment, Sagami Depot, US Army, J a p a n ,  101 
Engineer  Research and Development L a b o r a t o r i e s ,  43 
Englehard  I n d u s t r i e s ,  Hanovia Lamp Di- . i s ion,  71 
ENTAC m i s s i l e s ,  8 ,  38n 
Europe,  96,  99,  101,  103,  118. See  a l s o  US Army, Europe (USAREUR). 

1 s t  Armored D i v i s i o n ,  104-05 
1 s t  B a t t a l i o n ,  63d Armor, 99 
1 s t  Squadron,  1 7 t h  Cava l ry ,  100 
F i r e  c o n t r o l  sys tem ( a s  subsystem of  SHILLELAGH Weapon s y s t e m ) ,  16,  19 
Flame thrower ( swive l  t y p e ) ,  4  
Ford Motor Company, 13 ,  37,  39,  57 
F o r t  B l i s s ,  Texas ,  104,  115 
F o r t  Bragg, North  C a r o l i n a ,  100,  103,  108,  116 
F o r t  G r e e l e y ,  Alaska ,  68,  85 
F o r t  Hood, Texas ,  103-04 
F o r t  I r w i n ,  C a l i f o r n i a ,  103 
F o r t  Knox, Kentucky,  82,  8 6 ,  102-04, 115 
F o r t  Monroe, V i r g i n i a ,  4 ,  6  
F o r t  R i l e y ,  Kansas,  99 
France ,  1-2 
Frankford  A r s e n a l ,  10 ,  13 ,  19-22, 43,  53 
French m i s s i l e s .  - See  SS-10; SS-11; ENTAC m i s s i l e s .  
French t ank  development,  p r o d u c t i o n  and development,  1-2 



Funds (OM, PEMA, RDTE), 117-18 

Genera l  E l e c t r i c  Company, 70 
General  Motors C o r p o r a t i o n ,  A l l i s o n  D i v i s i o n ,  96 
Genera l  S h e r i d a n ,  popu la r  name f o r  t h e  XM551 ARIAAv, 23n, 72n 
Genera l  T i r e  and Rubber Company, 6  
German Development C o r p o r a t i o n ,  96 
German t a n k  development,  p r o d u c t i o n  and deployment,  1-2 
Germany, 1, 97, 100-102, 104-05, 111, 115,  118 
G i l f i l l a n  B r o t h e r s  C o r p o r a t i o n ,  13 
Gun-launcher t u b e ,  72, 84-85, 90,  92 

c l o s e d  b r e e c h ,  low p r e s s u r e ,  38,  42, 98 
open b r e e c h ,  l i g h t w e i g h t ,  98 
m i s s i l e  keyway, 90-92 

Guns 
a n t i a i r c r a f t ,  2  
a n t i t a n k ,  2-5 
machine,  1 
on M60A2 t a n k s ,  99 
90mm, 3-5, 10 
152mm, 16,  19,  94 
105mm, 4 ,  93 
120mm, 4 ,  10 
75mm, 3  
76mm, 3-5 
37mm, 3  
XM150, 90,  93 
XM162, 93 

Hancock, Pau l  W . ,  29 
Hanovia Lamp D i v i s i o n  of Englehard  I n d u s t r i e s ,  71 
Hawaii ,  100,  102, 115 
Heavy A n t i t a n k  Assau l t  Weapon (HAW), 10n,  73n 

compara t ive  s t u d i e s  of SHILLELAGH and TOW m i s s i l e s  a s ,  73-75, 97-98 
H e l i c o p t e r s .  - See CHEYENNE ; COBRA. 
Higg ins ,  LTC Wayne G .  , 24 
Hughes A i r c r a f t  Company, 73n 
Human Engineer ing  Labora to ry  (HEL), 21, 54 

I l l u m i n a t i o n  I n d u s t r i e s ,  109 
Improved Conduct-of-Fire T r a i n e r  (I-COFT) development ,  deployment,  and c l a s s i f i -  

c a t i o n ,  101,  115-16 
I n f r a r e d  command gu idance ,  6-7, 10,  41,  43-44, 68 
I n f  r a r e d  s e e k e r ,  6-7 

ANIDAN-3, 6  
I n f r a r e d  t r a c k e r s ,  14 
Iowa Army Armnunition P l a n t ,  28-29, 77 

J a p a n ,  100-101 
J o i n t  ~ ~ / ~ e r m a n  Main B a t t l e  Tank (MBT-70) Program, 76, 96-97, 118 

See a l s o  Main B a t t l e  Tank-70 (MBT-70) development program. 

Kennedy, P r e s i d e n t  John F. ,  57 



Keyless missile investigation, 93. See also SHILLELAGH, keyless missile inves- 
tigation. 

Korea, 100-102, 115 
Korean War, 3, 5 

Land Combat Support System (LCSS), 101, 106-07 
Laser Beamrider Demonstration Program, 110-11. See also SHILLELAGH Missile 

System, product improvement of. 
Laser Range Finder (LRF), 94, 102 
Lawndale Army Missile Plant, 77 
Lively, Lloyd L., Jr., 25 
Logistics, Doctrine, and System Readiness Agency, 95 
Los Angeles Ordnance District (LAOD), 63 
Lynch, Gerald J., 58 

Main Battle Tanks 
M1 Abrams, 97 
M60 series, 23, 58-62, 93 

M60A1, 92-93, 102 
M60A2, 8, 96, 99, 103-05, 108, 110, 112, 118 
M60AlE1, 88, 90, 92, 94-95, 113 
M60AlE2, 78, 93-96 
M60E2, 59-63 
See also M60 (M~OA~)/SHILLELAGH Weapon System. 

XM815, 97 
XM1, 97 

Main Battle Tank-70 (MBT-70 ) Program 
joint u~/~errnan development of, 96-97 
Project Office, 90 
SHILLELAGH as primary weapon for, 76, 78-79, 90, 93-94, 96-97, 118 
termination of, 93, 96-97, 118 

XM803, 97, 107 
XM802, 97 

Martin-Marietta Corporation at Orlando (~artin/Orlando) 
PEMA funding to, 118 
as second source producer of SHILLELAGH missiles, 77-80 

Maryland, 82 
Mason and Hanger Silas Mason Company, Inc., 29, 77 
McKnight, William B., 43 
McMorrow, MG Francis J., 24-25 
McNamara, Robert S., 23, 57-58. See also Secretary of Defense. 
M551 (XM551) SHERIDAN/~HILLELAGH Weapon System. See also SHERIDAN AR/AAV. 

Conduct of Fire Trainer for. See Conduct of Fire Trainer, XM35. 
Confirmatory I test program of, 86 
deployment of, 99-103, 117-18 
engineering test/service test (ET/ST) of, 82-84, 90, 93 
field and depot maintenance of, 99 
gunner errors of, 99, 101 
in process review of, 72 
inventory of, 102-03, 118 
limitations of, 72 
product improvement, 76 
selection of for project management, 24 



M551 ( ~ ~ 5 5 1 )  SHERIDAN/SHILLELAGH Weapon System (continued) 
tank crews of, 99 
type classification action for, 84 
Type I Confirmatory missiles, retrofit of, 92 

M55 1 ( ~ ~ 5 5 1 )  SHERIDAN tank, 16, 102. See also Armored ~econnaissance/~irborne 
Assault Vehicle (AR/AAv) ; SHERIDAN AR/AAv. 

compatibility with extended range (3,000 meter) SHILLELAGH, 86 
deployment of, 99-103, 117-18 
desert operation of, 85 
extended range missile firings from, 88 
normal missile load of, 101-02 
operational readiness of, 101-02 
phasedown of, 99, 102-03, 108, 110-11 
phaseout, 108 
planned procurement of reduced, 78 
product improvement of, 102, 107 
redesignation of as M551A1, 102 
reliability of, 102 
replacement of, 102-03, 118 
SHILLELAGH as primary weapon for, 90 
stabilized turret, 103 
type classification of, 72, 84 
unavailability of, 93 

Miesau Army Depot, Germany, 111 
Minneapolis-Honeywell, 80-81 
M60 (M~OA~)/SHILLELAGH Weapon System, 58-62, 93 

acceleration of development, 94 
approval of by DOD, 94 
crew confidence in, 105 
deployment of, 94, 96, 99, 102-05, 118 
development acceptance of, 95 
main gun recoil problems of, 96, 103 
troop confirmatory tests of, 103 

M24 standard light tanks, 3 
M26 tank, 3 

National Guard 
Arkansas, 103, 108 
Idaho,, 101 
Montana, 101 
Nevada, 101 
Ohio, 101 
Oregon, 101 
West Virginia, 101 

National Training Center, Fort Irwin, California, 103 
Naval Training Devices Center (NTDC), 81, 111-16 
Navy. See Department of the Navy. 
New Mexico, 83 
Newport Beach, California, 28, 74 
New Tank Main Armament System, 16 
NIKE HERCULES missile, 32 
Nonnuclear weapons, 57 



Office, Chief of Ordnance (OCO), 14-15, 18-19, 21, 23, 58-59, 61-62, 66. See 
also Chief of Ordnance. 

O'Neil, Dr. Lawrence H., 44, 48 
Open breech launcher, 74 
Optical Radiation Corporation, 109 
ORANGE WILLIAM missile, 44 
Ordnance Ammunition Command, 21 
Ordnance Commodity Command Management Concept, 19 
Ordnance Corps (Ordnance), 6-7, 14, 23, 63 
Ordnance Special Weapons and Ammunition Command (OSWAC), 21, 51 
Ordnance Tank-Automotive Command (OTAC) , 9, 13-15, 18-23, 25, 48, 53-54, 58-60, 

62-64. See also Army Tank-Automotive Center (ATAC) ; Army Tank- 
Automotive Command (TACOMI. 

Ordnance Technical Committee Meetings, 35-36 
Ordnance Training Command, 21 
Ordnance Weapons Command, 21 
Orlando, Florida, 77 

Pacific, 102. See also US Army, Pacific (uSARPAC). 
Panama Canal Zone, 86 
Pearce, LTC Robert M., 33 
PEK Laboratories, 71 
Pentomic, 9, lln. See also Combat Vehicle Weapon System (~entomic). 
PERSHING missile, 32 
Philco Corporation, Aeronutronic Division, 37 
Philco-Ford Corporation, Aeronutronic Division, 37 
Picatinny Arsenal, 13, 22, 39, 47, 49, 50-52, 66 

and AR/AAV assigned responsibility, 21 
gas generator propellant and igniter development, 39 
motor propellant and igniter development, 39, 50-52, 66 
warhead and fuze development, 39 

Plans and Schedules, 11-13, 16-17, 20, 23, 28-29, 33, 35, 37-38, 41, 43, 45-46, 
48, 50, 55-64, 66-67, 69, 71, 73-79, 86-88, 91-92, 94-98, 100-108, 
110, 114, 116-18. See also Program Organization and Management. 

Poland, 2 
POLECAT missile, 13 
Prepositioned Organizational Materiel Configured to Unit Sets (POMCUS), 103-04, 

4, 108 
President (US), 23, 57, 61 
Program Organization and Management 

Commodity management at MICOM, 33-34 
Project Management 

at AMC, 24-25 
at MICOM, 31-33 
at OCO, 23 
at WECOM, 25-30 

Summary, 18-19 
Weapon System Management at OTAC, 19-22 

Project Astron, 9-10 
Project Whip, 9-10, 41 
Propellants 

double base N-5, 67 
LFT-1, 52 



Propellants (continued) 
LFT-3 ammonium nitrate, 67 
MDB-7, 52 
smokeless, flashless, 4 

Prosser, Stanley B., 34 
Proudfoot, LTC Robert J., 33 

Quartermaster Corps, 21 

Rand Corporation, 44 
Raytheon Company, 43, 52, 70 

Santa Barbara Laboratory, 39 
Recoilless rifles, 2 
REDEYE missile, 32 
Redstone Arsenal, 10, 13, 18, 18n, 26, 28, 41, 43 

CONUS schools at, 115 
missile development team, 18, 25, 117 
M60A2 trainers issued to, 115 
production verification tests at, 108 
shallow key missile safety.testing at, 91 

Reflectone Division of Otis Elevator Company, 81, 113, 115 
Rocket launchers, 4 
Rock Island, Illinois, 25 
Royal Engineers, 1 
Russian armored tank development, 2 

Sagami Depot, US Army, Japan, 101 
Schaeppi, P. K., 28 
Schomburg, MG August, 20, 22 
2d Armored Division, Fort Hood, 104 
Secretary of the Army, 9, 15, 23n 
Secretary of Defense, 23, 35, 57-58, 60n, 61-63. See also McNamara, Robert S. 
Seeker Weapon Antitank (SWAT), 6n. See also AeroSWAT. 
SERGEANT missile, 32 
Shallow Key missile program, 90-93 
SHERIDAN AR/AAV, 23, 23n, 62. See also Armored Reconnaissance/Airborne Assault 

Vehicle (AR/AAV); M551 (XM551) SHERIDAN tank; M551 (XM551) SHERIDAN/ 
SHILLELAGH Weapon System. 

SHERIDANISHILLELAGH Weapon Sys tem. - See M551 (XM551) SHERIDANISHILLELAGH Weapon 
System. 

SHERIDAN vehicle. - See M551 (XM551) SHERIDAN tank. 
SHILLELAGH. Throughout. 
SHILLELAGH Armored Combat Vehicle Weapon System, 23 
SHILLELAGH contact team, 106 
SHILLELAGH missile 

applied research program, 23, 35, 57, 65-69, 73, 97, 117-18 
as armament for 

MBT-70, 76, 96-97, 118 
M551 (XM551) SHERIDAN tank, 8, 16, 23, 62, 69, 82-85, 99-102, 117-18 
M60 (M60A2) MBT, 23, 76, 93-94, 96, 104, 118 

classification of, 64, 71-72, 76, 84-85, 88, 92 
Conduct-of-Fire Trainer for. - See Conduct-of-Fire Trainer. 
container development, 39 
contracts. See Contracts. - 



SHILLELAGH missile (continued) 
contractor, prime. See Aeronutronic Division, Ford Aerospace and Communi- 

cations Corporation. 
deployment of. See Deployment. 
design 

Aeronutronic concept (original), 38, 41 
changes, 43-45, 47, 49, 52-54, 56, 70-71 

development 
approach, 56 
acceleration plans and implementation, 35, 43, 57-64 
costs. See Cost. 
early years (1959-61) of, 35, 37, 41, 43-45, 47-57 
final phase (1962-65) of, 69-71 
President's influence on, 57 
reinstatement of, 69, 117 
reorientation to applied research program, 23, 35, 57, 66, 117 
reviews, 43-45, 48, 50-51, 62, 72-73 
schedule. - See Plans and Schedules. 
technical difficulties of, 35, 41, 43-45, 47-57, 59, 117 

evaluation of 
for airborne antitank role, 97-98 
for heavy antitank weapon (HAW) role, 73-75, 97-98 

extended (long) range, 76, 86-90, 100 
fin actuation system, 45 
fire control system, 16, 19, 22, 39, 45, 65, 94 
guidance and control system, 10, 19-20, 22, 24, 31, 38, 41-45, 47-49, 52-53, 

55-56, 65-68, 70-73, 76-78, 80-81, 83, 87-88, 93, 101, 103-11 
hit and kill probability, 82, 85, 87-89, 95 
keyless, 93 
maintenance and repair facility, 106. See also Anniston SHILLELAGH 

Facility. 
maintenance support, 99, 105-06 
malfunctions, 104 
midrange, 12, 16, 35, 71, 86-88, 100 
military characteristics for, 35-36, 71-72, 82-83, 85 
models 

experimental (XMGM-51A, XMGM-51B, XMTM-51A), 56, 71, 85 
tactical (MGM-51A, MGM-51B, MGM-51C, MGM-51~-l), 84-86, 88, 92, 100, 111 
training (MTM-51A, MTM-51B, MTM-51~, MTM-51~-l), 84, 88, 92, 100, 111 

Ordnance readiness date, 67 
performance requirements and characteristics, 11-13, 111 
procurement, 76-79, 106 
product improvement, 76, 87, 99, 106-12, 117-18 
production 

approval of limited, 35, 71-72, 117 
facilities, 28-29, 77-78 
modifications during, 76, 88, 117-18 
summary, 79-82 

propulsion system, 24, 39-41, 45, 47, 49-52, 54-56, 65-68, 70, 72, 87, 104 
shallow key, 76, 86, 90-93 
sighting system, 38, 42, 53, 56 
support equipment, 100, 105-06 



SHILLELAGH missile (continued) 
test program 

availability of vehicle for, 58 
Confirmatory I teats, 86 
engineering testelservice tests (ETIST) , 71, 82-86 
preliminary research and development, 48-49, 54-56 
production, 104, 111 
research and development guided flight tests, 56-59, 63, 65-72, 74, 91 

test set, 31, 80, 84, 88, 100, 106 
test stand components, 112 
warhead and fuze development, 24, 39 
weight and size, 14-15, 38, 41, 43, 53-54, 69, 87-88 

SHILLELAGH Missile Aseembly Facility, 77. See also Iowa nrmy Ammunition Plant. 
SHILLELAGH/M~~ Program. - See M60 (M~OA~)/SHILLELAGH Weapon System. 
SHILLELAGH/TOW controversy, 73-74, 97-98 
SHILLELAGH Weapon Syetem, 15-16 
Signal Corps, 39 
Somrne River, 1 
Southeast Asia, 84, 100 
Soviet armored vehicles, 11 
Soviet equipment, knowledge of, 3 
Spanish Civil War, 2 
Sperry Gyroscope Company, a division of Sperry Rand Corporation, 13, 14, 14n, 37 
Springfield Armory, 21 
SS-11 missile, 8 
SS-10 miesile, 7-8 
Stillwell Board Report, 3-4 
Stillwell, LTC Joseph W., 3 
Swinton, COL Ernest D. (MG Sir ~rnest), 1 
Sylvania Products Company, 70 
Systems Research Corporation, 37 

Tanks 
light, medium, heavy class, 2-5, 9, 11 
main battle, 5, 11, 16. See also Main Battle ~ank-70 (MBT-70) Program; ~ a i n  

Battle Tanks. 
M551 ( ~ ~ 5 5 1 ) .  - See M551 (XM551) SHERIDAN tank. 
M4 series, 3 
M1 Abrams, 97 
M60 series. - See under Main Battle Tanks. 
M24 standard light, 3 
M26 (PERSHING), 3 
requirements, evolution of, 1-5 
T95, 16, 19-20, 41, 70 
T1, 2 
T3, 2 
XM815, 97 
XM1, 97 

Taylor, GEN Maxwell D., lln 
Technical Advisor Panel on Ordnance, 10 
Teledyne Brown Engineering Company, 108 
Teledyne, Incorported, 111 
3d Armored Division, USAREUR, 104 



3d In fan t ry  Div is ion ,  USAREUR, 104-05 
33d Tank B a t t a l i o n ,  USAREUR, 105 
Thor l in ,  BG J.  F. ,  22 
Tube-launched, op t i ca l ly - t r acked ,  wire-guided (TOW) a n t i t a n k  m i s s i l e ,  10, 10n, 32, 

73, 73n, 74, 82,  97-98 
29th I n f a n t r y  Brigade, Hawaii, 100 

United Kingdom, 44 
United S t a t e s ,  (US) ,  1, 8 ,  57, 96, 97 

armed f o r c e s ,  8 
Government, 47, 50, 55-56, 58, 67, 79 

US Army, 1-3, 7 ,  29, 58-59, 65-67, 73-74, 79, 82-84, 93, 97-98, 103, 105, 110, 
118. See a l s o  Department of t he  Army (DA). -- 

Europe (USAREUR), 96, 99, 100-106, 108, 118 
inventory ,  99, 102, 104-05, 108, 118 
investment i n  SHILLELAGH, 118 
P a c i f i c  (USARPAC) , 101-03, 106 

Varo, Incorpora ted ,  80-81 
Vietnam, 100-101 
V-J Day, 3 

War Department Equipment Board Report,  3-4 
Warheads, 12, 47 
Waterv l ie t  Arsenal ,  19, 21, 39, 90 
West Germany, 96, 102 
White Sands Miss i l e  Range, New Mexico, 39, 65, 67, 74, 79, 82, 88,  91, 93, 96 
Whittaker Gyro Company, 70 
"wooden mis s i l e "  concept,  56 
World War I ,  1-2 
World War 11, 1-3, 5 
Wright A i r  Defense Center ,  21 
Wright Machinery Corporat ion,  70 

X M l  Main B a t t l e  Tank, 97 
XM13 guided m i s s i l e ,  16, 20 

Yuma Proving Ground, Arizona, 21, 82, 85 

Z i e r d t ,  MG (BG) (COL) John G . ,  27, 30-31, 51 




