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Annual Service Practice Firing of the SERGEANT Missile in October
1968 at NATO Missile Firing Installation on Greek island of Crete
by the 5th Battalion/30th Artillery of the Southern European Task

Force. (Photo from Army Digest, Vol. 23, No. 10 [Oct 68], p. 53.)
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PREFACE |

After the close of World War II, which saw the advent of

-the jet-propelled guided missile in warfare, the United States

Afmy established requirements for the development ofréﬁrfacer
to-surface guided missile artillery to provide either nuclear
or non-nuclear fire support. To supply the scientific knowledge
essential to the development of tactical guided missiles, the
Ordnance Department instituted exploratory research programs
under the ORDCIT Project at the Jet Prdpulsion Laboratory and
the HERMES Project at the General Electric Company. The
technical knowledge and experience gained in these programs
paved the way for the liquid-fueled CORPORAL missile system,
which reached the field in 1954, and the second-generation
SERGEANT missile system, which replaced the CORPORAL in 1962-63
and now stands on guard as a deterrent to aggression in Europe

and the Far East.

This monograph traces the evolution of the SERGEANT weapon
system from its inception through development, production, and
depioyment. The first chapter chronicles the technological
advancements and feasibility studies leading to the initiation
of system development in 1955. The next two chapters focus on
the problems and weaknesses inherent in the contractual aﬁé
project management structure and their impact on fhe execution
of the program. The remaining narrative traces the weapon system
through the various stages of design, development, production,
deployment, and product improvement. The study ends with a
resume of the current status of the weapon system and a brief
glimpse into its future as an active member of the Army's land

combat forces.

21 January 1971 Mary T. Cagle
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CHAPTER I

(‘ ORIGIN OF THE SERGEANT PROJECT (U)

(U) Advent of the Guided Missile

(U) Like other Army guided missile systems developed in the
late forties and early fifties, the SERGEANT could trace its
origin back to the emergence of the guided missile in World War
I1 and the exploratory research effort conducted by the Jet
Propulsion Laboratory under the famous ORDCIT project. Although
American scientists were actually the first to outline the basic
principles of jet-propelled guided missiles, the Germans developed
the first long-range surface~to-surface missile and used it

against the Americans and their allies.

(U) Rumors circulating through the Polish underground -in
early 1943 alerted Britain to the secret rocket development on
the Baltic island of Peenemiinde. The British countered this
threat with a massive air attack on Peenemiinde in August 1943,
setting back Hitler's highly touted vengeance weapon well over a
year.1 Passing almost unnoticed at the time, a radio controlled
glide bomb launched from a German plane struck a British ship in
the Bay éf Biscay, marking the first use of guidance fbr<missiles
in warfare—a principle which, when combined with jet propulsion,

led to the guided missile.2

(U) During the early hours of 13 June 1944—exactly a week
after D-Day—25 Nazi V-1 buzz bombs came screaming across the

English channel, four of them exploding in the foggy darkness of -

1Arthur Bryant, The Turn of the Tide, 1939-1943 (N. Y., 1957),
pp. 556-57, 593. ‘

2MG H. N. Toftoy, "Army Missile Development," Army Information

Digest, Vol. 11, No. 12 (Dec 1956), p. 21.



London. Two days later, more than 200 V-1's came across the
channel within 24 hours, and over 3,000 followed in the next

5 weeks. Using the jet propulsion principlea, the V-1 had a
maximum range of about 150 miles. It was guided by a preset gyro
device and had a 1l6-foot wing span with a jet engine built agove
the tail and an iron tube filled with explosives giving the effect
of a l-ton bomb. The relatively slow V-1, a 400-mile-per-hour
(mph) pulse jet, attained altitudes up to 3,000 feet and then
dived to the earth with an eerie wail. Vigorous countermeasures
were adopted, most of them based on radar detection, balloon
barrages, and heavy bomber attacks on the launching sites. By
the end of August 1944, not more than one bomb in seven pene-

trated the defenses around London and the V-1 had been mastered.3

(U) Then, in the early evening of 8 September 1944, the first
two V-2 missiles, Hitler's celebrated vengeance weapon, left their
launchers on the outskirts of The Hague, Netherlands, and headed
toward London. Six minutes later, they hit their targets with
devastating effect, one detonating at Chiswick and the other at
Epping. Hurtling silently out of the stratosphere, the V=2 had
even more heinous possibilities than the V-l. It was a tapered,
wingless projectile about 45 feet long and carried some 2,200
pounds of explosives. It was propelled by the combustion of
alcohol and liquid oxygen, and controlled by gyroScopeé or by
radio signals operating on large graphite vanes placed behind the
jet. The 4,000-mph V-2 flew a ballistic trajectory, reached some
50 miles above the earth, and fell 200 miles from the launching
site to bury itself and explode with the effect of a 2-ton bomb.

Unlike the V-1, it gave no warning to its victims.4

3(1) GEN Dwight D. Eisenhower, Crusade in Europe (N. Y.,
1951), p. 497. (2) Lynn Montross, War Through The Ages (N. Y.,
1960), p. 927. (3) Winston S. Churchill & Editors of Life, The
Second World War (N. Y., 1959), Vol. II, pp. 413-15.

4(1) Ibid., p. 416. (2) Montross, op. cit., p. 939.
) .



(U) Many countermeasures were tried and still more explored,
but nothing could be done once the missiles rwere launched.
Neither planes, nor antiaircraft guns, nor balloons were of any
avail against the giant rockets. Before the Allied armies could
liberate the launching site 7 months later, some 15,060 V-1-buzz
bombs and over 2,500 V-2 rockets had been fired against England
and Allied forces in Europe. At the war's end, the Germans were
well along in the development of both antiaircraft missiles and
improved versions of the V-2 surface-to-surface missile.5 But
the German order to evacuate Peenemiunde on 3 April 1945 forever
placed the military future of the V-2 in the realm of "it might

héve been."6

(U) Germany was years ahead in the development of guided
missiles; however, by the time the V-1 appeared on the scene,
the United States had already recognized the great potential of
these weapons and had made a good start in their development.
Proposals to develop a V-1 type of missile had been advanced as
early as 1941, but it was not until the buzz bomb attacks on
England that the War Department initiated the project. Known as
the JB-2, or LOON, this 450-mph pulse jet was very similar to
the V-1. Large-scale production was well underway when V=-E day
led to cancellation of most of the procurement order. The
available LOON's, together with captured V-2 missiles, were used

by the three services for experimental work and for training.7

(U) The ORDCIT Project

(U) Meanwhile, the Ordnance Department initiated a long-

range research and development program that paved the wa} for

(1) Churchill, op. cit., p. 416. (2) Toftoy, op. cit.,
ppo 21"'220

6Walter Dornberger, V-2 (N. Y., 1954), pp. 268, 271.

7Toftoy, op. cit., pp. 22, 24~25.
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the SERGEANT and other advanced guided missile systems now in
the Army's arsenal of operational weapons. At the behest of the
Ordnance Department in 1943, the Ballistic Research Laboratories
at Aberdeen Proving Ground and the Guggenheim Aeronautical
Laboratory of the California Institute of Technology (GALCIT)
conducted preliminary feasibility studies of surface-to-surface
guided missiles. Impressed with the favorable results of these
studies, the Ordnance Department requested that CIT undertake a
research and development program on long-range rocket-propelled
guided missiles. This request led to the ORDCIT project, the
first of its kind in the United States and the oldest of the

Army's missile projects.

(U) In June 1944, the Office, Chief of Ordnance (0OCO)
awarded GALCIT a $3,300,000 contract for general research lead-
ing to the development of long-range guided missiles. Later that
year the GALCIT activity was reorganized and designated as the
Jet Propulsion Laboratory (JPL) of CIT. By December 1944, ex-
perimental work at JPL had confirmed the feasibility of jet~-
propelled missiles,8 and 0CO established two more research and
development (R&D) programs: the HERMES surface-to-surface
missile (SSM) project at the General Electric Company, and the
NIKE antiaircraft guided missile project at the Bell Telephone
Laboratories. 1In 1945, the JPL research facilities, which had
been expanded and largely financed under wartime defense con-

tracts with the GALCIT research group, were acquired by the

8The experimental phase consisted of 24 PRIVATE "A'" research-
test vehicle firings. This 529-1b. missile was 92 inches long
and 9.6 inches in diameter. It carried a 60-1b. dummy payload
and a 192-1b. charge of GALCIT 61-C restricted burning solid
propellant which consisted of potassium chlorate and an asphalt-
oil mixture acting both as a fuel and binder. All of the test
objectives were achieved, the fully charged rounds reaching the
expected range of 18,000 yards. OCO Pub, "Army Ordnance Depart-
ment Guided Missiles Program,'" 1 Jan 48, pp. 26-27. Toftoy Papers,
Hist Div File.

4



U. S. Engineers and became a Government-owned activity operated
by CIT.’

(U) The ORDCIT program, in effect, éupported all other
guided missile contracts calling for specific missiles. It/em-
braced fundamental research, development, and testing of solid
and liquid propulsion systems, guidance and control techniques,
guided missile research test vehicles, and other related subjects.
As to objectives, the project was to increase progressively the
size and complexity of the various missiles, beginning with the
experimental PRIVATE series and continuing through.the CORPORAL
and SERGEANT guided missiles. '

(U) By September 1945, the feasibility of a supersonic
guided missile had been successfully demonstrated; however, the
research engineers were confronted with innumerable problems
that required solution before a tactical guided missile could be
realized. The nature of these problems became apparent in the
17-round PRIVATE "F'" firing program conducted early in April 1945.
In none of the 17 firings was satisfactory flight produced, a
_steady rolling motion developing in every case about 10 seconds
after launching. JPL concluded that small high-speed missiles
would have to be constructed with extraordinary precision or be

equipped with an autopilot.10 , .

(U) At the close of World War II, scientists were on the

9(1) Ibid., pp. 1, 38, 55. (2) Toftoy, op. cit., pp. 22-23.
(3) James W. Bragg, Development of the CORPORAL: The Embryo of the
Army Missile Program (2 Vols, ABMA, Apr 1961), I:3-7. (This mono-
graph contains a comprehensive history of the JPL/CIT and the ORD-
CIT project, and is commended to any reader desiring broader infor-
mation on these topics.)

10(1) Ibid., I:8. (2) OCO Pub, "Army Ordnance Department
Guided Missiles Program," 1 Jan 48, pp. 1, 20-21, 27. Toftoy
Papers, Hist Div File. (3) The PRIVATE "F" was similar to the
PRIVATE "A" in physical dimensions, but carried a smaller 175~1b.
charge of GALCIT 61-C solid propellant. Ibid., p. 26.
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verge of many new discoveries and improvements in practically all
fields of military equipment. But with the dawn of the Atomic
Age in August 1945 and the cessation of hostilities in September,
rgcket and guided missile development took a back seat in the
national defense budget and remained a minor, almost 6bscufe item

throughout the first 5 postwar years.11

(U) The Stilwell Board Report

(U) As a result of experience gained in World War II and the
astounding revolution of weapon technology, the tactical organiza-
tion and equipment needs of ground combat forces underwent a number
of changes, most of them reflecting a trend toward greater emphasis
on fire power and mobility. It was with these changes in mind that
the War Department Equipment (Stilwell) Board convened early in

1946 to formulate a new policy for equipping the postwar army.

(U) Even under ideal conditions, military leaders realized
that considerable time would be required from the conception of
the need for a piece of equipment to its development, test, pro-
duction, and delivery to the troops. The limitations that were
sure to be imposed on funds during the postwar period, coupled o
with the shortage of research talent, dictated the most careful
selection of items for development. In general, the program would
follow two parallel courses: vigorous research and dévélopment of
new or anticipated types of equipment, and continued improvement
of existing equipment as an interim measure. Initially, the bulk
of funds allotted for rockets and guided missiles would be

apportioned to basic research.12

11For a background history of the political and military
climate that shaped the national defense program during the post-
war period, see Mary T. Cagle, History of the Basic (M31) HONEST
JOHN Rocket System, 1950-1964 (MICOM, 7 Apr 64), pp. 1-15.

12War Dept Equipment (Stilwell) Board Report, 29 May 46, pp.
i, 3-4, 47, 49. Redstone Scientific Information Center (RSIC).
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(U) While recognizing the necessity for maintaining a well-
equipped ground combat force, the Stilwell Board recommended that
the '"measures necessary to assure the continuous availability

and development of more potent or improved atomic weapons and

suitable carriers thereof and the development of defensive ~

measures against atomic weapons be accorded priority over all

other National Defense projects."13 The board concluded that the

atomic explosive was not adaptable for use in artillery weapons
but "upon perfection of rockets and guided missiles, may be used
in a warhead." With rockets and missiles yet in the early re=-
search stage, the achievement of operational atomic weapons for
battlefield use necessarily fell in the realm of the distant and
somewhat hazy future. Meanwhile, the explosive would be 'carried
by an aircraft as a bomb" and used principally "against remunera-
tive targets such as cities, vital industrial areas, ports, naval
concentrations, and bases.'" The report continued:

« « « The best defense appears to be to convince the entire
population of enemy countries that this country is preparecd to
retaliate immediately on any aggressor, and will answer any
unprovoked attack by wholesale devastation produced by atomic
bombs, biological agents and lethal gases of great intensity.
Though not recognized as such at that time, this, in essence, was
the nuclear deterrent. or massive retaliation doctrine that was to

rule the national defense effort for years to come.

(U) Revision of the ORDCIT and HERMES Programs

(U) The scope of the postwar research and development effort
was tempered by the guidelines set down in the Stilwell Board
Report and the implementing policy statement issued by the

Director of R&D in October 1946. The latter directive stated:

13Ibid., p. 8. (Underline indicates italics used in the

Stilwell Board Report.)

14Ibid., p. 1ll.




"Practical development wiil not be rushed ahead of sound knowledge.
Solution of the fundamental problems of propulsion, control, and
aerodynamics will be considered of primary importance in the
immediate program."15 This policy guidance, together with the
attendant shortage of Army R&D funds and the technical problems
encountered in the PRIVATE "F" test firings, led to a revision of

the ORDCIT and HERMES programs.

(U) Instead of developing specific missiles to meet tactical
or strategic requirements, JPL was to focus primary emphasis on
fundamental investigations underlying the broad fields of jet
propulsion and guided missiles. As a result, the SERGEANT mis-
sile was eliminated from the immediate program objectives,
leaving only the CORPORAL research test vehicle series. Similar
changes were made in the HERMES program, the effort at General
Electric being devoted to research firings of captured V-2

missiles and to basic and applied research leading to the develop-

: . L s . . - 16
ment of guided missiles suitable for use against surface targets.

(U) Setting the Stage for SERGEANT

(U) MG H. N. Toftoy, the prime mover behind the Ordnance
guided missile program during the lean years of the late 1940's,
later wrote: '"The carefully planned iong-range research and
development program . . . was a form of ‘'casting bread ﬁpén the
waters,' for its returns were many fold."17 The technological
progress achieved during those years of passive support and

shoestring budgets paved the way for the tactical CORPORAL

15Memo for CG, AFF, et al., 10 Oct 46, subj: Review of

Guided Missile Projs. Toftoy Papers, Hist Div File.

16(1) CAPT R. C. Miles, compiler, "The History of the ORDCIT
Project up to 30 June 1946," n.d., p. 34. RSIC. (2) Bragg, Op-
cit., I:8. (3) 0CO Pub, "Army Ordnance Department Guided Missiles

Program,' 1 Jan 48, pp. 1, 20-21, 38. Toftoy Papers, Hist Div File.

17Toftoy, op. cit., p. 25.
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guided missile system and the second-generation SERGEANT weapon
system. The first large solid propellant guided missile to be
adopted for field use by the Army, the SERGEANT was, by all
applicable standards, truly a triumph of technology...It con-
tributed little or nothing itself to the art of solid propeflant
rocketry, but was rather the beneficiary of the knowledge and
experience accumulated in two successes and a failure:

—The liquid-fueled CORPORAL =- a success, but with opera-
tional limitations that left much to be desired.

—The Early SERGEANT - a failure, but a giant step forward
in solid propellant rocketry.

—The HERMES A2 - a success that proved the feasibility of
large solid propellant rocket motors.

Early Advances in Solid Propellant Technology

(U) The advantages of solid propellant rocket motors over
liquid fuel engines had been recognized very early in World War
II, but the feasibility of large solid propellant motors for
tactical weapon application was yet to be established at the
war's end. Beginning in 1941, the GALCIT research group had
developed the restricted-burning asphalt-base propellant for jet
assisted takeoff (jato) units. By 1943, these solid jato units
had been perfected to the point where the Aerojet Gengralf
Corporation took over their quantity production for aircraft
application; however, they suffered from many defects that made
them unsuitable for use in tactical missiles. Among these were
poor mechanical properties, temperature sensitivity, heat trans-
fer problems, excessive weight, smokiness, and unsatisfactory
reproducibility. ‘

(U) Using the results of the PRIVATE "F" research firings as
a point of departure, the JPL engineers attacked these problems

with significant success. In 1946, they developed an improved

castable, composite propellant which used inorganic perchlorates
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as oxidizers and polysulfide rubber polymers as fuels in place of
the asphalt-oil base. This rubber-base propellant offered two
advantages: first, the metal chamber was not exposed to hot
gases during burning; and second, the charge required‘no support
6ther than that provided by the bond which formed between rubber
and metal on the inside surface of the chamber. Since the fuel
was originally a liquid, propellant ingredients could be mixed
and poured directly into the rocket chamber. When cured at ele~
vated temperature, the propellant became a tough, rubbery solid
with very small shrinkage and strong adhesion to metals. The
good ballistic properties and rubbery.character of the propellant
made it especially suitable for use as internal-burning, case-
bonded charges in high performance rocket motors. The results of
preliminary laboratory tests indicated that the propellant had
excellent mechanical properties, good specific impulse and

density, and small temperature sensitivity.,18

(U) Encouraged by the favorable results of these preliminary
experiments, the Director of JPL, in October 1947, submitted a
proposal for application of the improved rubber-base propellant
to medium-size high performance rocket vehicles. Further studies
indicated that the same principles could be applied to the pro-
pulsion of large missiles similar in size and performance to the
V-2 missile.! o

18(1) Howard S. Seifert, "History of Ordnance Research at the
Jet Propulsion Laboratory, 1945-1953,' JPL/CIT, 29 Jul 53, p. 5.
RSIC. (2) Louis G. Dunn, Dir, JPL, "A Study of Surface-to-Surface
Guided Missiles Using Solid-Propellant Rockets,' JPL/CIT, 17 Jul
53, pp. 1.1 - 1.2. SGT Proj Case Files (SPCF), Bx 13-826, Records
Holding Area (RHA).

19(1) JPL Memo 4-17, 1 Oct 47, subj: The Applicability of
Solid Propellants to High-Performance Rkt Vehs. (2) JPL Memo
4-25, 21 Jul 48, subj: The Applicability of Solid Propellants to
Rkt Vehs of V-2 Size & Performance. Both summarized in report,
Louis G. Dunn, Dir, JPL, "A Study of Surface-to-Surface Guided
Missiles Using Solid-Propellant Rockets,' JPL/CIT, 17 Jul 53,

p. 1.2. SPCF, Bx 13-826, RHA. ’
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The Early SERGEANT Missile 7

(U) Small solid propellant rocket motors, using less than 100
pounds of propellant, had proved highly successful in some appli-
éétions, such as air-to-air and air-to-ground missiles. What was
now needed was an advance in technology that would enable the
scientists to design rocket motors using thousands of pounds of
propellant and capable of producing total impulse measured in
hundreds of thousands of pound-seconds. The Early SERGEANT de-

velopment program was a bold attempt to achieve a breakthrough.

(U) JPL began work on the Early SERGEANT in 1948, following
a series of successful high~acceleration flights of small rockets
to evaluate performance of the JPL-126 polysulfide rubber pro-
pellant. The missile was 15 inches in diameter and about 249
inches long. Its solid propellant rocket motor—the largest
under development at that time in the United States—was 180
inches long and contained a 1,300-1b. charge of JPL-126 propel-

lant. The missile was designed to fly a near-verticzal trajectory

and to deliver a 92-~1b. payload to a distance of 60 statute miles.20

(U) JPL loaded and static fired 12 of the rocket motors in
1949, but conducted no flight tests. Because of the large amount
of CORPORAL work and the limited capacity of JPL's mixing and
casting facility, the bulk of the motor development effoff was
transferred in April 1950 to the Redstone Division of the Thiokol

Corporation.21 JPL established the performance requirements for

2001y 1bid., p. 1.2. (2) JPL Prog Rept #4-76, 15 Nov 48,
subj: High-Acceln Flt Tests of a 6-in. Rkt to Test a Polysulfide-
Rubber-Fuel Propellant. RSIC. (3) JPL Engrg Dev Anal #701, 26 May
48, subj: SGT Design Crit. RSIC. (4) Seifert, op. cit., pp. 5, 22.

2101y Tbid., pp. 5, 22. (2) Thiokol Rept #6a-50, Dec 1950,
subj: Final Rept on Contr W-36-034-0RD-7709. RSIC. (3) Thiokol
moved its propellant R&D operation from Elkton, Md., to Redstone
Arsenal in 1949. Fred B. Smith, "History of the Rocket Develop-
ment Division, 1949-1953," n.d., pp. 16-17. Hist Div File.
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the motor and contributed both the basic propellant formulation
and the original star configuration grain design. Thiokol's work
was primarily concerned with improvement of the polysulfide rubber
propellant and development of processing techniques and facilities
bfér loading large motors. . T

(U) That the Early SERGEANT motor pressed the state of the
art became apparent during JPL's full-scale static firings in
1949, partial or total failure occurring in 7 of the 12 motors
tested. Following a conference at Redstone Arsenal in September
1950, the star configuration grain design was abandoned in favor
of a cylindrical core design, and Thiokol undertook a program to
éolve the underlying causes of motor failure. Substantial im-
provements were made in the physical properties of JPL~126 pro-
pellant; however, scale model tests of the redesigned motor in
late 1950 and early 1951 were only partially successful. Weary
of failure and seeing a surer path to success in a different
direction, the Ordnance Corps terminated work on the Early
SERGEANT in April 1951. While the program failed to produce an
acceptable rocket motor for tactical missile application, it made
important contributions to solid propellant technology and to the

rocket motor that would eventually bear the name "SERGEANT."22

The HERMES A2: Progenitor of the SERGEANT

(U) Two years elapsed from the time the Early SERGEANT was
abandoned until early studies began on the present~day SERGEANT.
But even as the name slipped briefly from the limelight,
impreséive, though as yet unheralded,.advances were being made
in solid propellant technology. More than a year before cancel-

lation of the Early SERGEANT, a program destined to breathe new

22Rept, TLD 320-66~290, Longhorn Army Ammunition Plant,

Thiokol Chemical Corporation (LAAP/TCC), June 1966, subj: The
SGT Rkt Mtr R&D - Hist Sum & Review from Dec 1953 thru Nov 1961,
Ppc 9"120 RSICc :
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life into the SERGEANT had been born. 1Its name was the HERMES A2,
one of several different versions of the HERMES missile under

study and development by the General Electric Company.

(U) At the behest of 0CO, the General Electric Cbﬁpany,,in
1949, conducted a preliminary study to determine the feasibility
of developing a low-cost SSM based on the HERMES Al test missile.
This study resulted in the proposed HERMES A2 (XSSM-A-13), which
wés designed to carry a 1,500-1b. payload to a range of 75 nauti-
cal miles. The missile would employ applicable portions of the
Al guidance system and have an overall length of 244 inches, with
a‘fixed 31-inch diameter to be compatible with the XW~-7 warhead.
In designing the propulsion system, General Electric (GE) consid-
ered both liquid and solid motors. A comparative analysis showed
that solid motors offered three important advantages over liquids:
simplicity of operation, ease of handling in the field, and lower
cost. There were, however, two formidable disadvantages: solid
propellant technology was less advanced than that of liquids, and
the feasibility of solid motors of the required size had not been
proved. Nevertheless, GE, with the concurrence of Army staff
officials, decided in favor of a solid rocket motor-—a decision
that was to have far-reaching consequences both for the Army's

missile development program and for the American rocket industry.

(U) The Chief of Ordnance, in mid-1950, authorized GE to
proceed with the development of a suitable rocket motor for the
proposed HERMES A2 missile. As the prime contractor, GE was
responsible for the overall design of the missile and the estab-
lishment of motor performance requirements. The Redstone Division
of the Thiokol Chemical Corporation, brought into the program in
May 1950, was responsible for establishing the propellant formula-
tion and grain design, and for the manufacture and static testing

of the propulsion system. JPL served as consultant.

(U) The initial phase of the program had as its objective the
design and static testing of a full-scale, 3l-inch-diameter motor
14



at the earliest practicableiéate to prove the‘feasibility of large
solid propellant rocket motors. Thiokol investigated a number of
propellants, but most of the effort was focused upon improving the
ballistic characteristics and physical properties of T13 and T14
propellants. It developed a modified T1l4 propellant (T14El) “for
use in the first full-scale static test motor, and a modified T13
(T13E2) propellant for use in two other early static tests. As
initially designed, the motor had a cylindrical case length of

118 inches, the head and nozzle ends adding about 60 inches for

an overall length of some 15 feet.

(U) On 2 December 1951, the first full-scale HERMES A2 motor,
loaded with 4,786 pounds of T14ELl propellant, was static tested at
Redstone Arsenal, successfully demonstrating the technical feasi-
bility of large solid propellant rocket motors. Results of the
test showed a motor burning time of 41.2 seconds, an average
thrust of 17,172 pounds, a total impulse of 795,000 pound-seconds,
and a specific impulse of 121 pound-seconds/pound. Although the
T14E1 propellant met the limited objectives of the first static
test, the design engineers recognized the need for a propellant
that would yield a higher specific impulse. Improvements in per-
formance'characteristics of the motor were undertaken in the
second phase of the program wbich culminated in the hybrid RV-A-10

motor.

(U) The search for a high-performance propellant began with
the T13E2 formulation and ended with development of the new TRX-
110A propellant (later designated as the T17El). The T13 propel-
lant produced a higher impulse than the T14El but gave an irregular
pressure time trace. A satisfactory compromise was achieved by
the TRX~110A formulation containing 62 percent oxidizer. Alto-
gether, 21 full-scale static tests of the various propellants were
run without a single failure. These were followed early in 1953
by four successful flight tests of the RV-A-10 motor with TRX-110A
propellant. The RV-A-10 motor was shorter than the original A2

15



design (108 versus 118 inches) and yet delivered a greater total
impulse (964,000 versus 795,000 pound-seconds), as well as a
higher specific impulse (156 versus 121 pound-seconds/pound).

Its nominal burning time was 24 seconds, compared to 41.2 seconds
for the earlier design. Its average weight was 6,173 pounds: in-
cluding about 4,600 pounds of TRX-110A propellant. Thiokol com-
pleted work on the HERMES A2 motor program in September 1953 and
submitted its final report in March 1954.

(U) Successful though it was, the HERMES A2 was destined to
do no more than pave the way for the SERGEANT and for other large
solid propellant rocket motors of the future. It never attained
operational status, buf it did carve for itself a respected place
*5 <hc history of solid propellant rocketry. The HERMES A2 pro-
gram not only proved the feasibility of iarge solid propellant
motors, but also provided much of the technology that was to be
incorporated into the SERGEANT missile system. The SERGEANT motor
was, in éssence, a modification of the HERMES A2. Both motors were
31 inches in diameter, although the SERGEANT was longer and used |
more propellant. The same propellant formulation was used in both
motors, as well as the same basic manufacturing techniques and
equipment. As a final act confirming its status as the progeni-
tor of the SERGEANT, the HERMES A2 contributed the hardware for
the first motor to be static fired under the SERGEANT program.

On 7 January 1954, two HERMES motor cases were welded together,
loaded with TRX-110A (T17El) propellant, and static fired to pro-
vide data for use by the designers of the new SERGEANT missile

system.

23(1) Ibid., pp. 12-20. (2) Thiokol Prog Repts #28-51, Dec
1951, #5-53, Feb 1953, & #9-54, Mar 1954, subj: Dev of 3l-inch
Diam Solid Propellant Motor for the HERMES A2 Msl. RSIC. (3) RSA
Tech Rept, Ord GM & Rkt Programs, Vol X - HERMES, Inception thru
30 Jun 55, pp. 23, 29, 136-38. Hist Div File. (This document is
hereafter cited as the HERMES Blue Book.)
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(‘5 SSM Requirements and Revival of the SERGEANT (U)

(U) Throughout the first 5 years of the postwar period, the
nature and scope of the Army rocket and guided missile programs
fluctuated with the availability of funds, the status of atomic
warhead development, and changes in Army SSM requirements. In
the absence of detailed military characteristics (MC's), both JPL
and General Electric had conducted their assigned development
programs on the basis of unofficial requirements (originated in
some instances by the Ordnance Corps),>which stated only the
desired range, payload, and accuracy. Generally, these require-
ménts were generated on the basis of the contractors' estimates
of the achievable performance within the areas investigated, but
technical guidance on specific weapon projects necessarily varied

with the status of atomic warhead developments.

Reorientation of the SSM Program

(U) In September 1949, 0CO officials reviewed all active SSM
programs to determine the best approach to meet an early opera-
tional availability for a system capable of carrying a 1,500-1b.
payload to medium ranges. The development effort then in progress
at JPL consisted, in the main, of static firings of the Early
SERGEANT and flight tests of the CORPORAL "E" research vehicle
which incorporated command guidance and liquid pfopulsion. At
General Electric, work was in progress on several versions of the
HERMES, but none of them had reached the flight test stage as had
the CORPORAL "E'". Among those in the study stage were the proposed
HERMES A2 and the HERMES Cl, a liquid-propelled missile with a
2,000-mile range. The only tactical systems under development
were the HERMES Al series and the HERMES A3A which was being de-
signed to carry a 1,000-1b. payload to ranges up to 175 miles.

(U) In 1950, reorientation of the Army's SSM program became

necessary for several reasons: new atomic warheads were developed;
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the limited R&D funds were‘ ;ﬁread too thinly é.mong \oo many proj-
ects; and the unsettled international situation intensified the
urgency of obtaining operational missile systems. GE's HERMES
program was affected the most. The HERMES Al series was discon-
tinued; responsibility for the HERMES Cl study was transferred to
Redstone Arsenal and later became the REDSTONE missile project
(designated in the interim as MAJOR); and work on the HERMES A2

was restricted to the design of a suitable solid propulsion unit.
This left only the HERMES A3B as a major effort at GE, and progress
in its development was retarded by the lack of formal MC's and con-
stant changes in payload and range requirements. A modification
of the HERMES A3A, the A3B was being designed to carry the 3,000-1b.

XW=-5 warhead to a range of 80 miles.

(U) Wwith the outbreak of the Korean War in June 1950, the
need for an operational SSM became so urgent that the CORPORAL
research vehicle was ''crashed'" as an interim weapon system on the
premise that it could be made operational much sooner than the
more sophisticated HERMES A3B. JPL initiated development of the
CORPORAL I (tactical model of the CORPORAL "E'") under Contract
DA-04~495-0RD-18 which was awarded to CIT on 5 October 1950. The
CORPORAL was to be capable of delivering the 1,500-1b. XW-7 warhead

to a range of 75 miles and it was to be operational by July 1954.24

Interim MC's for a Family of Missiles

(U) The first step in the protracted effort to establish firm

tactical requirements for surface-to-surface guided missiles came

" on 3 October 1950, when Board No. 4 of the Army Field Forces issued

24(1) Bragg, op. cit., I:114, 119, 121-22. (2) HERMES Blue
Book, pp. 8, 12, 21, 23, 57, 60-61, 136. (3) Toftoy, op. cit.,
p. 32. (4) "ORDTU Comments on General Electric Company's Guided
Missile Effort," Mar 1952. (ORDTU was the office symbol for the
Rocket Branch, R&D Division, 0CO.) Toftoy Papers, Hist Div File.
(5) Summary of HERMES Project, 1945-52. File same.
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a proposed statement of MC's for a family of SSM's. Designed to
fulfill requirements outlined in the revised Army Equipment Board
Report of 8 March 1950, the statement included proposed MC's for
three separate missile systems: one for carrying a 500 1b. pay-
load to ranges of 5 to 35 nautical miles; one for carrylng a-
3,000~-1b. payload to ranges of 20 to 150 nautical miles; and one
for delivery of a 3,000~1b. payload to 150 to 750 miles.25 The
chief of the Army Field Forces approved the proposed MC's with
minor changes and sent them to the Department of the Army (DA)

on 14 December 1950. However, before action could be completed
at DA level, the Director of Guided Miésiles, Office, Secretary
of Defense, instituted new policies that led to a reorientation
of the national guided missile program and a delay in formulation

of firm MC's for surface-to-surface missiles.

(U) Having clarified the objectives of the reoriented program,
the Assistant Chief of Staff, G-4, in August 1951, sent the Army
Field Forces a proposed revision of the original MC's for review
and comment. Noting that the existing MC's were no longer compat-
ible with the reoriented program, he explained that the additional
warhead data acquired since December 1950 made it possible to
distinguish more clearly between technical promise and technical
possibility, and to describe missiles which would be acceptable
for interim use even though they might not meet the desired
characteristics. The goal of the reoriented program was to

develop as soon as possible the following family of missiles:26

The CORPORAL for delivery of the 1,500-1b. XW-7 warhead to
a range of 75 miles.

The HERMES A3B for delivery of the 3,000~1b. XW-5 warhead to
a range of about 90 miles.

25Rept, AFF Bd 4, 3 Oct 50, subj: Rept of Study of Proj No.
GM~350, MC's for SSM's. RSIC.

26y tr G4/FL 65709B, ACofS, G-4, DA, to Chf, AFF, 20 Aug 51,
subj: MC's for SSM's, & incl thereto, Draft MC's for a Family of
SSGM's, dtd 14 Aug 5l. RSIC File R-26511.
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The REDSTONE for delivery of the 7,000-1b. XW-13 warhead to
a range of about 160 miles.

(U) In November 1951, representatives of all interested agen-
cies attended a conference at Fort Bliss, Texas, to resolve the
existing differences between the Army Staff and Army Field Forces
relative to requirements for SSM's. As a result of this conference;
personnel of Board No. 4 were verbally directed to prepare new
interim MC's for the CORPORAL, HERMES A3B, and REDSTONE missiles,
and to continue work on a set of firm MC's for the long-term

family of optimum guided missile systerps.27

JPL Study of SSM Concepts

(U) To provide the Army Field Forces the necessary technical
data on which to base the MC's for optimum types of missiles,
Redstone Arsenal, in early 1952, arranged for JPL to conduct a
étudy of surface-to-surface weapons. 1Initially, JPL placed pri-
mary emphasis upon ballistic missiles powered by liquid propellant
rockets; however, the study was extended in early 1953 to include

solid propellant missiles.

(U) calculations made in the étudy indicated that, for a
payload of 1,500 pounds and ranges of 25 to 100 nautical miles,
solid propellant missiles could equal or exceed the performance of
comparable liquid-propelled missiles if a satisfactory ﬁethod could
be devised for controlling the range. Among the range-control
methods considered, the airbrake and thrust termination systems
appeared sufficiently promising to warrant further study and
development. As to the best guidance technique for such systems,
JPL concluded that the combined inertial and ground radio guidance

concept would provide a simpler and more accurate system than

27Ofc Memo, MAJ R. C. Miles, CPL Proj Mgr, to LTC W. J.
Durrenberger, Dir of Projs, RSA, 14 Nov 51, subj: Conf on MC's
for SSM's, atchd as incl to Ofc Memo, Dir of Projs to Dir of R&D,
et al., 21 Nov 51, subj: same. RSIC File R-26511.
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could be achieved with a complete inertial or a complete radio
guidance system. This concept, however, would entail the use of
new components just becoming available and therefore would require

a rather extensive R&D program.28

~

(U) In view of the obvious tactical advantages of solid pro-
pellant rockets and the encouraging results of the laboratory
studies, JPL proposed that the investigation be continued and
supported by experiments to provide information for the design and
development of a useful missile system to be known as the SERGEANT.
Although formal requirements for such a system were yet to be
established, JPL included a possible program for planning purposes
as a part of its July 1953 proposal for the 1954 effort under the
ORDCIT project.29

Revision of SSM Requirements

(U) Wwhen the new Republican administration took office in
January 1953, a firm statement of MC's for the family of SSM's
still had not been established. 1In accordance with decisions
reached at the November 1951 conference, Board No. 4 had sub-
mitted interim MC's for the CORPORAL and HERMES in July and August
1952. The plan at that time called for the HERMES tp supplant the
interim CORPORAL system in operational use by 1955; however, sched-
ule slippages and design degeneration in 1951-52 had éreated some
doubt that such a date could be met. This, together with the new
warhead developuwents and the "Security with Solvency'" defense

philosophy of the new administration, led to drastic cuts in the

28Louis Go Dunn, Dir, JPL, "A Study of Surface-to-Surface
Guided Missiles Using Solid-Propellant Rockets," JPL/CIT, 17 Jul
53, pp. 1.1 - 1.2, 5.6 - 5.7, 5.28 - 5.31, 7.1 - 7.3. SPCF, Bx
13-826, RHA.

293P1, Ppsl No. 20-5, 31 Jul 53, subj: Ppsd 1954 ORDCIT Proj
Rsch Program on Jet Propulsion Systems, GM Test Vehs, & Related

"~ Subjs for the DA, Ord Corps; & App A thereto, '"Solid Propellant

SSM System (SERGEANT)." RSIC.
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Army's budget and yet another revision of the guided missile

program.

(U) During a conference held at Fort Monroe, Virginia, in

April 1953, representatives of the Army Field Forces established

the guidelines for preparation of a firm statement of SSM require~- '

ments. In the light of recent atomic warhead developments, they
insisted that the HERMES as a carrier of the 3,000-1b. XW-5 ware
head was no longer required and should be cancelled in favor of

an optimum short-range guided missile for delivery of the 1,500-1b.
warhead. This optimum weapon would ultimétely supplant the interim
CORPORAL system and, in combination with the REDSTONE system, would
fulfill existing requirements for short and medium range guided

missiles.

(U) In November 1953, the Chief of the Army Field Forces
directed Board No. & to submit a statement of proposed MC's for a
short-range guided missile in partial completion of Project GM-350,
énd to continue work on the MC's for the REDSTONE system. At the
same time, Redstone Arsenal initiated action to terminate the
HERMES project and to obtain feasibility study proposals for a

. 3
weapon system to meet the new requirement.

(§) The tentative MC's forwarded for Army Staff approval in
April 1954 described a requirement for an all-weather artillery
guided missile capable of delivering a 1,500-1b. atomic or
conventional payload to ranges of 25 to 75 nautical miles with an
accuracy or circular probable error (CPE) of 100 to 150 yards.

They specified a preference for a solid propellant rocket motor

30(1) Toftoy, op. cit., p. 32. (2) "ORDTU Comments on General
Electric Company's Guided Missile Effort," March 1952; and 'HERMES
Requirement,'”" n.d. Toftoy Papers, Hist Div File. (3) FONECON, COL
C. W. Eifler, 0OCO, & BG H. N. Toftoy, RSA, 29 May 52, 9 & 21 Oct 53;
and GEN Toftoy & Dr. R. W. Porter, GE, 30 May 53. File same. (&)
RSA Tech Rept, Ord GM & Rkt Programs, Vol. VIII - SERGEANT, Incep=
tion thru 30 Jun 55, pp. 2-4. Hist Div File. (This report here-
after cited as the SGT Blue Book.)
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such as that developed under the HERMES A2 program, a liquid-fuel
motor being acceptable only if necessary to achieve the major
weapon system requirements. 1In the case of competing character-
istics, the developer was to give priority in the following order

of absolute essentiality: reliability, ruggedness, and simplicity;

accuracy; range; immunity to countermeasures; mobility; and safety.31

(U) Feasibility Study Program

(U) The general weapon system requirements set forth in the
tentative MC's were based largely upon the preliminary results of
feasibility studies begun in late 1953 and continued through the
spring of 1954. On 30 November, the Los Angeles Ordnance District
(LAOD) awarded JPL/CIT a $562,580 contract supplement for continu-
ation of the SERGEANT study along the lines suggested in its July
1953 proposal. The scope of the study was expanded in January 1954
with the award of a $675,250 supplement calling for a complete
description of the missile system and an assessment of the feasi-
bility of the required techniques through a more detailed system
analysis and experimental investigations.32 In conjunction with
the JPL study, Redstone Arsenal awarded the Redstone Division of
the Thiokol Chemical Corporation a $596,982 contract supplement
for work on a large solid propellant rocket motor similar to the

HERMES A2 for possible'use with the proposed SERGEANT missile.33

31(1) Ltr, ATDEV-9 471.94/21(S), OCAFF to ACofS, G-3, 19 Apr
54, subj: MC's for a Short Rg (25-75 nm) SSGM Sys, Proj GM-350/1.
Cited in SGT Blue Book, pp. 3, 57. (2) Excerpts from Ppsd MC's
for a Short Rg (25-75 nm) SSGM Sys, atchd as incl to Rept of the
SGT Eval Com, Aug 1954. Hist Div File.

325uppl Agrmts No. 20, 30 Nov 53, & No. 23, 11 Jan 54, to
Contr DA-04-495-0RD-18. SPCF, Bx 13-813, RHA.

335uppl Agrmt No. 26, 1 Apr 54, to Contr DA-01-021-ORD-4460.

Signed several years earlier, the basic contract covered research,
design, and development of solid propellant rocket motors under
Ordnance Project TUL-9005. Supplement 26 covered initial work

on the SERGEANT rocket motor under Task QQ. Basic contract and
supplements relating to SERGEANT in SPCF, Bx 13-825, RHA.
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Redstone Arsenal and General Electric also made feasibility
studies and submitted written proposals for consideration along
with JPL's SERGEANT proposal. The cost of these studies and
other program expenses came to $198,188, increasing the total
outlay for FY 1954 to $2,033,000.>% .

(U) The Redstone Arsenal study concentrated on the guidance
aspects of the system, preliminary missile design being consid-
ered only to the extent necessary to support the guidance study
and to verify the feasibility of the overall weapon system. The
study resulted in a proposed all-inertial guidance system in a
solid propellant missile with a 1,500-15. payload and a range
capability of 20 to 80 nautical miles. The missile configuration
used was 32 inches in diameter and 27 feet long and had a gross
weight of 10,200 pounds, including 6,200 pounds of Thiokol TRX-
110A solid propellant. The guidance study dealt with two all-
inertial schemes, both of which were found to be feasible and

capable of yielding the required accuracy over all ranges.35

(U) The system proposed by General Electric used the Dobbin
or "gun barrel" guidance scheme which contemplated control of the
missile during the first minute of flight by radio command with
no provision for terminal guidance. The proposed missile was 32
inches in diameter and nearly 27 feet long, with a gross weight
of 8,553 pounds including 5,204 pounds of TRX-121 polysulfide

rubbe} ammonium perchlorate propellant.36

(U) The SERGEANT proposal, submitted by JPL in April 1954,

3%4(1) orcM 35883, 16 Jun 55. RSIC. (2) "Planned R&D Funding -
SERGEANT as of 1 July 1954 (As submitted to Symington Committee 23
May 1956)." Furnished by Norris D. Christopher, C&DP, MICOM.

35pSA Repts No. IMIOP, 1 Jun 54, & No. 6M49, 20 Jul S54. Cited

and summarized in Rept of the SGT Eval Com, Aug 1954, pp. 1ll-14.
Hist Div File.
361bidn ’ pp. 8-9 .
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reflected the combined results of some 15 months of applied
research, system design studies and analyses, and supporting
experiments in the fields of aerodynamics, structures, propulsion,
and guidance. This work, coupled with the practical application
of knowledge and experience gained in the CORPORAL proéram, led
to the choice of a missile and propulsion unit having the design
characteristics shown in the accompanying illustrations. 1In
general, the results of the detailed system analyses and prelim=-
inary experimental investigations confirmed the theoretical

calculations outlined in JPL's study report of 17 July 1953.

(U) In external appearance, the proposed SERGEANT was simi-
lar to the CORPORAL but shorter. The dragbrake section contained
the operating mechanism and space for the four paddle-like brakes
used to increase the drag of the missile and thus provide for
adjustment and control of range. A critical analysis of the all-
inertial and combined radio-inertial guidance concepts indicated
that the latter system offered the most advantages, including
better accuracy (100 to 150 yards versus 400 to 500 yards); lower
cost per missile ($20,000 to $35,000 versus $40,000 to $100,000);
less missile checkout time at rear area (2 hours versus 4 to 6
hours); and lower minimum elapsed time between designation of
target and launch (10 to 15 minutes versus 30 minutes). The
proposed guidance system would use both radio and‘inertiai"infor-
mation during the first half of flight and inertial data alone in
the terminal flight phase. The proposed launcher was a multipur-
pose vehicle designed to take a missile from its transport dolly,
mate it with its warhead, erect it to a quadrant elevation near
800, aim it in azimuth, and provide a ground link with the fire
control station until launching from the short pins holding it in
position. The fire control station, complete with a 3~-foot radar
antenna and other electronic gear, would be inclosed in a trailer

and normally located 150 to 300 meters from its launchers.

(U) Although much work was yet to be done in the way of
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detailed analyses of the complete weapon system, Dr. Louis G.
Dunn, Director of JPL, felt that the study was sufficiently near
completion to show that the proposed SERGEANT system offered a
promising solution to the SSM requirement and a great improvement
over the liquid-propelled CORPORAL missile.37 ' g

(U) The SERGEANT Evaluation Committee

(U) The committee established to evaluate the three weapon
system proposals and other possible solutions to the short-range

SSM requirement consisted of the following members:

Name Organization
Dr. Colin M. Hudson Office, Chief of Ordnance
Dr. William H. Pickering* Jet Propulsion Laboratory
Dr. A. K. Thiel Redstone Arsenal
Dr. William S. Carlson Frankford Arsenal
Mr. P. W. Newton Office, Chief of Ordnance
Mr. Warren W. Berning Ballistic Research Laboratories

Consideration of Existing Systems

(U) Before considering the three written proposals for the
development of new weapons, the committee examined existing weapon
systems to determine to what degree they might meet the require-
ment. The only ones sufficiently close in payload and range to
juétify consideration were the improved CORPORAL and the NIKE
HERCULES surface-to-air missile (SAM) modified for the SSM role.
The Bell Telephone Laboratories and Douglas Aircraft Company made
brief studies of the latter and presented their conclusions and

recommendations in an oral report to the committee.38

*Dr. Pickering, who had been associated with the JPL since 1944,
succeeded Dr. Louis G. Dunn as Director of the Laboratory in
September 1954, a month after publication of the committee's
report. Biographical Sketch. Hist Div File.

37Dr. Louis G. Dunn, '"The SERGEANT Surface-to-Surface Guided

Missile System,' JPL/CIT Rept (Ppsl) 20-76, 15 Apr 54. RSIC.
38Rept of the SGT Eval Com, Aug 1954, pp. 1-3. Hist Div File.
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PROPOSED SERGEANT MISSILE DESIGN CHARACTERISTICS

Diametercececececses 31 in.
o Lengtheeeeeveenens .o 34 ft. i
Gross Weight....... . 11,400 1bs. '

Payload Weight.....

Standard Useable Range... 25 to 87 nautical miles

Guidance System....... +«. Combined Radio-Inertial
Range Control Method..... Dragbrakes

Accuracy..seeee... eessees 100 to 150 yds CPE

PROPOSED SERGEANT MOTOR DESIGN CHARACTERISTICS FOR TRX-110A PROPELLANT

Weight,(pounds)

> Cas@esecccececnns 718
‘f%Q%%%%%%%%% Nozzlii.... ..... iég
e e Propellant...... 7,
A - T~ £ Liner..vvecesess 112
< = - 42%2%»,, GroSSeeeeceecss .o 8,243
—~ _ //,,%/?/4/
\\ -

Dimensions (inches) ‘ i}'
Case Qutside Diameter..... 31.00

Case ThicknesSeeeceoseosses 0.11

Case Cylindrical Length... 171.50

Throat Diameter.....eceeee 9.13

Exit Diametercececcecesess 22.60

JPL SERGEANT Proposal
JPL/CIT Report No. 20-76, 15 Apr 54, The SERGEANT SSGM System
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(U) At the time of the committee's deliberations in July and
August 1954, the basic Type I CORPORAL had just been issued to the
troops; the improved Type II CORPORAL was in production; and the
refined Type I1I ground and missile guidance equipment was in the
early stages of development. Despite its technical deficiéncies
and operational limitations, the Type I system had been accepted
for interim troop use pending the availability of Type II equip-
ment.39 The new Type III equipment was expected to improve
system performance and reliability through a substantial reduction
in equipment, better radar data and circuits, greater immunity to
countermeasures, and some simplificatién in operation, training,
aﬁd field handling. But even with these potential improvements,
the CORPORAL still fell short of meeting some of the key require-
ments of the MC's. Among the principal weaknesses noted were (1)
its susceptibility to countermeasures, as compared to the immunity
that could be built into a new system; (2) its failure to meet the
desired dispersal of 300 to 8,000 meters between the ground control
station and launcher—a requirement which the preferred SERGEANT
system also failed to meet; (3) its failure to meet the time re=-
quirement for going into and out of action, as well as the
specified reliability and environmental requirements; and (4) its
requirement for a large amount of ground equipment and a corres=-
pondingly high number of personnel. Tﬁe latter criticism stemmed
primarily from the techniques used in the system; For example,
the liquid propulsion system required substantial amounts of
handling and fueling equipment which could be eliminated by the

use of a solid propulsion unit.

. (U) The brief studies of the NIKE HERCULES-~or NIKE B, as it

39The first Type I CORPORAL battalion was deployed to Europe

in January 1955, and replacement units equipped with the Type II
system followed in the spring of 1956. Bragg, op. cit., I:xix,
163, 173.

40Rept of the SGT Eval Com, op. cit., pp. 2-3.
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was then known=—resulted in three potential sjstems for SSM appli-
cation. System A was essentially the basic SAM with minimum
change and negligible increase in complexity. System B was a
modified SAM system having higher accuracy than System A. System
C would entail the development of a new ground station in order to
attain an optimum SSM design. These systems were rejected as a
possible solution because they failed to meet the key requirements

or presented undesirable design compromises.

Evaluation of System Proposals

(U) Following a detailed review and analysis of the three.
basic proposals, the committee concluded that the best prospective
technical solution for the 150-~yard accuracy requirement would be
a system using dragbrakes for range control and a radio-inertial
guidance scheme, such as that proposed by JPL. While there was no
doﬁbt as to the feasibility, in principle, of the all-inertial
guidance system, it was yet to be demonstrated that the requisite
stability and accuracy could be realized under conditions of
mechanical shock and temperature extremes incident to storage and
field handling.*?

(U) The main objection to JPL's SERGEANT system concerned the
proposed solid propellant composition. Both JPL and Redstone
Arsenal chose TRX-110A propellant whose performanée had been suc-
cessfully demonstrated in four full-scale static firings and four
flight tests in the HERMES A2 program. General Electric chose
the TRX-121 propellant whose performance in one full=-scale static
firing showed it to be superior to the TRX-110A in specific
impulse but inferior with regard to resonance and other troubles.
The committee members, however, did not regard the ''time and funds

invested in 8 rounds of TRX-110A" as an overriding consideration,

411bida Y Ppo 3-4-
4

21bid., pp. 24, 30.
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and discounted the significance of the single observation of mild
resonance in the TRX-121 firing. Convinced that any resonance
difficulty could be cured without undue expenditure of time or
money, they chose the TRX-121 composition for the principal
development effort on the premise that its higher specific
impulse "would permit a saving in missile gross weight of nearly
one thousand pounds." While this gain was not considered suffi-
cient to justify either delay or jeopardy of major proportiomns,

the difference in risk appeared slight and the gain significant.43

(U) On the basis of these and other findings, the committee

made the following conclusions and recommendations:

The Army's need and the prospects for success with a 25 - 75
NMI missile system meeting the requirement appear to justify the
undertaking of a development of such a weapon. Expenditure of
thirty to fifty million dollars and an allowance of four to six
years to attain reasonably satisfactory engineering tests appear
necessary. With additional time allotted for manufacture and
supply to troop units, weapon capability beginning about 1960
and extending at least five years appears reasonable.

* * * * * s
It is recommended:

a. That a weapon system development be undertaken essen-
tlally as proposed by Jet Propulsion Laboratory except with
choice of higher specific impulse propellant composition.

b. That a vigorous program be undertaken immediately and
purSued to fully develop the high specific impulse motor, using
Thiokol TRX-121 propellant . . . .

c. That a vigorous supporting research program on an all-
inertial guidance system be pursued with a view to its utiliza-
tion in the SERGEANT weapon system, if and when it becomes
clearly pra&tlcal from the standpoint of field operations and
loglstlcs.

(U) The SERGEANT Evaluation Committee presented its findings
to representatives of the Army Field Forces at Fort Monroe on 23

September 1954. In view of the unreliability of the CORPORAL and

“ibid., p. 27.

44 1pid., p. 30.
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the fact that further redeéién was not likely to eliminate its
basic faults, OCO recommended that development priority be given
to the SERGEANT system to meet the requirement for a second-
generation SSM system. The Army Field Forces, on 7 October 1954,
recoumended that a SERGEANT weapon system development be under-
taken immediately; that a more powerful motor be developed; and
that a vigorous supporting program on an all-inertial guidance be
pursued with a view toward its use in the SERGEANT when it became

clearly practicable.45

(U) Preliminary Program Plan

(U) Meanwhile, Redstone Arsenal began laying the groundwork
for the SERGEANT development program. On 11 June 1954, the Chief
of Ordnance issued a planning schedule which transferred responsi-
bility and authority for technical control and supervision of the
project from OCO to the Commanding General, Redstone Arsenal. At
the same time, he programmed $100,000 in FY 1955 R&D funds for
planning and technical support effort pending approval of the

integrated system development program by higher authority.46

(U) The original development cost and time projection, estab-

lished in July 1954, indicated a total estimated funding requirement

of $181,860,000 ($51.36 million in R&D and $130.5 million in PEMA/SA
funds) over a 6-year period from FY 1955 through FY 1960. The

*Procurement of Equipment & Missiles, Army, in Support of R&D.
Development funds were allocated under separate R&D and PEMA/S
appropriations until 1960, when the two were consolidated and
cited as RDTE—Research, Development, Test, and Evaluation.

45(1) SGT Presn to AFF, Ft Monroe, Va., 23 Sep 54. Cited in
CRD, Chronological Histories of Army Surface-to-Surface Missiles
Through 1957, SERGEANT, 10 Jan 58. RSIC. (2) Memo, OCAFF, 7 Oct
54, subj: Ord Presn of the SGT Program. Cited in DA Pam 70-10,
Sep 1958. RSIC.

46Plng Scd No. 5040-5413-13-151, OCO to CG, RSA, 11 Junm 54.
SPCF, Bx 13-813, RHA. :
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prior-year expenditure of $5,167,000 for preliminary research and
feasibility studies increased the R&D cost estimate to $56,527,000
and the total cost to $187,027,000 (see Table 1).47 This original
estimate was apparently based on JPL's radio-inertial SERGEANT
system proposal of 15 April 1954, which outlined a conventional
R&D program with no provision for compressing or telescoping the
R&D and production phases as had been done in the CORPORAL program.
The Director of JPL prefaced his proposed development plan with
these prophetic remarks:

The successful completion of the SERGEANT weapon is dependent
upon a logical and orderly research and development program. Any
attempt to place the program on a 'crash" basis will inevitably
result in compromise decisions and ill-chosen designs which will
plague the system for many years. A properly planned development
program will be no more costly in dollars than a "crash" program
and will be more certain to produce a really usable weapon at its
completion. It will pay for itself many times over in the saving
of production funds brought about by a relative freedom from pro=-
duction changes and field modifications. It may take a year or
two longer to produce the final engineering models, but it will
take no longer to deliver the first production of the system
elements that really satisfy the desired military characteristics
and accomplish the objective of a work-horse missile representing
a significant improvement on the CORPORAL.%48

(U) Briefly, the initial JPL plan consisted of three phases.
The first phase would be a purely R&D step involving ground and
flight tests wherein some of the elements would bear only slight
resemblance to the final items. The second phase would entail a
series of ground and flight tests of experimental versions of
every major element of the prototype system. The third and last
phase would involve ground and flight tests of engineering model

equipment essentially embodying the complete tactical system.

47"Planned R&D Funding = SERGEANT as of 1 July 1954 (as sub-
mitted to Symington Committee 23 May 1956).'" Furnished by Norris
D. Christopher, C&DP, MICOM. .

48Dr. Louis G. Dunn, '"The SERGEANT Surface-to-Surface Guided

Missile System,'" JPL/CIT Rept (Ppsl) 20-76, 15 Apr 54, p. 67. RSIC.
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Table 1

ORIGINAL COST ESTIMATE FOR SERGEANT PROGRAM (U)
1 July 1954
(in millions of dollars)

TOTAL ACTUAL/ESTIMATED COST. . 56.527 130.5 187

Actual Cost R&D PEMA/S TOTAL
FYy 1950 . . . « + . « . . . . 0.578 -- 0.578
Fy 1951 . . . . . « « « « « « 0.423 -- 0.423
FY 1952 . . ¢ v ¢ ¢« o o o o 1.251 -- 1.251
FY 1953 . . . . « . « « . . . 0.882 -- 0.882
FY 1954 . + & ¢ v ¢ o ¢ o « & 2.033 -- 2.033
Actual Cost - 1950-54 . . . . 5.167 5.167

Estimated Cost
FY 1955 « & & ¢ ¢« o o ¢ o« o & 5.890 -- 5.890
FY 1956 . . . . . . . . . . . 8.920 2.4 11.320
FY 1957 . . « « « « « + +« « . 12.850 8.4 21.250
FY 1958 . . . . . « « . . . .« 11.700 13.8 25.500
FY 1959 . . . « . « « « . . « 7.700 45.2 52.900
FY 1960 . . . . . « « « « « . 4.300 60.7 65.000
Estimated Cost - 1955-60 . . 51.360 130.5 181.860

.027

SOURCE: "Planned R&D Funding - SERGEANT as of 1 July 1954

(as

submitted to Symington Committee 23 May 1956)," fur-

nished by Norris D. Christopher, C&DP, MICOM.
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Development 1955 1956 | 1957 | (958 | (959 | 1960 196l

10 rounds

Propulsion

20 rounds
Basic principles
ond system
performance

20 rounds
Demonstration of

oaccurocy and
field operations;
and basis for
tinal EM design

Indeterminate
nu rou

Final EM tests

Production

Proposed Developmentchhedule for Radio=-

Inertial SERGEANT System—1l5 April 1954
To avoid recurrence of the massive problems encountered in the
CORPORAL transition period—which Dr. Pickering later described
as '"a miserable mess"49-nJPL proposed that a production con=-
tractor be associated with the Laboratory from the beginning of
test hardware procurement. With proper advance planning and
training, it would be possible for missile and ground equipment

production to begin by January 1960.50

(U) In September 1954, the scope of the planned 1955-56
effort was amended to bring it in line with recommendations of
the SERGEANT Evaluation Committee. Since objections to the all=-
inertial guidance system were primarily ones of uncertainty that
could be more thoroughly evaluated in the course of an actual
development program, Redstone Arsenal laid plans for the parallel
development and proof test of such a system to fit into the same
airframe as designed for the radio-inertial guidance system. Also
added to the original R&D program was the development and proof
test of a more powerful rocket motor using TRX-121 propellant.

Based on an analysis of the data generated, a choice would be made

49Bragg, op. cit., I:162.

50Dr. Louis G. Dunn, op. cit., pp. 67-68.
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by late 1956 between the radio-inertjal and all-inertial guidance
systems and between the TRX-110A and TRX-121 propellants. The
Director of the Ordnance Missile Laboratories approved the modi-
fied development plan on 14 September 1954, and JPL submitted a
revised proposal covering CY 1955 effort on 30 September.51 “The
planned inertial guidance effort was to be conducted by a sub-
contractor under the technical supervision of JPL and technical

control of Redstone Arsenal.52

(U) The Commanding General of Redstone Arsenal, in December
1954, advised the Chief of Ordnance that $9,279,000 in FY 1955
R&D funds would be required over and above the $100,000 already
allotted. The total requirement of $9,379,000 included
$5,954,000 for basic system development under JPL's contract
(ORD-18) plus $2,320,000 for the inertial guidance system sub-
contract; $815,000 for a supplement to Thiokol's motor develop-
méht contract (ORD=4460); and $290,000 for project technical
dontrol, supervision, and support.53 That adequate funds
possibly would not be available to support an optimum level of
effort became evident early in 1955. The amended plamning
schedule issued by 0CO on 4 January indicated a total planned
FY 1955 program of $5,880,000, leaving a potential deficit of
about $3.5 million.54

51(1) MFR, SGT Proj Engr, 13 Sep 54, subj: CY 1955 SGT Effort.
(2) Ofc Memo, SGT Proj Engr to Asst Dir, OML, et al., 15 Sep 54,
subj: SGT Dev Plan. Both in SPCF, Bx 13-813, RHA. (3) JPL Ppsl
20-6, 12 Aug 54, subj: Ppsd 1955 ORDCIT Proj Rsch Program on Jet
Propulsion Sys, GM Test Vehs, & Related Subjs, pp. 108-112, 123;
& rev thereto, 30 Sep 54. RSIC.

52TR #23, 15 Nov 54, subj: Dev of an Inertial Guidance Sys
for a Solid Propellant Msl Sys, XSSM-A-27. SPCF, Bx 13-813, RHA.

33(1) TT ORDDW-MIC-533, CG, RSA, to CofOrd, 9 Dec 54. (2)
FY 1955 Deficit Presn, n.d. Both in SPCF, Bx 13-813, RHA.

54(1) TT, CofOrd to CG, RSA, 4 Jan 55. (2) Plng Scd #5040-
5413-13-151, Amdt #3, OCO to CG, RSA, 4 Jan 55. Both in SPCF,
Bx 13-813, RHA.
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(@ The Die is Cast (U)

(U) Agreeing with recommendations of the SERGEANT Evaluation
Committee and the Continental Army Command (formerly the Army
Field Forces), the Chief of R&D, DA,~approved the proéésed MC's
for the short-range SSM system and sent them on 6 January 1955
for action by the Ordnance Technical Committee.55 Five days
later, the Commanding General of Redstone Arsenal énnounced the
initiation of SERGEANT development and designated Mr. Stanley
Bernstein as the SERGEANT Project Engineer. The tentative program
schedule called for R&D flight tests to begin in July 1955 and
end in December 1958. Contractor prototype tests would begin at
that time, followed by engineer-~user tests in late 1959.56 The
final program schedule, of course, would depend upon the avail-
ability of funds to make up the FY 1955 deficit. Instead of more
money, however, the SERGEANT project actually received $65,256
less than even the initial guidance indicated, and a program
stretchout was already in the offing before official DA approval

of the project in June 1955.

(U) In February 1955, 0CO withdrew $1 million of the
$5,880,000 per instructions from higher authority, and another
$29,000 was lost to Arsenal overhead support, leaving a balance
of $4,851,000. A supplemental allotment of $940,000, in March,
increased the net amount available to $5,791,000; but then, in
May and June, a total of $40,000 was lost to the DART and LACROSSE
missile projects, leaving $5,751,000. Two last-minute supplements
totaling $63,744 increased the final FY 1955 program to $5,814,744,
which was distributed as follews: $5,222,753 to JPL (including the

55DF, CRD, DA, to CofOrd, 6 Jan 55, subj: MC's for a Short-

Rg (25-75 nm) SSGM Sys, Proj GM-350/1. Cited in SGT Blue Book,
PP 3, 57.

56Ltr, CG, RSA, to Chf, AFF, et al., 11 Jan 55, subj: Initi=-

ation of SGT Dev. SPCF, Bx 13-813, RHA.
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inertial guidance subcontract with General Electric Company);
$537,247 to Thiokol Chemical Corporation (motor development); and
$54,744 to Redstone Arsenal (project administration and technical

support).57

(U) The $3.56 million deficit in FY 1955 led to a l-year
delay in the R&D schedule and a resultant increase in the R&D
funding requirement for FY 1956 and subsequent years. The re-
vised schedule called for a total of 55 R&D flight tests of the
radio~inertial system beginning in October 1955 and ending in
December 1959. The parallel a11-inertia1‘guidance effort would
consist of 40 R&D flights beginning in mid~1958 and continuing,
if necessary, through mid-1960. The final system design would be
released to production in August 1961, upon completion of engineer
tests, and delivery to tactical units would begin in February 1963,
with a scheduled Ordnance Support Readiness Date of August 1963.
This revised program schedule represented what Redstone Arsenal
and JPL considered to be the ideal program assuming no further
budget reductions and no extremely serious development problems.
The projected R&D funding requirement for the FY 1956=-61 period
totaled $51.8 million, an increase of some $6.33 million over the

original projection of $45.47 million for the FY 1956-60 period.58

(8 On 16 June 1955, the Secretary of the Army approved the
MC's for the SERGEANT weapon system and the formal establishment
of DA Project 516-05-009 (TU1-2080) with 1A priority. The MC's
specified a requirement for a short-range (25-75 nautical mile),
solid propellant guided missile system to augment and extend

artillery support and to supplement or replace tactical air

57FY 1955 SGT Plng Scds, PED's, PESD's, Ledger Sheets, and
related correspondence. SPCF, Bx 13-813, RHA.

58(1) Ltr, CG, RSA, to CofOrd, 8 Feb 55, subj: SGT Program
Plng. SPCF, Bx 13-813, RHA. (2) Ltr, CG, RSA, to CofOrd, 3 May
55, subj: same. File same. (3) SGT Blue Book, pp. 53, 55. Hist
Div File. (4) OTCM 35863, 16 Jun 55, subj: GM, XSSM~-A-27 (SGT) =
Estb of DOA Proj 516-05-009 (TUl1-2080). RSIC.
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support to a range of 75 nautical miles. The missile was to be
capable of carrying a warhead of about 1,500 pounds and 30-inch
diameter throughout its design range. The types of warheads in
order of accorded priority were: Atomic, Fragmentation, Chemical,
Radiological and Biological, and Practice and Dummy. The features
of the warheads, adaption kits, and fuzing would be as described
in appropriate military and technical characteristics to be pub-

lished separately.59

(U) This basic military requirement essentially paralleled
that stated for the liquid-propelled CORPORAL weapon system which
had just been accepted for tactical use despite its many operaé
tional and performance limitations. Hence, in making the final
decision to proéeed with development of the SERGEANT, the first
question that had to be answered was whether or not the weapon
system, as envisioned, would provide enough of an imﬁrovement
over the CORPORAL to warrant the great expenditure of time and
ﬁoney necessary to bring the proposed project to fruition. The
answer to this question was reflected in the detailed SERGEANT
MC's which provided for a weapon system with capabilities tailor-
made to the latest tactical concepts and for system'performance

and reliability far superior to any previously envisioned.

(’D The primary military characteristic to which the- SERGEANT
would be developed and the most demanding one of all those listed
concerned missile system reliability. Because of the severe
reliability problems being encountered with the CORPORAL and the
resultant lack of troop confidence in the system, the final ,
decision to proceed with development of the SERGEANT turned, to
a great extent, on the anticipated and required reliabilities
stated. These requirements were evolved in joint sessions be-
tween the Continental Army Command (CONARC) and the Ordnance

Corps, and were considered to be feasible from the viewpoints of

59Ibid.
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technology, time, and cost. Specifically, the system reliability
was to be such that:
a. At least 90 percent of the missiles removed from 6 months'

storage would pass all prefiring checkout tests with only 31mp1e
adjustment. :

-

b. At least 95 percent of these missiles would launch on
time on 5 minutes' notice any time during a 72-hour standby
period on the launcher.

c. At least 95 percent of the missiles launched would per-
form without in-flight failures.
The "in-flight reliability" factor was defined as the degree of
assurance that, after launching, the missile would not abort be-
cause of missile or ground equipment failure, but would deliver
its payload to the specified target within the normal dispersion

limits associated with the required accuracy.

_ (Qﬁ The other primary MC's, in order of priority, were: accu-
racy (CPE not to exceed 150 yards required; 100 yards desired);
range (25 to 75 nautical miles required; minimum range of 15 miles

desired); immunity to countermeasures; mobility; and safety. All

equipment in the system was to be as mobile over unimproved roads
and field terrain as heavy artillery. The missile system was to
be capable of going "into action'" from a traveling position in not
more than 2 hours, and "out of action" and into travs}lng position
in not more than 30 minutes including removal of an erected missile
from each launcher. The primary warhead was to include the safety
features required to give the highest possible assurance that a
nuclear explosion would not occur at unsafe altitudes over friendly
troops. In any case, the probability of such an explosion was to
be less than 1 in 10,000.%°

0(1) Ibid. (2) SGT Presn to Frank H. Higgins, ASA (Logis-
tics), 23 Aug 57, atchd to DF, Stanley Bernstein, SGT Proj Dir,
to CG, RSA, et gl. 27 Aug 57, subj: Presn to ASA (Logistics).

SPCF, Bx 13-813, RHA. (3) For a complete statement of the
original MC's, see Appendix I.

40



CHAPTER II

~ (U) CONTRACTUAL STRUCTURE AND RELATED PROBLEMS

Contracting Philosophy

Since the inception of its rocket and guided missile program,
the Ordnance Corps had depended upon American industry to perform
the bulk of R&D work, rather than build and staff new laboratories
of its own. Normally, the policy was to contract an entire weapon
system program with a prime contractor, one not only willing and
able to develop the system, but also capable of initial production.
Although the prime contractor was free to subcontract as much of
the work as considered necessary, it remained the one organization
that could be held responsible for the design, development, and
production of the complete tactical weapon system. This "system
contract" philosophy was first applied with unqualified success
to the NIKE AJAX program in September 1945, and later to other
major programs such as the NIKE HERCULES and HAWK missile systems.

But the circumstances surrounding the SERGEANT program
dictated a radical departure from the tried and proved "system
contract" philosophy, in that the contractor selected to dévelop
the system had no production capability. It was thus'necessary
to use the alternate and less desirable co-contractor method,
wherein the system contract responsibility was split between two
prime contractors, one being charged with system design and
development and the other with initial production. With this
approach, certain interface problems and some duplication of
effort were inevitable, even under ideal programming conditions.
However, as will be noted in the succeeding chapter, the pro-
gramming conditions for SERGEANT were something less than ideal
and the project director at Redstone Arsenal had neither the
money nor the authority and responsibility to cope with the
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monumental problems that déﬁeloped. Interface problems of both
an administrative and technical nature abounded throughout the
BESEféﬁ, duplication of development effort was clearly excessive,
R&D costs increased, and schedule slippages were soon a matter of
fact. Alluding to the expensive lessons learned from fhis ex=
perience with the SERGEANT and similar experience in the LACROSSE
program, COL John G. Zierdt later avowed: '"Qur experience has
indicated that this [co-contractor] approach is not generally

desirable and we do not intend to use it in the future."1

Except for the introduction of a co-contractor, the R&D
structure of the SERGEANT program followed the traditional
pattern. JPL, as the prime R&D contractor, began development
vr the SERGEANT system in January 1955 under a supplement to its
existing R&D contract (ORD-18). The Redstone Division of the
Ihiokol Chemical Corporation served as subcontractor to JPL for
the design of rocket motor metal parts and conducted the remainder
of the motor program (i.e., supporting propellant research and
loading of R&D test motors) under Army contracts ORD-4460,
ORD-4958, and ORD-5304. Among the Government agencies providing
technical support and assistance under project orders issued by
Redstone Arsenal were the Picatinny Arsenal and Chemical Corps
(warheads); White Sands Proving Ground (flight test facilities);
Diamond Ordnance Fuze Laboratories (fuzes); Ordnance Tank~"
Automotive Command (vehicles); Signal Corps (batteries and
communication equipment); Corps of Engineers (air conditioning
and heating equipment); and the Ballistic Research Laboratories
and Human Engineering Laboratories, ABerdeen Proving Ground,
Maryland (supporting research and consultation services). At
the beginning of the R&D effort, Redstone Arsenal contaéted

these and other interested agencies and encouraged them to

1Speech to the DODRE Plcy Council Mtg at Ft Monroe, Va.,
6-8 Jul 60. Hist Div File.
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follow the program and offer any advice, criticism, or suggestions

i1 . . . s s 2
on items within the purview of their respective missions.

Selection of the Co=Contractor

The decision to introduce a co-contractor in the very early
Stage of the SERGEANT R&D program represented a significant
shift in approach under JPL's contract. In past programs, such
as the CORPORAL, the Ordnance Corps had allowed the Laboratory to
complete the design and development of the weapon system'before
placing the industrial production contract. Mindful of the
massive transition problems encountered in the CORPORAL program,
JPL proposed that a co-contractor with proven development, engi-
neering, and manufacturing capabilities be introduced at the
beginning of SERGEANT development as a realistic means of
achieving a smooth transition from R&D to production. The co-
contractor would work in close cooperation with the Laboratory
throughout the design and development'of the weapon system and
through the initiation of production for military use. As a
result of this cooperative effort, the production contractor
would have a thorough working knowledge of the entire system
design and thus be prepared to assume full weapon system respon=-
sibility soon after completion of development. Part of this
combined activity would take the form of Laboratory pfocurement
from the contractor of many of the items required for development
and test. The scope of procurement would be expanded as devel-
opment progressed, so that every item in the final system would,
for all practical purposes, be fabricated by the production
contractor. In this way, JPL hoped to create a final engineering

model that would require little change for full production and

2(1) OICM 35863, 16 Jun 55. RSIC. (2) Ltr, CG, RSA, to
Chf, AFF, et al., 11 Jan 55, subj: Initiation of SGT Dev. SPCF,
Bx 13-813, RHA.
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thereby free the Laboratory from the problems of production at

an earlier date than would otherwise be possible.3

Beginning in November 1954 and continuing through the spring
of 1955, a working committee headed by Mr. Stanley Bernstein, the
SERGEANT Project Engineer, compiled a list of 74 prospective/con-
tractors for review and evaluation by the SERGEANT Contractor
Selection Committee.4 Personnel serving on the selection

committee were as follows:

BG He N. Toftoy, Chairman Redstone Arsenal

Dr. Eric A. Walker Penn State University

Dr. M. J. Zucrow Purdue University

Dr. Martin Schilling Redstone Arsenal

COL M. B. Chatfield Redstone Arsenal

COL Merlin L. DeGuire Redstone Arsenal

LIC M. R. Collins, Jr. Office, Chief of Ordnance
Mr. Will A. Lewis Redstone Arsenal

Dr. William H. Pickering, Director of JPL, and Mr. Frank G.
Denison, SERGEANT Coordinator at JPL, were consultants; Mr.
Stanley Bernstein was the recorder; and MAJ Wells H. Gibbs,

Redstone Liaison Officer at JPL, observed the proceedings.

From the list of 74 potential contractors, the committee

selected the following seven firms to submit technical proposals:

Boeing Aircraft Company

Collins Radio Company -

Crosley Division, AVCO Manufacturing Corporation

Federal Telecommunication Laboratories, International
Telephone & Telegraph Corporation (IT&T)

General Electric Company

Gilfillan Brothers, Inc.

Sperry Gyroscope Company, Division of Sperry Rand Corp.

3Dr. Louis G. Dunn, "The SERGEANT Surface-to-Surface Guided

Missile System,' JPL/CIT Rept (Proposal) No. 20-76, 15 Apr 54,
ppo 68-700 RSIC.

4(1) MFR, Stanley Bernstein, 30 Nov 54, subj: Plcy Stmt for
Selection of SGT Prin R&D Subcontr. (2) Ltr, CG, RSA, to All Oxd
Dists, 24 Feb 55, subj: Selection of a GM R&D Contr. Both in
SPCF, Bx 13-813, RHA.
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On 27 June 1955 the Commander of Redstone Arsenal requested the
appropriate Ordnance Districts to solicit from each of these
companies a technical proposal for performance of R&D work set
forth in Technical Requirements (TR) No. 25, dated 23 June 1955.
Three months later, the JPL Steering Committee decided to reorient
the SERGEANT program to an all=-inertial guidance system,5 and the
proposal requests were suspended pending revision of the TR and

another meeting of the selection committee.

In mid-November 1955, following 0CO approval of the re=-
oriented program, members of the committee met at JPL to recon-
sider the 74 prospective contractors on the basis of the revised
technical requirements and criteria. Im the initial phase of the
elimination process, they picked the 21 best qualified contractors.
Since seven of these had already been solicited for proposals
based upon the original TR, the committee decided to include them
in'the competition regardless of any additional companies that
might be selected from the remaining contenders. Application of
the numerical scoring criteria to the latter group resulted in
the addition of two companies to the solicitation list: Bell
Aircraft Company and Republic Aviation. In late November, the
Ordnance Districts solicited proposals from the nine contractors

with a submission deadline of 23 January 1956.6

Four of the nine companies solicited (Bell Aircraft, Boeing

Aircraft, Collins Radio, and Republic Aviation) declined to

>JPL had begun development of the combined radio-inertial
guidance for the basic system and had awarded General Electric a
subcontract for parallel development of the all-inertial guidance
system. However, in August 1955, it became apparent that adequate
FY 1956 funds would not be available to support both programs, and
the all-inertial guidance system was selected as the better of the
two. See below, pp. 97-99.

6Mins of the SGT Contr Selection Com Mtg, 16-18 Nov 55, w/
incls, atchd to Ltr, CG, RSA, to CofOrd, et al., 29 Nov 55, subj:
Xmitl of Mins. SPCF, Bx 13-813, RHA.
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submit a proposal. During a meeting held at Redstone Arsenal on
6 February 1956, the selection committee evaluated the five pro-
posals received and ranked them in the following order:

Crosley Division, AVCO Manufacturing Corporation

Sperry Gyroscope Company, Division of Sperry Rand Corp.”

Federal Telecommunication Laboratories, IT&T

General Electric Company

Gilfillan Brothers, Inc.
Dr. Pickering and Mr. Denison then presented an independent eval-
uation based upon their specialized criteria, the findings of
which were completely compatible with the above ratings. After
further discussion, the bottom three contenders were dropped from
consideration. Before making a final decision on the other two
proposals, the committee decided to visit the Crosley and Sperry
plants for the purpose of gathering firsthand impressions of
management attitude and policies and discussing the concepts of

the project with some of the key plant personnel.7

The committee held its final meeting in Cincinnati, Ohio, on
22-23 February 1956, after visiting the Sperry plant at Great Neck,
New York, and the Crosley plant in Cincinnati. Following some 6
hours of deliberation, the committe, by unanimous vote, selected
the Sperry Gyroscope Company for the contract on the basis of its

experience and capabilities and the recommendations of JPL,'8

The Sperry Gyroscope Company's experience, capabilities, and
physical facilities were indeed impressive. Its main plant at

Great Neck, New York, consisted of 2,110,000 square feet of floor

7(1) Mins of the SGT Contr Selection Com Mtg, 6 Feb 56, atchd
to Ltr, CG, RSA, to CofOrd, et al., 14 Feb 56, subj: Xmitl of Mins.
(2) Ltr, CG, RSA, to CofOrd, 8 Mar 56, subj: Selection of a R&D
Contr for SGT. Both in SPCF, Bx 13-813, RHA.

8(1) Ofc Memo, Recorder, SGT Contr Selection Com, to BG H. N.
Toftoy, 1 Mar 56, subj: Mins of Com Mtg, 22-23 Feb 56. (2) Ltr,
CG, RSA, to CofOrd, 8 Mar 56, subj: Selection of a R&D Contr for
SGT. Both in SPCF, Bx 13-813, RHA.
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area which housed the major portions of the engineering, design,
manufacturing, assembly, test, and administrative departments.
The Engineering Division had a staff of more than 2,000 graduate
engineers and 600 designers and draftsmen. The Manufacturing
Division employed a force of over 14,000 personnel and covered
over 50 acres of floor space. Sperry's previous experience in
applicable guided missile fields included (1) development, pro-
duction, and test of the navigation and missile guidance controls
for the B-58 bomber under subcontract from Convair; (2) develop-
ment of inertial navigation systems for the Air Force and Navy;
(3) development and production of the SKYSWEEPER fire control
system; (4) design and development of automatic controls for the
CORPORAL E under subcontract from JPL* and for the REGULUS mis-
sile under subcontract from Chance Vought Aircraft, Inc.; (5)
development of radar systems for the TALOS and TERRIER missiles;
and (6) development and production of the SPARROW I air-to=-air
missile system under a prime contract with the Navy's Bureau of
Aeronautics. In carrying out these and other project assignments,
Sperry used the services of about 550 subcontractors selected
from over 1,000 sources of supply located in more than 100 cities
from coast to coast. The peak value of company contracts had
reached about $150 million, of which $130 million was in sub-

contracts for assemblies or package units.9

2.

According to Sperry, the control system developed for CORPORAL E
performed satisfactorily in its flight tests; however, informa-
tion recorded in the CORPORAL monograph indicates that the control
system was marginal in reliability and was replaced in 1949 by the
autopilot then being developed by JPL for the Early SERGEANT. The
monograph further states: ". . . Sperry, whose modified autopilot
performed unsatisfactorily in CORPORAL E, gained sufficient know-
how to assume responsibility for SERGEANT. . . ." Bragg, op. cit.,
I. 110, 113, 119, 270.

9Ltr, Sperry Gyroscope Co., Div of Sperry Rand Corp., to CG,
RSA, 17 Aug 55, subj: Cpbls of Sperry Gyroscope Co. SPCF, Bx 13-
813, RHA.
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The SERGEANT Co=-Contractual Relatibnshig

The primary objectives of introducing a co-contractor early
in the R&D phase were to provide assistance to the prime R&D
contractor; to provide for an orderly buildup of induéfrial -
capabilities; and to provide the eventual producer a basic under-
standing of the system design so that all engineering actions
after the completion of R&D would be founded on the specialized
knowledge and experience gained during the development period.
Sperry's production experience and capabilities for such a role
were very substantial factors in its selection. Equally impor=-
tant were its management organization and its R&D experience and
capabilities in applicable fields of technology. In the final
analysis, however, the achievement of the primary objectives
would depend upon the development of a mutually acceptable work-
ing arrangement and a lasting cordial relationship among project
personnel at all management levels. In short, it was essential
that the R&D program be arranged so that, at its conclusion,
Sperry would be thoroughly familiar with everything done by JPL
and would be prepared to assume complete weapon system responsi-
bility as prime industrial contractor. Implementation of the
foregoing would be effected through two contracts with Sperry:
a direct JPL subcontract and an Ordnance prime R&D co-contract.
JPL would make task assignments under both contracts through

Technical Guidance Directives (TGD's).

The co-contractual relationship began in mid-March 1956,
when JPL placed with Sperry a letter order subcontract (L-41160)
for $250,000. Designed to provide specific assistance to JPL and
to aid in effecting the early indoctrination of Sperry personnel,
this letter order authorized Sperry to establish and staff a
resident technical and contract liaison office at JPL; to provide
a staff of resident engineers who would work directly with JPL

engineers having parallel missile system assignments; and to
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provide the necessary services and materials for the design, de=-
velopment, fabrication, and delivery of hardware items as assigned

by JPL task orders or TGD's.

The letter order subcontract was finalized for $350,000/on
15 June 1956. By that time, a staff of Sperry senior engineers
had been assigned for familiarization with the system, and the
Director of JPL had plotted the course to be followed in the
Laboratory's relationship with Sperry. During a conference with
SERGEANT engineers, on 2 April, Dr. Pickering pointed out that
Sperry was competent in both the R&D and production fields,
adding that the JPL=Sperry co-contractual relationship should
provide Ordnance with a strong team for development and production
of the SERGEANT system. He emphasized that the Sperry personnel
being sent to JPL on a temporary resident basis would possess
technical abilities and experience equivalent to those of the JPL
engineers with whom they would work, and that they would occupy
key positions in the Sperry organization. He urged all JPL-
engineers to recognize the problems of the Sperry personnel
coming to the Laboratory and to make every effort to assure the

success of the familiarization phase.10

Meanwhile, the Contracting Officer at the New York Ordnance
District (NYOD), in conjunction with Redstone Arsenal and JPL,
completed negotiations with Sperry at Great Neck, New York, and
issued the prime R&D co-contract (ORD-1783) on 15 June 1956.

The basic cost-plus-fixed-fee (CPFF) contract for $627,945 called
for research, development, engineering, and fabrication effort

leading to the eventual transfer of system responsibility from

10(1) Army Ord Tech Ln Rept, 6 Jan - 6 Apr 56, RSA LnO/JPL,
13 Apr 56, pp. 1l4-15. SPCF, Bx 14~215, RHA. (2) Dr. William H.
Pickering, "The SERGEANT Co-Contractual Relationship,' 28 Mar 56.
SPCF, Bx 13-813, RHA. (3) JPL Rept No. 20-137, 1 Oct 60, subj:
The SGT Program - JPL Final Rept, pp. 3, 20. RSIC. (This docu-
ment is hereafter cited as JPL Final Rept 20-137.)
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JPL to Sperry. It specified that effort under the contract would
be expended pursuant to task assignments originated by JPL and
issued by the Contracting Officer's representative. Technical
Requirements #25, which formed a legal part of the contract,
required Sperry to exert its best effort to perform assigned/work
in accordance with system design specifications established by
JPL, and to use its best talents and most suitable facilities in
the design, testing, evaluation, and fabrication of assigned
components. The scope of work envisioned for the overall effort
included the fabrication and assembly of up to 12 missiles and a
maximum of one set of ground equipment. The $627,945 obligated
under the basic contract was to cover performance beginning about

1 July 1956 and continuing through 31 January 1957.11

Sperry conducted initial effort on the SERGEANT project at
Great Neck, New York, until new plant facilities could be built.
It selected Salt Lake City, Utah, as the site for the new SERGEANT
plant because of its proximity to the White Sands Missile Range
and JPL, its accessibility to professional and technical people,
and its status as a non-target area. The Sperry Gyroscope
Company established the Sperry Utah Engineering Laboratory (SUEL)
as a division of the parent organization and in late 1956 com-
pleted the first increment of the new plant facility at Salt Lake
City. SUEL occupied its first building of 50,000 square feet in
December 1956 with a personnel staff of 217, including a nucleus
of 70 engineers transferred from Great Neck, New York. After
that, SUEL's scope of work, personnel, and physical facilities
grew rapidly and steadily. With the bulk of work on the SERGEANT
being done at Salt Lake City, rather than Great Neck, the Los

11(1) Ltr, CG, RSA, to Dep Chf, NYOD, 27 Feb 56, subj: Ne-
gotiation of a R&D Contr on SGT. (2) TR #25, Rev 3, 28 Mar 56,
subj: R&D of the SGT. Both in SPCF, Bx 13-813, RHA. (3) CPFF
Contr DA-30-069-0RD-1783, 15 Jun 56, w/Sperry Gyroscope Co., Div
of Sperry Rand Corp. Basic contr & suppl agrmts in SPCF, Bx 13-
826, RHA.
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Angeles Ordnance District laid claim to the contract administration

responsibility which was transferred from NYOD on 15 January 1958.12

In June 1959, SUEL's R&D co-contract (ORD-1783) was superseded
by'a new contract (ORD-1605). Other contracts awarded to SUEL in
mid~1959 included a $996,243 production engineering services con-
tract (ORD-1668); a new equipment training contract (ORD~1586) for
$233,464; and an industrial contract (ORD-1444) for $30.7 million.
A year later, on 30 June 1960, JPL was phased out of the program
and SUEL assumed the role of prime contractor under its new name,
the Sperry Utah Company (SUCO). By that time, the company's per=-
sonnel had grown to more than 3,600 and its plant facilities to
416,905 square feet of floor area, the latter being equipped with
the assistance of a $1,164,300 facilities contract (ORD-1188).13
During its tenure as R&D co-contractor (March 1956 to 30 June 1960),
SUEL received nearly $60 million in RDTE funds under its JPL sub-

contract and Ordnance R&D contracts.14

From the beginning of the SERGEANT R&D program in 1955 through
the phaseout of JPL on 30 June 1960, the total RDTE obligation came

12(1) BG J. G. Shinkle, "Army's Sergeant Guided Missile Sys=-
tem," Sperryscope Magazine, article reprinted in AOMC Internal
Info Rel, n.d. (circa March 1960). (2) 1lst Ind, CG, RSA, to Chf,
NYOD, 29 Aug 57, on Ltr, Chf, NYOD, to CG, RSA, 20 Aug 57, subj:
Contr ORD-1783 w/Sperry Gyroscope Co., Div of Sperry Rand Corp.
SPCF, Bx 13-813, RHA. (3) Ltr, Chf, LAOD, to CG, RSA, 2 Dec 57,
subj: Trf of Contr Admin of Contr ORD-1783 w/the Sperry Gyro-
scope Co., Div of Sperry Rand Corp. fr NYOD to LAOD; & Ltr, Chf,
NYOD to Chf, LAOD, 9 Jan 58, subj: Trf of Admin (Contr ORD-1783).
Both in SPCF, Bx 13-826, RHA. '

1301y BG J. G. Shinkle, op. cit. (2) SUCO Rept EJ-380-0312,
Apr 1963, subj: Final Ph Rept (Ph I) Contr ORD-1605(Z), FA GM Sys
(SGT), pp. 1-2. RSIC. (3) JPL Final Rept 20-137, 1 Oct 60, pp. 3,
20. RSIC. (4) Cited contracts in SPCF, Bx 7-129 & 13-826, RHA.

14'I‘his included $26,918,284 under subcontract L-41160 and
$32,646,419 under contracts ORD-1783 and ORD~1605. A modifica=-
tion of ORD-1605 on 28 September 1960 increased the contract
value by $799,991 to a total of $33,446,412, and extended the
period of performance through December 1960.
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to $147,071,000. JPL's share (including $26.9 million for SUEL
subcontract L~41160) was $80,672,700; SUEL received $32,626,419
under its R&D co=-contracts; and the remaining $33,751,881 went

to - supporting Government agencies and subcontractors.. Under the
updated program plan, development and final design release of

the weapon system was to have been completed at the time of

JPL's phaseout in June 1960, with the delivery of tactical
equipment for an Ordnance Support Readiness Date of August 1961.
However, for reasons enumerated beldw,.this objective was not
achieved. Development continued at SUEL through FY 1961-62 with
a revised readiness date of June 1962 and a total RDTE outlay of
$29,880,000 for the 2-year period. The revised readiness date
was met, but engineering deficiencies delayed the standardization
of the weapon system. As a result, the product improvement prog-
ram cost more ($13,458,000) and continued over a longer period
(FY 1963-67) than normally required. The system was classified
as Limited Production (LP) in November 1958, during the prelimi-
nary R&D design relecase, and ihe LP classification was extended
on a year=-by=-year basis until June 1968, when the SERGEANT was

classified as Standard A.15

From the viewpoint of original objectives,16 the JPL-SUEL
co-contractual relationship was a misérable failure. Pursuant
to JPL's plan, Sperry performed a large share of the R&D work on
the system and the scope of its assigned tasks was expanded as
development progressed. However, JPL failed in its stated goal
of creating a final engineering model that would require little
change for full production, and then underestimated the scope of
effort necessary to resolve outstanding technical problems.

Moreover, JPL was phased out of the program some 8 months earlier

1301y orom's 36927, 24 Nov 58, and 37042, 2 Apr 59. (2)
AMCTCM 6331, 5 Sep 68. All in RSIC.

16See above, pp. 43-44, 48,
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than originally planned, and strained relatioﬂs between the
Laboratory and Sperry17 interfered with the timely solution of
critical problem areas. Sperry, on the other hand, underesti-
mated its technical and production job and was not adequately
prepared to cope with all the problems arising in the remainder
of the R&D program. Yet Sperry managers stubbornly insisted that
the company was completely capable of running the program without
JPL's help and proceeded to cover up the existence of major tech-
nical problems and system deficiencies .-in verbose, sales~brochure

18
type progress reports.

Many of the component design and compatibility problems
arising immediately before and after JPL's phaseout in June 1960
were attributed to a shortage of funds and a consequent reduction
of test hardware which resulted in a design based on insufficient
test data. For this reason, it was necessary that some components
deéigned by JPL be redesigned after the interim R&D release. But
Sperry had a tendency to go overboard and completely redesign a
component at considerable cost instead of concentrating on refine=-
ment of the basic design and striving to improve it sufficiently
" to fulfill system requirements.19 In some cases, the Army also
went overboard and adopted new component designs over JPL's
objections. For example, the‘tacticai warhead container de-
veloped and tested by JPL over a period of 3 years was replaced

in April 1960 by an alternate container designed and developed

17For details relating to the JPL~-Sperry rift and its impact
on the program, see below, pp. 56ff.

18(1) TT, CofOrd to CG, AOMC, 25 Jan 60, subj: Status of the
SGT Program; & TT, ORDXR-CR-541-60, CG, AOMC, to CofOrd, 28 Jan 60.
Atchd as incls to SS, ORDXR-C~15-60, ARGMA Con Ofc, 27 Jan 60,
subj: Adj SGT Program. Hist Div File. (2) DF, Dir of Projs, RDO,
ABMA, to ABMA Comdr, 30 Aug 61, subj: Cmts on SUCO Ltr of 17 Aug
6l. SPCF, Bx 13-825, RHA.

19(1) ABMA Rept, SGT Lead Time Case Study, 9 May 61, p. 18.
Hist Div File. (2) Ltr, Edmond D. Messer, Proj Dir, SGT/CPL Proj
Ofc, RDO, ABMA, to SUEL, 19 Aug 60, n.s. SPCF, Bx 7-129, RHA.
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by Picatinny Arsenal.20 Otﬁér latent problems and duplication of
effort stemmed from engineering errors and omissions on the part
of JPL (such as deletion of air conditioning equipment which had
to be supplied after deployment of the SERGEANT), and from belated
technical decisions by Army officials (such as the eleﬁenth—hour

change from the Neidhart to the torsion bar suspension system).21

The JPL-Sperry Rift

The relationship between JPL and Sperry started out on a very
cordial basis and promised to provide Ordnance with an exceptionally.
strbngASERGEANT development and production team. As noted earlier,
the JPL consultants to the SERGEANT Contractor Selection Committee
were in full agreement with, and indeed recommended, the choice of
Sperry as the co-contractor, and Dr. Pickering went to great pains
to assure the smooth integration of Sperry engineers into the
SERGEANT project family. The honeymoon, however, appears to have
lasted only through the familiarization phase, for signs of dissen-
sion emerged during the preliminary R&D release in 1958-59 and a

full-blown rift erupted in 1960.

The preliminary R&D release began in the fall of 1958 with a
scheduled completion date of 15 May 1959 for all items. Ordnance
format drawings for the interim release to industrial were to be
completed by October 1959, followed by the firing of the first
Engineering Model (Round 30) by SUEL in October 1959. In January
1959, however, JPL reported a delay in the release schedule be-

cause of technical problems and difficulties in getting SUEL to

2001y DF Cmt #1, Chf, RDD, ARGMA, to Chf, ID, ARGMA, 11 Apr
60, subj: SGT Whd Cntnr Proc. SPCF, Bx 7-129, RHA. (2) JPL Pub
#179, 5 Jul 60, subj: SGT Foresection Cntnr. SPCF, Bx 7-130, RHA.
(This JPL paper outlined the relative merits of the two container
designs and expressed the opinion that there was no basis, tech=-
nical or otherwise, for changing the design philosophy.)

2lsee below, pp. 71-72, 85 (£n 48), 112-17, 123, 140-42,
149-54, 156-57, 160 (fn 55), 182-86, 189.
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follow the Laboratory's engineering change procedure. Sperry engi-
neers agreed to follow JPL's instructions regardless of their own
opinion, but JPL still felt that the contractor tended to emphasize
industrial activities because this would ultimately be the source

e

of the biggest purse.22

Following a visit to the West Coast in April 1959, the
Commanding General of the Army Ordnance Missile Command (AOMC)
was inclined to agree with JPL. He noted that Sperry was not
implementing the development program as it should be, but seemed
to be waiting for an R&D package that it could take and move into
production. This observation, coupled with conflicting views
presented by JPL and Sperry in a series of discussions, prompted
the Commander of the Army Rocket & Guided Missile Agency (ARGMA)
to launch an investigation of both contractors.23 In the wake of
this investigation and a serious slippage in the preliminary re-
lease schedule,24 Dr. Pickering sent a representative to AOMC, on
14 May 1959, to acquaint the Command with the competency of SUEL
and to supply data for use in AOMC's upcoming discussions with

top management of the Sperry Gyroscope Company.

Mr. R. J. Parks, the SERGEANT Project Director at JPL,

presented AOMC a long list of complaints on SUEL's performance of

22(1) DF Cmt #1, Dir, Gen Spt Sys Br, ID, to Chf, RDD, ARGMA,
30 Jan 59, subj: SGT Engrg Rel. (2) DF Cmt #2, Chf, RDD, to Dir,
Gen Spt Sys Br, ID, 9 Feb 59, subj: same. (3) DF, Chf, RDD, to
ARGMA Comdr, 29 Jan 59, subj: Crs of Action Relative to SGT Sec
Proc Docu Rel Scd. All in SPCF, Bx 13-826, RHA.

23DF Ccmt #1, AOMC CofS, to ARGMA Comdr, 17 Apr 59, subj:
CG's Visit to West Coast 12-15 Apr 59; & Cmt #2, ARGMA Comdr to
CG, AOMC, 24 Apr 59, subj: same. Hist Div File.

24As of 15 May 1959, JPL had effected releases for only 60

of the 101 items making up the basic system. The remaining items
were to have been released by 1 September 1959, but this date was
slipped to 13 October 1959. (1) TT ORDXR~RHL-305, ARGMA Comdr to
CofOrd, 13 Aug 59. (2) DF, Chf, RDD, to Chf, ID, 13 Oct 59, subj:
SGT Prelim Rel. Both in SPCF, Bx 13-826, RHA.
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task assignments, the basiémbroblem being one of an overall lack
of confidence in company management. An evaluation of the program,
he said, had led JPL to the positive conclusion that "certain
actions are mandatory to prevent further schedule deterioration,
product degradation, and a severe weakening of the Sergeant sys-
tem concept." He pointed out that JPL was essentially on sched-
ule in its R&D drawings, but that SUEL was behind schedule in
both design drawings and in the conversion to Ordnance format.
Noting that SUEL had been fighting the engineering change pro-
cedure, Mr. Parks asserted that it would probably blame schedule
slippages on the engineering changes required by JPL rather than
oﬁ its own lack of experience. He also charged that SUEL was not
developing the necessary staff and facilities to meet current and
future needs of the program, and expressed grave doubts as to the
validity of the program transfer date and to the ability of SUEL
to accomplish the program as a sole contractor. Yet another
complaint dealt with SUEL's failure to comply with the agreement
whereby JPL was to approve subcontractor facilities. The bone of
contention here concerned SUEL's recent selection of the American
Machine & Foundry Company (AMF) to manufacture the SERGEANT
launcher. Although AMF submitted the lowest bid ($22,000), JPL
felt that the Food Machinery & Chemical Corporation's bid of
$60,000 was more realistic and insisted that it be selected for

the subcontract.25

The final AOMC decision on the latter complaint spawned a
sharp exchange between Dr. Pickering and MG John B. Medaris, then
the Commanding General of AOMC. An investigation of the matter
disclosed that AMF had submitted the lowest bid, and in view of
its production capabilities there was no cogent reason why SUEL

should be denied the right to award the contract to AMF. Moreover,

25MFR, AQMC CofS, 14 May 59, subj: SCGT Program, w/incl, State-

ments Regarding SUEL Management of SERGEANT Program, JPL, 5 May 59.
Hist Div File.
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a premature leak of information to AMF left General Medaris little
choice but to approve SUEL's selection.26 Asked for his reaction

to the decision, Dr. Pickering bluntly replied:

. 1. The Laboratory will continue to exert its best efforts
in the interest of the Sergeant program. , P

2. The Laboratory feels its influence on the program will
be severely limited by the selection of a subcontractor other
than one which, in its judgment, is well-qualified to satisfy
the schedule and quality requirements.

3. In view of the above, if AMF is the selected contractor,
the Laboratory will assume that it is in fact relieved of the
accountability for schedule, quality, and compatibility of this
portion of the Sergeant system.

Geﬁeral Medaris' reply was equally blunt: "I deeply regret that
you felt compelled to write paragraphs 2 and 3, and I cannot
agree with either." He urged Dr. Pickering to continue to exert
his best efforts in support of the program and assured him that
there would be full agreement or arbitration of differences
before any future prospective subcontractor became aware of his

. 2
tentative selection.

During a status review of the program at ARGMA on 15 July
1959, SUEL and JPL representatives exhibited a very friendly and

cooperative attitude toward each other and appeared to be working

26TT, CG, AOMC, to CO, LAOD, 2 Jul 59. SPCF, Bx 13-826, RHA.
27(1) Ltr to MG John B. Medaris, 1l Jun 59, n.s. SPCF, Bx
13-826, RHA. (2) Dr. Pickering's objections to AMF were apparently
well founded. Just 4 months later, the SERGEANT Section reported
that the AMF bid for four R&D launchers was higher than industrial
launchers. Moreover, AMF had failed to buy the Tl steel it was
supposed to and because of a steel strike was forced to substitute
4130 steel. The launchers were of poor quality because parts were
not mated properly and gaps were filled with weld material. JPL
insisted that they were only of sufficient quality to serve as
firing platforms and would not be acceptable for operational and
environmental tests. DF, Dir, SGT Sec, LCB, PMS, RDD, to Chf,
RDD, 14 Oct 59, subj: Problem Areas Within the SGT Sys. SECF,
Bx 13-826, RHA.

28Ltr to Dr. Pickering, 6 Jul 59, n.s. SPCF, Bx 13-826, RHA.
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1
in unison to solve the problems that had caused a 2-month slippage

in the R&D program.29 They also seemed to be in agreement on
preliminary plans for JPL's early phaseout from the program and
the assumption of technical responsibility by SUEL. JPL was
originally scheduled to retain responsibility for the R&D sy;tem
until February 1961, but this date had been moved up to 30 June
1960 following JPL's transfer from the Army to the National

Aeronautics & Space Administration (NASA) in December 1958.

The phaseout plan, issued by ARGMA.in August 1959, included
portions of plans previously submitted by the two contractors.
Although definite contractual arrangements were yet to be worked
out, it was generally agreed that SUEL would assume technical
responsibility for the weapon system on 1 July 1960, with JPL
serving in an active consultation role to ARGMA and SUEL until
the end of the R&D program in February 1961. During that period,
JPL would maintain a staff of about 25 engineers for the purpose
of monitoring the program for ARGMA. This staff would have no
authority over SUEL, but would augment the small ARGMA technical

staff of 4 to 8 engineers.30

During discussions with ARGMA R&D personnel in March 1960,
JPL, advised that, in addition to the monitoring role involving
about 25 engineers, the Laboratory should plan on retaining
another 15 engineers to assist in cleaning up remaining design
deficiencies which were showing up in the first production
equipment. It emphasized, however, that such work would be done

only if requested by SUEL and concurred in by ARGMA. On the basis

29,tr, ARGMA Comdr to CG, AOMC, 17 Jul 59, subj: SGT Status
Review. Hist Div File.

30(l) Plan for Phaseout of JPL from the SERGEANT R&D Program,
25 Aug 59, atchd as incl to Ltrs, Dep Comdr, ARGMA, to Dir, JPL,
and Mr. Paul W. Vestigo, SUEL, 2 Sep 59, n.s. (2) Ltr, Dir, JPL,
to ARGMA Comdr, 27 Mar 59, subj: Trf of Resp for SGT Program. AlL
in SPCF, Bx 13-826, RHA. (3) JPL Final Rept 20-137, 1 Oct 60, pp.
9-10. RSIC.
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of these discussions, JPL made firm plans for retention of the 25
engineers and was prepared to include the additional 15 engineers

subject to the outcome of a joint meeting with SUEL and ARGMA.

The meeting held at SUEL on 4 May 1960 ended inré;head-on
clash between the two contractors. SUEL representatives stated
that the company was perfectly capable of running the SERGEANT
program and would have virtually no requirement for JPL assistance
except perhaps occasional historical data. They strongly objected
to the retention of a full-time JPL engineering staff under the
R&D contract, because this would put Sperry in the incompatible
position of having basic program responsibility with de facto
accountability to JPL. Instead, they insisted that SUEL must be
given complete weapon system responsibility and that a direct
contract with JPL would be arranged if the need for its services
should arise. JPL representatives retorted that subcontracting
to industry was against NASA policy, and that the contract for
such services would have to be with the Ordnance Corps. ARGMA
R&D personnel were equally emphatic in their desire to retain
JPL's active participation in the program, but they were over-
ruled by the ARGMA Commander who decided against the retention of
a full-time engineering staff. Upon learning of the Agency's plan
to contract with JPL for consulting services with no provision for
a standby capability, Sperry changed its position with regard to
a direct contract with JPL and agreed that the few SUEL demands,
if any, could be met through use of the ARGMA contract.31

Shortly after the 4 May conference, rumor reached JPL that
ARGMA planned to follow Sperry's recommendations. In a telephone

conversation with the ARGMA Commander on 13 May 1960, Dr. Pickering

31(1) 1bid., p. 10. (2) SS ORDXR-CR-79-60, ARGMA Con Ofc, 5
May 60, subj: SGT Rept for SA; & Ltr, CG, AOMC, to CofOrd, 6 May
60, subj: same, w/incl. SPCF, Bx 7-128, RHA. (3) Ltr, Sperry
Gyroscope Co. to BG John G. Shinkle, ARGMA Comdr, 10 May 60, n.s.
File same.
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learned that the rumor was true and proceeded with plans to re-
lease SERGEANT engineers for NASA assignments effective 1 July.
Pursuant to instructions related in the telephone conversation,
he ‘reported that JPL was immediately reprogramming 40 engineers
into NASA activities and planned to have no engineers available
to the SERGEANT on 1 July 1960, except for the few necessary to
complete the final report and type approval tests on one set of
Engineering Model missile assemblies. In the light of subsequent
developments in the program, JPL's position on ARGMA's decision

bears repeating:

1. We believe the Sergeant is a good system and will be
one of the Army's most important weapons for many years to come.

2. We appreciate and respect SUEL's recommendations and
regard for their ability to stand alone. They have come a long
way in the last two months. There are still some critical areas
wherein they have yet to build the required capability.

. 3. 1In the interest of the Sergeant Program, we sincerely
believe that improvement and testing activities will progress
more rapidly with the plan we have proposed, viz., 25 engincers
for consultants to ARGMA and 15 engineers for assisting SUEL in
design cleanup. We believe a drop of 110 JPL engineers on
Sergeant in the first 6 months of 1960 to 8 ARGMA R&D engineers
on 1 July 1960 is too sudden a transient.

4. You have, however, stated that there is no requirement
for such assistance. . . . ‘

5. As of 1 July 1960 we understand you wish us not to plan
to send JPL personnel to SULEL, to field operations, or to contact
ARCGMA on any Sergeant matters except upon request from you or
SUEL. 1In case of requests, of course, our ability to comply will
depend upon the availability of the individuals needed.

6. The possibility of JPL being able to assist in the
Sergeant to any significant degree after 30 June 1960 is very
small should JPL be recalled to do so. As you know, in the case
of the Corporal, JPL was phased-out and a few months later was
called actively back into the Corporal Program for a considerable
length of time. JPL was then completely a member of the Army
family and it was a matter of one Army program versus another.
Now we must make every attempt to fulfill our total commitments
to NASA, once we make them. Furthermore, the level of effort

62



required on the NASA activities is much greater than was required
by the Sergeant at the time we were called back into the Corporal
Program.

The problem of selecting a practical method for JPL's parti-
cipation in the program after 30 June was complicated by the/
necessity of preventing duplication of work with Sperry, avoiding
a monitorship of Sperry's work by JPL, and avoiding the cost of
standby engineers at JPL during periods of low work level. 1In
June 1960, JPL and ARGMA reached an agreement whereby JPL would
provide advisory, instructive, and engineering consultant services
directly to ARGMA, with no provision for a standby capacity. The
$125,000 (cost reimbursable) contract included a yearly estimate
of $100,000 for engineering services and $25,000 for completion of
the final SERGEANT report. To avoid any large=~scale interference
with other JPL programs after the reassignment of SERGEANT engi-
neers, the contract specified a 1600-hour maximum workload ceiling
fbr any 1 month. When no SERGEANT work was assigned, personnel
would be used on other projects, thus allowing JPL to plan its
work without the necessity of a standby crew allocated only to
SERGEANT. Work under the contract would be controlled by an
engineering work order system, whereby JPL would be authorized to
initiate specific engineering tasks placed by ARGMA. SUEL could
obtain technical assistance or engineering services from JPL by

this work order method through ARGMA.33

For all intents and purposes, then, JPL was eliminated from

the SERGEANT program effective 1 July 1960. And Sperry management

32Ltr, Dr. W. H. Pickering, Dir, JPL, to BG John G. Shinkle,

ARGMA Comdr, 17 May 60, subj: JPL's Role in the SGT After 30 Jun
60° SPCF, BX 7'128’ R.HAo

33(1) ss ORDXR-I~624, ARGMA ID, 2 Jun 60, subj: JPL Role in
SGT After Phase Out; & TT ORDXR~IC-147, CG, AOMC, to CofOrd, 3 Jun
60. SPCF, Bx 7-128, RHA. (2) Ltr, CG, AOMC, to CofOrd, 12 Jul 60,
subj: SGT Rept for the SA. Hist Div File. (3) Also see Contr
DA-04-495-0RD-3060, 20 Jun 60. SPCF, Bx 7-129, RHA.
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soon made it clear that JPL's services were néither desired nor
required. 1In view of the later problems and delays that compro-
mised the program, this attitude was most unfortunate. As JPL
had warned back in May 1959 and again in May 1960, SUEL managers
had failed to develop adequate staff and facilities td cope with
the R&D and production problems confronting them in the remainder
of the program. Yet they refused to avail themselves of JPL's
technical background assistance34 and the SERGEANT program

literally fell apart at the seams within 12 months' time.

Indeed, JPL had no sooner handed the program over to SUEL
than serious technical problems forced the suspension of flight
test firings and evoked emphatic reaction from Washington that
"JPL should be in the act." Having argued for and failed to get
a contract to maintain a SERGEANT engineering staff after 1 July
1960, Dr. Pickering was inclined to let both ARGMA and Sperry
étew in their own juice. His tongue-in-cheek response was that
- SUEL knew as much about the SERGEANT system as JPL and therefore
the Laboratory could not make any contribution to the program.35
The fact remained, however, that Sperry was woefully unprepared
to carry on the program and the consequences were severe. Com-
pletion of the R&D flight test program slipped from January 1961
to September 1961; the Ordnance Support Readiness Date slipped
10 months, from August 1961 tb June 1962; and the weapon system
remained in the Limited Production classification until June 1968

when it was finally accepted as standard Army equipment.

34As of 9 May 1961, not a single task assignment for Sperry
had been published against JPL's engineering services contract.
ABMA Rept, SGT Lead Time Case Study, 9 May 61, pp. 20-21. Hist
Div File.

35Daily Journal, MG August Schomburg, CG, AOMC, 16 Aug 60,
re; Tel Call Concerning SGT fr LIG J. H. Hinrichs, CofOrd. Hist
Div File.
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CHAPTER III

(U) PROGRAM MANAGEMENT

Although the co-contractor approach created a multitude of
problems, it was by no means responsible for everything that went
wrong. On the contrary, many of the problems just described were
attributed as much to deficiencies in the project management sys-
tem as to weaknesses in the contracting scheme. The SERGEANT was
beset with a multiplicity of managerial and financial problems
which thwarted efficient planning, control, and supervision of
the program at the field operating level. Chief among these were
internal weaknesses in the project management structure, frequent
reorganizations and realignments with a consequent heavy turnover
in project personnel, vacillating financial support, and a lack
of firm and timely guidance from higher headquarters. These
factors, together with the inherent weaknesses in the co-contrac-
tor system, had a tremendous impact on management proficiency, on
the scope and momentum of the R&D effort, on program costs, and

on the quality of the end product.

Financial Support and "What If" Programming

Funding problems and program slippages such as those experi-
enced during the preliminary development phase in FY 19551 were
destined to plague the SERGEANT program throughout its history.
The need for a reliable workhorse weapon to replace the much-
maligned CORPORAL had been established and the development program
had been accorded 1A priority. Financial support, however, fell
miserably short of that required to keep the program on schedule

or to assure realistic planning. And, with the creation of an

1See above, pp. 35-36.
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ever increasing number of review boards and committees, the proj-
ect director found himself spending more and more time justifying
and rejustifying his program, making rush reports on the impact
of funding deficiencies, and answering absurd queries- commonly

-

referred to at the local level as "What If" programming.

The budget forecast for a fiscal year included the greatest
possible detail that could be realistically derived from known
program requirements, and its submission was generally accom-
panied by formal briefings and presentations at the various
management levels. Yet the system manager was invariably asked
to submit alternate proposals and contingency programs based on a
variety of hypothetical funding levels and conditions, plus a
detailed breakdown reflecting the effort necessary to meet overall
system objectives and the priority assigned to each individual
segment. The fallacy of these so-called "What If" queries was
that they normally were based on directed assumptions that formed
'én inadequate basis for supplying data from which to derive a
valid decision. And, in every fiscal year except one, they re-
sulted in austere funding below the required level, with conse-
quent leadtime and schedule adjustments and ultimate cost

increases.

To compound the pfoblem, the actual program authority’was
not usually received at the field operating level until half of
the fiscal year had passed, often resulting in actual stoppage
of work and threatened layoff of contractor personnel. Moreover,
the funds that were authorized rarely remained unchanged, but
were subject to frequent withdrawals and losses to other projects,k
such as experienced in FY 1955. 1In some instances, as many as
five withdrawal transactions took place in the course of a year,
requiring redistribution of the remaining fuads to keep all
facets of the program going until funds could be borrowed from
the subsequent fiscal year allotment. This practice of "robbing

Peter to pay Paul" led to more schedule adjustments, and the
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adjustment procedure itself required more manhours and additional
funds. The amount of hardware available for all phases of testing,
the amount and types of testing, the manhours given to flight test

analysis, and confidence in the final design were all_affected.2

-~

There is neither time nor space here to relate the endless
paper exercises for every year of the program; however, the budget
highlights for a representative year should give the reader some
idea of the time and effort involved at the field operating level.
The following chronology briefly identifies some of the major
exercises and reports relating to the FY 1958 budget.3

26 March 1956 - Preliminary budget forecast based on known
program requirements.

10 October 1956 ~ Program cost estimate for early delivery
of an interim SERGEANT system.

17 October 1956 - Report on optimum funding requirement with
itemized justification based on existing program schedule (i.e.,
October 1962 readiness date).

26 October 1956 - Impact report on a 40% reduction in opti~
mum funding, plus detailed program data based on the bare minimum
(funding level below which the project would have to be abandoned),
optimum funding (maximum that could be economically used), and
accelerated funding for a crashed program.

May 1957 - Impact report on a tentative 207% funding reduction
set by the Senior Review Board, together with a detailed item-by-
item justification for an indicated contract cost increase .and
impact on program schedule if additional funds not received.

October 1957 - Itemized impact report on a planned 257 funding
reduction set by the Senior Review Board, and a planned 307 funding
reduction set by the Deputy Chief of Staff for Logistics (DCSLOG).

November 1957 - Impact report on the approved RDTE budget
which fell $10,874,000 or about 31.8% short of the requested fund-
ing level.

January 1958 - Itemized report on the R&D hardware .to be

2Foregoing summary based on budget and fiscal documents in
SERGEANT Project Case Files, RHA; and data presented in ABMA Rept,
SGT Lead Time Case Study, 9 May 61 (Hist Div File).

3See documents in SPCF, Bx 13-813, RHA. (The RDTE and PEMA
costs for the complete program are presented later in this study.)
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procured with the $10.8 miliion, which was restored to the
SERGEANT budget coincidentally with the decision to move the
readiness date up from October 1962 to August 1961.

April-June 1958 - Program impact reports on four fund with-
drawal transactions totaling $1,942,606.

In his December 1958 progress report to DCSLOG, MG J. H:
Hinrichs, the Chief of Ordnance, complained that funding uncer=-
tainties and delays had prevented timely planning and effective
execution of Ordnance R&D programs. He maintained that admin-
istrators at 0CO level and in the field were required to devote
entirely too much of their time "to 'management' in great detail,
far beyond that which is either useful or even digestible."
Referring to the appalling detail, multiplicity, and frequency
of data-gathering requests, he declared:

I feel strongly that many of the procedures under which we
are operating now ~ particularly at the field level ~ are either
doomed to immediate abandonment in war, or we are doomed to

relatively early collapse in war for want of clear and simple
procedures that will produce iron rather than paper. . . .

I am fearful that because of the foregoing, and the undue
attention to the management of budgets, rather than programs and
their costs, we may be caught with an imbalance in our weaponry:
that we may have tubes without ammunition, or the reverse; that
we may have guns without mounts; or that we may lack parts to
repair and the major items to replace losses. 1 have no desire
to hoard the useless or marginal item, nor does my staff. We do
have difficulty in keeping this most important facet of our
business in perspective, and in balance.%

Noting that the situation had not improved in May 1959,
General Hinrichs again called attention to the adverse influence
of inadequate funding and reiterated his '"vigorous opposition to
the numerous requirements placed upon us for immediate responses
to a bewildering variety of requests for data in minute detail."

While fully supporting the staff requircment for essential data

4Memo for LTG Carter B. Magruder, DCSLOG, DA, 11 Dec 58,
subj: Ordnance Objectives. Hist Div File.
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for command decision and appropriate accountability with respect
to work and resources, he questioned the necessity for the exten-
sive detail being reported to higher levels, where the 'principles
and objectives of the Army Command Management System too seldom

e

are known, understood, or practiced."5

Policy Guidance

If the voluminous project data reports furnished to higher
echelons had produced firm and timely policy guidance, they
perhaps would have been worth the effort. Such was not the case,
however. For along with the frequent paper exercises and annual
funding deficiencies, the system manager encountered prolonged
delays in obtaining firm policy guidance in some very critical
technical areas. In some instances, the lack of adequate funds
dictated the selection of the technical approach sooner than
cbhsidered desirable, as in the case of the decision in Septem-
ber 1955 to drop the parallel guidance studies and adopt the
all-inertial system. But the lack of firm guidance in such
areas as the SERGEANT warhead and adaption kit clearly hampered
project planning and had a serious impact on the overall develop-

ment schedule.

Mr. Stanley Bernstein, the SERGEANT Project Engineer, focused
attention on the problem in August 1955, when he declared that the
"main deterrent to adequate project planning is lack of informa-
tion." With reference to specific "unknowns" in the project at
that time, he wrote:

Warheads - There has been a multiplicity of warhead guidance =--
all unofficial. Some CONARC quarters advocate a smaller lighter
warhead and some insist on compatibility with CORPORAL and HONEST

JOHN. Several yield ranges have been stated, differing in accord-
ance with the pseudoauthoritative agency making the statements.

5Memo for LTG Carter B. Magruder, DCSLOG, DA, 29 May 59,
subj: Ordnance Objectives. Hist Div File.
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Many views on the urgency of designing to meet a non-special war-
head capability have been propounded. It is obvious that to date,
there is not an Army opinion. Yet system design progresses and
$25,000 a day is being spent on what may be a totally wrong
approach.

Accuracy = Extraordinary technical efforts are being put
forth to develop a SERGEANT with a required CPE of 150 yards and
a desired CPE of 100 yards. Yet many sources within CONARC,
AFSWP and Staff feel and have stated that for a SERGEANT type
weapon anything more stringent than a 500-1000 yards CPE is un-
justified. But the MC's are not changed and $10,000,000 will be
spent in FY 56 on achieving a possibly unnecessary goal.

Of course there are other problems. Every project has them.
But the above problems are all so integrated that I sincerely
feel that the expenditure of development funds in [sic] wanton
waste unless these questions are answered.

For technical reasons which will not be enumerated here, the

accuracy requirement was unofficially changed to 500-1000 yards

CPE in September 1955, thence to 100-300 yards CPE in mid-1956.
Various other accuracy objectives were considered in paper
studies; but for JPL purposes, the SERGEANT design effort was
directed toward the attainment of an accuracy no better than

300 yards.7 In April 1961, the Chief of Ordnance announced that
the required accuracy was officially changed to 300 meters; how-
ever, formal approval of the change by the DA Staff was not
forthcoming until 13 September 1961—just 2 weeks before the last
two R&D flight tests.8 This delayed action on the accuracy re-

quirement had no appreciable impact on the program schedule or

6Ofc Memo, SGT Proj Engr to Chf, SSM Br, RDD, 26 Aug 55,
subj: Some Thoughts on the SGT Proj. SPCF, Bx 13-813, RHA.

7(1) Ofc Memo, RSA LnO/JPL, to Chf, RDD, RSA, 6 Jul 56,
subj: Rev of TR #19, & incl, Ltr, Dir, JPL, to CG, RSA, 21 Jun
56, n.s. (2) TT, CofOrd to CG, RSA, 7 Nov 56. (3) TT, Dir, JPL,
to CG, RSA, 8 Nov 56. All in SPCF, Bx 13-813, RHA.

8(1) TT, CofOrd to CG, AOMC, 11 Apr 61l. Cited in Chronology
of SGT Msl Sys. (2) 1st Ind, CRD, DA, to CofOrd, 13 Sep 61, on
Ltr, CG, CONARC, to CRD, DA, 8 Aug 61, subj: Recmd Chs to SGT MC's.
Cited in OTCM 37917, 14 Dec 61. RSTIC. (For details relating to
changes in the MC's, see Appendix II.)
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the system design effort. But the lethargic action at DA level
on the SERGEANT warhead program had a profound impact on the
warhead and adaption kit development schedule and delayed the

finalization of certain system test equipment.

Redstone Arsenal requested DA approval of the warhead
development program in February 1956. The decision finally came
33 months later in November 1958, but the MC's were not formally
approved until January 1959. CONARC finalized the proposed MC's
for the primary (atomic) warhead and adaption kit, and submitted
them in April 1958 for DA Staff coordination and approval. There,
they were bottlenecked in a warhead requirements dispute between
the Deputy Chief of Staff for Military Operations and the Chief
of Research & Development; and the Atomic Energy Commission would
not authorize the development of a warhead until receipt of an
approved set of MC's. The warhead MC's were finally approved on
20 January 1959, and approval of the adaption kit MC's followed
on 29 January. This delay forced the warhead agencies to work
against an extremely close schedule and left the system developer
very little time to detect and resolve interface problems and

finalize the design of associated test equipment.

Concurrently with approval of the warhead program in
November 1958, the DA Staff set up new development priorities
which differed from those stated in the SERGEANT MC's. The (T53)
fragmentation warhead, which had been accorded second priority
since the beginning of the program, was deleted from the list,

with no guidance as to revision of the MC's or disposition of the

9(1) Chronology of SGT GM Sys. (2) ABMA Rept, SGT Lead Time
Case Study, 9 May 61, pp. 5, 21-22. (3) CAPT Samuel C. Skemp, Jr.,
"An Analysis of the Development of Warhead and Adaption Kits for
the Sergeant Missile System,'" 14 Apr 58, p. 10. Hist Div File.
(4) DF, CRD, DA, to CofOrd, 29 Jan 59, subj: Apprd MC's for an
AKX for the SGT Msl. Cited in OICM 37046, 2 Apr 59. RSIC. (5)
Also see below, pp. 112-17. '
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existing development program.10 During a meeting of the SERGEANT
Steering Committee early in 1959, AOMC received informal informa-
tion that the requirement for development of a fragmentation
warhead no longer existed. Asked by AOMC whether or not the
requirement stated in the MC's was still valid, OCO replied on

16 March that guidance would be provided when received from DA
Staff.11 On 1 April 1959, AOMC sent the Chief of QOrdnance two
alternate warhead development flight schedules (one including and
one excluding the T53 warhead), and urged that official guidance
be expedited.12 The DA Staff made its decision a month later, on
29 April, and it took another 2 weeks for the information to reach
the action agencies. The Chief of Research & Development advised
0CO that members of the DA Staff had decided that a fragmentation
warhead capability would not be required for the SERGEANT. He
therefore directed that the requirement be deleted from the MC's
and that action be taken to terminate development of the T53
warhead. Instructions to this effect reached AOMC and Picatinny

Arsenal on 14 May 1959.13

There were, of course, other instances of delayed policy
guidance from higher headquarters, but those relating to the
warhead program had by far the greatest impact on the SERGEANT
development plans and schedules. The program also suffered from
belated technical decisions at the field operating level. Some
of these have already been mentioned briefly and will be dealt

with in more detail later.

10(1) SGT Prog Rept for Nov 58, p. 4. (2) TT, CofOrd to CG,
AOMC, 19 Nov 58. SPCF, Bx 13-826, RHA.

11TT, CG, AOMC, to CofOrd, 12 Mar 59; & TT, CofOrd to CG,
AOMC, 16 Mar 59. File same.

12Ltr, CG, AOMC, to CofOrd, 1 Apr 59, subj: SGT Whd Dev Flt

Scd, w/incls. File same. :

13DF Cmt #3, CRD, DA, to CofOxrd,29 Apr 59, subj: Whds for

SGT; & TT, CofOrd to CG, AOMC, 14 May 59. File same,
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Evolution of the SERGEANT Managgment;Structure

In addition to the problems of money and policy guidance, the
SERGEANT project was plagued by an assortment of other»management
difficulties. Throughout the entire system development period
(1955-61), the responsibility for technical control and supervision
of the program was vested in functional organizations which were
subject to frequent reorganizations and mission realignments.
While these internal changes were generally aimed at improving
mission operations, they disrupted project activities and often
generated as many problems as they solved. Aside from creating
an atmosphere of confusion and frustration, they invariably led
to the loss of key project personnel, disruptive physical moves,
and the diversion of personnel from program management to concern
over such internal matters as organization, distribution of re-
sources, and division of responsibility. The frequent turnover
in key personnel resulted in discontinuities in program philosophy
and in the loss of a substantial investment in system know-how.
These factors, together with the functional compartmentalization
of technical personnel, sometimes led to inconsistent or erratic
supervision of the system contractors. Admittedly, throughout
all of these upheavals there existed project officers oriented to
the SERGEANT program; however, they were primarily coordinétors
and in some cases little more than errand boys. As will be noted
in the succeeding discussion, real authority and control remained
firmly in the hands of functional organization chiefs until the
establishment of the vertically directed project manager organi-

zation in the summer of 1962.

The Redstone Arsenal Era—1954-58

As stated earlier, Redstone Arsenal assumed responsibility
for technical control and supervision of the project in June

1954, and the development program began in January 1955 with
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Mr. Stanley Bernstein of the Ordnance Missile Laboratories (OML)
as Project Engineer.14 To fulfill its diversified national
missions of research, development, production, supply, and main-
tenance for the SERGEANT and other assigned missile systems, the
Arsenal had to have the competence among its own people to assure
effective project direction and supervision. With the bulk of
the work being done by industrial and military agencies at
distant locations, this not only required a strong, centralized
management control system to coordinate the wide range of activ-
ities, but also a broad in-house scientific capability to direct

and evaluate the contractors' efforts and assure quality results.

By 1955, the Arsenal had acquired a complement of technical
and professional personnel and had built up a sizable in-house
research capability. But the success achieved in developing an
integrated organization responsive to management control require-
ments was quite a different story. While some progress had been
made toward solving the longstanding management problems, there
were still some administrators in operating elements of both 0CO
and Redstone Arsenal who paid only lipservice to the importance
of central program direction, planning, and coordination. Further
attempts to bring the splintered mission structure together during
the 1955-58 period were countered by stiff opposition from the
division chiefs who resented staff control of their activities.
There was no integrated management control system and therefore
no machinery for directing basic command policy or assuring
cross-coordination of important program actions and decisions.
Each of the mission divisions (R&D, Industrial, and Field Service)
continued to operate as decentralized, functional enterprises—
or, as MG John B. Medaris later said, ''three separate empires.”15

To compound the problem, the separate and generally uncoordinated

14See above, pp. 31, 36.

15Mins of Stf Mtg #1, AOMC Hq, 1 Apr 58, p. 4. Hist Div File.
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operating divisions of OCO ;ﬁt across established command lines
and dealt directly with their counterparts at Redstone, leaving
the Arsenal Commander in the unenviable position of having to
accept the burden of responsibility without an opportunity to

direct or control basic policy decisions.16 -

When the SERGEANT development program began in 1955, the
coordination and control of Arsenal liaison personnel stationed
at contractor plants was being effected by Redstone Ordnance
Offices in the various Ordnance District headquarters. The
Redstone Ordnance Office, Los Angeles Area (ROO-LAA), located
at LAOD and headed by LIC Cecil P. Rice, served as a central
command or control point for all liaison personnel stationed at
JPL and other contractor plants in that area. However, in the
absence of a centralized control system at Redstone Arsenal, the
ROO-LAA and similar offices located in New York and New Jersey
dperated under the staff supervision (administration) of OML,
with technical direction and control being exercised by all of

1
the mission divisions.

Several reorganizations affecting the SERGEANT program
took place in 1955. On 7 February the national development and
special mission responsibilities for guided missiles, rockets,
jatos, and associated equipment were transferred from OML to the
newly created R&D Division. The SERGEANT project staff was re-
assigned to the SSM Branch of the R&D Division, which also
assumed responsibility for staff supervision of the ROO--LAA.18
The latter, however, was dissolved on 1 March 1955, following a

bitter functional dispute with LAOD. With the establishment of

16For a complete history of Redstone's management problems,

see Mary T. Cagle & Elva W. McLin, History of the Improved (M50)
HONEST JOHN Rocket System, 1954-1965 (MICOM, 23 Aug 65), pp. 2-36.

17RSA Org Manual, Sec 500, 1954-55. Hist Div File.

18psa GO 25, 16 Feb 55.
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the new Redstone Resident Ordnance Engineer concept of operation,
most of the ROO-LAA functions were transferred to LAOD, along
with a proportionate share of the personnel. The few remaining
R&D and Industrial representatives were attached to LAOD for
administrative purposes but continued under the techniéal control
of their parent divisions at Redstone.19 LTC Cecil P. Rice
became the Redstone Liaison Officer with duty station at LAOD,
and continued to occupy that post until July 1955 when he was
replaced by MAJ Wells H. Gibbs. In August 1955, Major Gibbs'
duty station was moved from LAOD to JPL, leaving only the
civilian Ordnance engineers in Districf headquarters.20 Back at
Redstone Arsenal, the R&D Division and OML were merged on 19
October 1955 and designated as the R&D Division=-OML (RDD-OML).21
The creation of the Army Ballistic Missile Agency (ABMA) at
Redstone Arsenal on 1 February'195622 had a significant impact on
the SERGEANT and other mission programs at both Redstone and JPL.
The Guided Missile Development Division of OML, headed by Dr.
Wernher von Braun, was transferred tb ABMA, along with 1,500 per-
sonnel and personnel spaces. Aside from this direct loss, which
included 500 top scientists and engineers, there was a continuing
personnel turnover in all of Redstone's rocket and missile prog-

rams, as technical and professional personnel were exposed to

19(1) RSA GO 31, 3 Mar 55. (2) The Ordnance Districts oper-
ated under supervision and direction of 0CO, with responsibility
for contract negotiation and administration. For details relating
to the functional dispute and realignment of the field liaison
structure, see Cagle & McLin, op. cit., pp. 29-33.

2001) DA S0 89, 5 May 55. (2) RSA Offs' Rosters, 31 Mar 55,
31 Jul 55, & 31 Aug 55. (3) Also sce RSA Off Dy Card File.

21RSA GO 132, 7 Nov 55.

22DA General Order 68, 22 December 1955, established ABMA

as a Class II Activity under jurisdiction of 0CO. The Agency
Commander, }G John B. Medaris, was granted extraordinary power
and authority to expedite development of the top-priority
JUPITER Intermediate Range Ballistic Missile (IRBM) system.
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the appeal of more attractive joB opportunities in higher paying
or more glamorous missile and space projects. Out on the West
Coast, LAOD hired 16 additional personnel to expedite ABMA activ-
ities; and Major Gibbs assumed the dual role of representing both
Redstone Arsenal and ABMA at JPL, whose involvement in the IRBM

and space programs was sharply increased.23

Until the reorganization of March 1958, the SERGEANT project
remained under the technical supervision and control of RDD-OML,
with Mr. Albert H. Bryan, Jr., as chief of the SSM Branch; Mr.
Stanley Bernstein as the Project Director§ and CAPT Arthur Q.
Woodward, Jr., and Mr. Edmond D. Messer as Project Engineers.24
The Industrial Division project staff included Messrs. E. C.
Roberts and John Calhoun.25 Major Gibbs was promoted to
lieutenant colonel in August 1956 and continued to serve as
the Redstone Liaison Officer at JPL until September 1957, when
LTC Kenneth 0. Reed took over the post.26 In the absence of a
liaison office at SUEL, the Arsenal project staff monitored
the activities there through regular temporary duty visits and

contacts with Mr. Peter J. Harlan, JPL's resident engineer.

23(1) MFR, Stanley Bernstein, SGT Proj Engr, subj: Rept of
FONECON [with MAJ W. H. Gibbs re ABMA Actvs on West Coast]. SPCF,
Bx 13-813, RHA. (2) Hist of ABMA, 1 Feb - 30 Jun 56, pp. 5=6.
(3) Hist of Redstone Arsenal, 1 Jan - 30 Jun 56, Vol II, p. 121.
(4) RSA GO 15, 31 Jan 56. (5) RSA Unnumbered Memo, 10 Jan 56,
subj: Civ Staffing of the ABMA.

24(1) Intvw, Mary T. Cagle with Edmond D. Messer, 9-10 Oct
69. Mr. Messer was a member of the SERGEANT project staff from
1954 to 1962. He is currently assigned to the SAFEGUARD System
Command. (2) The RDD-OML was reconstituted as separate mission
elements on 3 March 1958 (RSA GO 18, 4 Mar 58) and both were
transferred intact to the newly activated ARGMA on 1 April 1958.

25Intvw, Mary T. Cagle with E. C. Roberts, Chf, Sys Engrg

Div, SGT Proj Ofc, MICOM, 9-10 Oct 69.
26(1) DA SO 161, 13 Aug 56. (2) RSA Offs' Roster, 30 Sep 57.

27Intvw, Mary T. Cagle with Edmond D. Messer, 10 Oct 69.
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The AOMC/ARGMA Era——~1958-60

On 31 March 1958, the Secretary of the Army created the Army
Ordnance Missile Command (AOMC) at Redstone Arsenal and appointed
as its head MG John B. Medaris. Placed under General Medaris'
direct control were ABMA, JPL, White Sands Proving Ground,
Redstone Arsenal, and the Army Rocket & Guided Missile Agency
(ARGMA) . Officially established on 1 April 1958, ARGMA assumed
responsibility for the SERGEANT program and other technical mis-
sions formerly assigned to Redstone Arsenal, leaving the latter
with post support functions.28 The integration of primary
research, development, test, and logistical support installations
under single direction, together with the administrative stream-
lining, provided the means to carry out more effectively the
existing and future Army missile programs. The unity of command
that Redstone Arsenal had never been able to achieve became a
reality under the new AQMC structure; however, primary responsi-
bilities for the conduct of weapon syétem programs remained in

the hands of the operating divisions.

One of the first official actions taken by BG John G. Shinkle,
the ARGMA Commander, was the formation of a centralized management
control system to be administered by the Agency Control Office.

A significant part of the resbonsibility and authority delegated
to this staff element concerned activities of liaison personnel
stationed at contractors' plants and Government installations.
Effective with the policy directive issued in late June 1958, all
Agency liaison personnel were appointed by the Agency Commander
and assigned to the Control Office. Personnel located at the
respective plants and installations were placed under the direct
command of a Senior ARGMA Representative (SXR) who operated under,

and reported to the Chief, Control Office. 1In carrying out his

281y DA GO 12, 28 Mar 58. (2) OrdC Order 16-58, 31 Mar 58.
AQMC G Apr S8.
(3) 06, 1 58
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assigned functions, the SXR would serve as senior spokesman and
contact between ARGMA and the contractor. Matters relating to
the formulation of new policy or resolution of policy conflict
would be handled through the Control Office for a coordinated
Agency decision. Other matters could be resolved directly &ith

. . e e . . 29
the mission division involved.

The new policy was implemented in August 1958. 1LT James
C. Samples of the Field Service Division and Mr. Ray J. Farison

and other Industrial Division personnel assigned to the new SUEL

- field office since April 1958 were all transferred from their

parent divisions to the Control Office. Lieutenant Samples
served as the Acting SXR at SUEL until 15 June 1959, when LTC
Paul J. Daigle took over as the SXR.3O The field liaison struc-
ture in the Los Angeles area was also changed. On 7 August 1958,
the Redstone Arsenal (ARGMA) Liaison Office at JPL, headed by
LTC Kenneth O. Reed, was transferred from ARGMA to AQMC, redes-
ignated as the AOMC Liaison Office, JPL, and placed under staff
supervision of the new AOMC West Coast Field Office located at
LAOD.31 Eleven months later, in September 1959, the AQMC West
Coast Field Office assumed the functions of the Liaison Office,

JPL, which was closed.32

In another action to improve internal program control and

29ARGMA Cir 7 (later renumbered 600~1), 28 Jun 58. For full

text of this directive and details on other aspects of the new
control system, see ARGMA Hist Sum, 1 Apr - 30 Jun 58, pp. 32-46,
142"43 »

30(1) ARGMA SO 84, 1958; SO 116, 1959. (2) Ltr, ARGMA Comdr |
to Act SXR, SUEL, 25 Sep 58, subj: ARGMA Ln Pers at Contr Plants
& Govt Instls; & Ltr, same to same, 24 Feb 59, subj: RDD Resps &
Auths Asgd to the SXR, SUEL. SPCF, Bx 13-826, RHA.

3101y AOMC GO 42, 18 Aug 58. (2) SS ORDXM-CM-74, 18 Jul 58,
subj: Org of the West Coast Fld Ofc, w/incl, Ltr, CG, AOMC, to Chf,
AOMC Ln Ofc, JPL, 7 Aug 58, subj: Estb of AOMC Ln Ofc at JPL. Hist
Div File.

32p0MC GO 69, 22 Sep 59.
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coordination, the ARGMA Commander, in September 1958, designated
the R&D Division as the division of primary responsibility for
the SERGEANT project and the following personnel as SERGEANT
contacts within the Agency: Mr. W. F. McCartney, Control Office;
Mr. Stanley Bernstein, R&D Division; Mr. E. C. Roberts, Industrial -
Division; and 1LT James M. Jackson, Field Service Division.33
MAJ Lloyd W. Conner replaced Mr. Bernstein as Project Director
and contact point in the R&D Division on 1 December 1958, when
he became chief of the SERGEANT Section, Land Combat Branch,

Projects Management Staff, R&D Division.34

Primary weapon system responsibility shifted from the R&D
Division to the Industrial Division on 1 July 1959, following a
fiery dispute over the so=-called "E" point35 on the SERGEANT wea-
ponization schedule. Colonel Collins, Major Conner, and other
members of the R&D Division argued that the 1 July "E" date was
incompatible with the development program and should be changed to
30 September 1959 to coincide with the scheduled interim release
to industrial. They felt that a high risk would be involved even
for the 30 September date, since the first Engineering Model
flight tests would not be conducted until after that time.36 COL
H. H. Wishart, chief of the Industrial Division, and Mr. W. F.

McCartney of the Control Office took the position that the

33ARGMA Cir 16, 19 Sep 58, subj: Sys Proj Resp (later renum-~

bered 1-2).

34(1) ARGMA SO 3, 1959. (2) Those in the chain of command
above the SERGEANT Section were LTC Wells H. Gibbs, Land Combat
Branch; Mr. Harry F. Vincent, Projects Management Staff; and
COL Matthew R. Collins, Jr., chief of the R&D Division. .

35ARGMA Circular 1-2, 4 June 1959, defined the "E'" point as

that point in time when Engineering Order (EO) control is trans-

ferred from the R&D Division to the Industrial Division, and the

date after which no Engineering Change Orders (ECO's) are written
that will affect the first industrial delivery.

36DF Cmt #1, Chf, RDD, to ARGMA Comdr, 24 Feb 59, subj: SGT
"E" Date Stf Study, w/incl. SPCF, Bx 13-826, RHA.
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proposed 30 September date would not allow adequate control over
changes affecting the first industrial hardware deliveries which
A were scheduled to begin in January 1960. They insisted that the
6 months' EO control provided by the 1 July date was absolutely
essential.37 General Shinkle ruled in favor of the latter view
on the grounds that the Industrial Division was responsible for
production deliveries and consequently the scheduling of changes

to those items.

As far as the contractors were concerned, the "E" point
was of no significance except that SUEL was required to add an
estimated cost to EO requests. The EQ's costing more than
$50,000 or affecting system MC's, safety, interchangeability or
performance had to be coordinated with JPL and approved by ARGMA.
The R&D Division warned that SUEL, under these guidelines, could
redesign the entire system piece by piece without R&D or JPL
cbncurrence, as long as they (SUEL) kept the cost below $50,000
and took the position that the change would not affect the sys-
tem MC's, etc. Moreover, the incorporation of changes considered

essential by JPL would be delayed, and there was the possibility

37bF Cmt #1, Chf, ID, to Chf, RDD, 19 Feb 59, subj: Non~

concurrence with SGT Stf Study. SPCF, Bx 13-826, RHA.

38(1) DF Cmt #2, ARGMA Comdr to Chf, RDD, n.d. (circa 17 Mar
59), subj: SGT "E" Date Stf Study. SPCF, Bx 13-826, RHA. (2) On
31 March 1959, following the Commander's decision, the R&D Divi-
sion received a copy of a Control Office memorandum (MFR, W. F.
McCartney, 16 Mar 59, subj: Pt "E'" in SGT Program) which indicated
that R&D and Industrial representatives had "unanimously' agreed
to the 1 July "E" point during a meeting held on 9 March. Mr.
William A. Huff of the SERGFANT Section angrily replied that both
he and Major Conner had non-concurred in the July date and that
Mr. McCartney had promised to so indicate in the record of the
meeting. Although it was now too late to change the General's
decision, Mr. Huff insisted that "this matter of deliberate
untruthfulness' should be brought to the attention of the Chief,
Control Office. DF, W. A. Huff, SGT Sec, LCB, PMS, thru Chf, PMS,
to Chf, RDD, 2 Apr 59, subj: MFR Subj: Pt "E" in SGT Program dated
16 Mar 59 by W. F. McCartney. SPCF, Bx 13-826, RHA.
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that some of them might not be implemented ati'all.39 These warn=

ings were not heeded, however, and the premature transfer of EO
control started the Industrial Division on the road to continued

development under the guise of product improvement.

-~

In the face of unsolved technical problems and continued
program delays early in 1960, ARGMA beefed up its SERGEANT
project staff to head off any further slippages. By 1 July
1960—the date of JPL's phaseout from the program—~the civilian
project staff had increased from 110 to 154, the personnel allo-
cated to the three mission divisions being increased from 96 to
133 and the Control Office staff from 14 to 21.40 The ARGMA
Commander also realigned the internal commodity management
structure to strengthen his control over national mission
programs and to improve the working relationship among the
operating divisions. 1Instead of assigning basic weapon system
réSponsibility to the division of primary interest, he designated
the SERGEANT contacts in each division as members of the SERGEANT
Commodity Coordination Team, with Mr. W. F. McCartney of the
Control Office as chairman.41 The benefits of these managerial
improvements, however, were largely nullified by the AOMC mission
realignment of 1 August 1960 and the transfer of commodity manage-

ment responsibility for the SERGEANT from ARGMA to ABMA.AZ,

39pF Cmt #1, Chf, RDD, to Chf, ID, 30 Jun 59, subj: SGT
Interim EO Procedure. SPCF, Bx 13-826, RHA.

4ORept, ARGMA Civ Mpr Alocd by Msl Sys, 31 Mar 60 & 30 Jun
60. Hist Div File.

41(1) ARGMA Hist Sum, 1 Jan - 30 Jun 60, pp. 15-19. (2)
ARGMA Cir 1-2, rev 12 May 60, subj: Agcy Cmdty Coord, w/incl.
(3) Major Conner and Mr. Roberts continued to represent their
respective divisions (R&D and Industrial) on the team, but
there were new assignments in other areas. Mr. R. W. Pisani
replaced Mr. McCartney as team chairman, in June 1960; and the
Field Service member changed twice—from 1LT James M. Jackson to
Mr. H. T. Nagle, thence to CAPT H. W. Strohm. See Incl to ARGMA
Cir 1-2, 12 May 60, & List of SGT Proj Offs, 30 Jun 60.

4250MC GO 59, 27 Jul 60.
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The AOMC/ABMA Era—1960-61

The reorganized Army Ballistic Missile Agency,43 commanded
by BG Richard M. Hurst, inherited the SERGEANT project at a very
critical time in its history. JPL had just been phaséd out of the
program; SUEL had assumed complete weapon system responsibility
without adequate staff and facilities to meet its commitments;
and problems resulting from the premature transfer of EO control
were beginning to snowball, as the poor results of Engineering
Model firings led to the suspension of tests, a host of design
changes, and interference with the production schedule.44 Added
to all of this was the disruption resulting from the physical
move of the project staff and their integration into the new
organization which included some old ABMA administrators who were
accustomed to operating under the special powers formerly granted
to General Medaris for prosecution of the top-priority IRBM

45
program.

4")On 1 July 1960, ABMA's space missions, including some
4,000 personnel and $100 million worth of facilities, real estate,
and equipment, were transferred to NASA's George C. Marshall Space
Flight Center at Redstone Arsenal, leaving the Agency with only
two major missile programs: the JUPITER and PERSHING. To over-
come the consequent mission imbalance between ARGMA and ABMA, the
latter, on 1 August 1960, assumed commodity management responsi-
bility for the SERGEANT and seven other weapon systems. Trans-
ferred with these projects were 328 civilian and 26 military
personnel. (1) ARGMA Hist Sum, 1 Jul - 31 Dec 60, pp. 9-12. (2)
ABMA Hist Sum, 1 Jul = 31 Dec 60, pp. 15-16.

44Ibid., pp. l43-44.

45For example, General Medaris had been given broad authority

to deviate from Army Procurement Regulations and Armed Services
Procurement Regulations. This meant, in effect, that he could
execute procurement actions for supplies, services, and equipment
without prior approval of a Determination & Findings by higher
authority as required under the law for other programs. For a
detailed account of these and other special powers, see ABMA Hist
Monograph No. 3, Special Powers Delegated to the Commanding General
of the Army Ballistic Missile Agency, 1 February 1956 - 31 March
1958 (ABMA Hist Div, Feb 1961).
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Although most of the key personnel transferred with the
project, there were some losses in experienced manpower and those
who remained had a difficult time adjusting to the new environment
and orienting their new ABMA associates on standard procurement
aﬁthority and procedures.46 To complicate matters, thé ABMA- in-
dustrial engineers, in their zeal to improve system performance,
scrapped the weapon system designed by JPL and ARGMA, and placed
it back in R&D.47 The resultant rash of engineering changes had
a profound impact on the weaponization schedule and generated

considerable friction between R&D and Industrial Operations, with

General Hurst often being called upon to settle disputes.48

Under ABMA, as under ARGMA, the management structure was
organized along broad functional lines with major program
responsibilities splintered among the operating elements. In

both R&D and Industrial Operations, the project was an integral

46Intvw, Mary T. Cagle with Paul R. Collier, Act Chf, Program

Mgt Ofc, SGT Proj Ofc, MICOM, 13 Oct 65.

47Intvw, Mary T. Cagle with E. C. Roberts, Chf, Sys Engrg Div,

SGT Proj Ofc, MICOM, 23 Oct 69.

480ne such dispute concerned the Neidhart suspension system

developed and tested by JPL and favored by R&D Operations, and the
torsion bar system proposed as a substitute by the Ordnance Tank-
Automotive Command and favored by Industrial Operations. 1In June
1961 (just 3 months before the last R&D firing and 12 months before
the Ordnance Readiness Date), General Hurst decided in favor of the
latter, with the resultant obsolescence of some 5,500 drawings that
had to be replaced under pressure of an extremely tight schedule.
Upon hearing of this decision, Mr. E. F. Neidhart of the General
Tire & Rubber Company began harassing ABMA employees with telephone
calls and attempted to get the decision reversed through a Congres-
sional investigation. (1) Ibid. (2) DF, Edmond D. Messer, SGT

Wpn Sys Mgr, RDO, to Chf, RDO, 22 Aug 61, subj: SGT Trans. (3)
Ltr, CG, AOMC, to ABMA Comdr, 9 Aug 61, subj: same; & lst Ind,

ABMA Comdr to CG, AGMC, 30 Aug 61l. (4) MFR, Edmond D. Messer, 13
Jul 61, subj: Tel Call fr Mr. Neidhart of General Tire & Rubber
Co., Akron, Ohio. (5) DF, J. A. Bethay, RDO, thru Con Ofc, to
ABMA Comdr, 6 Oct 61, subj: Neidhart Suspension Sys. All in SPCF,
Bx 13-825, RHA.
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part of the JUPITER-REDSTONE-CORPORAL-SERGEAN% Project Office.
Except for the loss of MAJ Lloyd W. Conner, who was reassigned
to the ABMA Control Office, the R&D project staff was essentially
unchanged. However, in Industrial Operations, Mr. E.-C. Roberts,
who had been with the industrial program since its inception:

was removed from his post as project director and reassigned to
various staff positions having no direct connection with the
SERGEANT. Mr. John T. Calhoun, who had served as Mr. Roberts'
deputy at ARGMA, remained with the project as did several other
ARGMA people. But the post of project officer was held by

CAPT John J. Sullivan who joined the Agency from an overseas
assignment in September 1960. The key SERGEANT coordinator

in Field Service Operations was CAPT T. C. Davis. Early in

1961, MAJ Richard W. Brunson replaced LTC Paul J. Daigle as the

Senior ABMA Representative at SUEL.Q?

On 10 November 196l——some 2 months after completion of the
frouble-ridden R&D test program=—the ABMA Commander appointed
COL John E. Aber as the SERGEANT Weapon System Director and
delegated him full responsibility and authority for all aspects
of system management, including the direction and coordination
of project activities assigned to and performed by the national
mission operations.50 Just 30 days later, on 11 December 1961,
the project was disrupted by another major reorganization, in
which ABMA and ARGMA were abolished as separate agencies and

their functions merged with AQMC headquarters.51

49(1) Intvw, Mary T. Cagle with E. C. Roberts, Chf, Sys Engrg
Div, SGT Proj Ofc, MICOM, 23 Oct 69. (2) Intvw, Mary T. Cagle
with Edmond D. Messer, 24 Oct 69. (3) ABMA Hist Sum, 1 Jul ~ 31
Decc 60, pp. 30-31. (4) FSO Wpn Sys Coord Chart, 16 Mar 6l. (5)
AOMC Offs' Rosters, 30 Sep 60, 31 Dec 60, & 31 Mar 61l. (6) ABMA
Directory Charts, 1 Aug 60, 3 Oct 60, & 1 Jun 61.

50DF, BG R. M. Hurst, ABMA Comdr, to Ops Dirs & Ofc Chfs,

21 Nov 61, subj: SGT Wpn Sys Aptmt. Hist Div File.
51AOMC GO 96, 5 Dec 61.
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The SERGEANT Project Manager---1962-69

The AOMC reorganization extended into 1962, overlapping a
major Army reorganization which culminated in the creation of the
Army Materiel Command (AMC), the realignment and redesignation of
AOMC as the Army Missile Command (MICOM), and the activation of
the SERGEANT Project Office effecctive 1 August 1962.52 Amid the
confusion and frustration attending this protracted reorganiza-
tion, the SERGEANT passcd its June 1962 readiness date, albeit
with certain serious compromises resulting from the telescoped
program and the refusal of DA Staff in July 1961 to accept

another slippage in the schedule.s3

In the AOMC reorganization of December 1961, the SERGEANT
Project Office was established under the Deputy Commanding
General for Ballistic Missiles (DCG/BM). COL John E. Aber became
the SERGEANT Project Manager with responsibility for directing and
coordinating the project activities assigned to and performed by
the national mission operations and supporting services. As in
previous reorganizations, the project lost some of ilts experienced
personnel, including Mr. Edmond D. Messer who transferred to the
Marshall Space Flight Center in January 1962. The Project Manager,
with a small staff of only 13 people, could not truly manage the
program and was, in reality, little more than a high level staff
coordinator. This interim project office, however, did provide

essential staff experience for implementing the vertically

°2(1) DA GO 23, & May 62. (2) AMC GO 4, 23 May 62. (3) DA GO
46, 25 Jul 62. (4) MICOM GO 5, 30 Jul 62. (5) DA GO 57, 27 Sep 62.
(6) The AMC and MICOM existed with skeleton staffs from 23 May to
1 August 1962 when they became operational. AMC absorbed the
functions of OCO which was abolished, and MICOM absorbed functions
of the former AOMC. Tor a detailed history of the reorganization,
see AQMC Smanl Hist Sum, 1 Jan ~ 30 Jun 62; MICOM Anl Hist Sum,
FY 1963; and AMC Anl Hist Sum, FY 1963.

53Hist Rept, SGT Proj Ofc, 1 Jul ~ 31 Dec 62, w/incls. Hist

Div File.
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54

dirccted management structure established on 1 August 1962.

The activation of the SERGEART Projecct Office on 1 August
provided the project manager with the tools, the authority, and
the organization for effective weapon system management. The
centralized project management concept stressed maximum inte-
gration of the total effort in order to make the best possible
use of limited resources, and at the same time attain a high
" order of stability. It necessarily entailed maximum use of the
functional directorates for operational support, but the project
manager possessed the authority, resourées, and capability within
his own office for the centralized'management, direction, control,
and wmonitorship of the total effort. This included all phases of
research, development, test, procurement and production, distri-
bution, and logistic support for the purpose of maintaining a
balanced program to accomplish the stated objectives of AMC.
Specifically, the project manager was charged with exercising
full-line authority over all planning, direction, and control of
tasks and associated resources involved in furnishing SERGEANT
missile systems and system support to designated recipients at

times and places directed by AMC.55

In late July 1962y a small number of specialists from the
functional directorates were detailed to the project manager to
assist in preparing the official SERGEANT Project Management
Master Plan (PMZP). The approved activation plan provided for a
total of 21 military and 265 civilian personnecl to staff the new
organization. The plan was to reassign the SERGEANT functions

and personnel located in the various MICOM directorates and staff

54(l) Ibid. (2) AOMC GO 96, 5 Dec 6l. (3) AOMC GO 30, 14
Mar 62. (4) AOMC GO 99, 13 Dec 61. (5) MICOM GO 5, 30 Jul 62.
(6) AOMC GO 87, 30 Jul 62. (7) Intvw, Mary T. Cagle with Edmond
D. Messer, 24 Oct 69.

55(1) MICOM Reg 10-2, Sec 1100, 15 Mar 63. (2) Hist Rept,
SGT Proj Ofc, 1 Jul - 31 Dec 62, pp. 3~4. Hist Div File.
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offices on an orderly but rapid basis after the 1 August 1962
activation date. However, because of the time required for major
physical moves and other administrative problems, the transfers

were effected over a period of several months.

In carrying out his mandate as project manager, Coloneleber
had to contend with the traditional confusion and lethargy attend-
ing an upset of the status quo. Parochial compartmentalized
thinking fostered by more than a decade of functional direction
continued to present a problem despite strong efforts to initiate
project management. To complicate matters, AMC withheld the
approved Table of Distribution (TD) pending resolution of grade
structures, with the result that top-level civilian personnel had
to be detajled to key staff positions without promises of firm
job offers. This not only stymied the recruitment of competent
staff members, but also made it difficult to keep the experienced
ﬁefsonnel already aboard from leaving for NASA and other agencies

because of job uncertainty.

As of 31 December 1962, the project manager had an assigned
strength of 184 (21 wilitary, 163 civilians), against a current
personnel authorization of 190 and a planned TD authorization of
251. Included in the actual strength were 5 military and 16
civilian personnel assigned to the Sperry field office. (Per=-
sonnel later assigned to staff offices in AMC and Europe were
also charged against the project manager's space authorization.
See Chart 4.) Despite the prevailing job uncertainty, a number
of top-level, system-oriented civilians stuck with the project.
Among these were Messrs. E. GC. Roberts and John T. Calhoun, chief
and deputy chief, respectively, of the System Engineering Divi-
sion; Mr. John F. Hand, chief of the System Test Division; and
Mr. H. T. Nagle, deputy chief of the System Support Division.
Other key staff members included Mr. James H. Draughon, Deputy
Project Manager; MAJ John J. Sullivan, Chief, Program Management

Office; MAJ Asa A. Hord, Chief, System Support Division; Mr.
920
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Herman Libbe, Chief, Quality Assurance Division; and Mr. D. R.

Simms, Chief, Procurement & Production Division.56

COL Jester M. Loomis, Jr., replaced COL John E. Aber as the
SERGEANT Project Manager on 15 January 1963,57 and, in the ensuing
36 months, guided the program through overseas deployment of the
weapon system and the initial stages of project phasedown. The TD
approved by AMC on 21 January 1963 allotted the organization a
total of 249 personnel (16 military, 233 civilians), but the
project manager was never able to fill all of his authorized
spaces. By 30 June 1964, his personnel allotment had been cut to
228 (12 wmilitary, 216 civilians) and his assigned strength stood
at a peak of 216 (1l military, 205 civilians).58 During the last
half of 1964, with deployment of all programmed battalions and
support units completed, Colonel Loomis began implementing the
plan for orderly transition from full staffing to deprojectiza-
tion. In the early stage of the phasedown operation, attrition
ﬁook care of the planned reductions. By the end of FY 1965,
however, the office had released both spaces and personnel for
assignment to other projects, reducing the authorized strength
from 228 to 179 (11 military, 168 civilians) and the assigned
strength from 216 to 171 (11 military, 160 civilians). The plan
for FY 1966 was to keep about 8 military and 80 civilians in the
project office and transfer the rest to the directorates where

they would continue to support the weapon system959 But the

56(1) Tbid. (2) Hist Rept, SGT Proj Ofc, 31 Dec 62 - 1 Jul
63, pps 2-3. Hist Div File. ‘

STMIcoM GO 7, 28 Jan 63.

58MICOM Pers Status Repts, 31 Dec 62 & 30 Jun 64. Hist Div
File.

59(1) Hist Rept, SGT Proj Ofc, FY 1965, pp. 3-4. (2) Ltr,
AMCSA-PM, HQ AMC, to SGT PM, 24 Nov 64, subj: Proj Curtailment
Study, w/lst Ind, SGT PM to CG, AMC, 3 Dec 64; & Ltr, HQ AMC, to
SGT PM, et al., 30 Dec 64, subj: Crit for Deactivation of AMC
[sic], w/lst Ind, SGT PM to CG, AMC, 13 Jan 65. Cited in MICOM
Anl Hist Sum, FY 1965, p. 192. (3) MICOM Pers Status Rept, 30
Jun 65. Hist Div File.
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refined MICOM project managéﬁent policy, issued in September 1965,
altered the planned staffing pattern for 1966 and subsequent years.

The refined project management policy, in effect, sent the
major project operations, together with personnel and spaces, back
to the functional directorates from whence they had come 3 yéars
before. It decreed that the project offices would consist of
small groups of elite management technicians who would rely on
the functional directorates to accomplish the "doing" portions
of the project work, with the project managers retaining full-line
authority for planning, direction, and.coﬁtrol of the total effort.
The project managers' field offices would include representation
from the directorates, as appropriate, with the understanding that
the chief of the field office was the Senior MICOM Representative
at that location. As such, he would be responsible for all
decisions and he alone would direct the contractor as necessary.
Directorate representatives, under all conditions, would be
responsible directly to the field office chief. To avoid diérup-
tion, each directorate would gradually take on the new functions
and associated personnel as it demonstrated its ability to perform
each function equal to, or better than, the project management

organization.

Since the newer project offices had already been organized
according to the new project management concept, the main impact
of the policy fell on the older projects such as the SERGEANT.

In one of his last official acts as project manager, Colonel
Loomis prepared and set in motion the plan for the orderly
transition of personnel and functions from the project office to
the appropriate directorates. The task of finishing the job fell

to MAJ William A. Cole, who succeeded Colonel Loomis as acting

60(1) MICOM Anl Hist Sum, FY 1966, pp. 20-22. (2) Handbook,
Project Manager/Directorate Functional Relationships, 15 Sep 65.
Hist Div File.
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project manager on 1 January 1966.61 Pursuant to the realignment
plan, AMC, on 26 January 1966, reduced the office's manpower
authorization from 179 to 73 (8 military, 65 civilians). The
transfer of functions, personnel and personnel spaces, records,
and equipment to the Supply & Maintenance and R&D Directorates
began on 5 November 1965 and continued on a sequential basis
through early March 1966. By 30 June 1966, the project office
staff had been reduced to 74 (7‘mi1itary, 67 civilians).62

With Major Cole's departure on 5 August 1966, Mr. John F.
Hand took over as acting project manager and served until the
assignment of LTC Arthur G. Lange, Jr., on 26 September 1966.63
Colonel Lange steered the program through the final product
improvement, field modification, and in~process reviews lead-
ing to classification of the weapon system as Standard A in
June 1968,64 and the continued phasedown of operations pre~-
pafatory to deprojectization. By 31 December 1968, the office's
ﬁanpower authorization had been reduced to 49 (8 military, 41
civilians) and its assigned strength to 51 (5 military, 46

civilians).

Under the plan approved by AMC on 30 January 1969, the
transition from project management to commodity management would
begin on 30 June 1969—the deprojectization date-—and be com=~

pleted by 31 December 1969. Upon completion of the transition,

61(1) MICOM GO 3, 10 Jan 66. (2) Hist Rept, SGT Proj Ofc,
FY 1966, p. 3. Hist Div File.

_62(1) Ibid., p. 3. (2) MICOM GO 15, 10 Feb 66 & GO 23, 10
Mar 66. (3) MICOM Pers Status Rept, 30 Jun 66. Hist Div File.

3u1coM GO 93, 2 Aug 663 GO 113, 5 Oct 66.

64(1) Ltr, SGT PM to CG, AMC, et al., 15 Dec 67, subj: SGT
Sp In-Process Review (IPR) on TCLAS, w/incl. SGT Proj Ofc File
203-05. (2) 2d Ind, ACSFOR, DA, to CG, AMC, 27 Juan 68, subj: SGT

TCLAS, Read for Record - AMCTCM 6331, 5 Sep 68. RSIC.

65MICOM Pers Status Rept, 31 Dec 68. Hist Div File.
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a small commodity office would remain to oversee the activities
of supporting functional organizations. Although reductions to
keep the work force in line with the declining workload would
be continued, the majority of project personnel and spaces would

be transferred after the deprojectization date.%® 7

The SERGEANT Commodity Manager=-1969-70

LTC Paul L. Blackburn succeeded Colonel Lange as SERGEANT
Project Manager on 1 July 196967 and saw the program through the
t;ansition to commodity management status. Although the
deprojectization date was advanced from 30 June to 31 October
1969, the phaseout action actually began in July 1969 as
originally planned.68 The assigned personnel strength declined
from 51 to 35 during the first half of 1969, thence to 23 on 31
October 1969.69

Effective 15 October 1969, the Office of the SERGEANT
Project Manager was officially discontinued70 and the SERGEANT
Commodity Office was organized with an authorized strength of
one officer and seven civilians. Having absorbed the residual
functions of the SERGEANT Project Manager, the commodity manager

was delegated full-line authority and responsibility for planning,

66(1) Ltr, SGT PM, thru CG, MICOM, to CG, AMC, 23 Dec 68,
subj: Deprojectization of SGT Proj, w/Proj Trns Plan; & lst Ind,
CG, MICOM, to CG, AMC, 6 Jan 69, atchd to SS AMCPM~-SE-5-68, 23
Dec 68, subj: same. (2) Ltr, CG, AMC, thru CG, MICOM, to SGT PM,
30 Jan 69, subj: same. Both in Hist Div File.

®7\1coM GO 63, 1 Jul 69.

68(1) Ltr, CG, MICOM, to CG, AMC, 31 Jul 69, subj: Deproject~
ization of SGT Proj Ofc, atchd to SS AMSMI-WM-97-69, 29 Jul 69,
subj: same. Hist Div File. (2) Intvw, Mary T. Cagle with Paul R.
Collier, Act Chf, Program Mgt Ofc, SGT Proj Ofc, 31 Oct 69.

69MICOM Pers Status Repts, 30 Jun 69 & 31 Oct 69. Hist Div
File.

"OpMc GO 234, 31 Dec 69.
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direction, and control of all project activities and allocated

resources.71 Mr. Jack R. Amos replaced LTC Paul L. Blackburn
72

as acting commodity manager on 24 December 1969. LTC Russell
A. Simpson took over as SERGEANT Commodity Manager on.5 January
1970.73 g

On 6 April 1970, the Land Combat Special Items Management

Office (Provisional) was established to integrate and manage

the activities of the SERGEANT, Land Combat, and Aircraft Weapons
Commodity Offices, whose missions, responsibilities, and person-
nel were unchanged. The new office, headed by LTC Wayne B.
Miller, had an authorized strength of two officers.74 Effective
1 July 1970, MAJ William D. Kirby, Jr., was named acting manager
of the SERGEANT Commodity Office, wvice LTC Russell A. Simpson.75

71MICOM GO 18, 29 Jan 70. (MICOM General Orders 141, dated

7 November 1969, established the SERGEANT Commodity Office [Pro-
visional] effective 1 November 1969. These orders were rescinded
by General Orders 18, which established the SERGEANT Commodity
Office effective 15 October 1969.) )

72y1c0oM GO 157, 31 Dec 69.

73MICOM GO 2, 2 Jan 70.

74MICOM GO 65, 18 Jun 70. (These orders rescinded MICOM GO

39, dated 2 April 1970.)
"Sy1coM 6o 73, 1 Jul 70.
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CHAPTER IV

(U) BASIC DESIGN AND FEASIBILITY DEMONSTRATION

re

The SERGEANT development program officially began in January
1955 and was essentially completed with the flight test of the
last R&D missile on 28 September 1961. During that period, the
tactical prototype system took shape in a progressive series
of three development test models: Feasibility Demonstration,
1955-57; Experimental, 1958-59; and Engineering, 1960-61. This
chapter focuses on the design of Phase I R&D test equipment,
the airframe~propulsion feasibility flight tests, and the design
and fabrication of Phase II Experimental Model equipment. The
ensuing chapter traces the evolution of the weapon system through
the Experimental and Engineering Model test programs during the
1958-61 period.

Reorientation of the Program

Early in 1955, JPL began design work on the radio-inertial
SERGEANT system and let a subcontract to the General Electric
Company for parallel development of the all=-inertial guidance
system, with plans to begin R&D flight tests in July 1955. The
R&D funding deficit in FY 1955 led to a slippage in the initial
schedule and the publication of a revised pfogram plan in June
1955. This revised schedule called for a total of 55 R&D flight
tests of the radio-inertial system beginning in October 1955
(instead of July) and continuing through December 1959. The
parallel all-inertial development effort would consist of 40
R&D flights beginning in mid-1958 and continuing, if necessary,
through mid-1960. The final system design would be released to
production in August 1961, upon completion of engineer tests,

and delivery of the tactical equipment would begin in February
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1963, with a scheduled Ordnance Support Readiness Date of August

1963.1

Continuing financial pressures in the fall of 1955 forced
another major change in the development program. Seeing tha;
adequate FY 1956 funds would not be available to support parallel
development of both the radio-inertial and all-inertial systems,
the Ordnance Corps undertook a review to determine the advantages
and disadvantages of the two guidance techniques. On the basis
of this review, the JPL Steering Committee, in September 1955,
agreed that the SERGEANT should use an all=-inertial guidance
system. The compelling reasons for this selection were techno-
logical advancements in the field of inertial guidance, the
requirement for immunity to electronic countermeasures, and the
need for a substantial reduction in the complexity and amount of
ground equipment. The JPL radio guidance system was immune to
cbuntermeasures, but it presented the potential of interfering
with friendly ground electronic systems and of requiring more

ground equipment than desirable.

With the all-inertial system, however, it appeared doubtful
that the specified accuracy of 100 to 150 yards could be achieved
within a reasonable timescale. JPL concluded after further study
that an accuracy or CPE (circular probable error) of 300 yards
was likely to be achieved in a development period about 1 year
longer than the combined system would have required; i.e.,
completion of the development phase by December 1960 instead of
December 1959.2 (As stated earlier, the accuracy requirement

was unofficially relaxed to 500 to 1,000 yards CPE in September

1See above, pp. 31-38.

2(1) Tech Rept, Ord GM & Rkt Programs, Vol VIII =~ SERGEANT,
Suppl 1, 1 Jul 55 = 30 Jun 56, p. 2. (Document hereafter cited as
SGT Blue Book Suppl.) Hist Div File. (2) JPL Final Rept 20-137,
1 Oct 60, p. 2. RSIC. (3) JPL Pub #99, 10 May 57, subj: Hist of
Ord Rsch at the JPL, 1 Jan 55 thru 31 Dec 56, p. 3. RSIC.
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1955, thence to 100 to 300 yards in 1956, with primary effort
being directed toward attainment of the required 300-yard CPE.3)

Upon approval of the reoriented program by 0CO in October
1955, JPL terminated the subcontract with General Electric,
stopped work on the radio=inertial system, and redirected its
effort toward the design of components for the all-inertial
system. As shown below, the JPL development schedule for the
reoriented program embraced three design phases consisting of
62 R&D flight tests during the 1956-60 period. The initial
Block I flight test had been delayed from October 1955 to

January 1956 because of fabrication problems.

Design 1956 18957 1958 1959 1960,

7 rounds

| (Block 1)

2 (Block 1)

40 rounds

JPL Development Schedule for All-Inertial
SERGEANT System = December 1955.

3 (Block 1)

Program Delays and Schedule Changes

As a result of the higher priority IRBM and space programs
undertaken for ABMA early in 1956, JPL necéssarily took some key
personnel off the SERGEANT effort. This, together with delays
stemming from reorientation of the program and the ensuing
funding and technical problems, led to a revision of the develop=-
ment plan and schedule. By May 1956, the original 62-round, 3-

block development program had evolved into a 60-round, 5-phase

3See above, pp. 70-71. Also see Appendices I & II.

4(1) SGT Blue Book Suppl, p. 2. (2) JPL Final Rept 20-137,
1 Oct 60, p. 12. RSIC.

99



program embracing the Feasibility, Experimental, and Engineering

Models.

Feasibility l Experimental Model IEnqineering Modell
1956 1957 1958 1959 1960

Phase

1 propulsion, air-
frame guidance 2
and GSE feasibility 10 rounds

II guidonce system
ond GSE de-
velopment

]

. )
IO sysfem develop~ }
ment and 1
inlegration; and :
finalization of 1
t

|

I

|

i

1

O rounds

EM concepts

20 rounds
IZ EM development

Y system proof test

1

Revised Development Schedule - May 1956.

Because of problems encountered in fabrication of the rocket
motor and in the design of the dragbrake system and guidance
platform, the target date for completion of the planned 10-round
Phase I feasibility demonstration was extended from March to
November 1957. Even so, the plan still called for completion of
the remaining four phases by the end of December 1960. As shown
above, the Experimental Model portion of the program was divided-
into Phases II and III, consisting of 10 rounds each. Phase II
would be the first of the guided development firings. Phase III
would provide system development and integration and would final-
ize all Engineering Model concepts which then would form the
basis for Phase IV. During the planned 20-round Phase IV effort,
the Engineering Model would be developed and the changes necessary
for the system to meet the MC's would be incorporated for evalu=-

ation in the 10-round Phase V proof test program.5

In June 1956, the project office at Redstone Arsenal issued
a proposed commodity schedule calling for commencement of indus-

trial production in January 1961 with initial troop deliveries in

>(1) JPL Final Rept 20-137, 1 Oct 60, pp. 12-14. RSIC. (2)
JPL Pub #99, 10 May 57, op. cit., p. l. RSIC.
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mid-1962 and a planned Ordﬁ;hce Readiness Date of October 1962.
To meet these target dates, preliminary R&D releases to the
Industrial Division would begin in mid-1958, along with prepro-
duction engineering for the initial buy of non-tactical prototype

equipment early in FY 1959-6 0CO approved the proposed commodity
schedule in the fall of 1956.7

Further funding and technical problems during the first
half of CY 1957 led to a delay in the basic development program,
extending the planned effort into early 1961 with no change in
the Ordnance Readiness Date. As shown below, the new schedule

called for a total of 59 (instead of 60) R&D firings.8

Engineerin
Feosibillty l Experimental Mode! %Aodel 9

1956 | 1957 1958 1959 1960 ,:IQSI

e

Phase

1 propulsion, air-
frome guidaonce iy
ond GSE feasibility 8rounds

II guidonce sysfem
ond GSE de-
velopment

O rounds

]

i

I system develop- i
ment and ]
integrotion, ond :
finolizotion of 1
|

|

|

|

]

1

EM concepts

I¥ EM development

<
2
o
3

X system proof lest

" Revised Development Schedule - July 1957.

Phase I R&D Test Equipment

The immediate objective of the Phase I effort was to put
something resembling a missile into the air as quickly as possible
in order to gain experience with features such as the solid pro-

pellant motor and dragbrakes. The criteria thus applied in the

6SGT Blue Book Suppl, 30 Jun 56, pp. 43, 47. Hist Div File.

7ABMA Rept, SGT Lead Time Case Study, 9 May 61, p. 4. Hist
Div File. .

8JPL Final Rept 20-137, 1 Oct 60, pp. 12-13. RSIC.
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early vehicle design were as follows: (1) maximum probability of
successful flight in the first three rounds, since these would

be the only ones flown early enough to influence the Phase II
design; (2) a configuration resembling as closely as practical

the final missile, as then visualized; and (3) readineés for-
flight tests at the earliest possible date. These criteria
imposed many design restrictions. To guarantee successful flights
and minimize engineering time, the structural design was based on
a simple and conservative analysis. No new materials, methods,

or components were used except where essential to the initial

experiments.

Missile Design

The design initially selected for the SERGEANT missile was
the product of extensive design studies, laboratory experiments,
and research vehicle firings. JPL conducted preliminary SERGEANT
experiments in 1954-55, using CORPCRAL missiles as test vehicles.
These included two full=-scale tests of the aerodynamic dragbrakes
in April and October 1954 and a flight test of the radio communi-
cations system in May 1955. 1In June 1955, the Laboratory tested
scale models of the SERGEANT in its 20~inch supersonic wind
tunnel. Late in 1955, it tested a Lear-BOMARC stable platform
in another CORPORAL firing to gain experience with a missile=-
borne inertial guidance device. Since the utmost accuracy was
not required in the initial airframe~propulsion flights, the
first five rounds used the CORPORAL Mark II autopilot, with the
SERGEANT autopilot system being introduced in the succeeding

Phase I rounds.9

Except for changes associated with the guidance system, the

9(l) Ibid., pp. 3, 44. (2) Anl Prog Rept of the Guided
Missiles Program, DA, 1 Oct 55, pp. 145, 151-52, RSIC. (3) JPL
Pub #99, 10 May 57, op. cit., p. 4. RSIC.
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design characteristics of the initial Phase I rounds essentially
paralleled those originally proposed for the SERGEANT-10 A mis- .
éilé diameter of 31 inches was selected to conform to the then-
current warhead requirements. This, in turn, dictated the outside
diameter of the motor, since the motor case formed a portidn”of
the missile airframe. To avoid delaying the motor static tests,
JPL selected a tentative cylindrical case length of 171.5 inches
on the basis of early estimates of gross missile weight (11,400
lbs.), dragbrake capabilities, and propellant performance. The
31l-inch missile diameter coincided with the diameter of the
HERMES A2 motor, permitting maximum use of the experience and
ménufacturing facilities developed by the Thiokol Chemical
Corporation Redstone Division during the HERMES program. But
despite this advantage, the design and fabrication of an accept-
able rocket engine presented many problems which contributed to
the delay in the initial flight tests from October 1955 to

January 1956.11

Rocket Motor Development

The SERGEANT R&D rocket motors were designed by JPL and
manufactured by the Thiokol Redstone Division under contract with
the Ordnance Corps. Except for its greater length and correspond-
ingly higher performance, the original JPL-329 motor bore a
striking resemblance to the HERMES A2. The similarity extended
not only to use of the identical formulation of T-17ELl (TRX~110A)
polysulfide rubber and ammonium perchlorate propellant, but also

to similar motor chamber and propellant grain designs and to use

10See above, pp. 25=27.

11(1) JPL Final Rept 20-~137, 1 Oct 60, »p. 12, 45. RSIC.
(2) JPL Pub #99, 10 May 57, op. cit., p. 4. (3) LAAP/TCC Rept
TLD 320~66-290, June 1966, subj: The SGT Rkt Mtr R&D =~ Hist Sum
& Review fr Dec 1953 thru Nov 1961, pp. 24-25. RSIC. (4) Also
see above, pp. 8-16.
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of the same ignition system. Like the HERMES A2, the JPL-329
was a constant-thrust, moderate-performance motor. Excelco
Developments, Inc., Silver Creek, New York, which had produced
a number of the 4130 alloy steel motor cases for the HERMES,
fabricated the first group of SERGEANT cases, the initial uni£

being made by joining two HERMES motor cases.

The JPL-329 motor had a cylindrical case length of 171.5
inches and a nominal weight of 8,200 pounds, including 7,100
pounds of T-17E1 (TRX~-110A) propellant (later renamed TP-ESC80").
Thiokol began full-scale static tests of the motor in the fall
of 1954, following a series of scale-model static firings and
propellant temperature tests. The results of five full-scale
static firings completed in March 1955 indicated that the motor
successfully met the performance requirements, but it was con-
siderably larger than required to meet the refined parameter
estimates. Accordingly, JPL designed a new motor using a
different propellant formulation and having a lower total

impulse.

The new motor, designated as the JPL-427, had a shorter
cylindrical case length of 166 inches and a lower gross weight of
7,750 pounds, including a 6,650-1b. charge of T-178E2 (TRX-110B)
propellant (later known as TP-EE081l). Static firings of two
full-scale JPL=427 motors in June 1955 proved unsatisfactory
because of incipient resonant burning (cowmbustion instability)
and the attendant vibration level which exceeded that allowable
for the missile guidance equipment. JPL then decided to use
the original JPL-329 motor for the first few Ph&se I rounds and

to continue work on an improved constant-thrust motor for use in

>‘Most of the propellant formulations investigated for SERGFANT
application had three identification numbers: original (TRX
prefix); interim ("T" prefix); and final (TP prefix). For a
complete listing, see Table 1, Appendix III.
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later flights. Thiokol thus abandoned the JPL~-427 motor program
after the third unsuccessful static test in November 1955, and

delivered JPL-329 motors for the first three Phase I flight tests
conducted in January, February, and April 1956.12

-

In the search for a practical solution to the resonant
burning and vibration problems, Thiokol investigated two new
constant=-thrust, moderate-performance motor designs, the JPL-438
and JPL-477. Like the JPL-427 motor, the 438 design used T-17E2
(TRX-110B) propellant, but its cylindrical case length was
shortened to 141 inches. A static test of the 438 motor on 20
March 1956 indicated combustion instability, and the design was
abandoned. The JPL-477 motor used the same grain cavity design
as the JPL=-329 but had a cylindrical case length of 141 inches.
Its gross mean weight of 6,900 pounds included a 5,840-1b. charge
of T-17E2 propellant and a 700-1b. case of 4130 alloy steel.
During the period 8 May to 18 October 1956, Thiokol loaded and
static tested 11 full-scale 477 motors and shipped the 12th unit
to the White Sands Proving Ground, where it was successfully flown
in the fourth Phase I flight test on 3 November 1956. All told,
Thiokol manufactured 40 acceptable R&D motors of the 477 design, 22

of which were expended in static firings and 18 in flight tests.13

12(1) SGT Blue Book, p. 53. Hist Div File. (2) Program Re-~
view Bd Info Outline, SGT GM Sys XSSM-A-27, JPL, 9 Jun 55, p. 4.
SPCF, Bx 13-813, RHA. (3) Ltr, Dir, JPL, to CG, RSA, 14 Jul 55,
n.s., atchd to Ofc Memo, MAJ W. H. Gibbs, RSA LnO, JPL, to Chf,
RDD, RSA, 20 Jul 55, subj: Combustion Instability in the 427 SGT
Mtr. File same. (4) LAAP/TCC Rept TLD 320-66-290, June 1966,
op. cit., pp. 25, 30-35, 79-80, 82. RSIC.

13(1) 1Ibid., pp. 35-37, 79-82, 85-86. (2) The 18 JPL-477
flight test motors carried the development program through the
last 5 Phase I firings completed in November 1957, the 10~-round
Phase II flight test program in 1958, and the first 3 Phase III
firings completed in March 1959. At that point, the JPL-477
motor gave way to the final JPL-500 series which will be dis-
cussed later. Static test data for the JPL-477 motors are
presented in Table 3, Appendix III. )
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Concurrently with development of the constant-thrust,
moderate-performance motors, Thiokol began work on a regressive-
thrust, high-performance motor design. The objective of this
parallel effort was to provide a lighter and shorter missile
with a reduced burning time and thereby simplify field handling
and the design of the missile range control computer. During
the 1956-57 period, Thiokol investigated four high-performance
designs having regressive-thrust characteristics, but none of
them proved successful. The first of these, the JPL-432, used
JPL-135 propellant and had a case length of 132.5 inches. Scale
quel tests of this motor indicated combustion instability and
no full-scale models were fired. The other three motors (the
JPL-474, =476, and -484) differed from the JPL-432 chiefly in
case length and propellant.14 As before scale-model static
tests of these motors indicated combustion instability. One
full-scale 484 motor, static tested in September 1957, exhibited
unstable burning and the motor case failed at 0.910 second after
ignition. Work on regressive~ilirust, high-peiformance motors
was then abandoned in favor of the JPL-491 constant-thrust,

high~performance design.

The JPL-491 used the same propellant grain configuration as
the JPL-477 constant-thrust motor, but it had a shorter case
length of 120 inches and used the high-performance JPL~136A pro-
pellant. Following a series of scale-model firings, Thiokol
static tested one full-scale 491 motor on 26 September 1957.
Unstable burning occurred after 4.5 seconds and the case failed
at 16.5 seconds. As a result, Thiokol stopped work on the high-

performance motor and turned its attention to the%development of

14The 474 motor had a 109-inch case length and used high-

performance JPL-136 propellant; the 476 was 137 inches long and
used moderate-performance T-17El (TRX-110A) propellant; and the
484, with a case length of 120 inches, used JPL-136 propellant.
See Table 2, Appendix III. '
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a more durable propellant for the moderate-pefformance JPL-477.15
This work led to the 10th and final motor design, the JPL-500,

which emerged during the Experimental Model phase in 1958-59.16

Launcher Development - -

JPL began mechanical development of the ground equipment in
mid-1955, its initial effort being focused on the fabrication of
hardware for the Phase I flight tests. The first three rounds
were fired from the interim R&D launchér; i.e., an interim trans-
porter and table-type launcher with a gantry crane to erect the
missile. The Feasibility Model launching station, fabricated By
JPL and used for the last five Phase I flight tests, consisted of
a simple triangular steel frame on which was mounted a turntable
7 feet in diameter. The ground monitoring and control equipment
for these early flight tests consisted of discrete measuring
inétruments and manual controls designed for the specific re-
quirement of individual rounds. Prototype automatic sensing and
parameter insertion methods were evaluated during the Phase I
flights, but all of the firing set functions and hardware layout
configurations were not firmly established until late in the

Phase II Experimental Model program.17

While the Phase I flight tests were in progress, SUELiwas
phased into the program as R&D co-contractor18 and began work on
the Experimental Model launcher. In carrying out its first three
task assignments under subcontract with JPL, Sperry integrated

the results of JPL's fabrication and testing efforts into a

LS(1) LAAP/TCGC Rept TLD 320-66-290, June 1966, op. cit., pp.
37-40. RSIC. (2) DF, Chf, RDD-OML, to CG, RSA, 12 Sep 57, subj:
Failure of SGT Mtr No. 38. SPCF, Bx 13-813, RHA. (3) TT ORDDW~-
GMS=946, CG, RSA, to CofOrd, 3 Oct 57. File same.

16See below, pp. l142-46.

17 1L Final Rept 20-137, 1 Oct 60, pp. 21-23, 76, 175. RSIC.

1SSee above, pp. 48ff.
107 }



complete experimental launching station for use in the initial

Phase I1 firings.l9

o

3
:

3

} :
i

i

Feasibility Model Launcher Experimental Model Launcher

o, Airframe-Propulsion Feasibility Flight Tests

The JPL test crew at the White Sands Proving Ground fired
the eight airframe-propulsion feasibility demonstration rounds
during the 1956-57 period, using the interim blockhouse facili-
ties in Army Launch Area 1 (ALA-l). These facilities had been
used for CORPORAL firings and were modified to handle the
SERGEANT until permanent facilities could be built. Completed
in December 1957, the permanent SERGEANT facility in ALA-2

included a missile assembly and blockhouse building, launching

19(1) JPL Final Rept 20-137, 1 Oct 60, pp. 23-24. RSIC.
(2) Also see below, pp. 125-26,
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pad, generator building, aifﬁpad, explosives storage igloos, and
a walkthrough tunnel connecting the launching pad with the block-

house.

The first three rounds were equipped with the JPL-329 rocket
motor and launched from the interim table-type launcher. The
primary objectives of these initial firings were to evaluate the
airframe design and to determine the extent of aerodynamic heat-
ing. Rounds 1 and 2, fired on 19 January and 28 February 1956,
respectively, were flown for maximum rénge, while Round 3, fired
on 24 April 1956, was a minimum range test. The second round
was intentionally broken up just before impact and the pieces
recovered for a study of the effects of aerodynamic heating.
Except for some dragbrake and electronic failures, these tests
successfully met the objectives and provided the data needed for

essential design changes in the succeeding test rounds.

The last five Phase I missiles were equipped with the JPL~-
477 rocket motor and fired from the JPL~built Feasibility Model
launcher during the period 3 November 1956 to 26 November 1957.
These firings successfully demonstrated the feasibility of the
airframe and propulsion unit, and provided valuable data on
early versions of the inertial guidance, launching, and support
equipment elements of the system. Although some of the missiles
failed to meet all of the test objectives, none of the failures
was attributed to the JPL-477 motor which performed satisfactorily
in all of the tests. The missile component giving the most
trouble was the dragbrake or range control mechanism which mal-
functioned in five of the eight rounds fired. The JPL engineers
made several changes in the dragbrake design during the Phase I
flight tests, and further changes would be necessary in the
succeeding phases to overcome functional problems. The last

missile in the series was unintentionally destroyed after 193

203p1, Final Rept 20-137, 1 Oct 60, p. 6. RSIC.
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seconds of flight, but most of the test objectives were achieved.2

The data accumulated in the airframe-propulsion flight tests
and laboratory studies led to significant changes in the physical f
characteristics of the missile. The Experimental Model missiles
fabricated for the Phase II flight tests beginning in early 1958 \
featured a finer, longer nose design; a longer guidance compart-
ment to accommodate the extra equipment required for the all-
inertial guidance system; truncated fins instead of the original
triangular design; a redesigned dragbrake compartment to provide
a larger brake blade area; and the improved JPL-477 rocket engine
which was 30.5 inches shorter and 1,557 pounds lighter than the
original JPL-329 design.22

Another noteworthy change resulting from the Phase I design
studies concerned the missile packaging concept. The original
design consisted of a special container-transporter for the
completely assembled missile, less warhead, with two warhead
containers to be carried on a standard Army 2.5-ton truck. A
feasibility design study of this approach, completed in late
1955, indicated that if the missile were to be shipped as one
assembly, the container-transporter and erector-launcher would
have to be quite large and complex. Moreover, the container-
transporter would not be Phase II air transportable with the
bogie attached; its size and shape would create camouflage
problems; and it would be difficult to provide a suspension
system adequate to protect the guidance section and support the

weight of the motor.

In view of these inherent disadvantages, JPL, in 1956,

21(1) SGT Blue Book Suppl, 1 Jul 56, p. 42. Hist Div File.
(2) TT ORDDW-GMS-946, CG, RSA, to CofOrd, 3 Oct 57. SPCF, Bx 13-
813, RHA. (3) For a detailed account of the experiments and
results, see Table 1, Appendix IV. :

22(1) SGT Blue Book Suppl, 1 Jul 56, p. 5. Hist Div File.
(2) JPL Final Rept 20-137, 1 Oct 60, pp. 46-48. RSIC.
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adopted the multipiece missile cohcept, whereby the missile would
be packaged in four separate sections: the nose assembly, includ-
ing warhead; guidance section, with dragbrakes attached; rocket
motor, with aft body section attached; and fin assemblies with
integral servos. The nose assembly and rocket motor séctioh~
would be delivered directly to the firing area. The guidance
section and fin assembly would be delivered to the test area for
checkout before going to the firing area. All four of the missile
sections would be transported in their containers on standard

Army cargo trucks not identifiable as a part of the guided missile
system. In the firing area, they woula be assembled on the
launcher by means of simple hoisting equipment on the erector-

launcher and quick-connect fittings.23

Warhead and Adaption Kit Developments

The lack of firm and timely guidance on the SERGEANT warhead
and adaption kit requirements presented serious problems during
the early design stage of the missile. “he technical requirements
issued to JPL did not provide detailed specifications for the
warhead but designated the primary warhead as being nuclear in
nature and 1,500 pounds in weight. Warhead design was not JPL's
responsibility. Therefore, until such responsibility was estab=-
lished, the final airframe design, aerodynamic configuration,
and guidance limitations and parameters could not be determined.
To force a decision in some of these areas, JPL, in April 1956,
called a meeting of all interested agencies and presented its
concept of the overall program. At that time, it was agreed

that the design of the warhead section structure to be undertaken

23(1) Ibid., p. 39. (2) Army Ord Tech Ln Rept, 6 Jan -~ 6 Apr
56, RSA LnO, JPL, 13 Apr 56, p. 13. SPCF, Bx 14-215, RHA. (3)
SGT Presn Given to Mr. Frank H. Higgins, ASA (Logistics), 23 Aug
57, atchd as incl to DF, SGT Proj Dir, to CG, RSA, et al., 27 Aug
57, subj: Presn to ASA (Logistics). SPCF, Bx 13-813, RHA.
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by JPL would be optimized for the primary payload. The agencies
involved in development of secondary warheads could design stfuc-
tures for their own payload, but such designs would have to
conform to the criteria established for the standard warhead
section. The tentative criteria furnished by JPL specified a
warhead compartment weight of 1,800 pounds. However, as a result
of subsequent changes in aerodynamic configuration of the missile,
the Laboratory reduced the tentative weight to 1,643 pounds, and
advised that a firm figure could not be established until selec-

24

tion of the primary warhead.

Since a leadtime of some 12 months would be required for
development and fabrication of the adaption kit and warheads for
flight tests, an early decision on the primary warhead was
essential. The Picatinny Arsenal and Diamond Ordnance Fuze
Laboratories (DOFL) had begun feasibility design studies on the
adaption kit and radar fuze in late 1955, basing their efforts
on the assumption that either the TX-43 or XW-47 type device
would be chosen. In February 1956, Redstone Arsenal drew up a
development plan and submitted it for DA Staff approval.25 Final
action on the proposed plan, however, was dependent upon the
selection of the primary warhead, and it soon became evident

that an early decision would not be forthcoming.

On 26 July 1956, representatives of Picatinny Arsenal and
the Sandia Corporation met at JPL to discuss problems involving
the delayed decision on the primary warhead installation. Con-

trary to JPL's previous request for an early decision, the Sandia

24(1) JPL Final Rept 20-137, 1 Oct 60, p. 154. RSIC. (2)
Ltr, CG, RSA, to CofOrd, 26 Jul 56, subj: SGT Whd Dev. SPCF,
Bx 13-813, RHA. (3) Ltr, CO, PA, to CG, RSA, n.d. (circa 21 Aug
56), subj: SGT Whds. File same. ’

25(1) SS ORDXR~-RS=-27, ARGMA Comdr, d.t. 29 Jul 58, subj:
SGT Whd. (2) ABMA Rept, SGT Lead Time Case Study, 9 May 61,
PP. 5, 21-22. Both in Hist Div File.
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representatives advised thatVthe Phase II Feasibility Study Group
wanted to postpone the final selection as long as possible to
allow time for more tests and thus assure the best possible
design and most efficient use of critical material. Since an
operational warhead could be ready for tactical use after a -
development period of only 3 years, they concluded that the Phase
11 feasibility study should be delayed until mid-1957. The final
choice of a warhead would be made no earlier than mid-1958 nor
later than mid-1959, which would be consistent with the existing

system readiness date of October 1962.

The problem here was that JPL planned to begin Engineering
Model flight tests in 195%9. These rounds were to simulate
actual tactical use and demonstrate the readiness of the design
for industrial production. Hence, any unexpected influences
from the warhead and its ancillary equipment would have to be
pinpointed and corrected early in the flight tests in order to
meet the operational date. The Sandia representatives pointed
out that their design objectives were to produce a device require-
ing essentially no checkout or special handling and practically
no final monitoring before flight. Therefore, they could foresce
no problems in allowing the missile development to go on to a
complete state without the warhead being present in a near-
functional form. JPL and Picatinny Arsenal agreed that it was
reasonable and practicable to defer the choice of a warhead
until about mid-1958; however, it was imperative that adaption
kit development be far enough along ar that time to determine
its influence on the missile and vice versa. To meet this
timeframe, it was agreed that Picatinny Arsenal should begin
adaption kit development immediately on the basis of an assumed
warhead design, preferably one selected from the current family.
The only stumbling block was that the Arsenal's 1957 funds for
adaption kit development had been cut off and getting them
restored would take time.
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In a letter to the Chief of Ordnance on 27 July 1956, Dr.
Pickering outlined the critical need for immediate initiation of
adaption kit and fuze development, and urged that Picatinny
Arsenal be furnished the necessary funds.26 Seven months later,
in February 1957, the Office, Chief of Research & Developmeﬁf
(OCRD) funded the program for $700,000. The Secretary of the
Army, in December 1957, officially approved the XM-91 adaption
kit development program which was expected to cost a total of
$6,715,000 for the FY 1957-63 period.2’ Meanwhile, DOFL began
design and construction of the T3024 fuze in August 1957, and
work on the XM-91 adaption kit28 commenced at Picatinny Arsenal
iﬂ November 1957, just as the Phase I airframe~propulsion flight

tests ended.29

The Phase II Feasibility Study Group submitted the initial
report on selection of the primary warhead to the Department of
the Army in January 1958; however, the final decision was post-
poned pending another meeting of the group in June 1958. This
meeting resulted in an addendum to the original study which

reached Washington in August 1958. The Office, Secretary of

26(1) Rept of Discussion Btwn PA, Sandia Corp., & JPL, on 26
Jul 56, subj: Selection of Whd for SGT. (2) Ltr, Dir, JPL, to
CofOrd, 27 Jul 56, subj: SGT Whd, w/incl: Sum, SGT Whd Selection
& AK Dev. Both in SPCF, Bx 13-826, RHA.

27(1) OICM 36675, 12 Dec 57. RSIC. (2) Development of the
adaption kit and associated test and handling equipment extended
into FY 1964 and the RDTE cost nearly tripled the original esti-
mate, with an expenditure of $19 million. See Table 8, p. 242.

28The purpose of the adaption kit was to marry the warhead

to the missile in such a manner as to perform safety and arming
functions. The end item (warhead section) would consist of the
XM~91 adaption kit and its related test, handling, and calibra=-
tion equipment, with the atomic warhead and missile nose skin
sections.

291y TT ORDDW-CMS-836, CG, RSA, to CO, PA, 22 Aug 57. SPCF,
Bx 13~813, RHA. (2) PA Rept No. ORDBB~TK-710, Nov 1961, subj:
Tech Fam Crs for SGT Whd Sec XM62/63 (2 Vols), Vol I, Hist of Dev,
p. 6. SPCF, Bx 14-24, RHA. (3) OICM 36675, 12 Dec 57. RSIC.
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Defense, on 10 October 1958, requested the Chairman of the Atomic
Energy Commission to initiate Phase III development of the war-
heads proposed in the revised study.30 Action on the request
was then delayed until receipt of approved warhead and adaption
kit MC's which were not forthcoming until January 1959-31 By
that time, flight tests of adaption kit components had been in
progress for some 7 months, initial tests having begun in June
1958. More importantly, the system readiness date had been
advanced from October 1962 to August 1961, reducing the develop-
ment leadtime by 14 months and forcing the missile and warhead
agencies to work against an extremely close deadline, which,

incidentally, was never met.32

No less frustrating were the delays encountered in the
secondary warhead programs. The Chief of Ordnance initiated the
T53 fragmentation warhead project at the Ballistic Research
Laboratories in June 1955 and transferred the responsibility for
technical supervision to Picatinny Arsenal in June 1956. DOFL
received orders in July 1957 to begin the design of a fuze for
the T53; however, owing to a lack of funds in the FY 1958 budget,
warhead development was limited to drawing board studies. The
necessary R&D funds were approved in the FY 1959 budget and full-
scale development of the T53 began in July 1958, with Minneapolis-
Honeywell as prime contractor to Picatinny Arsenal. 33 But before
the end of that fiscal year, the requirement for the fragmentation

warhead was cancelled and all development effort ceased.3

3056T Msl Sys Plan, ARGMA MSB-2, 24 Feb 59, pp. 6(D) - 8(D).
Hist Div File.

315ce above, p. 7L.

2 . . .
3 The events leading to acceleration of the program in early

1958 and to the subsequent 10-month slippage from August 1961 to
June 1962 will be discussed later.

33SGT Msl Sys Plan, ARGMA MSP-2, 24 Feb 59, pp. 8(D) - 9(D).
Hist Div File.

34§§E above, pp. 71-72.
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The chemical and biological warhead develbpment programs were

also delayed by a lack of funds, the effort being limited to paper
studies until FY 1959. The Cook Technological Center was the
Chemical Warfare Laboratory's prime contractor for development of
the specified chemical warheads, and the Aerojet General Corﬁora-
tion developed the biological warhead under contract with the

Bacteriological Warfare Laboratory.35

The number and geographical dispersion of the agencies and
contractors concerned with the SERGEANT warhead program presented
a liaison problem for JPL. The accompanying map shows the rela-
tionship and geographic location of the warhead agencies and

prime subcontractors,‘with reference to JPL and SUEL.36

Sondia

JPL Jet Propulsién cho;gtory Pasodena, Californio

Besojet  Aerojet Generol Corp. Dawney, Co_luformo

SueEL Sperry Utch Engineering Laborotory  Salt Lake City, Utah )

Sondio  Sondio Corporotion Atbuquerque, New Mexico

M-H Minneopolis-Honeywell Hogpkins, Mnn.'-.csoig '

Cook Cook Research Loborotory Morton Grove, Iilinois
PA Picotinny Arsenol Dover, New Jersey

BwL Bocteriologicol Warfare Loborotory Frede»rick. Morylond
DOFL  Diomond Ordnonce Fuze Laboratory  Woshington, D.C.
Cwi Chemico! Worfore Loboratory Edgewood, Marylond

Less than 100

Mon trips per yeors ________ More than 100

JPL Liaison With Cognizant Warhead
Agencies and Prime Subcontractors.

35ARGMA MSP-2, op. cit., pp. 9(D) =~ 10(D).
36JPL Final Rept 20-137, 1 Oct 60, p. 157. RSIC.
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Experimental Model Ground Equipﬁent

Development Support and Related Problems

As the prime system contractor, JPL had complete responsi-
bility for the technical and operational adequacy of all items
of equipment in the SERGEANT weapon system, including the items
of supporting gear that would later be broken out and supplied
by the appropriate Government services.. Falling in the latter
category were such items as air conditioners, heaters, and
power generators, to be supplied by the Corps of Engineers;
batteries and communications equipment, to be supplied by the
Signal Corps; and vehicles, to be supplied by the Ordnance Tank-
Automotive Command (OTAC). In consonance with the provisions
of its R&D contract, JPL would exercise technical control of
the design and performance characteristics of these items until
such time as tests indicated that the technical and operational
requirements of the system were met. Nevertheless, it was
incumbent on the Laboratory to maintain close liaison with the
supporting agencies in order to keep them informed on equipment
requirements, to assure maximum use of standard components and
design practices, and to benefit from their specialized knowledge
and skills. It was for this purpose that Redstone Arsenal, at
the beginning of the program in January 1955, invited all
interested agencies to follow the program and offer any advice,
criticism, or suggestions on items within the purview cf their

respective missions.

Representatives of some of the supporting services had
difficulty getting their ''foot in JPL's door,' but Redstone
Arsenal soon corrected this by issuing explicit statements of

responsibilities and negotiating acceptable arrangements for

37Sec above, pp. 42-43.
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the interchange of information.38 The most difficult problem
confronting the Arsenal during the 1955=57 period concerned a
mission dispute with OTAC which, while vigorously protesting its
supporting role to Redstone and JPL, was preoccupied with a major
reorganization and "passively supported" the missile programf39
The mission argument stemmed from Redstone's application of the
breakout doctrine approved by the Under Secretary of the Army

in May 1954 and perpetuated in the formal mission statements

published by the Chief of Ordnance in June 1955.

Briefly, the breakout doctrine established the policy that
OTAC would develop an automotive item for a missile system only
if it could be easily separated from the balance of the system,
and that responsibility for special purpose vehicles40 would not
be transferred to OTAC unless the breakbut of the item was
mutually compatible to Ordnance and the prime contractor.
Ordnance Corps Order No. 20-55, issued on 1 June 1955, assigned
fo OIAC the national missions in the traditional tank-automotive
field, but placed the Command in a support role to Redstone

Arsenal with respect to development of special purpose vehicles

38For example, a representative of the Engineer R&D Labora-

tories (ERDL) complained that his visit to JPL with regard to the
SERGEANT air conditioner development had been almost totally
unsuccessful. After looking in¥o the matter, the Corps of Engi-
neers Liaison Officer at Redstone Arsenal concluded that the
problem stemmed from two factors: JPL's '"inherent exclusiveness"
and its fear that outside agencies were attempting to 'usurp its
prerogatives and responsibilities' as prime contractor. (1) DF,
LTC Neal E. Haggard, CE LnO, RSA, to Dir, ERDL, 13 May 57, subj:
Air Condr Dev. (2) Ltr, CG, RSA, thru CE LnO, RSA, to CG, ERDL,
Ft Belvoir, Va., 22 May 57, subj: Specs for 4.5-ton Air Condr for
SGT Msl Sys. Both in SPCF, Bx 13-813, RIA.

39Rose Engelman, The Missile Support Program (HQ OTAC, July
1959), pp. 1, 4, 6.

OA special purpose vehicle is a self-propelled or towed
conveyance incorporating a special chassis and designed to meet
a specialized requirement. AR 310-25, March 1969, pp. 4l4, 474,
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for guided missile system ground equipment. This division of
responsibility was reflected in Ordnance Corps Order No. 19-55,
which delineated Redstone Arsenal's national mission responsi-
bilities for complete rocket and guided missile systems. Shortly
after publication of these mission statements, the Chief of"
Ordnance affirmed that the breakout doctrine was still applicable
to Redstone's mission, and that responsibilities for special
phrpose vehicles would therefore remain with the Arsenal unless
such items were broken out by mutual agreement with the prime

contractor.

Having concluded that the SERGEANT special purpose vehicles
could not be easily separated from the rest of the weapon system,
Redstone Arsenal left the R&D design and procurement of such
items in the hands of JPL, with the proviso that it would
maintain close liaison with OTAC and make maximum use of
standard Ordnance components. From the inception of the
development effort, Redstone Arsenal furnished OTAC and the
Detroit Arsenal regular information on the launching and handling
aspects of the SERGEANT, and representatives of both Redstone
and JPL made liaison trips to Detroit to survey the field of
standard Army vehicles. On 31 August 1956, Redstone formally
solicited closer participation by OTAC, and on 22 QOctober pro=-
vided that Command a project order for $15,000 in FY 1957 funds
to cover the requested technical services and travel expenses.
However, OTAC refused to accept the order because it was not as
definitive as an industrial contract and it did not give the
Command full authority and control over the design of system
vehicles. It took over 8 months to reach an agreement on

mutually acceptable wording for the project order, which OTAC

41(l) 0rdC Orders 19-55 & 20=55, both dtd 1 Jun 55. (2)
Ltr, CofOrd to CG, RSA, 20 Jul 55, subj: Proc of SPV for the
NIKE Sys. Hist Div File.
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finally accepted on 4 June 1957.42

While the above negotiations were in progress, OTAC and
Detroit Arsenal representatives made liaison visits to JPL to
look over the SERGEANT ground equipment design. However, they
failed to submit activity reports required by the project order,
and Redstone Arsenal had to rely on informal reports from the
contractor. According to the information relayed by JPL-—and
contrary to later OTAC criticisms=—the visitors seemed to be
extremely pleased with the equipment design and offered no
critical comments or suggestions for possible improvements.
Following is a synopsis of some of these visits.

On 13 December 1956, MAJ J. William Wittig of the Guided
Missile Branch, Industrial Division, OTAC, visited JPL for an
orientation on the SERGEANT ground equipment. He was favorably
impressed by the overall design, and thought the low silhouette,

the suspension system, and the dropbed trailer design were
extremely good.

On 21 March 1957, Mr. Paul R. VanThielen, Detroit Arsenzl,
R&D, visited JPL concerning vehicular requirements. His comment
was that he was very pleased that JPL had new independent designs
but used standard components where feasible.

In mid-May 1957, Mr. Louis Speidel, Jr., Detroit Arsenal,
R&D, visited JPL to look over the equipment. In particular, he
brought drawings that JPL had requested on specific standard
components which the Labovratory intended to investigate.

In October 1957, as the design and fabrication of the XM-101

erector-launcher neared completjon, the Commander of Redstone

42(1) Ltr, CG, RSA, to CG, QTAC, 31 Aug 56, subj: Dev Spt
of the SGT CM Proj; & lst Ind, CG, OTAC, to CG, RSA, 21 Sep 56.
(2) RSA Program Scd 7040 5130 13 72407, to CG, OTAC, 22 Oct 56.
(3) DF, SGT Proj Dir to Chf, PMS, et al., 29 Jan 57, subj: Case
Hist of OTAC Part in SGT Proj. (4) DF, Chf, SSM Br, PMS, RDD,
to RSA LnO, JPL, 5 Jun 57, subj: GLAC Part in the SGT Proj. All
in SPCF, Bx 13-813, RHA.

43DF, SGT Proj Dir to Chf, SSM Br, PMS, 15 Aug 57, subj:

OTAC Part in the SGT Gnd Equip. SPCF, Bx 13-813, RHA.
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Arsenal reminded the Commanding General of OTAC that activity
reports required by the project order were not being submitted
and asked that such reports be furnished so that '"we may have
the benefits of OTAC's experience and capabilities in the
vehicular field."44 In a separate letter that same month,

the Arsenal Commander asked OTAC for formal comments on the
suitability of the SERGEANT vehicle design. When several
telephone contacts and followup written requests on 26 November,
2 December, and 1l December 1957 failed to produce a reply, the
SERGEANT Project Director concluded on 13 February 1958 that
"further correspondence is useless and the only course of action
is for the CG, Redstone to call the CG, OTAC and ask if there is
any reason why RSA should not make an official complaint to 0OCO

in this matter."45

As a result of similar grievances relating to other guided
missile systems, the Arsenal Commander had already registered an
official complaint with 0CO, charging that OTAC's support of the
missile program was unsatisfactory. Word of this complaint
reached OTAC in January 1958, and a landmark confrontation be-
tween the Commanders of Redstone and OTAC followed early in
March. The Huntsville conference marked the turning point both
in the caliber of OTAC's missile support program and in relations
between the two commands. By mid-March 1958, OTAC's missile
support program was on a sounder footing than it had been at any

46

time in the past.

A formal QTAC reply to Redstone's inquiries on the suita-

bility of SERGEANT ground equipment came on 22 March 1958 ~-more

44Ltr, CG, RSA, to CG, OTAC, 18 Oct 57, subj: OTAC Part in
SGT Msl Sys Dev. SPCF, Bx 13-813, RHA.

45DF, SGT Proj Dir, thru Chf, SSM Br, to Chf, PMS, 13 Feb 58,
subj: OTAC Part in SGT Proj. File samec.

46Rose Engelman, op. cit., pp. 13-17.
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than 3 months after delivery and checkout of the XM-101 launcher
and just 5 months before commencement of the preliminary R&D
release to industrial. OTAC limited its comments to the erector-
launcher, which it considered to be a well-developed piece of
equipment that should be capable of meeting the system operational
requirements. It agreed that a special design was necessary to
meet these requirements, the only major problem envisioned being
in the Neidhart suspension system and its ability to operate as
required in low-~temperature conditions. The Command indicated
that it was currently evaluating the Neidhart and torsion bar
suspension systems and anticipated standardizing one of these
designs.47 This marked the beginning of a protracted debate that
continued over the next 3 years. Though officially approved by
the Army General Staff and released for limited procurement in
late 1958, the semitrailer with the Neidhart system was dropped
in 1961 in favor of one with the torsion bar system proposed by
0TAC.48 A summary of the major items of Experimental Model (XM)

ground equipment and the criteria used in their design foilows.

Design Objectives and Guidelines

In designing the XM ground equipment, JPL was guided
primarily by the mobility and air transport requirements speci-
fied in the SERGEANT MC's and by the standard Army guidelines
for vehicle development. The MC's called for an integrated
system of equipment capable of providing for the handling,

servicing, launching, and guidance of the missile, and for

47DF, Martin Schilling, Chf, PMS, RDD, to CG, ARGMA, 3 Apr

58, subj: OTAC Cmts on HAWK and SGT Vehs. SPCF, Bx 13-813, RHA.
48

For details relating to weaknesses and changes in the
weapon system management structure during the 1958-61 pericd,
see above, pp. 78-86. Particular attention is invited to foot-
note #48, page 85, with respect to the belated decision and the
impact on the SERGEANT program schedule. Also seec below, pp.
149-50, 175, 183-85, 214-15. ' T
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detonation of the warhead at the target. Specific requirements
with respect to mobility and air transportability were:

All equipment in the missile system shall be as mobile over
unimproved roads and field terrain as heavy artillery. It shall
be either mounted in vans, trucks, or trailers, or be capable of
being easily loaded under field conditions into wvans, trucks, or
trailers. Specially designed transport, if any, should employ

standard chassis to the maximum extent possible. Vans should be
standard where possible. . . .

All equipment in the missile system shall be capable of
transport without damage by air in Phase III operations . « .« .
Capability of transport by C-119 aircraft [i.e., Phase II oper-
ations]} is highly desirable.4?

Although the MC's called for a required Phase III air
transport capability (top weight limit 50,000 pounds), JPL found
that it would be possible at no additional cost to meet the
desired Phase II capability. This meant, in effect, that no
piece of equipment in the system would weigh over the 16,000-1b.
limit prescribed for the C-119 type aircraft. Redstone Arsenal
revised the SERGEANT technical requirements to require Phase II
air transportability and the equipment design proceeded on that

basis.

The major items of ground equipment comprising the initial
XM system were: (1) the trailer-mounted XM-101 erector=-launcher,
upon which the missile was assembled and fired; (2) the firing
station, whose functions were to operate the erector-launcher,
monitor the missile on the launcher, control the stable platform
alignment, insert firing parameters, and fire the missile; (3)
the Guidance Test Station for automatic checkout of the missile

assemblies; (4) the Field Maintenance Test Station for third and

490’1‘01"1 35863, 16 Jun 55. (Sec Appendix I.)

50¢1) TT ORDDW-GMS-82, CG, RSA, to CofOrd, 11 Feb 58. (2)
SGT Presn Given to Mr. Frank H. Higgins, ASA (Logistics), 23 Aug
57, atchd as incl to DF, SGT Proj Dir to CG, RSA, ét al., 27 Aug
57, subj: Presn to ASA (Logistics). (3) TR #19, Rev 8, 3 Jun 57.
All in SPCF, Bx 13-813, RHA.
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fourth echelon maintenance of all weapon system equipment; and

(5) shipping and storage containers for the four missile sections.
As noted earlier, the plan was to transport the missile sections
in their containers on standard cargo trucks. All other items
would be mounted on semitrailers and towed by standard truck/
tractors, with exception of the firing station which would either
be mounted on the erector-launcher or placed on a standard 2.5-
ton truck. (The firing station was later mounted on the erector-
launcher vehicle, and a special purpose semitrailer was developed
for transport of the missile containers wﬁen standard Army trucks

proved unsuitable.)

XM-101 Erector-Launcher

The Sperry-built XM-101 launcher, delivered in late 1957,
used a semitraijiler designed within the size and weight limitations
imposed by Phase II air transportation requirements.51 In select-
ing the launcher design characteristics and components, JPL and
Sperry gave prime consideration to ease of operation, reliability,
and low cost. Although the use of standard Army components was
emphasized, the reliability and weight of much of that equipment
were unacceptable for the SERGEANT design objectives. The result
was a special purpose vehicle incorporating both standard and
non-standard components, the latter including the gas turbine
generator, launcher superstructure, trailer frame, and the con-
troversial Neidhart suspension system. The non=-standard turbine
generator was adapted for use with the SERGEANT until such time
as the Corps of Engineers furnished a suitable standard replace-
ment. The launcher superstructure and trailer frame were built
of welded high tensile steel for the required strength and
rigidity, but used standard Ordnance accessories, such as seals,

valves, lights, wheels, brakes, hydraulic connectors, and

51See above, pp. 107-108.
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electrical control equipment. JPL chose a version of the Neidhart
rubber spring in preference to the standard air ride suspension
system, primarily because of its simplicity, lighter weight,

greater reliability, and lower cost.52

-

The special rubber-mounted suspension system designed for
use with the SERGEANT vehicle was an extension of the basic
Neidhart spring.53 It used a trailing arm and a standard Ordnance
10,000-1b. suspension spindle. Because of the large overhang, it
was necessary to add a spherical bearing to resist loads at that
point where the trailing arm joined the square inner housing.

The system had no operating parts except the spherical bearing
and it was designed so that lubrication would not be required
during its useful life. The brakedrum, brakes, wheels, and tires
were standard military units adapted directly from the standard

10,000-1b. Ordnance trailer axle.54

Experimental Firing Sets

The early ground monitoring and control equipment remained

in use through the first five Phase II flight tests. Experimental

52(l) JPL Final Rept 20-~137, 1 Oct 60, pp. 23-24, 37. RSIC.
(2) Sstf Study on SGT Erector-Lchr, 0CO, 18 Feb 58, atchd to Ltr,
00/85-2046, CofOrd to CG, RSA, 28 Feb 58, subj: Xmitl of Corres-
pondence. SPCF, Bx 13-813, RHA. (3) Ltr, Dir, JPL, to CofOrd,
27 Nov 57, subj: Use of the Neidhart Spring. File same.

53Named for its inventor, Mr. E. F. Neidhart of the General

Tire & Rubber Company, the patented Neidhart spring consists of
an outer housing, four rubber rods, and a square inner housing.
If the outer housing is restrained, the square inner housing will
resist torques elastically. These torques are proportional to
the amount of relative twist between the outer and inner housing.
Elastic energy is stored in the rubber rods. Because of the
geometry, the rubber is loaded in compression instead of shear

or tension (as in the case of the air spring), which permits use
at higher stress levels than normally associated with rubber
suspension systems. Ibid.

54Ltr, Dir, JPL, to CofOrd, 27 Nov 57, subj: Use of the

Neidhart Spring. SPCF, Bx 13-813, RHA.
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Model <iring sets JPL 300 and 301 were phasedlin with the 14th

R&D firing (Round 16) on 27 August 1958. The JPL 300 firing set |
used R&D monitoring equipment, and the JPL 301 contained experi- ) i
mental control and automatic monitoring equipment packaged in a
SERGEANT formfactor. Both stations were emplaced at WSMR behind

a protective concrete barricade 500 feet from the launching pad.

A long firing cable and remote control panel accomplished the
final firing of the missile at a safe distance.s5 Experiments
with these preliminary firing stations led to the launcher-mounted

JPL 302 firing set which will be discussed later.

Test Station Functions and Enclosures

oJa .

The Guidance Test Station  and Field Maintenance Test Sta-
tion** were both housed in van-type enclosures and mounted on
special purpose semitrailers. The enclosures were originally
deéigned with canvas tops, but this approach was abandoned in
favor of the hardtop van because of severe operational and
environmental problemS-56 As in the case of the firing set, the
R&D missile test equipment remained in use through the first
five Phase II flight tests, the XM test station being phased in
with the l4th R&D firing in August 1958. The XM FMIS was phased

in with the first Phase III flight test (Firing No. 19) on

wta

“The Guidance Test Station (GTS) was redesignated as the Missile
Test Station (MTS) in 1958 and as the Organizaticonal Maintenance
Test Station (OMITS) in 1959.

**The Field Maintenance Test Station (FMIS) was renamed the Sys=-
tems Assembly Test Station (SATS) in 1958 but took back its
original name in 1959.

>37PL Final Rept 20-137, 1 Oct 60, pp. 76-77. RSIC.
361y Ibid., p. 34. (2) 2d Ind, Chf, Tech Dev Br, PMS, RDD,
to Chf, SSM Br, PMS, RDD, 19 Dec 56, on Ofc Memo, Chf, Tech Plng &

Eval, Tech Dev Br, to Chf, SSM Br, 26 Sep 56, subj: Collective

Protection with Regard to SGT Gnd Equip. (3) DF, Chf, SSM Br, PMS,

RDD, to RSA LnO, JPL, 5 Feb 57, subj: Revs to TR's [re protection

against CBR agents]. Both in SPCF, Bx 13-813, RHA.
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11 December 1958.57

The function of the Guidance (Missile) Test Station was to
perform electronic checkout of the missile assemblies before
sending them to the firing area. The station contained the B
necessary test equipment for automatic checkout of the guidance
section, control surface assemblies, and the arming decision
device portion of the primary warhead, all within their respec=-
tive containers. The Utility Trailer Company designed and
fabricated three experimental units from a commercial design
using standard Ordnance design practices. Each trailer was
divided in two compartments. The operating room contained the
electronic test equipﬁent on the curbside wall, with provisions
for mounting 100 percent spares on the roadside wall. The wall
at the rear of the enclosure provided space for mounting the
200 percent missile spares. The equipment room, over the fifth
wheel, housed a gas turbine generator set, control console, and
a 4.5-ton air conditioner built by JPL using aircraft-type
components. The vehicle weighed 8,680 pounds complete with air
condition ducts, insulation, and wiring, and about 15,000 pounds
when loaded with the turbine generator, air conditioner, and
test equipment. Except for the steel kingpin and channels for
mounting the Neidhart suspension system, the trailer was com-

pletely aluminum.5

The XM FMIS-~designed and fabricated by SUEL under technical
guidance of JPL~-used the same body and trailer as the GTS, and
its assemblies resembled the equipment used in the GTS and firing
set, both in type and construction. Its function was to provide

Ordnance third and fourth echelon maintenance support to the

573p1, Final Rept 20-137, 1 Oct 60, pp. 90, 99, 105. RSIC.

58(1) Ibid., pp. 34, 90. (2) DF Cmt #2, Chf, Tech Dev Br,
PMS, RDD-OML, to SGT Sys Mgr, Industrial Engrg Br, 1D, 21 Feb 58,
subj: Vehs for SGT Sys. SPCF, Bx 13-813, RHA.
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SERGEANT missile battalion by isolating assembly malfunctions to
the subassembly level. It was designed to test and service 57
individual assemblies of the missile, the launching station, the
GTS, and the FMIS itself. The primary mission of the FMIS was
to locate and isolate malfunctions within the assembly under”
test to the subassembly level, so that repair could be made by
replacement of the faulty subassembly. Its secondary mission
was to duplicate the functions performed by the GTS, without
meeting the GTS time requirements. In .the latter mission,
failures would be isolated to assembly level and repair achieved
by assembly replacement. The assemblies would be tested auto-~-
matically by means of a test program stored on a punched tape.
The performance of the assembly under test would be indicated as
a visual go=-no-go readout in the control assembly, the location
of the faulty subassembly being determined by a number displayed

. . a 5
on a numerical indicator.

Acceleration of the SERGEANT Schedule

The XM missile and ground support equipment designed and
fabricated for the Phase II test program in 1958 represented the
second in a series~of three progressive steps leading to the
ultimate workhorse weapon system to be used under the most
adverse field conditions by average troops. To achieve all of
the operational capabilities required of such a weapon, both JPL
and Redstone Arsenal were determined that the great majority of
engineering "bugs" would be removed before delivery of the system
to the troops. Collaterally, this precluded a "crash" program
for the SERGEANT unless the user were willing to accept serious
compromises in system reliability and other important character-
istics, and in personnel training and support capability. This

programming philosophy and the October 1962 system readiness date

3%7p1, Final Rept 20-137, 1 Oct 60, pp. 34-35, 90, 98-99. RSIC.
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1
remained intact at the end of 1957, but developments in the

CORPORAI, program brought increased pressure for an earlier
SERGEANT availability.

The liquid-propelled CORPORAL, it will be recalled, had_
been rushed into development in the heat of the Korean emergency
to fulfill an urgent need for a tactical support SSM system.
Despite its technical deficiencies and operational limitations,
the CORPORAL I had been accepted for interim troop use in 1954,
pending availability of the improved ije II equipment. The
first CORPORAL I battalion was deployed to Europe in January
1955, and replacement units equipped with Type II equipment
followed in the spring of 1956.60 Meanwhile, the redesigned
CORPORAL III equipment had been placed in development as a
planned replacement for the CORPORAL II beginning early in 1959
and continuing until delivery of the SERGEANT weapon system

then scheduled for 1963.61

In the fall of 1956, following approval of the new Octcber
1962 readiness date for the all~inertial SERGEANT system, OCRD
decided to develop the CORPORAL III as a shelf item to be
available for production should additional CORPORAL units be
required before completion of the SERGEANT. 1In the light of
this action and the difficulties being encountered in the
logistical support of certain obsolete CORPORAL equipment, the
DA General Staff expressed an interest in securing the delivery
of an interim SERGEANT system by October 1960, to be followed by
the optimum system 2 years later. However, Redstone Arsenal
argued that the reliability of such a system would be little
better than that of the CORPORAL II and would cost more in the
long run. Instead, it recommended that the CORPORAL III be

60§gg above, pp. 18, 28.

61James W. Bragg, Developient of the CORPORAL: The Embryo of

the Army Missile Program (2 Vols, ABMA, April 1961), I:233-34.
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produced for interim use until a fully tactical, reliable, and

fieldworthy SERGEANT could be delivered to the user.62

In the wake of an expected 40-percent budget reduction in
FY 1958, OCRD, on 15 May 1957, ordered the termination of the
CORPORAL III development program.63 Despite the expected fuﬁd-
ing shortage, the pressure then mounted for an earlier SERGEANT
capability to f£ill the gap left by the CORPORAL III which was to
have been available by 1959. Following a presentation by the
SERGEANT Project Director, on 23 August 1957, Mr. Frank H.
Higgins, ASA (Logistics), appeared to be in agreement with the
existing plan to develop and produce a SERGEANT system by October
1962 that would be a fruly effective, reliable, and fieldworthy
weapon meeting all the specified MC's.64 However, Secretary of
the Army Wilber M. Brucker felt that an earlier capability was

absolutely essential.

During a visit to JPL on 27 August 1957, Mr. Brucker declared
that the Arwy could not depend upon the CORPORAL for another 5
years, and further, that the current Army planning would not main-
tain an adequate CORPORAL capability through 1962. He stated, in
fact, that he had been under pressure to cancel the SERGEANT prog-
ram because of the late availability date, and gave the distinct
impression that his advisors had been giving him the word that
“"JPL is off in their ivory tower engineering the Sergeant to
perfection and was not being realistic about the compromise

between the availability date and the quality of the product."

2(1) 1bid., I:241. (2) TT, CofOrd to CG, RSA, 9 Oct 56,
re: Lmtd Proc of SGT. (3) TT ORDDW~GMS~293, CG, RSA, to CofOrd,
10 Oct 56. Both in SPCF, Bx 13-813, RHA. ‘

63(1) Bragg, op. cit., I:241. (2) Ltr, CofOrd to CG, RSA,
et al., 25 Oct 56, subj: Ord R&D Bud Prep FY's 1958-59. SPCF,
Bx 13-813, RHA. (3) For a summary of the FY 1958 budget exer-
cises, see above, pp. 67-68. '

64DF, SGT Proj Dir to CG, RSA, et al., 27 Aug 57, subj:

Presn to ASA (Logistics). SPCF, Bx 13-813, RHA.
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JPL personnel explained that the R&D schedule through 1960 had
been based on the time considered necessary to meet the very
stringent MC's, such as the 95 percent reliability requirement.
They pointed out that a relatively long, carefully phased
development program was essential to achieve all of the MC'ég
and that it was this consideration that led to the R&D schedule,
not JPL's attempting to turn out a perfect weapon for the sake

of perfection alone.

Mr. Brucker then asked if it would be feasible to turn out
at an earlier date an interim version of the SERGEANT that would
be somewhat short of meeting the MC's, then follow this with an
optimum system meeting all of the final goals. JPL replied that
this would be feasible, but emphasized that such a program
should be undertaken only with the full knowledge, understanding,
and concurrence of the many branches of the Army and the Field
Forces. Mr. Brucker said that he could arrange for such an
ﬁnderstanding; however, JPL quickly pointed out that Mr. Keller*
had made the same statement when he ordered the Laboratory to
place the CORPORAL I into production, but that, in fact, it had
never come about. In this connection, a JPL staff member

commented

o o « [A] great deal of the attitude toward the SERGEANT Program
by Field Forces and Ordnance was a result of a pendulum swinging,
perhaps too far, in the direction of tight and excellent character-
istics as a result of the discouraging experience with Corporal.

« « « [The] Army, in general, was not properly prepared for what
they received in the Corporal ~ they were expecting a weapon with
much better characteristics than it was known it would have by the
people close to its development. Conscquently, they have all
become very conservative and have emphasized that this time the
job has to be done right. The result ~ tight requirements and
consequently an extended development period.

Mr. Brucker took note of these comments and said he 'now realized

“K. T. Keller, Director of Guided Missiles, Office of the Secretary
of Defense, 1950-53.

132



that he had come to the wrong place to arrange to have the schedule

shortened . . . ."65

On 28 January 1958, OCRD personnel briefed the Acting Vice
Chief of Staff on the SERGEANT program and proposed a plan to
accelerate it. After the briefing, the Acting Vice Chief of/
Staff approved the plan to make the SERGEANT available to the
troops by 1961 instead of October 1962.66 With the restoration
of money that had been cut from the FY 1958 budget and the
receipt of additional information from JPL, Redstone Arsenal and
the Chief of Ordnance reexamined their-prévious position on the
acceleration of the program and agreed that a new availability
date of September 1961 could be met with only a small probabil-
ity of not meeting all the MC's. OCRD then requested Ordnance
to accelerate the program to an availability date of August 1961
or earlier. The Chief of Ordnance, on 10 March 1958, requested
Redstone Arsenal to reorient the SERGEANT program to meet the

new Ordnance Support Readiness Date of August 1961.67

Despite the l4-month acceleration of the SERGEANT readiness
date, there would still be a considerable gap in the Army's field
capability owing to the deterioration and obsolescence of the
CORPORAL II ground equipment. In the absence of an Army plan
for replacement or rehabilitation of this equipment, the CORPORAL
capability would end in 1959. To fill this gap, the Army Chief
of Staff considered two alternate plans: wuse of the PERSHING in

65Memo, R. J. Parks, SGT Proj Dir, JPL, to LTC K. O. Reed,

RSA LnO, JPL, 27 Aug 57, subj: Mins of SGT Portion of Mtg Btwn
JPL and Army Secy Brucker. SPCF, Bx 13-825, RHA.

66MFR, Bfg Off, SSM Div, OCRD, 5 Feb 58, subj: Bfg for the

Dir of R&D on the SGT Program, R&D 471.94. Cited in DA Pam 70-10,
Sep 1958, ppc 93-94-

6701) Ltr, 00/85-2314, CofOrd to CG, RSA, 10 Mar 58, subj:
Revd RD for SGT Msl Sys. (2) Ltr, 00/605-2156, CofOrd to CG, AQOMC,
28 Apr 60, subj: SGT Program. Both in SPCF, Bx 14-215, RHA.
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the SERGEANT role, and an AOMC proposal to deliver an interim
SERGEANT system by July 1960. The Chief of Staff promptly
ruled against the former and the Chief of Ordnance registered
opposition to the latter. On 11 June 1958, MG J. H. Hinrichs
advised AOMC: -
. « o [Since] the Chief of Staff has decided not to use PERSHING
in a SERGEANT role, the pressure on us has been removed and I
think, and will so recommend, that now all our efforts should
be pointed to implementing a clean, wrapped~-up program to give
the troops everything we promised by August '6l. Of course,
nobody will complain if, with increased effort, we can push up
this date, but we must be sure that such a speed=-up will not
result in deterioration of the end product.6

After some 2 years of painstaking deliberation and paper
exercises, the SERGEANT program was thus reoriented to meet the
August 1961 readiness date. But instead of pushing up this date,
as Generai Hinrichs suggested might be possible, AOMC failed to
meet even the August 1961 date. Because of technical and
financial problems, and other complications mentioned earlier
in this study, the readiness date later slipped to June 1962-—

a net gain of only 4 months over the previous October 1962 date.69

68(l) Ltr, 00/85-6805, CofOrd to MG J. B. Medaris, CG, AOMC,
11 Jun 58, n.s., atchd to DF, AOMC CofS to Ci, ARGMA, 19 Jun 58,
subj: Interim SGT Cpbl. (2) Also see IT, CG, AOMG, to CofOrd,
18 Aug 58, subj: SGT Program. Both in lHist Div File.

9See above, ppe. 54-64.
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CHAPTER V

(‘ EVOLUTION OF THE TACTICAL WEAPON SYSTEM (U)

(U) The Engineering Model (EM) weapon system upon which the
first industrial production was predicated took shape during the
Phase II and III Experimental Model flight test program and con-
current Operational & Environmental (O&E) tests during 1958-59.
The tactical prototype hardware evolved from the XM program was
released for limited production in Octdber 1959, and the Phase IV
and V EM flight test program followed in 1960-61. Beginning with
the first Phase IV flight test in May 1960 (Firing 26/Round 30),
the responsibility for fabrication and checkout of all equipment
shifted from JPL to SUEL. The latter assumed complete weapon
system responsibility as the prime contractor on 1 July 1960
when JPL phased out of the program. As noted earlier, JPL was
originally scheduled to retain responsibility for the R&D system
until February 1961, but the Army moved this terminal date up to
the end of June 1960 as a consequence of JPL's transfer to NASA.

(U) Industrial Engineering and Documentation Release

(U) Early in the Phase II XM test prowgam, ARGMA received $1
million in FY 1958 PEMA funds and set its industrial engineering
plan in motion. 1Industrial participation in the program had begun
early in 1956, with initial effort consisting mainly of liaison
and planning activities. The industrial engineering program was
activated late in FY 1958, when ARGMA awarded SUEL a contract
(ORD~1226) for preproduction engineering services. The Agency
also issued project orders to the appropriate Government services
for support of the initial industrial engineering effort. Among
the agencies providing engineering support were DOFL, on fuzes;

Ordnance Weapons Command, on the launching station less firing set;
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OTAC, on transport trailers; and the Ordnance Ammunition Command
(Longhorn Ordnance Works/Thiokol Chemical Corporation), on rocket

motor propellants. 45

" (U) The industrial engineering to be performed under thg
long-range program would provide preproduction engineering,
product and production engineering, and product evaluation, as
well as drawings, specifications, and other associated technical
data required to establish and maintain engineering control of
the system. The objective of the combined effort was to effect
the orderly transition from prototype R&D equipment to an effec-
tive.tactical weapon system that would fulfill all applicable

MC's and be easily mass produced at the most economical cost.

(U) JPL began the preliminary release of R&D drawings and
specifications in August 1958, near the end of the 10-round
Phase II test program. These documents were to be converted to
Ordnance format by SUEL during the Phase III XM program, with
interim reiease of the complete system to be effected by 30 June
1959. However, as a result of technical and financial problems,
the interim release of the complete EM system slipped to October
1959, and the initiation of the Phase IV flight tests had to be

postponed from October 1959 to May 196Oo1

“ Experimental Model Program (U)

(U) The transition from the XM to the tactical prototype EM
system took place in a series of 17 flight tests comprising Phase
II and Phase III of the program. The 10-round Phase II program
conducted in 1958 brought together nearly all of the elements of
the final design, including the multipiece airframe and the first

fully guided rounds. The 7~round Phase III test program included

11y JPL Final Rept 20-137, L Oct 60, pp. 7, 14. RSIC. (2)
Master Industrial Engineering Plan (MIEP), SGT Msl Sys, Rev #2,
25 Feb 59. SPCF, Bx 14-24, RHA.

136



N T

the necessary design refinements to correct deficiencies noted in
Phase II and finalized all EM concepts. The complete, integrated
designs were tested in 1959 to assess the accuracy, reliability,
and environmental suitability of the system, preparatory to the
interim release for non-tactical production. The Phase III test
program originally consisted of 11 rounds; however, the degree of
success in Phase II was such that fewer missiles could be fired
in Phase III and still achieve the goals of that block. This
procedure released manpower at JPL and SUEL and made it possible
to increase the engineering effort on finalization of. the EM
design. It was on this basis that three rounds were deleted from
the program and one round was reallocated to special electrical

2
interference and heat tests.

(U) The Phase II test program began on 21 January 1958 with
the successful firing of Round 9 and continued through the test
of Round 17 (Firing 18) on 23 October 1958. This initial XM phase
made significant contributions to the SERGEANT system concept by
developmental direction toward functional capability, reliability,
ruggedness, simplicity, and accuracy. Despite random component
failures which could be expected at this stage of development, the
test objectives were achieved in all of the firings except Round
12 which was inadvertently destroyed by the Range Safety OQOfficer.
Data from these first fully guided flights revealed a progressive
improvement in guidance system performance, although most of the

rounds impacted outside the 300-meter circle.3

@ At the behest of the Chief of Ordnance, OCRD, on 5 Novem-
ber 1958, approved the classification of the SERGEANT missile
system as Limited Production (LY), and the Secretary of the Army
approvaed the implementing action on 2 April 1959. The major

items planned for procurement in FY 1959 included 70 missiles

ZUPL Final Rept 20-137, 1 Qct 60, pp. 12-13. RSIC.
3

T
Sece Table 2, Appendix IV.
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(w/o warheads), 17 launchingrstations, 20 Missile Test Stations,

and 20 System Assembly (Field Maintenance) Test Stations.4

(U) Meanwhile, the Phase III firings were begun with the
flight test of Round 19 on 11 December 1958, and were-completed
several months behind schedule on 29 October 1959. The impaét
miss distance for these seven rounds showed a definite improve-
ment over that achieved in Phase II, three of them falling well
within the prescribed 300-meter radius and another near the
borderline, as shown below. The test results indicated, however,
that a number of design refinements would be necessary to correct

performance and component deficiencies.

(C) Phase III XM Flight Tests (U)

Firing Round Date Impact Miss Distance

No. No. Fired Range Azimuth
19 19 11 Dec 58 170 m. long 25 m. left
20 21 23 Mar 59 129 m. long 520 m. right
21 22 25 Mar 59 846 m. short 130 m. left
22 25 25 Aug 59 270 m. long 383 m. left
23 26 21 Oct 59 11 m. long 190 m. left
24 27 26 Oct 59 136 m. long 1105 m. left
25 28 29 Qct 59 17 m. long 124 m, left

(Rds 20, 23, 24, & 29 deleted from the flight test program.)

Missile Structure

(U) The EM airframe emerging from the Phase II and III test
programs was a minor refinement of the XM which essentially
represented the final design.6 The nose shell was unchanged
except for the addition of electrical connectors which mated to
the guidance compartment automatically when the nose4%as installed.
Major alterations to the guidance compartment were a shortening of

the length by 10 inches and provision for cooling electronic parts.

4OTCM 37042, 2 Apr 59. RSIGC.
5(1) See Table 3, App. IV. (2) Also see below, pp. 160-62.
6See above, pp. 110-11.
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The dragbrake section was lengthened and the blades were rede-

signed to improve performance and to make them more producible.7

Missile Battery Problems

-~

(U) Instead of using the existing zinc-silver oxide battery
developed for the Signal Corps by the Eagle~Picher Company, JPL,
in April 1957, proposed to design a new battery with an improved
activation system. Redstone Arsenal bought the program on the
strength of JPL's assurance that it had a wealth of experience
and specialized understanding of all technical problems associated
with the proposed activation system.s, In August 1958, however,
ARGMA engineers voiced grave doubts as to the advisability of
continuing the special design, pointing out that JPL had not
improved on the squib activation system used in the LACROSSE and
NIKE HERCULES batteries. 1In view of the-lack of concrete progress
and the scheduled interim R&D release to the Industrial Division
in the next 12 months, they warned the Project Director that
immediate Signal Corps participation in the development program
was absolutely essential. The Project Director replied that the
JPL battery for the EM SERGEANT would be released to the Indus-
trial Division for initial procurement in January 1959, at which
time the JPL R&D specifications and Class A Sperry drawings would
be furnished to the Signal Corps for follow-on procurement.9
Nevertheless, engineers in the Technical Development Branch in-
sisted that the Signal Corps was the recognized expert in the

battery field and that its immediate participation in the program

7JPL Final Rept 20-137, 1 Oct 60, pp. 44, 48, 122-23. RSIC.
8(1) Ltx, Dir, JPL, to CG, RSA, 1 Apr 57, n.s. (2) Ofc Memo,
LTC Kenneth O. Reed, RSA LnO/JPL, to Chf, PMS, RDD-OML, 30 Sep 57,
subj: JPL Inves of Btry Actvn Sys. DBoth in SPCF, Bx 13-826, RHA.
9(1) DF Cmt #1, Chf, Tech Dev Br, RDD, to SGT Proj Dir, SSM
Br, RDD, 12 Aug 58, subj: SGT Silver Zinc Btry. (2) DF Cmt #2,
SGT Proj Dir to Chf, Tech Dev Br, RDD, 26 Aug 58, subj: Same.
Both in SPCF, Bx 13-826, RIUA.
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was imperative to avert serious last-minute problems in obtaining

fully reliable batteries.10

(U) By mid-June 1959, the drawings and specifications for the
JPL battery had been furnished to the Army Signal R&D Laboratories
for preliminary evaluation. Batteries for the FY 1959 order/of
SERGEANT missiles were procured under SUEL's prime contract (ORD=-
1444) , with subsequent procurement to be effected by the Signal
Corps.11 It then became apparent in October 1959 that breakout of
the JPL battery to the Signal Corps would have to be set back to
FY 1961 because of a delay in preparation of an acceptable procure-
ment data package.12 At about the same time, the Signal Corps
reported that the JPL battery was inferior to similar designs
used in other missile systems and recommended a Corps design for
the SERGEANT missile. While conceding that the proposed Signal
Corps design would probably satisfy SERGEANT requirements and, in
some cases, might even surpass the JYL design, the chief of the
SERGEANT Section felt that it would be impractical to drop. the

1

JPL battery before running the EM through qualification tests."3

(U) Meanwhile, SUEL reported serious problems in the manufac-
ture of the JPL battery, six of the first 19 units produced having

failed because of deficiencies in the new activation system.14 In

10pr cmt #3, Chf, Msl Sec, Tech Dev Br, RDD, to SGT Proj Dir,
5 Sep 58, subj: SGT Silver Zinc Btry. SPCF, Bx 13-826, RIIA.

Upe cmt #1, Chf, Gen Spt Sys Br, ID, to CG, AOMC, 15 Jun 59,
subj: Btry for SGT Msl. SPCF, Bx 13-826, RHA.

12DF Cmt #3, Chf, Gen Spt Sys Br, ID, to CG, AOMC, 14 Oct 59,
subj: Btry for SGT Msl. SPCF, Bx 13-826, RIHA.

13(1) DF Cmt #1, Chf, Gen Spt Sys Br, ID, Lo Chf, SGT Sec,
RDD, 15 Oct 59, subj: SGT Msl Btry. (2) DF Cmt #2, Chf, SGT Sec,
LCB, RDD, to Chf, Gen Spt Sys Br, 1D, 28 Oct 59, subj: same. Both
in SPCF, Bx 13-826, RHA.

14DF Cmt #1, Chf, Gen Spt Sys Br, ID, to Chf, SGT Sec, LCB,
RDD, ARGMA, 21 Sep 59, subj: Reliability of SGT Msl Btry; & incl
thereto, Ltr, SUEL to Sr ARGMA Rep/SUEL, 8 Sep 59, subj: Outline
of Btry Problems. SPCF, Bx 13-~826, RUA.
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the face of continuing production problems at SUEL and unsatisfac-
tory results from the qualification tests, the R&D project staff
at ARGMA decided in December 1959 to have the Signal Corps develop
a battery that would meet SERGEANT reliability requirements. The
JPL battery would be used until receipt of a satisfactory Siénal
Corps design, but no major redesign or product improvement effort
would be expended on it.l5 The Signal Corps later contracted
with the Eagle~Picher Company for development and fabrication of

a quantity of BA-487/U batteries at a cost of $127,862.62.16

XM=~53 Rocket Motor

(U) The JPL-477 XM rocket motor (Army designation XM-12E217)
remained in use throughout the 10-round Phase II test program and
appeared to satisfy the ballistic performance requirements. How-
ever, the results of storability tests indicated that the motor
did not meet surveillance reQuirements. To solve this problem,
fhe Thiokol Redstone Division modified the propellant composition
without changing the ballistic characteristics of the motor. The
new JPL-500 motor (later designated as the XM-5318) was virtually
identical to the JPL-477 design except for the propellant compo-
sition and an improved igniter. The new propellant, TRX-ELl57
(later renamed TP-E8057), provided superior physical properties
that increased the durability of the motor when subjected to

rough terrain and increased the shelf life of the motor.19

15(1) DF Cmt #2, Chf, SGT Sec, LCB, RDD, to Chf, Gen Spt Sys
Br, ID, 14 Dec 59, subj: Disapd ESM No. 119. (2) TT ORDXR-RHL~-
547, ARGMA Comdr to SXR/SUEL, 16 Dec 59. (3) Ltr, Act Chf, LCB,
RDD, to Dir, JPL, 28 Dec 59, n.s. All in SPCF, Bx 13-826, RHA.

16Contr DA=-36-039-5C=85050, 23 Jun 60, & Mod #3, 23 Mar 61.
SPCF, Bx 7-129, RHA.

17OTCM 36599, 8 Aug 57. RSIC.

180TCM 37275, 17 Dec 59. RSIC.

19

LAAP/TCC Rept TLD 320-66¢-290, June 1966, op. cit., p. 40.
For comparison of the 477 & 500 motors, see Tables 5 & 6, App. III.
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(see detail)
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i - (U) 500 Design (XM-53) Rocket Motor

(U) XM-419 Shipping & Storage Container
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(U) Thiokol proved the integrity of the JPL-500 motor in a
series of eight static firings at Redstone Arsenal during the
period 10 June to 25 September 1958, and the preliminary R&D
release was effected on 28 October. It later conducted four
additional static tests in the development of a suitable ignition

system, bringing the total static firings to 12.20

(U) The 500 series motor replaced the JPL~477 early in the
Phase III test program. All told, eight 500-design motors loaded
and assembled at Huntsville were used in SERGEANT flight tests.
These carried the program through the last six Phase IIT tests,
and the first two EM (Phase IV) tests (Rounds 30 & 31) in May
1960. Thereafter, rocket motors for the SERGEANT were produced

at the Longhorn Army Ammunition Plant,a a Government-owned

facility operated by the Thiokol Chemical Corporation.21

(U) The Thiokol Longhorn Division phased into the SERGEANT

“Located at Marshall, Texas, this facility was originally & World
War II TNT plant known as the Longhorn Ordnance Works (LOW) —a
name it retained until 1962 when it was redesignated as the Long-
horn Army Ammunition Plant (LAAF). After the war, the Thiokol
Corporation, under contract with the Ordnance Ammunition Command,
converted a part of the plant into a manufacturing facility for
small and medium sized solid propellant rocket engines, and pro-
duced composite propellants for the FALCON, LACROSSE, and NIKE
HERCULES motors. As of January 1959, the Thiokol Longhorn
Division had some 1,300 employces at work in the 8,800-acre
plant and was in the midst of a $6 million expansion program
to provide new facilities for production of large rocket motors
for the SERGEANT, PERSHING, and NIKE ZEUS missiles. The expan-
sion program was completed in September 1959, in time for
industrial production of the SERCGEANY rocket motor which began
in June 1960. (1) Craig Lewis, "Thiokol Stresses R&D on Rocket
Motors,'" Aviation Week, Vol. 70, No. 1 (5 Jan 59), p. 42. (2)
Army Times, 26 Sep 59.

20(1) LAAP/TCC Rept TLD 320-66-290, June 1966, op. cit., pp.
44, 81. (2) Prelim Design Rel #S-13, 28 Oct 58. SPCF, Bx 13-813,
RHA. (3) Static test data for the JPL-500 wotors are presented
in Table 4, Appendix IIT.

21LAAP/TCC Rept TLD 320-66-290, June 1966, op. cit., pp.
44, 126.

144



motor program in March 1958 to provide a sound transition from R&D
to industrial motor loading. Under JPL Technical Document 4-2,
signed on 24 March 1958, the Thiokol Longhorn Division was to
exert its best effort and use its most suitable facilities in the
design, testing, evaluation, and manufacture of SERGEANT motors
and/or components thereof, in cooperation with JPL as represented
by SUEL. The authority for expending effort under work orders
issued by the Ordnance Ammunition Command (QAC) was Technical
Guidance Directives (TGD's) originated by SUEL, approved by JPL
and the Redstone (ARGMA) Liaison Officer, and issued by the Con-
t;acting Officer or his designated representative. JPL retained
prime responsibility for technical development, with SUEL exer-

cising technical direction of the effort.22

(U) From March to November 1958, work at Thiokol-Longhorn was
focused on the preparation of tooling and motor loading facilities.
The checkout of procedures and equipment was completed on 14 Novem-
ber 1958, with the loading of a full-size inert motor. The loading
of live R&D motors began on 21 November 1958 and continued through
28 November 1960. During that period, the Longhorn plant loaded
and assembled a total of 65 R&D motors, 20 of which were shipped
to WSMR for support of the Phase IV and V EM test program. The
remaining 45 units were expended in static tests and other phases
of the qualification program. In addition to these R&D units,
Thiokol~Longhorn received 10 loaded motors from the Thiokol
Redstone Division. Three of these were shipped to WSMR for use
in flight tests, five were expended in static tests, and two were

placed in long-term ambient temperature storage.

2201y 1bid., pp. 45, 198. (2) ARGMA furnished OAC $300,000
in FY 1958 funds for six preproduction static test motors, and
$1,290,000 in FY 1959 funds for procurement of R&D motors to be
delivered in 1959-60. DF, Dir, SGT Sec, LCL, PMS, RDD, to Chf,
ID, 2 Mar 59, subj: SGI Mtr Loading at LOW. SPCF, Bx 13-826, RHA.

23LAAP/TCC Rept TLD 320-66~290, June 1966, op. cit., pp.
47-48, 52, 92.
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(U) Excelco Developmehéé, Inc., continued to supply motor
cases for the R&D program until September 1959, when Longhorn
loaded the first case fabricated by SUEL. This case was quali-
fied in a series of four static tests, and SUEL-built cases were

used for the majority of the remaining R&D rocket motors.24 -

(U) Thiokol-Longhorn loaded the first industrial motor in
June 1960, and from that time through 28 November 1960, the
loading of R&D and industrial motors proceeded concurrently.
Fifteen industrial motors had been produced as of 28 November
1960, bringing the total output to 81 R&D.and industrial motors
for the 1958-60 period.25 The final XM-100 rocket motor (formerly
the XM-53) had an overall length of 202 inches (cylindrical case
length, 141 inches), an outside diameter of 31 inches, and a gross
weight of 7,069 pounds, including 5,903 pounds of TP-E8057 (TRX-
E157) propellant.26

XM=-504 Launching Station

(U) In the course of the XM program, JPL and SUEL built
several different models of launching equipment, each represent-
ing a progressively advanced state of design and culminating in
the EM (XM-~504) configuration. In July 1958, following the first
five Phase II flight tests (Firings 9 thru 13), the Sperry=-built
XM=101 launcher was returned to SUEL for modification to the EM
configuration. 1In October 1958, Sperry shipped the modified
launcher (XM-101M) to JPL, where it was equipped with the 302
firing set and sent to WSMR for use in the first three Phase III
firings in December 1958 and March 1959.

(U) The XM-102 launcher was delivered to JPL in January 1958
and went immediately into the 1958 O&E test program. It was

241454, p. 59.
zslbido, pp' 46"[+7, 92:
26For other design parameters, sece Table 7, Appendix III.
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retired from active service upon completion of that program. The
XM-103 launcher, delivered to JPL in June 1958, was the first
model to include the Azimuth Orientation Unit (AOU). It was used
in Firings 14, 15, and 16 (Phase II), then returned to SUEL for
modification to the XM~103M (EM) configuration. Early in 1959,
JPL installed the 304 firing set on the XM-103M launcher which

was then relecased for the 1959 O&E test program.

(U) Meanwhile, the XM~-101M launcher was returned to JPL where
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the 302 firing set underwent modification in ﬁreparation for the
last four Phase III flight tests in August and October 1959. The
resultant XM-504 launching station released for limited production
in- October 1959 was very similar to the XM-101M but incorporated
the necessary design refinements to correct deficiencies diéélosed

in the Phase II and III flight and O&E test programs.27

Transport Trailers and Containers

(U) One of the first major equipment changes resulting from
the Phase II field tests concerned the transport mode for the
four missile sections, which were to have been carried in their
containers on standara 2.5=ton Army cargo trucks.28 During the
1958 O&E tests, JPL found that the transportation of missile
containers in standard cargo vehicles did not comply with Phase
II air transportability, in that they could not be loaded into
the aircraft without auxiliary handling equipment. It also
encountered extreme difficulty in securing the containers to the
vehicles, and the rocket motor posed a special problem since it
overloaded the 2.5-ton M=-36 truck, causing damage to the vehicle
during cross-country transportation tests. As a result of these
deficiencies, JPL proposed that the packaged missile components
be transported on the same type of spécial purpose lightweight
trailer as the Missile Test Station (MTS) and Field Maintenance

Test Station (FMTS).

(U) The soft-ride transport trailer with the special Neidhart
rubber suspension system would be designed to carry either two
warheads in their containers, or a guidance section, rocket engine,

and four control surface assemblies in their containers from the

27(l) JPL Final Rept 20-~137, 1 Oct 60, pp. 22-26, 78-=79.
RSIC. (2) Interim Design Rel #186-~1, RDD to ID, ARGMA, 12 Oct 59.
SPCF, Bx 13-813, RHA. (3) OTCM 37275, 17 Dec 59. RSIC.

28See above, pp. 111-12, 124.25,
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ammunition supply point to the firing area. Assuming that each

firing battery would be allocated a basic load of two missiles

~ and four warheads, a total of six transport trailers and six

truck tractors (prime movers) would be required, as follows:
6 M=275 truck tractors (12,000 1bs. each)
1 erector-launcher semitrailer (16,000 lbs.)
2 transport trailers with guidance, fins, and rocket
motor (16,000 lbs. each)
2 transport trailers with two warheads each
(10,860 1lbs. each)
1 transport trailer with MI'S equipment (16,000 1bs.)

Third and fourth echelon maintenance of the above items would be
provided by the trailer-mounted FMIS in the battalion service area.
All semitrailers within the battalion would be interchangeable

and the battalion prime movers would be available for other duty
when required. Aside from improving operations in and around

the airhead, the proposed missile transport scheme would reduce
the number of trucks in the firing battery from eight to four

and their type would be reduced from three (M=-35, M-36, M-~275) to
one (M-275). 1In addition, the number of truck drivers would be
reduced from eight té four, and maintenance expenses would be

much less since the trailers required little maintenance.

(U) JPL outlined its proposed transport scheme ‘uring the
Steering Committee Meeting:in mid-1958 and followed this up with
a detailed written report on 18 July. The Army General Staff had
already approved the use of a special purpose semitrailer for the
launcher, but declined concurrence in the proposed addition of
non~standard vehicles pending further study of possible alterna-
tives. On the basis of information supplied by ARGMA, the Chief
of Ordnance recommended that the special purpose vehicles be

authorized for the erector-launcher, the MIS, and the FMIS, and

29JPL Rept, 18 Jul 58, subj: Use of Trans Tlr in the SGT Sys,

atchd to Ltr, SGT Pre¢j Dir, JPL, to CG, ARGMA, 18 Jul 58, n.s.
SPCF, Bx 13~813, RHA.

149



submitted for Staff consideration the JPL proﬁosal for the special
lightweight missile transport trailer.30 By the end of 1958,
CONARC and the Army General Staff had concurred in the development
of semitrailers with the Neidhart rubber suspension system for

the launcher, MIS, and FMIS, but final approval of the proposed

missile transport trailer was not forthcoming until March 1959.31

(U) Meanwhile, Sperry completed design work on the XM mis-
sile transport trailer and delivered six units in October 1958
for O&E tests. Following field tests of the XM, the tie-down
technique and Neidhart suspension system were refined to elimi-
nate design weaknesses, and three of the trailers were reworked
to the EM configuratién which was successfully tested during the
1959 O&E test program. Changes incorporated in the EM trailer
design included provisions for mounting the test station enclo-
sures and associated equipment, and the inclusion of a spare
tire in the rear of the frame. The work platforms were rede-
éigned, and steps and platforms were included to improve the
personnel working areas. By removing the fenders and work
platform, the missile transport trailer could be converted to

. . . 2
the basic chassis, ready to accept the test station enclosures.3

(@ The ink had scarcely dried on the approved missile
transport scheme when a change in the basic missile load rendered
it obsolete. As noted above, the missile transport plan had been
predicated on the assumption that each firing battery would be

allocated a load of two missiles and four warheads, requiring a

30(1) 1bid. (2) TT ORDXR-RTG-1007, ARGMA Comdr to CofOrd,
25 Jul 58. (3) DF Cmt #1, CRD/I 8830, CRD, DA, to CofOrd, 5 Jul
58, subj: SGT Trans. (4) DF Cmt #2, ORDTU 00/8C-8756, CoflOrd to
CRD, DA, 1 Aug 58, same subj. All in SPCF, Bx 13-813, RHA.

311y Ltr, ORDTU 00/8C-15323, CofOrd to CG, AOMC, 3 Dec 58,
subj: SGT Trans, w/incls. SPCF, Bx 13-813, RHA. (2) DF Cmt #1,
CRD/I 2879, CRD, DA, to CofOrd, 13 Mar 59, subj: SGT Trans.
SPCF, Bx 13-826, RHA.

3ZJPL Final Rept 20-137, 1 Oct 60, pp. 37-38. RSIC.
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a total of four transport trailers. (Each battalion would have
two firing batteries, or a total requirement of eight missile
transport trailers and eight prime movers to transport the
battalion basic load of four missiles and eight warheads.) Under
the approved employment doctrine issued by the Department of the
Army in May 1959, each SERGEANT battalion would have two firing
batteries with one launcher section each and a basic load of
three complete missiles (including warheads) per launcher, or

six missiles per battalion.33 To satisfy the revised basic load,
six transport trailers would be required for each firing battery,
or a total of 12 trailers per battalion—an increase of four over

the previous plan.

(@® In July 1959, JPL recommended the following transport
scheme as the most economical for the basic load of three mis-
siles per battery:

3 transport trailers each with a warhead section, guidance
section, and four fins (all items requiring electrical
checkout) .

3 transport trailers each with a rocket motor section and
miscellaneous cargo.

The preferred Army system was identical to the previous plan except
that the warhead transporter would be replaced by a standard M-35
truck carrying only one warhead. JPL was opposed to this scheme

since it was contingent upon development of an article not yet

proven; i.e., tiedowns for securing the warhead to the Army truck.34

Both ARGMA and AOMC recommended the adoption of JPL's proposed
transport system for initial use, but indicated that studies would

be continued on alternate warhead transport methods, including use

33DF Cmt #1, DCSOPS, DA, to CofOrd, et al., 17 Jun 59, subj:
Doctrine for Employment of FAM, SGT, & incl thereto, atchd to Ltr,
00/95-7315, CofOrd to CG, AOMC, 10 Aug 59, subj: same. SPCF, Bx
13-826, RHA.

34JPL Rept, SGT Msl Sys Trans Study, 20 Jul 59. SPCF, Bx

14"215, RIm-
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of the standard M=35 truck;35

)] With>the change to the transport trailer concept in March
1959, JPL made the necessary design adjustments in the missile
containers and met the interim release date without difficulty.
The following items were released in October 1959 for limited

production:36

Case, Shipping, Guided Missile Control Surface: XM-123
Container, Shipping and Storage, Rocket Motor: XM-419

Container, Shipping and Storage, Guided Missile Body
(Guidance) Section: XM=420

' Container, Shipping and Storage, Guided Missile Body
(Warhead) Section: XM=421

(U) Because of differences in packaging philosophy and
considerations varying the relative importance of ce:zain design
constraints, the Picatinny Arsenal, in 1958, undertook the design
of a different warhead container which eventually replaced the
XM-421 designed by JPL. A representative of Picatinny Arsenal
introduced the opposing XM-140 warhead container during the
sixth SERGEANT Steering Committee Meeting held at Fort Bliss on
30 September and 1 October 1959. The thrust of the Picatinny
argument centered around the aforementioned change in basic
warhead load and use of the M=35 truck in place of the special
purpose transport trailer. It contended that use of the JPL
container with the M~35 truck resulted in tiedown problems,

whereas the Picatinny design did not. Moreover, the smaller

3501y DF Cmt #1, Chf, RDD, ARGMA, to Chf, ARGMA Con Ofc,
5 Oct 59, subj: Doctrine for Employment of FAM, SGT. (2) lst
Ind, CG, AOMC, to CofOrd, &4 Nov 59, on Ltr, 00/9S-7315, CofOrd
to CG, AOMC, 10 Aug 59, subj: Docirine for Employment of FAM,
SGT. (3) Ltr, 00/9C-11689, CofOrd to CG, AOMC, 14 Oct 59, subj:
SGT Msl Sys Trans Study; & lst Ind, GG, AOMC, to CofOrd, 16 Nov
59. All in SPCF, Bx 13-826, RIA.

36(1) Interim Rel #18-1, ARGMA RDD to ID, 12 Oct 59. SPCF,
Bx 13-813, RHA. (2) OTCM 37275, i7 Dec 59. RSIC.
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width of the Picatinny desiéﬁ would permit two containers to be
loaded on the M=-35 truck with the tailgate up, in contrast to
only one JPL container with the tailgate down. 1In view of these
and other considerations, the steering committee requested that
JPL furnish Picatinny Arsenal an engineering model of its warhead

. . . . 37
container for use in comparative evaluation tests.

(U) Early in November 1959, before the comparative evaluation
tests began, representatives of all interested agencies attended
a meeting at Picatinny Arsenal to examine the drawings of both
containers and determine the extent to.which each met the MC's.
According to JPL, they determined that the XM=-421 container
did not compromise any of the system MC's. 1In a report to the
ARGMA Commander, in December 1959, Mr. R. J. Parks advised that
the Picatinny warhead container did not offer any significant
design improvements and that it was not compatible with the sys-
tem requirements in its present state of development. Pointing
to the critical funding limitations in the SERGEANT program, he
declared: "It is difficult . . . to understand . . . how it was
possible for Picatinny to design and build an alternate prototype
container when they could have purchased an Engineering Model
Sergeant container and evaluated it at considerably less expense."
He suggested that ARGMA should cause agencies such as Picatinny
Arsenal to work more closely with JPL and SUEL for the improvement
of the SERGEANT system, within the framework of the approved de-
sign, rather than permit the pursuit of additional development

work such as the proposed alternate container.

(U) Following a series of simulated field handling and trans~-

portation shock and vibration tests, in January 1960, Picatinny

37Mins of Sixth SGT Steering Com Mtg, Ft Bliss, Tex, 30 Sep -
1 Oct 59, pp. 22-23. SPCF, Bx 14-24, RHA.

38Ltr, R. J. Parks, SGT FProi Dir, JPL, to ARGMA Comdr, 14

Dec 59, n.s. SPCF, Bx 7-129, Rii.
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Arsenal reported that its container successfully passed all of

the exercises; whereas the JPL design failed to protect the
warhead section from the shock and vibration environment. Con-
cluding that the Arsenal could not "attest to the reliability of
the warhead section if transported in the Ji'L [XM~-421] conta&ner,"
the Commander of Picatinny recommended that the alternate (XM~140)

design, with minor modifications, be used as the SERGEANT warhead

section container.39 JPL argued that the XM=421 container was
the product of 3 years of transport and experimental testing and
that there was no basis, technical or othérwise, for changing the
design philosophy. It also pointed out that road tests by the
Laboratory had shown that an M-35 truck could not transport the

warhead container unsecured without extensive damage to the truck.40

(U) Even so, the ARGMA Commander decided to use the FY 1959
buy of JPL (XM-421) containers for non-tactical claimants and to
procure the Picatinny Arsenal (XM-140) container for all tactical
épplications. Following O%E field transport tests of the XM-140
container, the weapon system manager at ABMA, in July 1961,
directed that the M-35 truck be used as the warhead section
transporter in lieu of the tractor-drawn JPL semitrailer pre-

viously approved by the Army General Staff.41

39PA Rept, 29 Feb 60, subj: Eval of Shipping Cntnrs for SGT

Whd Sec XM62, & "Analysis of Test Results," atchd as incls to
Ltr, CO, PA, to ARGMA Comdr, 5 Apr 60, subj: Results of PA Cntnr
Eval Program. SPCF, Bx 7-129, RHA.

4OJPL Pub No. 179, 5 Jul 60, subj: SGT Foresection Cntnr,

pp. 1-2. SPCF, Bx 7-130, RHA.

41(1) DF Cmt $#1, Chf, RDD, ARGMA, to Chf, ID, 11 Apr 60,
subj: SGT Whd Cntnr Proc; & Cmt #2, Chf, ID, to Chf, RDD, 28 Apr
60, same subj. (2) Ltr, ARGMA Comdr to CO, PA, 3 May 60, subj:
SGT Whd Cntnr. (3) DF Cmt #2, SGT/CPL Wpn Sys Mgr, RDO, ABMA, to
ABMA Con Ofc, 31 May 61, subj: SGT Wpn Sys Plan. All in SPCF, Bx
7-129, RHA. (4) DF Cmt #2, SCT/CPL Wpn Sys Mzr, RDO, to ABMA Con
Ofc, 11 Jul 61, subj: Whd Cntnr Trans. SPCF, Bx 13-825, RHA.
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Maintenance Test Stations

(U) The R&D and XM maintenance test stations supported the
Phase II and III firing programs and prévided the data for
de#elopment of techniques required to produce the EM Systems;42
The R&D OMTS phase lasted to Round 14 of Phase II. The XM
automatic equipment was used from Round 14 through 28, com-
pleting the Phase III program and resulting in the EM OMIS
(AN-MSM=35) released to Industrial in October 1959. The XM
FMIS was delivered to JPL in November 1958 and checked out for
use in support of Phase III firings beginning in December 1958.
The EM FMIS (AN/MSM-36) was also released to Industrial in ‘
October 1959.43

(U) As a result of problems encountered with the air con-
ditioning units installed on the XM test stations,44 and a
better understanding of the tactical requirements and capabil-~
ities of the electronic equipment and operator personnel, JPL
decided to provide the EM's with only heating and ventilating
equipment. A preliminary evaluation indicated that the heating
and ventilating system was both compatible and consistent with
the tactical requirements of the system.45 Soon after the interim
R&D release, however, the AQMC Engineer Office outlined several
potential problem areas regarding the operational efficiency of

the FMIS, where the subassemblies would have to be opened for

2 s s . .
4 For a description of the test station functions and XM

design, see above, pp. 127-29.

43(1) Interim Rel #18-1, ARGMA RDD to ID, 12 Oct 59. SBCF,
Bx 13-813, RHA. (2) JPL Final Rept 20-137, 1 Oct 60, pp. 90-91,
99, 105. RSIC. .

Including a very high starting power demand, making them
incompatible under some conditions with a gas turbine generator
then in use; introduction of voltage transients troublesome to
the electronic equipment; and excessive noise and short life of
some components. Ibid., p. 35.

45Ibid., p. 35.
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repair. Although the heating and ventilating system provided some
measure of temperature control, it could not prevent dirt, dust,
and moisture from entering the subassemblies while under repair.
Moreover, perspiration from operating personnel could possibly
affect the gold-plated contacts within certain subassemblies?
While existing regulations prohibited the provision of air
conditioning for personnel comfort, it appeared very likely that
such equipment would be required for efficient operation of the
FMIS. Nevertheless, the Senior ARGMA Representative at SUEL
concluded that there was insufficient evidence to warrant in-
s;allation of air conditioning equipment and recommended that it
not Qe introduced. Accordingly, the Industrial Division reported,
in March 1960, that no funds were being programmed for that
purpose.46 (Some 14 months later, ABMA determined that air con-
ditioning would be required, not only for the FMIS, but also for
the OMTS and firing set. Air conditioners for support of the
final Phase V firings had to be borrowed from the Corps of Engi-
neers, and tactical units for Block IV industrial equipmenf had

to be developed under pressure of an extremely short deadline.47)

(U) Procurement Breakout and Change Order Procedures

(U) The original Research Change Order system set up by JPL
was supplanted by the less flexible Interim Engineering Order
(IEQ) procedure, following a meeting at ARGMA in December 1958.
This compromise procedure provided for the control of engineering

changes for both the R&D and Industrial designs and was intended

“pp Cmt #1, SXR/SUEL to CLL, LGB, RDD, ARGMA, 21 Mar 60,
subj: Air Condg for the SGT FMIS; Cmt #2, Chf, SGT Sec, LCB, RDD,
to Chf, Gen Spt Sys Br, ID, 25 Mar 60; & Cmt #3, Chf, Gen Spt Sys
Br, ID, to Chf, LCB, RDD, 30 Mar 60. SPCF, ®x 7-128, RHA.

47(1) SGT Prog Rept for July 1961, ABMA, pp. 1-2. (2) DF
Cmt #1, Chf, AOMC Con Ofc, to CG, AOMC, et al., 27 Sep 61, subj:
SGT Comd Program Presn. Both in Hist Div File.
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to insure a single production line and a common set of engineer=-
ing orders for both sets of equipment. It was followed in July
1959 by the disputed transfer of engineering change order
control from R&D to Industrial48 and the concurrent announcement
of the procurement breakout plan. The breakout plan announced
by the ARGMA Industrial Division was intended to provide for
multiple production sources in case of war and for competitive
bidding for subcontracted mass production of the system. As a
result, the Frankford, Watertown, and Detroit Arsenals were
engaged during the summer of 195% in using SUEL drawings to
arrange for production of the system by other organizations on.

a competitive bidding basis.

(U) While recognizing the necessity of such a plan, both JPL
and the ARGMA R&D Division felt that it was imposed prematurely
for the SERGEANT, since the Army was attempting to build the
equipment well before completion of the R&D effort and before
SUEL had built even one missile to any set of drawings. Encum-
brances such as this and the premature imposition of IEO
requirements impeded progress of the R&D activities when they
were in the greatest need of flexibility and freedom from
restriction. Sperry was placed in the position of having two
bosses and proceeded to play off one against the other to the
detriment of the program. It was continually faced with demands
of industrial requirements from ARGMA simultaneously with R&D
obligations from JPL, and these were very frequently in conflict.
Sperry's long-term interest was obviously with Industrial; and
when conflicts arose, the R&D effort definitely took the back
seat, with certain components of the system being redesigned
under the industrial contract. With JPL unable to contfol
changes fed into the equipment, R&D tests had a built=-in

potential of failure in the form of untested designs incorporated

4
}SSee above, pp. 81-83.
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by SUEL.49 Moreover, there was an inordinate amount of duplicate
effort, with SUEL often being paid to do the same work under R&D
Technical Guidance Directives (TGD's) from JPL and industrial

Engineering Service Memoranda (ESM) from ARGMA.50

-

(U) The end result was a chaotic transition peridd during
195960, with multiple technical problems forcing a slippage in
the R&D program and a consequent delay and stretchout of the
first (FY 1959) industrial procurement. This delay and stretch-
out was significant enough to obviate the requirement for the
approved FY 1960 procurements, most of-which were rescheduled to
FY 1961. The revised breakout plan therefore limited FY 1960
procurement to a small number of items required for support and
completion of the first procurement in FY 1959. Chief among
these were the XM~53 rocket motor and the XM-504 launcher, a
small quantity of which was authorized to prove out the design

with pilot models and establish a Government capability.51

(U) In the wake of the problems and schedule setbacks stem=-
ming from the premature transfer of EO control, R&D Operations of
ABMA (which assumed system responsibility from ARGMA in August
1960) argued that "it must have control of RDA [Request for

Deviation Approval] . . . and subsequently IEO approval to insure

49(1) JPL Final Rept 20-137, 1 Oct 60, p. 7. RSIC. (2) Ltr,
Dir, JPL, to ARGMA Comdr, 23 Nov 59, n.s. Hist Div File. (3) Ltr,
ARGMA Comdr to CG, WSMR, 27 Aug 59, subj: 1960 SGT O&E Test Prog-
ram, w/incl: SGT IEQ Procedure, 18 Dec 58. SPCF, Bx 13-826, RHA.
(4) DF, Chf, RDD, to Chf, ID, 30 Jun 59, subj: SGT IEQO Procedure.
File same.

50For example, an industrial ESM authorized SUEL to review

the R&D documentation for production adequacy at a cost of more
than $35,000, while the R&D TGD's assigned to SUEL under sub-
contract with JPL provided for essentially the same work. DF,
SGT Sec, LCB, PMS, RDD, to Dir, Gen Spt Sys Br, ID, 31 Jul 59,
subj: Dupe Effort as a Result of ESM. SPCF, Bx 13-826, RHA.

5101y orcm 37238, 5 Nov 59. RSIC. (2) DF Cmt #1, ChEf, Gen
Spt Sys Br, ID, to Chf, ID, et al., 6 Jun 60, subj: SGT GM Sys
Breakout Plan, w/incl. Hist Div File.

159



adequate technical uniformity within the SERGEANT family of equip-

ment." However, as before, Industrial Operations retained the
upper hand, and agreed to allow R&D approval of only those changes
connect;d with the R&D contract (ORD-1605).52 With JPL already
phased out of the R&D program and most of the SERGEANT hardware
being produced under industrial contracts,53 the way was thus
opened for redesign of the system under the pretext of product
improvement.54 Some of the component changes were necessary to
correct deficiencies left unsolved by jPL; others were unnecessary
or were effected too late in the program to be incorporated in the

first tactical deliveries.55

w Revision of the Commodity Schedule (U)

(U) An Engineering Model phase, with missiles built by SUEL
to JPL design, was an integral part of the program plan from the
beginning. The flight test of Round 30-—the first of the Phase IV
EM firings and the first to be completely fabricated and checked
out by SUEL—had been scheduled for October 1959. A careful
assessment of the program in early April 1959 indicated no sign
of a schedule slippage. Three months later, on 15 July, ARGMA
conducted a survey of the program with JPL and SUEL, and found it

>2pF Cmt #1, Dir, SGT-CPL Proj Ofc, to Chf, RDO, 25 Oct 60,
subj: Ppsd SGT RDA Procedure, w/incls. SPCF, Bx 7-127, RHA.

53Aside from its training contract (ORD-~1586) and engineering

services contract (ORD~1668), SUEL had four industrial contracts
(ORD=-2024, ~1503, =-2026, and =-1444) and was producing both R&D
and industrial hardware on a single production line from a cowmnon
set of drawings. See Incl 1 to DF cited in fn 52.

54See above, pp. 55-64, 81-83.

55Typical of the eleventh-hour changes in the JPL-designed
system were the aforementioned adoption of the Picatinny warhead
container in 1960 and the decision in 1961 to use the M-35 truck
as the transporter in lieu of the JPL semitrailer. Other equally
late changes, such as the shift from the Neidhart to the torsion
bar suspension system in 1961, will be discussed later.
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to be essentially on schedﬁﬂa toward meeting the Au&t 1961
readiness date, although there was an apparent slippage in the
R&D test program. At that time, technical difficulties had
caused a delay in the Phase III XM firings, so that Rounds 25
and 26 were set back from June to late August, with the last” two
rounds to be fired in September. During the program survey, JPL
assured ARGMA that it had the problems identified and would be
able to find solutions in time for other portions of the program
to procéed on schedule. Sperry was confident that the reduced
production leadtime resulting from the technical problems could
be overcome and assured ARGMA that industrial deliveries of major

items would be made on schedule.56

@) In mid-August 1959, SUEL assumed responsibility for the
general scheduling activity under JPL's cognizance. JPL had
already established the firing program, so that Sperry's main
effort was directed toward the development of a compatible master
schedule for the manufacture and delivery of major items for the
Phase IV EM program.57 In late August 1959, while SUEL's master
schedule was being prepared, the Phase III XM test pgyogram at WSMR
suffered another setback. Round 25 was fired on 25 August, as
planned; but the attempted firing of Round 26 ended in an electri-
cal failure during countdown, with damage to the missile and
firing set components. The affected equipment had to be returned
to JPL for correction And repair, delaying the last three Phase
I1I firings (Rounds 26, 27, and 28) until late October 1959, some

2 weeks after the interim R&D release.58

56(l) Ltr, ARGMA Comdr to CG, AOMC, 17 Jul 59, subj: SGT
Status Review. Hist Div File. (2) TT ORDXR-RHL-253, ARGMA
Comdr to CofOrd, 16 Jul 59. SPCF, Bx 13-826, RHA.

57

JPL Final Rept 20-137, 1 Oct 60, p. 14. RSIC.

81y TT ORDXR~RHL-333, ARGMA Comdr to CofOrd, 3 Sep 59.
(2) TT ORDXR-RHL~369, same to same, 18 Sep 59. Both in SPCF,
Bx 13-826, RHA. (3) Also see above, p. 138.
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(', The results of the Phase III test program pinpointed
several technical difficulties requiring the redesign of some
components. Of prime concern were problems with electronic
noise in the guidance loop and excessive heat in the missile-
borne guidance platform and arming decision device, all of ﬁﬁich
adversely affected weapon system accuracy. JPL proposed to solve
these problems with a new D. C. power supply, an air-to=-air heat
exchanger for the guidance platform, and blowers for circulating
the air over the hot spots. Although these and all other neces=-
sary corrective measures were to have been reflected in the first
EM hardware (beginning with Round 30), the final designs would-
not be introduced until late in the Phase IV firings. Neverthe=
less, JPL and Sperry felt that the technical difficylties could
be solved by placing additional engineering effort on redesigning
the components involved which would then be tested for verification
by mid-1960. This meant a slip in the R&D firing schedule, but
with success the program would be back on schedule by October 1960

and the rest of the program would be unaifected.

(® The first master schedule issued by SUEL on 15 October
1959 thus provided for delivery of Phase IV EM rounds in three
blocks during the first half of 1960: Block A in January;
Block B in February; and Block C in May. The Block A and B mis-
siles would be equipped with a 2-horsepower air conditioner as an
interim fix for the guidance compartment heating problem, with
the final solution to be introduced in the Block C rounds. The
final release to Industrial would be effected in July 1960, and
Phase V industrial deliverics for system proof tests would begin

in August 1960.59

59(1) JPL Final Rept 20-137, 1 Oct 60, p. 7. RSIC. (2) DF
Cmt #3, Dir, SGT Sec, LCB, PMS, RDD, to Dir, Gen Spt Sys Br, ID,
21 Sep 59, subj: Guidance Compartment Heating Problem. SFPFCF, Bx
13-826, RHA. (3) DF Cmt $#1, Dir, SGI Sec, LCB, PMS, RDD, 14 Oct
59, subj: Problem Areas Within the SGT Sys. File same.

162




(U) During the remainiﬁé months of 1959, it became increas-
ingly apparent that JPL had underestimated the magnitude of the
technical problems and that SUEL would be unable to provide the
level of engineering effort required to meet its schedule commit-
ments. In addition, the steel strike had a critical iﬁpact‘on
the quality and cost of the initial AMF launchers, and a high
rejection rate of Minneapolis~Honeywell gyroscopes slowed the
production of guidance platforms at SUEL. Despite a concerted
effort to get the program back on schedule, ARGMA reported in
January 1960 that the Block A EM deliveries would bewgelayed and
that $3.5 million in additional R&D fuﬁds would be needed to cover
iﬁcreased costs of the engineering effort through JPL's phaseout

in June.60

(®) A closer look at the program in March 1960 confirmed
that final solutions to prevailing technical problems would
take longer than JPL had expected, and that SUEL had definitely
underestimated the scope of its engineering and production task.
The large number of engineering change orders introduced by JPL
and the inability of SUEL to incorporate such changes in drawings
and materiel in a timely manner created production problems and
consequent schedule delays. 1In a briefing to the Secretary of
the Army and the Army Chief of Staff on 14 April 1960, 0CO
presented a proposed revision of the commodity plan which
reflected a 10-month slippage in the Ordnance Readiness Date
(from August 1961 to June 1962). Details of the revised plan as
approved in late April 1960 are shown in the accompanying chart.

Significant changes in the key target dates were as follows:

v

60(1) JPL Final Rept 20-137, 1 Oct 60, pp. 7-8, l4. RSIC.
(2) DF, ARGMA Comdr to CG, AOMC, 12 Oct 59, subj: SGT Lchr Pdn.
Hist Div File. (3) DF, Chf, RDD, to ARGMA Comdr, 23 Oct 59,
subj: Rejection of Gyroscopes for SGT Sys Msl. SPCF, Bx 13-826,
RHA. (4) SS ORDXR-C-15-60, ARCMA Con Ofc, 27 Jan 60, subj: Adj
SGT Program, w/incl: TT, CofOrd to CG, AGMC, 25 Jan 60. Hist
Div File. (5) Also see above, pp. 54-64,
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Event Jul 59 Plan Mar 60 Plan Change
Fire Rd 30 (1lst EM - Blk A/Ph IV). Jan 60 May 60 4 mos.
Fire Rd 40 (Block C/Phase IV).es.o Jun 60 Oct 60 4 mos.
Begin Engineer-User Testeeeeesacs. Oct 60 Oct 61 12 mos.
Initial Industrial Delivery....... Jan 60 Oct 60 9 mos.
Equipment for Key Personnel Tng... Feb 60 Nov 60 9 mos.
Equipment for Ordnance Training... Mar 60 Mar 61 12 mos.
Equipment for Artillery Training.. May 60 May 61 12 wos.
First Tactical Equipment.......... Jul 61 Mar 62 8 mos.
First Activation of Arty Units.... Aug 61 May 62 10 mwos.
Ordnance Readiness Date€eeeceeoessss Aug 61 Jun 62 10 mos.
14 Battalion Sets Available....... 4th Quarter, FY 1964

@ To minimize the requirement for additional FY 1960 RDTIE
funds and to permit the production contractor to concentrate on
key technical problems and equipment chénges, five rounds were
deleted from the Phase IV EM firing schedule, reducing the number
of flight tests from 19 to 14. To implement the rev%;ed plan, the
overall program through FY 1964 would require an additional $3.8
million in RDTE funds: $2.4 million in FY 1960 to cover increased
engineering and material costs and work on the new warhead adap-
tion kit; plus $1.4% wmillion in FY 1962 for components of the new
atomic warhead and the higher costs of hardware and overhead
directly related to the program delay. The total PEMA program
through FY 1964 would require a net increase of $19.3 million.
This included an increase of $4.3 million to complete the FY 1959
obligated program for 50 missiles, 17 sets of ground equipment,
and 11 sets of Type IV test equipment. As noted earlier, most of
the planned FY 1960 procurements were cancelled, and the FY 1960-61
programs were reduced by $25.8 million. Programs for subsequent

years (FY 1962-64) were increased by $40.8 million. (See Table 2.)

&) In addition to the foregoing cost increases, about $7.16
million would be required for support of the CORPORAL for one
more year. The cost to support the new schedule from FY 1961
through FY 1965 would be $16.05 million, instead of the planned
$8.89 million through FY 1964. This estimate was predicated on the
continuation of the CORPORAL capability at a level of 12 battalions
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TABLE 2
(®y ADJUSTED PROGRAM COSTS—MARCH 1960 (U)
in millions of deliars)

RDTE (Inciuding AK) PEMA (Excluding AK)
Fiscal Years Jul 59 Prog Mar 60 Prog Dicferencei Jul 59 Prog May 60 Prog | Difference
1958 & Priox 76.3 76.3 ; 1.0 1.0 5 --
1959 43 .4 43 .4 ! 50.4 54,7 A
1960 26.6 29.0 + 2.4 ‘ 43.6 18.6 2 - 25.0
3 1961 14.7 4.7 i 52.1 51.3 I - 0.8
S 1962 6.2 7.6 + 1.4 ;f 72.2 85.6 + i3.4
18 i
1963 2.4 2.4 58.4 64.5 i + 6.1
1964 0.5 0.5 YR 43.1 |+ 213
TOTALS 170.1 173.9 BEEE: 3043 323.5 o7 } + 19.3

SOURCE: SERGEANT Briefing to Secretary of the Army and Chief of Staff, 14 Apr 60, w/incls,
attached to Ltr, 00/605-2156, Coflrd to CG, ACMC, 23 Apr 60, subj: SGT Program. .
SPCF, Bx 14-215, RHA. e .
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through FY 1962, 8 through FY 1963, 5 through FY 1964, and complete
phaseout early in 1965. The additional requirement of $5.5 million
in OMA and $1.66 in PEMA funds would provide for practice warheads,
repair parts, contractor technicians, depot rebuild, and plant

61 .
1 ay away - -~

(‘b Phase IV Engineering Test Program (U)

(®) Beginning with Phase IV (Round 30), the R&D program
shifted from the breadboard model to the early preproduction model.
For reasons stated above, 5 rounds were deleted from the flight
test schedule, leaving 14 rounds: &4 Block A, 5 Block B, and 5
Biock C. The primary objective of the Phase IV firings was to
evaluate the Sperry=-built EM missiles to determine if the system

met accuracy, reliability, and other performance requirements.

(®) The four Block A flight tests (Rounds 30 thru 33) were
conducted on schedule during the period 19-31 May 1960, but with
profoundly disappointing results. Three of the four rounds were
reliability failures (i.e., aborts in range and/or azimuth), with
radial errors of 17,912, 1,490, and 5,669 meters, respectively.
The other round was only moderately successful, with a radial

error of 462 meters.62

(U) Thirty days later, on 30 June 1960, JPL was phased out
of the R&D program and the Sperry Utah Company (forme‘}y Sperry
Utah Enginecring Laboratory) assumed full responsibility for the
weapon system as the sole contractor. The Director of JPL had
planned to retain a full-time staff of engineers to assist in
cleaning up the remaining design deficiencies; however, Sperry

convinced the ARGMA Cormander that it was capable of running

61SGT Bfg to SA & CofS, 14 Apr 60, w/incls, atchd to Ltr,
00/605~2156, CofOrd to CG, AOMC, 23 Apr 60, cubj: SGT Program.
SPCF, Bx 14-215, RIA.

62SUCO Final Rept LEI~380-0312, April 1963, ». 3-2., RSIC.
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the propram without such assistance.  The SERGEANL propsyam thon
suffered a wajor disvuption on L Angust 1960, when the commodily

63

Pity was transferrved from ARCMA to ABMA.

managemantl Tespousi

(®) That Sperry had been totally warealistic iq‘judging thoe
magnitude of ite task was apparvent from the very oufsclh of the
Block B firing program. Round 3fi--the {irst in the B serics——
could not be fired on 25 July, as schoduled, because of problems
with the firing sct. Sperry fircd Reund 36 as the first Block B
missile, on 26 July 1960, with no better reliability than aclhieved
in the Block A rounds: the missile impacted 3,148 wmeters shont
and 150 meters left of the tavget, for a radial error of 3,188
meters. The guidance section of Tound 35 was then damaged during
assembly operations at WSHMR, vecoulting in the postponement of the
last four Block B firings to Avgust 19560. When Round 35, fired

on 12 August, turned out to bLe another veliability failure with a

radial error of 45,113 wmcters, ABMA suspended the Block B firings

. . . . 64
pending isolation and corrcction of the problem aveas.

(U) In a telephone conversation with the ACMC Comssander, on
16 August 1960, Gencral Hinrichs declared that there was "abso-
lutely something wrong from the standpoint of range errors,"
adding that "“JPL should be iv the act." General Schomburg
explained that JPL had been contacted but with negative results:
", . o SUEL knows as much as they do and they can't make any
contribution.'" He attributed this attitude to the decision against
the retention of a full-time J¥I engineering staff and to Sperry's

contention that it was capable of carrying out the program without

3Seg abovc, rp. 60~64, 84-86

(1) SUCO Final Rept EI1-380-0312, April 1963, p. 3-2. RSIC.
(2) Ltr, CG, AOMC, to CofOrd, 19 Aug 60, subj: SGT Rept for the SA,
w/incl, atchd to S5 ORDAB- CR'G, ARMA Comdr, 16 Aug 60, subj: same.
Hist Div File. (3) D Cmt #1, ACofS, R&D, AGMC, to GG, AOMC, 19
Aug 60, subj: Facts on SCT Msl Sys. Hist Div File. (4) SGT Prog
Repts for Jul & Aug 60. Hist Div File.
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JPL's help. General Hinrichs warned that the poor test results
would "hit the fan at DA level" and "We will have to have some

good answers."65

ﬂﬁ' Convinced that some of the problems stemmed® from a lack
of component reliability, especially at environmental extremés,
ABMA formed a task force of R&D and Industrial Operations person-
nel to investigate such matters and to keep an extraordinarily
close watch on the firing program. On 9 September 1960, follow=-
ing a series of factfinding conferences at Sperry, ABMA lifted
the suspension on the firing program. The Block B firings were
resumed with the flight test of Round 34 on 15 September, followed
by Round 37 on 21 September and Round 39 on 23 September. The
extreme precautions and component checks made under the Agency's
"close watch" procedure paid rich dividends, as all three rounds
impacted well within the prescribed 300-meter circle, with radial

errors of 105, 157, and 202 meters, respectively.66

(U) With the successful conclusion of the Block B firings,
it appeared that the five Block C missiles (beginning with Round
40) could be fired on schedule in October 1960. However, these
firings had to be postponed because SUCO was delinquent in the
delivery of hardware. They began on 1 December 1960 and were
completed on 26 January 1961, some 3 months behind schedule.

Two of the five shots were completely successful, one was

65(1) Daily Journal, MG August Schomburg, CG, AOMC, 16 Aug 60,
re: Tel Call Concerning SGT fr LTG J. H. Hinrichs, CofOrd. Hist
Div File. (2) As late as May 1960, Dr. Pickering had waruned that
there were still some critical areas wherein SUEL was yet to build’
the required capability, and further, that the "possibility of JPL
being able to assist in the Sergeant to any significant degree
after 30 June 1960 is very small should JPL be recalled to do so."
See quote from JPL letter and text related thereto, pp. 62-63.

661y suco Final Rept EJ-380-0312, Aprii 1963, p. 3=2. RSIC.
(2) Ltr, CG, ACMC, to CofOrd, 12 Oct 60, subj: SGT Rept for the SA,
w/incl, atchd to SS ORDAB-CR-9-60, ABMA Cowdr, 10 Oct 60, same subj.
Hist Div File. (3) SGT Treg Rept for Sep 60. File same.
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moderately so, and the last two wore veliability failures.

After havine becn scheduicd for £lizht test on 30 Kovoms
(W) (8}

ber but delayved by computer difficultics, Round 40 was fired on

1 Decenber to a predicted range of 60 kilometers (m). Tt was
hipghly successful with a radial ervoer of only 29 meters; howowver,
the test crew experienced difficuvltics with some cowmponents
associated with the OMIS. For example, a servo assembly required
an cxncessive warmup time. Also, duaring 44 mock firing attempts,

the firing set Ffunctiouned properly cnly 18 times.

bt
(# The sccond wmissile (Rowad 42) wes fired on 12 December
to a predicted range of 92 km. Despite severe weather conditions
(falling snow), most of the test obiectives were achieved. There
were two holds preceding the firing (one caused by a malfunctioning
switch in the firing box, and the other by failure of the battery
to activate); however, the missile was highly accurate with &
recerded radial error of only 36 mctefu. The third missile (Round
41) was fired en 13 December after two lwolds=—ove caused by the
weather and the other by mechanical difficulties. It impacted
322 wmoters long and 43 wmeters left of the target for a radial

crror of 325 meters.

(@ Both of the last two Block C firings (Rounds 43 and 45)
were reliability failures, breaking the string of six consecutive
successes., Their objectives included a range of 140 km and an
inert biological warhead airburst at 25,000 fcet. Round 43,
fired on 10 January 1961, experienced a circuitry malfunction in
the range computer, causing it to impact 5,593 meters long and 83
meters left in aziwmuth for a radial error of 5,594 meters. To
permit the test crew to correct the computer circuitry problem
and other difficulties that had appecared in equiprent tests, the
firing of the last missile (Round 45) was delayed fxrom 12 to 26
January. During equipment checkout tests, the crew experienced

difficulties with the guidance platform circuitry; the control
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assembly again failed OMIS tests; and the mock firing of the

missile was marred by explosion of the JPL battery*‘Fausing
extensive damage to guidance cabling. 1Inclement weather forced
a cancellation of the test on 24 January, and almost blocked the
firing on the 26th. Despite all of the precautionary measures
and corrective actions, the test was a reliability failure, the
missile impacting 237 meters short and 420 meters left of the

target for a radial error of 482 meters.67

(@ Transition from Phase IV to Phase V (U)

w .
(@) By early March 1961, significant progress had been made

toward solving the outstanding technical and administrative
problems; however, as shown in the accompanying charts, a number
of design refinements and administrative improvements were yet
required. Aside from two old problems associated with the missile
(accelerometer null offset and errors in the miss predictions by
the arming decision device), the technical difficulties were
primarily concerned with the transition from Phase IV to Phase V,
and engineering changes were being fed into the equipment without

too much trouble.

(U) At the time of the March 1961 program sury%?, the Opera-
tional and Environmental (OS&E) tests were about 50 percent com-
plete and Sperry was in the process of modifying the equipment to
the Phase V configuration. The equipment had successfully
completed roadworthiness, ship and aircraft loading, and rail

humping tests at Aberdeen Proving Ground; and high altitude, ice,

“aside from degrading missile reliability, the battery explosion
injected a potentially serious persouncl safety problem. For a
case history of the JPL battery and its replacement by a Signal
Corps design, sce above, pp. 140-42,

67(1) sUCO Final Rept EJ-380-0312, April 1963, p. 3-2. RSTC.

(2) SGT Prog Repts for Nov 60, Dec 60, & Jan 61l. Hist Div File.
(3) Also sce ADMA Hist Sums, 1 Jul -~ 31 Dec 60, pp. 146-48; and

1 Jan - 30 Jun 61, pp. 101-103.
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wind, and snow tests ar Cowmp ilele, Coiovedo. Fhoe Thusce Vo oequip-
4 I3 o i Iz

ment was schedulad Tor road bvavel o Eglin Alry Foree Base vhore

it would be subicoted fo toestine in the climatic hongor.  The
J &a

only wijar Jjtem of ground cquiracit having questionable opera-

IR

tionol capabilitics at low tocuperature oxtrorcs was the Neidhart

susponsion system used on the transyort and launching staticon

traileve.  The X and EM Neidh: svsicms had been tested without
failure and without need of maintenance in thousands of miles of

field travel and in direct supnort of flight tests. lowever,

after soaking for a lepng pericd of time at subzero tewmperatures,
the rubber baecave ripid and bricivle. As 2 result of this aund
other considerations, such as cost, OTAC proposed a new torsion
bar suswpension as o replacement. Peonding cowpletion of cevaluation
tests of this new system, the Ihase V trailers would be equipped

. ; . X 3
with the Neidhart rubber spring.

(U) Along with the delays resulting from the prevailing
cchmical problems, the program schedule was threatened from a
fﬁnding standpoint. As technical difficulties wounted during the

Phase IV tests, redesigns had to be effected and tested, with

consequent stretchout in develop

n

and a su

tantial increase
in progran costs and FY 1961 fund requirewments. Specifically, a
minimum of $7,382,000 in additicunal FY 1961 RDTE funds would be
required: $6,846,000 for Sperry's RSD contract arnd ABMA in-house
effort, and $534,000 to complete the secondary fuzing program.

In December 1960, AOMC advised 0OCO that failure to receive these
supplemental funds immediately would result in termination of

the Sperry R&D contract on 10 February 1961, termination of the

Minncapol is-Honeywell secondary fuze contract on 15 February, and

(1) Bfg for General Hurst on 11 Nov €0. Hist Div File.
(2) DY, Dir, Svs Design & Dev Lab, RDO, ARMA, to Chf, RDO, 19 Dec
60, odb]' Trk & Tlers for Use in SGT Sys. SPCF, Bx 7-128, RHA.
(3) Presn for the CofOrd, atchd to Ltr, CG, AOMC, to CoflOrd, 14
Mar 61, subj: Data for Monthly Discussion of SGT. Hist Div File.
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severe curtailment of essential in-house effoft at ABMA. While
awaiting action by higher headquarters, AOMC had to resort to the
familiar interim solution of '"borrowing from Peter to pay Paul.”
To head off a complete work stoppage in February, the Command
borrowed $900,000 from PERSHING and reprogrammed funds withiﬁ the
SERGEANT project-—-enough to carry the program to mid-April 1961.69
In March 1961, after a number of time-consuming paper exercises
and impact reports, 0OCO authorized $5,570,000 in additional
program authority, leaving a deficit of $1,812,000. Later in
March, OCO advised that an additional $334,000 would be provided
to complete the secondary fuzing program, but that the remaining
$1,478,000 had been disapproved. This set off another round of
impact reports pointing out the delay in updating the system to
the Phase V configuration, in the design analysis necessary to
establish and maintain component reliability, and in the ABMA
in~-house effort. As a result, ABMA reccived $1,761,000 in
supplemental funds, leaving a small deficit of $51,000 which did

70
not adversely affect the program.’”

(U) The RDTE funding crisis had no soonzr becen resolved than
another financial problem appeared. 1In this case, SUCO, in May
1961, reported a cost overrun of $14.5 million-=$7.5 million in
contract ORD~1503 for non-tacticsal repair parts and $7 million in
contract ORD-1444 for the FY 1959 industrial buy, the delivery of
which was scheduled for completicn in TFebruary 1962. Following
a detailed study of reasons for the sudden increase, ABMA attri=-
buted the rising costs to engineering changes and increased
material prices; but it was never able to secure sufficient
information to evaluate fully SUCG's anproach to estimating costs

of engincering chanve orders and repalyr parts ovrders. At beast,
(=] [=) x H

69(1) 11 ORDAB-CP-5-2, GG, AGMC, to CofOrd, 27 Feb 61.
(2) TT ORDAB-LP~53-2, same to sama, 28 Feb 61. Hist Div File.

7OSGT rog Repts for Mar 61, p. 23, and Apr 61, p. 13.
Hist Div Fil

€.
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SUCO's system of forecasting fund requivements appeared to be
quite poor. ~ Neveriheless, the shoritage was there and an adjust-
ment had to be wade. Bul then, after a new evalvation by LAGD in
carly June 1961, the original overrun figure for the two contracts
rose to 517,506,000 ($6,070,000 for OR~1503 and $9,438,000 fox
ORD~14443% . After the permissible tolerance or obligational
adjustment authovity of $4,569,900 had becn used, a balance of
$12,935,000 was required to cover TY 1959 and 1960 avthority.

ABMA received $4.5 million of that suwm to continue the contracis

to 1 August 1961, and took care of the rest by deobligation of
o .

FY 1962 funds.'?

@5 Funding shortages also existed in the T'Y 1961 PREMA
program. As a result cf the delay in completion of the R&D M
tests, the l=-year delay in the Enginecw-Service tests, and the
cancellation of FY 1960 procurement, the Chief of Qrdnance
requested and received authority to extend the LP classification
of the SERGEANT until the second quarter of FY 1963 (23 Novawber
1962) and to include a quantity of LF equipment in the Iy 1961
procurement schedule./ Sowe $64,230,000 in FY 1961 PEMA
authority was programmed for the first procurement of tactical
equipment for the Army, which included 50 missiles (less warheads),
11 XM=65 practice warhéads, 5 battalion scts of ground equipment,
14 sets of Type IV test equipment, 95 XM-91 and 19 XM~116 adap-
tion kits, and 25 sets of test and handling equipment. Projected
cost estimates at the end of FY 1961 indicated a requirement for

$8.6 million in additional program authority to complete Army

71(1) DF, Chf, AOMC Con Ofc, to CG, AOMC, et al., 4 May Gl,
subj: SGT Comd Program Presn [on 26 Apr 61]. (2) Ltr, CG, AOMC,
to CofOrd, 17 May 61, subj: Increased Costs on SGT Contrs ORD-
1444 & 1503, (3) DF, Chf, Mgt Engrg Div, ABMA Con Cfc, to Chf,
Con Ofc, 5 Jun 61, subj: SUCO Facterivg Sys. ALl in Hist Div File.

7201y TT ORDAB-CP-11-6, CG, AOMC, to CofOrd, 7 Jun 6l. (2)
Hist of ABMA, 1 Jul -~ 11 Dec 61, pp. 95-96. Hist Div File.

730TCM 37631, 15 Dec 60. RSIC.
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procurement. At the same tiﬁe, APMA received orders to procure

67 missiles, 7 battalion sets of ground equipment, and 6 sets of
Type IV test equipment for the Military Assistance Program (MAP);
however, adequate FY 1961 funds were not provided for the whole
order. Program guidance for the MAP purchases came t6 $36,557,000,
in contrast to a requirement of $55.4 million. As a result,
procurement of hardware had to be made on a piecemeal basis within
available dollars.74 Chart 8 shows the status of program funds

and procurement and delivery of hardware as of the end of FY 196l.

@ Phase V Proof Test Program (U)

(U) The primary objective of the final Phase V EM flight
tests was to demonstrate conformance of the complete tactical
weapon system to the MC's, with the main focus on verification
of system reliability. (The latter, it will be recalled, had
been given top development priority and the criteria established
for it had been adjudged as feasible from the viewpoints of
technology, time, and cost.75) The rhase V proof tests were to
have included a total of 11 firings, but two rounds (52 and 57)
were deleted from the flight test program. Because of the delay
in completion of the Phase IV firings and the time required to
incorporate essential design changes, the Phase V tests had been
rescheduled to begin on 7 March 1961 and be completed in June
1961, preparatory to the final release and completion of the R&D
program in July. This plan had been predicated on the assumption
that the Phase V equipment would embody the final tactical design
and that no changes would be made in the system except for safety
reasons. However, the weapon system fell miserably short of

meeting its MC's and wholesale changes resulted, stretching out

74(1) Presn for the CefOrd, atchd to Ltr, CG, AOMC, to CofOrd,
14 Mar 61, subj: Data for Monthly Discussion of SGT. (2) TT ORDAB-
CP-58~12, ABMA Comdr to CofOrd, 5 Jan 61. Hist Div File.

75§g£ above, pp. 39-40, 70-71. Also see App. I & II.
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the proof test period and completion of the R&D program to late
September 1961.

The Abort of Missile 49 and Suspension of Firings

-

ﬁé) Technical difficulties abounded from the outset of the
Phase V tests. Prefiring checkout of Missiles 49 and 50 began on
3 March, with the first flight test set for 7 March. Equipment
malfunctions were encountered so frequently that there were
insufficient persomnnel to record them. Troubles developed in
the firing set and missile control section; a hydraulic leak
in the launcher had to be repaired; the platform hood became
extremely hot owing to incorrect wiring of the fuze box;
problems developed in the guidance section and computer, with
repeated failures of OMIS tapes; an attempt to activate the
battery resulted in smoke and burned wires; and the aft launcher
jack had a bad leak. After some 28 unsuccessful mock runs on
Missile 49, Missile 50 was erected for firing in its place on
7 March. An open desiccant bag in the ADD package caused the
cancellation of that firing and deferment of the first flight

test to 10 March.76

‘b Missile 49, fired on 10 March, was a reliability
fajlure. An extraneous pulse at lift-off caused the elevation
computer to stop too early and the range computer failed to null
the error in the final flight phase, resulting in a missile
impact 1,730 meters short and 87 meters right of the target.77
The fact that this marked the third successive EM failure and
that it was attributed to a deficiency which had supposedly been

corrected, prompted ABMA to suspend the firings pending a full-

76(1) TT 1268-61 (Seec I & II), CC, WSMR, to ABMA Comdr,
7 Mar 61. (2) TT ORDAB-CR-31-3, ABMA Comdr to CofQrd, 10 Mar
6l. Both in Hist Div File.

77(1) TT 1253-61, CG, WSMR, to ABMA Comdr, 11 Mar 6%. (2)
TT 1471-61, same to same, 16 Mar 61. Both in Hist Div File.
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scale investigation of known and sucpected problem arcas.

(‘) The ABMA Commander, in late March, sent a task fovce to

SUCO to imvestigate the wetbods being uvsed in Recording, Analyz-
ing, and Teeding lack unsatisfactory cendition information into
the system desizn. The RAF Tank Force investigation, completed
on 7 April, rovealed deficiencics in five broad areas: system
enalysis; parts qualification, rodesiza, quality assurance, and
redivection of effort. In the arcas of noise and transieut
problems, for ewawple, SUGO's approach had been to eliminate the
effect, rather than to isclate and eliminate the cause. The

ask force concluded that a vedirection of effort, from manage=
ment level, toward a system approach rather than an'sndividual
quick~fix would be necessary to bring the system reiibbility up

to a satisfactory level.

@) Uo overcome the existing problem areas, ABMA, on 19
April 1961, initisted a program knoun as Project RAFINER (Record,
Analyze, Feedback; Uransient, Neisc, Environmental, Rewerk) shich
provided for expanded SUCO efferts in the areas of (1) system
analysis, with emphasis on noise and transients; (2) parts quali-
fication and component replaccument; (3) quality assurance, to
include more effective processing of malfunction data; and (4)
redesign, to subasscmbly level Since the project was expected
to require about 90 days and the warhead agencies neceded four
more firings within FY 1961, ARMA directed SUCO to proceed with
the firing of Rounds 50, 51, 53, and 54, then suspend further
tests until completion of corrective actions under Project

RAFTNER . 78

’) After applying quick~fixes to cowpensate for errors in

8(l) Rept, SGT Msl Sys Proj RAFYINER, 11 Aug 61, p. 1, atchd
to Ltr, Dir of Projs, RDO, ABMA, to CofOrd, 23 Ang 61, subj: Xmitl
of Rept SGT Msl Sys Proj RAFITNER. SPCF, Bx 13-825, RHA. (2) ABMA/
AQMC SGT Status Presn to DA, 6 Jul 61. RSIC.
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the previous three rounds, SUCQO fired the fouﬁ authorized missiles
in May 1961. Despite continuing technical difficulties during
checkout and countdown, the first three rounds (50, 54, and 53)
achieved their test objectives with radial errors of 216, 181,
and 173 meters, respectively. However, Round 51 impaéfed 108,116
meters short and 1,005 meters left of the target, for a radial
error of 108,121 meters. The large range error was attributed to
a faulty explosive switch which triggered a premature airburst of
the chemical warhead about 5 seconds after launch. A malfunction

. \ . 7
in the guidance platform caused most of the azimuth error.

Execution of Project RAFTNER

(‘8 In late May 1961, upon completion of the four warhead
firings, the Phase V R&D equipment was returned to SUCO for use
in the system analysis and updating with necessary design changes
to improve reliability. At the same time, ABMA 1ear§%d that
DCSLOG was considering the deletion of the ADD package from the
missile because of monetary reasons. The Agency considered this
device a technical requirement to meet the MC's and made its
position known to 0CO. Also in May, the O&E tests at Eglin Air
Force Base were cancelled and the equipment was diverted to ABMA
for use in road and vibration tests and in the design and develop-
ment of supplementary items to overcoue operational limitations

at high and low temperature extremes.

(U) Most of the necessary changes in ground support equipment
had been established by the 30 June 1961 freeze date for Block IV

industrial equipment; however, the late start in development of

)
i
79(1) Ibid. (2) SUCO Final Rept EJ-380-0312, April 1963,
ppc 2"5 - 2“‘6, 3"2- RST.Co

80(1) SGT Prog Rept for May 61, pp. 3-4. Hist Div File.
(2) Rept, SGT R&D Status, 18 May 61, atebd to DF Cmt #2, SGT/CPL
Wpn Sys Mgr, RDO, ABMA, to ABMA Con Ofc, 18 May 61, subj: Recq
for Info. SPCF, Bx 13~825, RIA. .
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sgine components delayved the final des
-

relcase to 30 Seplevber
and the initial battalion scls had to be delivered without
some major items. A case in point was the determination in May
1961 that air conditioning equipment was a mandatory requirocuwent
for reliable operation of the heat-scnsitive, heat-gencrating
clectronic gear in the OMIS, FMLS, and [iving sot.Sl By the end
of June, avvangements had becn made to borrow air conditioners
from the Corps of Engincers for use in the remaining R&D fivings,
but technical requirements for Blocl TV industrial equipment werc
not finalized until Septembern 1961»82 Some thorny problems thon

developed Letween Ordnance and the Coueps of Engineers with a

iy
resultant schedule slipuage and deldivery of the first few
. . . s . 83
battalion sets to the user without air conditioning units.
(U) Another decision having significant repercussions con-
cerned the controversial Nejdhart suspension system used on the
transport trailers and launching steticn. To resolve the existing
operatioral limitations at low temperature extremes, the Commander
of ALMA, in May and June 1661, divecced that winterizatioun kits be
developed as an interim measuce and that action be taken to sub-

stitute the OTAC-designed torsion bor suspension system for the

(1) DF, SGT/CPL Wpn Sys Mzr, RDO, to Sys Design & Dev Lab,
12 May 61, subj: Rqrmt to Design Air Condg for SGT Equip. SPCF,
Bx 13-825, RIHA. (2) For reasons enumerated earlier, air condi-
tioning cquipwment had been eliminated from the EM over objections
of the AC:C Enginecer Office. Sece above, pp. 156-57. Also sce
pp. 119 (fn 38), 128.

82(l) DF, SGT/CPL Wpn Sys MMgr, RDO, to ORDAB-IPS, 21 Jun 61,
subj: Air Condg Rqrmts for SGT. (2) DF, same to Sys Design & Dev
Lab, 7 Jul 61, subj: SGT Sys Air Coudg Equip. (3) DF Cmt #2,
SGT/CTL Wpn Sys Mgr, RDO, to AOMC Engr Ofc, 7 Sep 61, subj: Ltwt
Miniaturized, 60,000 BIU/Iir Air Coundr - SGT. ALl in SPCF, Bx 13-
825, RIA.

81

83(],) Ltr, DCG/BM, AOMC, to ColOrd, 9 May 62, subj: The
Monthly Ltr Prog Rept for SGT for Apr 62. Hist Div File. (2)
Also sec Docu on Air Condr Tech Rqrnts & Blvry Scds in SPCT,

Bx 13-825, RiA.
183



Neidhart rubber system on all semitrailers and launching stations.
Both 0OCO and AOMC challenged the design change on the grounds that
it would interfere with tactical deliveries and that it violated
certain restrictions previously imposed by an OCO directive.

With respect to the latter, the ABMA Commander explained that the
file was apparently misplaced during the transfer of responsibility
from ARGMA and the restrictions imposed therein were temporarily
forgotten. As to the other question, he argued that the decision
was based on sound test information and that it had to be made
before the end of June in order to effect the substitute in FY
1961 and subsequent procurements. Under the existing plan, all
tactical (Block IV) equipment would be delivered from the factory
with the torsion bar system, with the exception of six launching
stations and four FMIS's which were to be retrofitted in the field.
In addition, 66 trailers and launchers scheduled for training use
would be equipped with the Neidhart system with no plans for
retrofit since they would not be subjected to extremely low

84

temperatures.

(U) Mr. Edmond D. Messer, the SERGEANT manager in R&D Opera-
tions, non-concurred in the suspension system design change,
arguing that the available information was not sufficient to con-
firm the superiority of the torsion bar system nor to prove that
the Neidhart system would prevent the SERGEANT from meeting its
MC's. He also disagreed with the cost analysis on the torsion bar
system. Instead of an implied immediate saving of $519.20 per
launcher, he contended that the cost of spare relocation, fender
modification, tooling, and other associated items would actually

. . . . 8
result in a net increase of $120.51 per trailer. > Because of

84(1) SGT Prog Rept for May 61, p. 3. Hist biv File. (2) Ltr,
CG, AOMC, to ABMA Comdr, 9 Aug 61, subj: SGT Trans; & lst Ind, ABMA
Comdr to CG, AOMC, 30 Auvg 61. SPCF, Bx 13-825, RHA. (3) Also sce
above, pp. 85 (fn 48), 118-26, 148-50, 172, 175.

8)DF to Mr. Lewis, RDO, 22 Auvg 61, subj: SGT Trans. SPCF, Bx

13-825, RHA.
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subsequent delays fu developing the convoveion packape and the high

,
o

cost of retvofitting,

ACHC Tater veported that all of the tactical

Block IV) launchers, excent the {four Trom Vatertown Arscenal, would
¥ & 3

be aquippod with the Neidhorl sus;

wion system, and that winteri-

~

ont o would be available for issuc

o
. . ) R a6
pricr to overscas deploymnent of ihe first units.

zation Lkits then uader dovelo

() Awmong other changes in ground support equipwent were the
substitution of the Picatinny Avsenal warhead container (XM-140)
for the JPL XM-421 desdign, and use of the standard M~35 truck

as the warhead tvomaporier in plase of the JPL semitrailer. The
other three JPL wmissile containers (i.e., these for the recket
motor, guisdance section, and control surfaces) also fell short of
their MC's and had to be redesipned. The X-460 and XM~487 motor
and guidance section containers, developed by the Applied Design
Company, included design improvemsnis te eliminate structural

deficiencies and the addition of motor heating elements to meet

low-teaperature requirements. Sperry redesigned the, JPIL control
2,
surface {(fiug centalnor to climinate stvuctural deficiencics which

prevented its use as a reusable container.

(U) By early Auvgust 1961, SuCO bad completed the system
analysis under Project RAFTNLR and wos in the process of qualifi-
cation testing and updating the Phasc V equipment. The majority
of the veliability problems cncouﬂtered over the past year were
considered to be resolved. The few remaining were either being
corrected in the RAFTNER program or were expected to be corrected
under a proposed fixed price contract. The two reliability

problems yet to be definitely isolated and corrected concerned

’6 .
6 Ltr, DCG/BM, AGMC, to CoflOrd, 9 May 62, subj: The Monthly
Lty Prog Rept for SGI for Ap.s 62. Hist Div File.

87(1) Hist Rept, Sys Decirn & Dev Lab, RDO, 1 Jul - 31 Dec
61, p. 16. (2) For cvents leading te changes in the warhead

3t
container and transport moda, above, pp. 148-54.
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GOMHRPENTIAL

the accelerometer null offset and roll stability.88 Under the
watchful eye of the ABMA task force, SUCO had made significant
improvements in its management approach and, toward the end of
Project RAFTNER, had begun to acknowledge the existence of
critical system deficiencies which it had attempted té hide in
verbose comments and explanations. Still, there was no move on
the part of SUCO to avail itself of JPL's assistance. In view of
the reliability problems yet unsolved and the failure of the
weapon system to meet other MC's, such as checkout and repair
time and standby readiness, the ABMA Commander considered bring-
ing JPL back into the program. However, R&D personnel felt that
JPL would be of little assistance owing to the type of problems
being encountered and the fact that it had been disassociated

from the program for over a year.89

SERGEANT At The Crossroads

(ﬂ Although four Phase V rounds remained to be fired, it
was cvident from the results of the system analysis that the
program was in deep trouble. 1In a presentation to members of
the DA Staff and CONARC on 6 July 1961, the ABMA Commander
advised that the weapon system that would be available to meet
the June 1962 Ordnance Support Readiness Date (OSRD) would fall
short of the required MC's in the areas of checkout and repair
time, reliability, standby readiness, and low-temperature
storage limits (see Table 3). The air conditioning and winteri-
zation kits then under development were expected to solve most
of the temperature problems; however, an 18-month extension of
the OSRD (to December 1963) and a major R&D redesign effort
costing about $26.1 million would be required to meet all of

the stated MC's. To provide an interim capability, ABMA

88

89DF, Dir of Projs, RDO, to ARA Comdr, 30 Aug 61, subj:

Cmts on SUCO Ltr of 17 Aug 61. SIPCF, Bx 13-825, RHA.

SGT Prog Rept for 0CO, 3 Aug (1. SPCF, Bx 13-825, RHA.
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(C) SERCEANT ¥MC's wversus EXPECTED SVSTEM LIMITATIONS ON JUNE 1962 Q8zp (1)
REQUIRED MILITARY CHARACTERISTICS SYSTEM LIMITATIONS ON O3RD
CHECKOUT TE3T: Rapid functional test CﬂnCAOUT TEST: OMIS checkout takes two wen 38 minutes
with expenditure of not over one : nutes for cable connecting) assuming no
manhour of labeor. tions. Goal of 4 manhours for repair
ions will be in excess ¢of several hours.

RELIABTILITY:
1. PRE-LAUNCH: 90% of missiles must

90% will pass allowing several hour
5

pass checkout after 6 months bly replacement: 567 i first
storage. test attempt witheut failure of either missile or
H CHIS .
1
: 2. PRE-“IP : 5% may fail to launch iz, PRE-FIRE: 75% will launch within 20 minutes of
at des nated time for a 72-hour designated time during 72-hour standby.
period.

TLIGHT: 95%. 3. 1_:~LT”"T 75%.

4. DUD RATE: 1.9597%.

4. DUD RATE: 1%.

L81

INESS: \fter missile
he capable of fir
L-hour held and cm

hour hold. ;

STANDUY EEADT

prepared for

S: After missile is
1zing, it shall be
capable of firing on 5 minutes
notice cduring 72-hour hold.

TEMPERATURE : i
Operational: -25% to +125°F, % -25° to +125°F. using air conditioning
Sterage . -80° to +1600F. j zation kits.
! items can be safely stored without heat
except rocket mctor which must be main- -
: +10°F. or above by in-container" heaters,
§ e available by the CSRD. i

b a
SOURCE: AQMC/ABMA SERGEANT Status Presentation to DA, 6 Jul 61, REZIC.



1AL

offered four alternatives:

a. The SERGEANT with modified MC's, released at a minimum
economic production rate to replace CORPORAL. Cost: $28,830,000.

b. The SERGEANT with modified MC's, released at the currently
planned production rate to replace CORPORAL. Cost: $31,450,000.

c. No deployment of the SERGEANT with modified MC's, complete
reliance being placed on CORPORAL during the interim period. Cost:
$60,737,000.

d. No deployment of the SERGEANT with modified MC's, the SSM
version of the NIKE HERCULES being used as an interim replacement
for the CORPORAL. Cost: $70,350,000.

ABMA recommended adoption of the first solution because it more
nearly met the MC's, the system could be updated, and it could be
provided at a lower cost. The estimated cost for the modified
SERGEANT at a reduced production rate included extension of the
CORPORAL for 6 months ($1,630,000); retrofit of 22 sets of
SERGEANT equipment ($13,200,000); and industrial price increase

resulting from reduced production rate ($1l4 million).90

’) The DA decision handed down to the Chief of Ordnance,
thence to AOMC, in early August 1961 was that the June 1962 OSRD
for U. S. and MAP deployments would be met, and that the system's
ability to meet its MC's would be improved to the extent possible
without major redesigﬁ and in the time remaining. It was the
general consensus among the DA Staff and CONARC that the expected
capabilities of the existing SERGEANT system would provide a
usable tactical system superior to any available weapon and would
subsequently approach the criteria included in the MC's through
normal product improvements. For example, they felt that the
75 percent in~flight reliability anticipated as of June 1962
would increase to at least 80 percent as the result of normal

industrial effort, and that additional improvement would result

90

ABMA/AOMC SGT Status Presn to DA, 6 Jul 61.- RSIC.
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from correction of specifiec doficicncies rathor than basic systowm

redcesigns.

“'rIKSLOG, with the concurrence of other Army Staff monbers,
therefove directed the Chief of Crdnance to majintain the design
stature of the system being produced to meet the June 1962 GSRD
and to limit system improvements to norwal product iwprovement
and quality control, with emphasis on dmproving basic system
reliability by June 19562. Requircments for major modificationg
that would require additional funds were to be considered by DA
on a case~by-case basis. Approval of such wodifications would be
limited to those required to courect safety delficiencies or to
improve system reliability or opcrational capability. At the some
time, the Army Staff dirccted that the ADD package be eliminated
from the SERGEANT missile and that the dollar savings be applied
against other linc items in the programegl The deletion of the
ADD package way bave saved a few dollars, but ABMA still contended
that the device was essential to meet safety requirements and that
the MC's in that area should therefcre be relaxed. Morcover, the
belated decision created more work and cox.nplic.ationis since some
redesign of Block IV industrial equipment would be necessary to

9
compensate for the change.

w As a result of the July 1961 program review and subse-
quent DA Staff decisions, OCRD, on 13 Septewber 1961, approved
the revised statement of SERGEANT MI's. Military requirements
in the arcas of checkout test, standby readiness, and temperature

were lowered to the capability levels anticipated on the OSRD (sce

9]'(l) DF Cmt #1, LOG/G2 20816, DCSLOG to CofOrd, 5 Aug 61,
subj: SGT Program. Quoted in 'wT, CofOrd to CG, AOMC, 8 Aug 61.
(2) Memo For: CofS, USA, fx CRD, DA, 11 Aug 61, subj: SGT Msl
Program. Both in Hist Div File.

92(1) TT ORDAB-RJIS=232, ABMA Comdr to SUCO, 1 Scp 61. (2) TE
ORDAB~RIS=230, ABMA Coewdr to CofOrd, 5 Sep 6l. (3) Ltr, SGT Wpn
Sys Mgr, RDO, to Ccmdl, OCMS, 8 hov 61, subj: SCT ADD Pkg Dele-
tion. ALL in SPCF, Bx 13-825, RUA.
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Table 3); however, with the exception of an increase in the
allowable dud rate from 1 to 2 percent, the system reliability

. . 93 :
requirements remained unchanged. e

k'

Conclusion of Phase V Firings

(U) On the 20th, 26th, and 28th of September 1961, the eyes
of the Pentagon were focused on the White Sands Missile Range and
the last four SERGEANT R&D flight tests. Through teleconferences
set up with WSMR, at the direction of OCRD, officials in DOD, DA,
0C0, and AOMC received a step-by-steﬁ description of each of the
firings, beginning 30 minutes before lift-off and continuing
through a quick-look evaluation of the results and the suspected
causes of failures. These final R&D firings were conducted under
simulated tactical conditions with a wide range of test objectives
to provide as much information as possible on system performance
capabilities. The first two missiles (55 and 56) carried simu-
lated nuclear warheads, while Missiles 58 and 59 carried a

. . e e ; . -9
simulated chemical and biological warhead, respectively.

(@ Missile 55. The primary objectives of Missile 55 were to
demonstrate accuracy and reliability, and to test the capability
of the system to maintain a standby condition and complete a fir-
ing mission on 7.5 minutes' notice after a 4-hour hold. Countdown
was to begin at 1000 hours, proceed to X minus 3 minutes and hold
for 4 hours, reset at X minus 7.5 minutes, then proceed through
countdown to lift-off at 1430 hours on 20 September.95 During

the prefiring inspection and checkout of the missile and ground

931st Ind, CRD/IT 31332, CRD to Cof0Ord, 13 Sep 61, on Ltr,
ATDEV=-1 400.114, CG, CONARC, to OCRD, 8 Aug 61, subj: Recmd Chs
to SGT MC's. Cited in OTCM 37917, 14 Dec 61, subj: GM Sys, Arty
(SGT) - stf Apprd Rev of MC's. RSIC. (Sce App. II.)

94(1) DA Msg 902578, CofOrd to CG, AOMC, 15 Sep 61. Hist
Div File. (2) Hist of ARMA, 1 Jul - 11 Decc 61, p. 82.

95Ibido, pp. 82, 85.
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equipment, the WSMR crew noted nuwmcrous discrepancies of both a

functional and physical nature. To list only a {ew:

1. Poor paint jeb on rockel wotov; motor difficult to
remove from container; styroloam and paint stuclk to motor case;
primer charpe loosce from cartridge and had to be tightensd by
hand.

2. Migsile guidence section passed OMI'S check upon arrival,
but platform, computer, and contrcl assewmbiics fail®§ after
telemetyy calibration and had to be replaced. :

3. OMTS jibboom hydraulic jack pump leaking fluid upon
arrival; jibboem failed to operate properly and field repair
cffort to corrvect problem not c¢ffecitive. Othey OIS short=
comings: defective circuit seleclor; wissiug uuts, bolis, and
tools.

4. Launching station required numercus repairs and changes
to corvect mechanical defects; trouble doveloped in firing set
air condirioner; difficulties encountered witl firing set during
mock flightse-~three attempted with one success.
The countdown began on schedule and went to X minus 3 minutes, as
planned. ‘ihen, aflter the 4~hour hsoid, the couwnt was moved up to
X minus 7.5 winutes and resuwed. The firing mission, however,
was not accowplished within the 7.5 minutes' notice, as three
firing attempts were required to achieve launch. For example, one
hold of 10 minutes was called when trouble developed in the firing

set electronics.

(‘5 The failure of the system to meet even the modified
standby readiness criteria must have come as somewhat of a shock
to the partyline spectators—-particularly to those responsible
for the recent decision to ficid the system without major redesign.
And they no doubt shook their hcads and blinked thé?% eyes for a
second lock as their teletype machines clicked off the details of
the incredibly peor test results: Missile 55 impacted 13,220
meters long and about 350 meters left of its intended target.

Cause of the range abort: A loss of power caused the dragbrakes

to close prematurely on the sccond opening and fail to make a




S —— \

third opening. A post-launch inspection of gfound equipment re-
vealed some damage from the rocket blast; e.g., blistering of
paint on launching station; fiberglass protective wrapping on
electrical cables slightly loosened; blast gages moun?ed on
blast shield destroyed; and small hydraulic fluid leaks in the

launching station.96

(@ Missile 56. Though plagued by many of the same component
failures and shortcomings as noted in Missile 55, the second fir-
ing in the series, on 26 September, met all test objectives in-
cluding two new ones. For the first time, the SERGEANT was fired
from an elevation greater than the impact point; viz., from North
Oscura Peak at an elevation of 7,777 feet, southward to an impact
point at 4,065 feet elevation; In another first, the entire
system was road-marched 120 miles from WSMR to the firing site,
in a demonstration of its ability to accomplish a firing mission
within 2 hours after road march under tactical conditions. Missile
56 and the ground equipment reached the firing site without major
damage, and the firing preparation proceeded. A hold was called
for correction of a human error, but the countdown then resumed
and launching was accomplished without further incident. Success
was realized, as the missile impacted about 350 meters short and
90 meters left of the target. A post-launch survey again revealed
damage from the rocket blast,‘such as hydraulic fluid leaks in a
number of launcher components and two Z4-inch cracksﬁin the blast
shield; however, this damage was not sufficient to affect or delay

the last two scheduled firings two days later.97

(@ Missiles 58 and 59~the 8th and 9th in the Phase V EM

series and the last to be fired in the SERGEANT R&D test program-—

were both successfully flight tested in a cyclic rate demonstration

96TT 5592-61, CG, WSMR, to ABMA Comdr, 26 Sep 61 (4 sections/

17 pp). Hist Div File.

97Hist of ABMA, 1 Jul - 11 Dec 61, pp. 86-88.
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on 28 Sceptember 196%. Despite the recurvencoe of numerous
I

failures and walfunmetions during the prefiring checkout an
dovm, both missiles achieved their test objectives. Missile 58
achieved airburst aficer 150.2 scconds of flight and was deterwined

to be about 60 meters shorl and 50 wnoters left of the intended

arca. The warhead cvent in Miosil curired about 150 mcters

a8
~ N . . 70O
short and 40 metors left of the intended targei arca.

gressive improvemsnt in the last Lour firings, component failuves
during the prefiving inspection aml checkout of 1{} missile and
ground equipment indicated that scrious wnnufacturnnﬁ and quality
control defects still existed in tha weapon ovstom.\'fhw areas

of primary wealmess were duly noted in unsatisfactory cquipment
reports for corrective action in the course of the product
improvement program. DRult 1t remained to be seen whether or not
SUCO would be able to deliver a £1r14no:thy wceapon system by the

June 1962 readiness date-—less than 2 months away.

(65 R&D Flipght Test Summary ()

(‘5 All told, 48 wissiles werce cexpended in the R&D flight
test program during the 1956-61 period (8 feasibility rounds in
Phase I; 17 XM rounds in Phases II and III; and 23 EM rounds in
Phases IV and V). Of the 48 firings, 29 included experiments
with the inert primary warhead and adaption kit; &4 u1t1 the
chemical warhead; 5 with the biological warhead; and 1 with the
practice warhead. These firinge completed the programwed warhead
experiments on R&D missiles, leéving a total of 37 to be performed

in the upcoming Engineer-User flight tests.

‘ That the SERCGEANT weapon system had failed to meet its
i }

gglbié., pp. 88-90.

99DF, SGT Wpn Sys Mgr, RDG, to ABRMA Con Ofc, 16 Nov 61, subj:

SGT Wpn Sys Plan. SPCT, Bx 13<825, RHA.
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required 95 percent in-flight reliability can be seen from an
analysis of the Phase IV and V flight test data shown in Table 4.
Of the 23 EM rounds fired, 10 or about 42 percent were reliability
failures, with radial errors ranging from 482 to 108,121 meters.
Thirteen or about 58 percent of the 23 rounds were considered
successful, 10 of them achieving relatively small radial errors
and the other three impacting just outside the prescribed 300-
meter radius. Chart 9 shows the approximate impactapoints for

the 13 successful rounds.

@tg Cutback in Production and Deployment Plans (U)

(06 Having already approved the continuation of the LP
classification until 23 November 1962,]'OO the DA, on 8 June 1961,
concurred in the FY 1962 procurement program, which included 136
XM=-15 missiles (without warheads), 6 battalion sets of ground
equipment, 5 sets of Type IV test equipment, and 25 XM-65 prac-
tice warheads, along with a quantity of primary warhead sections,
adaption kits, and test and handliing eq\ipment.lOI With this
commitment and the Army directive in early August that the June
1962 readiness date would be met, the SERGEANT appeaked to be
back on the track and firmly established. Only a few months
later, however, it suffered another setback and came dangerously

close to being relegated to the scrap heap.

(d& In one of those agonizing reappraisals to determine ways
and means of cutting the defense budget, Secretary of Defense
Robert S. McNamara conducted a penetrating review of all Army
weapon systems, including the SERGEANT whose uncertain status at

the time made it a particularly vulnerable candidate for the

\

100§gg above, p. 177.

lOlDF Cmt #1, 00/618~2478, CofOrd to OCRD, 17 May 61, subj:
Quantities & Items Included in FY 62 Proc Scds Under LP TCLAS; &
Cmt #2, CRD/I 27557, CRD to CofOrd, 8 Jun 61. Quoted in OTCM
37867, 21 Sep 61. RSIC. :
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Takle 4
(C) FLIGHT DATA - PHASE IV & V ENGINEERING MODEL FIRINGS (U)
(Listed in Chrenolegical Order)

{ Ph & Blk | Firing | Rd Date Ranze o ]
Nunbex Number Nr Fired {km.) |
]
IV - A 26 30% 19 May €0 92 17,751 166 17,9115 | 165 17,912
Vo~ A 27 31 20 May 60 92 ~611 101 451 | 101 ey
IV - A 28 3% 5 May 60 92 ~1,592 -410 -1,432% =410 1 1,450
IV - A 29 325 31 May 60 92 -5.829 -7 5. 66 | -7 1 5,850
Iv - B 30 36% 26 Jul 60 140 -3,410 -150 ~3,148% | -130 3,188
IV - B 31 3 5 12 Aug 60 140 -45,336 -34 ~45,113% | ~34 45,113
IV - B 32 34 15 Sep 60 140 ~331 0 -165 C 105
IV - 3 33 37 21 Sep 60 92 ~70 -67 112 -11C 157 |
W - 3 34 39 23 Sep 60 140 2350 -80 | 155 -80 202
v - ¢ 35 40 1 Dec 60 60 -189 -6 ~25 -6 22
IV - C 36 42 12 Dec 60 92 ~19 7 35 7 26
L o lw-c 37 .1 |13 Dec 60 €0 162 -43 322 ~43 225
© 1 oIvo-cC 38 43% } 10 Jan 61 140 5,300 -83 5,59%% | -23 5,594
IV - C 39 45% | 26 Jan 61 140 -53 =420 -2237% | -0 457
v 40 Lo 10 Mar 61 bt -1.730 &7 i1 -1 720w s7 1 1,732 |
v 41 50 4 May 61 4t 915 17 1213 17 03z
v 42 54 15 May 61 110 21 -180 21 -180 181
v 43 53 16 May 61 10 | -165 -51 ~165 -51 173
v bt 51% 17 May 61 140 | -108,116 | -1,003 | ~108,1316% -1,005% | 108,121 |
1 45 55% 20 Sep 61 140 | 13,220 § -250 i 13,220% ~350% 13,225 !
v 46 56 |26 sep 61 L4 352§ -58 =352 -85 362 |
v 47 58 28 Sep 61 92 -85 i ~L6 -85 ~46 | 95 | .
i 48 59 28 Sep 61 52 -155 | - 40 -1.51 -40 | 155 |
*These rounds were reliability faiiures (aborts in range and/or azimuth).
*%All figures are given in meters.

“Minus sign indicates missile was short in range; no sign indicates missile was long in range.

Byt . o s PO )
Minus sign indicates missile was left in azi
MOTE: Round Nos. 33, &4, 46, 47, 48, 52, and

Lo

SOURCE: SUCO Final Rept EJ-380-0312, April 1S463. RSIC.
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[£3] ) 16.10.62~ 2%

Radial Errors of Thase IV and Phase V Rounds Without Reliability Failures.
SOURCE: SUCO Final Rept EJ=380-0312, April 1963, p. 3-3. RSIC.
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budeet ax. Apparently concluding fromw reeent repovts that the
SERCVART was the least likely to succeed, he slashed the 1962
PEMA program Lo zZeros-in nffect.killiﬁg it. 1In response Lo
vigosous rejoinders by the Avay, Sccretary H‘Qu.arn. “dn 8
Novewhber 1961, vestored the program to onc-half its original
gizc; i.e., 6 rather than 12 U. 4. tectical battalions. When

the reduced 'Y 1262

progran autherity was finally releascd,
it was tacitly understood by all concerned that the SERGEANT,

; . 02
thougl not dishenorably discharged, was on probation.

(@) ABMA had already triwmed funding roquirewenis for the
approved FY 1962 procurcment from $117,849,000 te $97,050,000,
throuch adjuvstments resulting from deleiion of the ALD package
and changes in the adaption kit leadtine. The Agency fully
believed that the reduced awount would cover ithe planncd pro-
curement.s with about $5.5 million left over to defray the
incrcased parts cost for FY 12061l. lowcever, the rzevised program
guidance released by DCSLGS in Tate Novewmber 1961 cut the figure
to §73,452,000. ABMA was thus faced with the task of procuring

the authorized quantities of hardware within the reduced guidance
[w]

. . L 63
figure and still providing a balanced program.

(@ The subsequent round of familiar "what-if' programming
exercises and impact reports established that FY 1962 PEMA
authority in the amount of $75,665,000 (52,203,000 above the
guidance) would be required to provide a balanced program in the
ground equipment area, plus another $2,225,000 for piece part
repair. Becausce of the late receipt of firm program guidance,
the FY 1962 hardware buy had to be placed under a letter order

contract to protect leadtime. The definitive contract was

102(l) SGT PM5P, 1 Aug 62, p. 4. (2) SGI FProg Rept for

Nov €1, p. 2. Both in Hist Div File.
103(1) TC 2374727, CofOrd to CG, AGMC, 27 Nov 61. Hist
Div File. (2) Hist of ABMA, l.Jul =~ 11 Dec 61, pp. 97-98.
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awarded on 29 June 1962, affér further delays in the issuance of

104

program authority.

@ As for the Army deployment plans, the phaseout of the
CORPORAL missile system would be accomplished according to the
original schedule, with the activation and deployment of the/
six authorized U. S. SERGEANT battalions to be completed between
June 1962 and June 1964. The first three U. S. battalions would
be activated by 30 June 1962. Another battalion would join the
group by 30 June 1963 with activation of the last two by 30 June
1964. The phase in of the SERGEANT would then be cotipleted with
deployment of one battalion to the Pacific, one to the Strategic
Army Forces, and four to the U. S. Army, Europe. The number of
MAP battalions remained unchaﬁged, the plan calling for three
German double-strength battalions (i.e., with four firing

batteries instead of two) and one Belgian battalion.105

104(1) T ORDXM-ISBP-11-1, CG, AOMC, to CofOrd, 19 Jan 62,
atchd to SS ORDXM~I1-~13-62, 1¢ Jan 62, subj: SGT FY 62 Program.
(2) Monthly Ltr Prog Rept for SGT as of 3L Mar 62, p. 7, atchd
to Ltr, CG, AOMC, to CofOrd, 9 Apr €2, subj: Monthly Ltr Prog
Rept for SGT. Both in Hist Div File. (3) iiist of HQ AGMC,

1 Jan ~ 30 Jun 62, pp. 32-3

l05(1) SGT Prog Eept for Nov 61, p. 2. (2) Bfg to CEN F. S.
Besson, Jr., 5 Nov 62, by SGT Pucj Mgr, p. 4. DBoth in Hist Div
File. ‘
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CHAFTER VI ¥

AND PRODOCT THMPROVEMENT (U)

By

(U) The SERGEANT met its June 1962 readiness date as ordered
though it fell wiscrably short of cwhbodying the workhorse weapon
that the develeper had set out to provide. The reasons were manis-
fold, but the cune underlying them alle-aside from the stop-and-go

et

funding support~-was injudicious program scheduling in the face of

clearly defined warnings of the conseguences.

(U) The Divector of JPL, in his SERGEART propossl of April
1954, had warned that the succaessivl completion of the weapon
system would depend upon a logical and orderly RED program, and
that any attemnt Lo compress the RED and producticn phases would

inevitably result in "compromise decisions and ill~chosen designs

which will plague the system for Ny YEaYrSe He went on to say

that a proporly planned den program weuld be ne more

costly than a 'crash' prograw, and would, in fact, 'pay for itself

many Ltimes over in the saving of producition funds brought about
by a relative freedom from production changes and field modifica-
tions." It might take a year or two longer to complete such a
program, he averred, but it would take no longer to deliver the
first production of the system elements that would "really
satisfy the desired military characteristics and accomplish the
objective of a work-horse missile representing a-significant
improvement on the CORPORAL.“1 Eight years later, nothing could
be added and nothing subtractad from his words, for the Army, in
insisting on a compressed schedule for an earlier operational
capability, had acquired abcostly weapon system full of engincer-

ing "bugs'" that did indeed "plague the system for many years.'

1§E§ above, p. 32.



)

(9 It will be recalled that JPL and Redstone Arsenal, in
1957, had vigorously resisted pressure to accelerate the program
schedule, arguing that the time required to meet %he stringent
MC's precluded a crash program unless the user were willing to
accept serious compromises in reliability and other importani
system characteristics. Nevertheless, the Secretary of the Army,
in early 1958, directed that the readiness date be hastened by
14 months, from October 1962 to August 196l. Just 2 years later,
in April 1960, the program suffered a 10-month slippage because
of technical, administrative, and financial problems, resulting
in a revised readiness date of June 1962. It then beccame
apparent in July 1961 that the required MC's could not possibly
be met by June 1962, and the ABMA Commander so informed members
of the Army General Staff and CONARC. Though fully aware of the
shortcomings in the weapon system and its field maintenance
support equipment, the DA Staff decision in early August 1961 was
that the June 1962 readiness date would be met and the ability of
the system to meet its MC's would be improved to the extent pos-
sible without major redesign and in the time remaining-—a little

less than a year.2

(@ The fact that sérious shortcomings still existed in the
system was vividly demonstrated in the last four Phase V tests in
September 1961. Yet the Army would not be moved from a rigid
enforcement of the June 1962 readiness date. The SERGEANT was
thus pressed prematurely into the hands of the troops with full
knowledge that it did not meet the required design characteristics
in either performance or reliability and that the initial ability
of Ordnance to provide full and effective field support would be

. . 3 .o
severely impaired. General Hinrichs put the consequences of

2Scq above, pp. 120-34, 16068, 186-90.

Hist Rept, SGT Proj Ofc, 1 Jul - 31 Dec 62, & incls theveto.
Hist Div ¥File.
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such programaing in proper perspective when he wrote:

« o « I should like to emphasize that wve pay a price for crash
programs, boih in dollars and in i 1l excellence of product,
and speed and easc of training. T do not suggest that we ba

these facts. 1 do suggoest that wve make every effort to educate

SO

all ecliclons to receognize them as facts ™

() It was during the hectic wenths of 1962 that the SERGEANT
Project Office was organized and COL Jolhn B. Aber took over the
monumental task of dirxceting the muliiifarious proegram while at
the same time huilding a competent personncel stafl to carry cut
his mission as Project Manager. Despite serious disruptions and
loss of some key project personnel vesulting from the organiza-~

tional upheaval, Colonel Aber and his {ledgling staff wancged to
meet the 1962 unit activation schedule and laid the groundwork
for subsequent field depleyment of the weapon system. COL Jestex
M. Loomis took over as SIRGEANT Project Manager in January 1963
and guided the program through overseas deployment in 1963-64

and the follow-on product improvement phase.

v

(@ Though not yet stabilized in design and support capabil-
ity, the SERGDANT weapon system issued to the field in 1962 ful-
filled its military objective as a drastic improvement over, and
replacement for the CORPFORAL missile system which had becn
operational since 1954. DBriefly, the SERGEANT's mission wag to
attack and destroy major targets deep in enemy territory, such as
large troop concentrations, nuclear delivery systems, commnunica-
tions centers, and command and supply installations. Tts 75-mile
range, its all-weather delivery capability, and its choice of

nuclear, biological, or chemical warheads would enable the corps

4 . ' .
Memo For: LITG Carter B. Magruder, DCSLOG, from MG J. H.

>

Hinrichs, Cof0rd, 11 Dee 58, subj: Ord Objectives. Hist Div File.

5See above, pp. 87ff.
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commander to wipe out enemy threats at a distance and of a magnie-

tude far greater than was possible in World War 1I or even Korea.

@ Although sometimes erroneously described as an improved
CORPORAL, the SERGEANT missile system was actually an entirely
new weapon with striking improvements and advantages over its
predecessor. Equal to the CORPORAL in range and fire power, it
was only half as large and bulky and required less than one-third

as much ground support equipment. Its highly reliable solid

' CORFORAL SEZ8EANT

S -

" Ground Equipment Requirements - SERGEANT versus CORPORAL

propellant rocket motor could be readied for firing in minutes,
whereas the CORPORAL's high-compression liquid propulsioﬁ system
required hours to prepare for firing and invited plumbing failures,
fires, and explosions. Another advantage was in the guidance
technique, the SERGEANT using an all-inertial on-board guidance
system that made it immune to all known enemy electronié counter-
measures, in contrast to the CORPORAL's complex electronic link
between the ground guidance equipment and the missile, making it
particularly wvulnerable to countermcasures. The eﬁtire SERGEANT

weapon system was rugeed and mwobile, comparatively. simple to
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operate and wmaintain, and ffénsportable by C=130 aircraft. The
combination of these and many other advantages made the SERGEANT
far more combat ready and fieldworthy than the CORPORAL whose

equipment and reliability were rapidly deteriorating.

(@ The SERGEANT was fielded in battalions of two firiné
batteries, each having one launching station. Each firing unit,
or battery, had its own survey, communications, maintenance, and
administrative personnel, and could thus operate at distances far
from its battalion headquarters. Backing up the launching station,
normally in a separate area, was the firing battery's OMIS; and
backing up the latter, in a central battalion location, was the
FMIS of the organic Ordnance Direct Support Unit (DSU), later

redesignated as the Missile Maintenance Platoon (MMP).

(Q’ Although the initial tactical equipment was deficient in
many respects, the SERGEANT was the first missile system to be
fielded with anything like the degree of automation designed into
it for checkout, firing, troubleshooting, and maintenance.. The
maintenance and test equipment was self~checking and automated,
with increasing fault isolation capability at each successively
higher support echelon. At the launching station, malfunctions
could be isolated to major missile sections; at the battery's
OMTS, down to assembly level; at the battalion's FMIS, down to
subassembly level; and at higher echelons, down to the lowest
piece part, such as a diode or transistor. Built and packaged
for ruggedness and reliability, the mechanical and electronic
assemblies were positioned for easy access and maintenance,
facilitating rapid repair in the field by extensive use of
replaceable, plug-in parts, or modules. Automated, go~no-go
type checkout equipment, operated by pushbutton, rapidly iden-
tified a faulty module, so that repair was simply a matter of
pulling out one module and plugging in anothor. The faulty
assemblies or subassemblies were then passed back to Ordnance

cneral support units or denosts for piece part repair or rebuild.
B v
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(U) As originally planned, piece part repair or replacement
of faulty subassemblies (such as diodes, transistors, etc.) was
to be accomplished at the Pueblo Ordnance Depot (fifth echelon)
maintenance shop, with one or more theater depots to be set up
overseas if system density warranted. This initial concept was
revised in February 1962 to provide a piece part repair capabil-
ity in the field at the Ordnance general support (fourth echelon)
level of maintenance. Among the major reasons for this change in
maintenance philosophy were these:

1. Reliability of materiel proved, in practice, to be lower
than the original designers had optimistically predicted.

2. The cost of the modules turned out to be several times
higher than originally predicted.

3. The combination of increased requirements for parts
stockage at various echelons of supply and maintenance and the
increased costs of these stocks resulted in a total cost of
repair parts that was unprecedentedly high and virtually
impossible to obtain within available program authority.

4. With the drastic reduction in the planned number of
SERGEANT battalions, the establishment of fifth echelon repair
depots in overseas theaters could not be justified. Giving the
general support unit a piece part repair capability meant that
about 90 percent of faulty parts could be repaired within the
theater and close to the supported tactical units.

(U) Because of the long leadtime required to develop and pro-
cure the new trailer-mounted General Support Shop Set (GSSS), the
first general support units had to be fielded without a piece part
repair capability. The impact was primarily in. overseas units,
where there would be a 6~month gap betwecen deployment of the first
battalion, with its organic direct support unit, and the subse-
quent deployment of its backup general support unit with its FMIS
and GSSS (later renamed Field Maintenance Shop Equipment, or FMSE).
To lessen the consequences of this gap, the SERGEANT Project
Manager planned to beef up the theater stockuge of parts beyond

. . 6
that which would normally support one overseas battalion.

6sGT PMoP, 1 Aug 62, pp. 1-3, 28, 73. Hist Div File.
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(U) Personnel Training Program

(U) Although the SERGEANT weapon system did not reach the
field as a tactical unit until 1962, the personnel training
prégram necessarily began several years earlier. Therinitial
phase consisted of on-the-job training (QJT) to provide advance
information to personnel responsible for planning, maintenance,
and training documentation. Between 25 September and 18 December
1959, 32 students completed training courses at SUEL on key ele-
ments of the weapon system; i.e., the firing set, missile guidance
section, OMIS, FMIS, and launcher. 1Included in the student enroll-
ment were personnel from the ARGMA Field Service Division, the
Pueblo Ordnance Depot, the Ordnance Guided Missile School (OGMS)
at Redstone Arsenal, and the WSMR (Service Branch and System Test
Division). Concurrently with the preliminary OJT courses, Sperry
began the preparation of lesson material and training aids for
the formal New Equipment Training program to be conducted under

contract DA-04-495-0RD-1586.

(U) Often referred to as key personnel training, New Equip~-
ment Training (NET) is defined as '"The initial transfer of
knowledge to key military and civilian instructors and mainte-
nance personnel, who are already qualified in their respective
fields, in anticipatidn of the release of new equipment to the
field.'" Sperry conducted the SERGEANT NET courses under
supervision of the ABMA Training Office. The program consisted
of two basic courses: a l2-week one for Ordnance instructor
and key maintenance personnel, and an 8-week one for Artillery

instructor personnel.

(U) The Ordnance NET course was designed to train selected

personnel in the theory, operation, and maintenance of the

7(1) SGT Prog Rept for Sep 59, pp. 8-9. (2) SGT Training
Plan, ABMA, 13 Dec 60, pp. 2-3. Both in Hist Div File.

207




weapon system.8 The purpoééﬁof new equipment training for OGMS
instructor personnel was to accomplish the necessary transfer of
knowledge to enable them to prepare and/or assist in the prepara-
tion of Programs of Instruction (POI's) and lesson plans to be
used in the training of Ordnance personnel, and to prepare them
to teach and/or supervise the instruction of military personnel
during the Ordnance training phase. The Ordnance maintenance
technicians were provided thorough familiarization with system
theory, operation, maintenance, and logistic concepts. Upon
completion of this training, they participated in maintenance
analysis of the weapon system, supervised and/or assisted in the
pfeparation of technical manuals, or performed depot functions
relating to the SERGEANT system, as applicable. All told, 162
Ordnance personnel completed the 12-week NET course at SUCO

during the period 4 January to 24 October 1961.

(U) The purpose of new equipment training for Artillery per-~
sonnel was to accomplish the necessary transfer of knowledge to
enable them to prepare and/or assisi in the preparation OEAPOI'b
and lesson plans, and to prepare them to teach and/or supervise
the instruction of military personnel during the Artillery train-
ing phase. Student enrollment at SUCO included personnel from
the Artillery Board, Artillery & Missile School, DCSOPS, and WSMR.
This phase of the NET program began in March and continued through
September 1961, with a total of 54 Artillery personnel completing

the 8-week course.

8Besides observer participants from the Engineer School at
Fort Belvoir, Virginia, the student enrollment included trainecs
from OGMS; Field Support Opevations, ABMA; Field Maintenance
Division, Redstone Arsenal; Pest Ordnance, Fort Sill, Cklahoma;
Pueblo Ordnance Depot; Fort RBlics Ordnance Center; Artillery
Brigade, Fort Sill; Deputy Chief of Staff for Military Operations
(DCSOPb), DA; and WSHMR.

(l) SGT Wpn Sys Plan (WSP-2), Annex [ Training Plan, 15 Aug
61, pp. 5=7. (2) SGT Prog Rept for Oct 61, p. 5. Both in Hist
Div File. :
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(U) Ordnance unit or resident training classes commenced at
OGMS in October 1961. Artillery classes on the 3G52 trainer
began at Fort Sill in January 1962, preparatory to activation of

the first SERGEANT battalion in March.10

(U) In addition to the above Ordnance and Artillery NET’and'
resident training courses on the basic weapon system, a technical
familiarization course, NET courses, and Military Occupational
Specialty (MOS) training for SERGEANT special weapons were con-
ducted under supervision of the Picatinny Arsenal. The purpose
of the technical familiarization course, conducted at Picatinny
Arsenal in November 1961, was to familiarize selected personnel
with the basic characteristics, assembly, storage inspection,
field testing, functioning, and use of the warhead adaption kit
and associated test and handling equipment. tThe Pueblo Army
Special Weapons Depot conducted NET courses on field and organ-
izational maintenance c¢f the XM-91 adaption kit and XW-52 warhead
during the first half of 1962. The MOS training courses were
conducted at the Defense Atomic Support Agency, Albugquerque,

New Mexico.

(U) Considering the results of the system maintenance
analysis completed in January 1962, representatives of 0CO, OGMS,
AQMC, and the Ordnance Training Commaﬁd, in a meeting at Redstone
Arsenal, agreed on the concept and extent of training on both new
equipment and piece part repair that would be required by the
first SERGEANT General Support Unit (GSU) before its overseas
deployment.12 Because of subsequent problems in design definition
and component tooling, and a resultant delay in delixfry of the

GSSS, extraordinary measures were required to meet training and

lOSGT Prog Repts for QOct 61, p. 6, and Jan 62, p. 6.

11¢1) ser wpn Sys Plan (WSP-2), Annex E Training Plan, 15
b

Aug 61, pp. 35-42. (2) Ch 1 to SGT PMpP, 30 Jun 63, pp. 58-59.

Both in Hist Div File.

leGT Prog Rept for Jan 62, p. 7. Hist Div File.
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deployment schedules for tﬂgrinitial GSU. Recognizing that the
delay would eliminate formal training time, the SERGEANT Project
Manager directed that (1) one qualified SUCO technician be
furnished each GSU receiving the GSSS; (2) two maintenance
technicians from the GSU and the two DA civilian technicians”
then assigned to each GSU receive about 8 weeks training at SUCO;
(3) representative piece part repair be taught at OGMS; and (4)
draft procedures and a kit of high-usage, high-mortality repair
parts be shipped concurrently with each shop set.13 SUCO com~
pleted the initial NET courses on the GSSS during the first half
of CY 1963. All new equipment training was completed on 2 October

1§63, with the final course on the GSSS.]'4

(@ Unit Activation and Deployment (U)

(U) The Ordnance Support Readiness Date for a weapon system
is generally defined as that date by which it is planned to
furnish the first complete weapon system to the field and to have
all initial capabilities (e.g., trained manpower, training aids
and devices, technical publications, repair parts, equipment, and
facilities) needed for sustained supply, maintenance, and other
Ordnance support consistent with the approved plan or program for
that weapon system. Ordinarily, the engineer and service tests
are completed enough in advance of the readiness date so that the
necessary design changes may be incorporated to correct short-
comings and the weapon system reclassified from LP to Standard A

before tactical deployment.

@) In the case of the SERGEANT, the June 1962 readiness date

was met but with less than full support capability. Moreover, the

L3sqr Proj Ofc Hist Rept, 1 Jul - 31 Dec 62, p. 10. Hist
Div File.

4

1+(l) SGT Proj Ofc Hist Rept, 31 Dec 62 -~ 1 Jul 63, p. 7.
(2) SGT Proj Gfc Hist Rept, 1 Jul 62 - 30 Jun 64, p. 5. Both in
Hist biv File. '
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system equipment was yet to be updated to the full tactical con-
figuration and yet to be subjected to engineer-service tests, thus
requiring an extension of the LP classification for at least
another year. It will be recalled that the LP classification had
been extended to the second quarter of FY 1963 (23 November 1962),
because of delays in the R&D EM tests, cancellation of FY 1960
procurement, and the consequent l-year slippage in the engineer-
service test program.15 The plan at that time was to begin the
engineer~service tests in October 1961, using Block III equipment;
however, the subsequent elimination of the Block III configuration
in June 1961 necessitated a readjustment of the delivery schedule.
In order to use Block IV tactical equipment for the engineer=-
service tests, it was necessary to delay the tests until after
February 1962, when the first tactical deliveries were to begin.
Therefore, the joint engineer-service flight test evaluation was
rescheduled to begin in Jjuly 1962 and continue concurrently with
tactical deployment of the weapon system in 1963. In view of

this new schedule, OCRD granted a l-year extension oﬁkthe P

classification (to November 1963).]‘6

Early Supply and Support Problems

“b The support problems. encountered in the months following
the SERGEANT readiness date were attributed in large measure to
the earlier refusal of the DA Staff to accept a slippage in the
schedule on the premise that most of the remaining deficiencies
in the system could be overcome by deployment time. The improve-
ments needed to meet the MC's were mainly concerned with relia-
bility and the ability of the system to operate effectively in

extremely hot weather. The project was alrcady on a very tight

15See above, p. 177.

16 : . . :
Ltr, CG, AMC, to CRD, n.d., subi: SGT (M Sys - Extension
.

1
of LP Clas; and lst Ind, OCRD to C&, AMC, 15 Nov 62. Both quoted
in AMCICM 647, 21 Mar 63. RSIC.




schedule, difficult to meefhéven under ideal circumstances, when
the improvement program threw into the system a mass of additional
changes that simply could not be assimilated in the time available.
In their zeal to improve system performance, design engineers
tended to ignore the chain reaction of bothersome, unglamorbﬁs
side effects that even the simplest hardware change would
initiate=~such as changes in documentation, already produced
repair parts, supply manuals, catalogs, calibration, maintenance
allocation charts, maintenance procedures, special tools, test
equipment, etc. 1In any case, the eleventh-hour changes made by
the design engineers and the reliability improvements resulting
ffom the RAFTNER program led to a critical shortage of repair
parts that seriously impaired the ability of Ordnance to support
the system in the field. This situation was aggravated by a
shortage of funds, by late funding and hence late procurement of
long~leadtime items, and by accumulated parts mortality experience

which dictated heavier provisioning at various support echelons.

m As of 30 June 1962, two U. S. tactical battalions (3d
Battalion/38th Artillery and 5th Battalion/8lst Artillery) and
three Ordnance support units had been activated and were under-
going training at the Artillery School and OGMS. To meet the
delivery schedules for these units, it had been necegsary to
ship some equipment short a number of test tapes and certain
secondary hardware items which would have to be issued to the
field as they became available. A major source of the shortage
was the modification-retrofit program for RAFINER changes and
the lack of concurrent spare parts support of such items. To
alleviate the repair parts problem, the SERGEANT Project Manager
reallocated electronic top asscwblies from certain sets of ground
equipment to spare parts requirements and pooled stateside re-
sources to provide repair parts training at Redstone Arsenal,
Fort Sill, and WSMR. Besides the spare parts shortage, air

conditioning units were not available on the readincss date and

212




T o

operational deficiencies later developed in the FMIS, in two of

the missile containers, and in the vehicle suspension system.

(U) As stated earlier, the need for air conditioning in the
ground support equipment (i.e., the OMIS, FMIS, and firing set)
was not established until 1961, and the cooling unit could nét be
developed and procured in time for the initial tactical deliv-
eries-18 By the end of August 1962, air conditioners and duct
work had been installed in the tactical ground equipment already
in the field, and subsequent equipment was delivered‘eomplete

with the cooling units.

(‘, Operational deficiencies in the FMIS presented serious
support problems that continued long after the first unit was
deployed. Here again, the difficulty could be traced to the
design changes introduced by the reliability improvement program.
Most of these changes were in the missile; and this led to changes
in the launcher (firing set) electronics, the OMIS, and finally,
in falling domino fashion, the FMIS. .Being the highest echelon
piece of test equipment in the original system, the FMIS, of
necessity, had to be the last item deployed. Normally, about a
year's lag in development could be expected, but the large number
of changes generated late in the program increased this time lag.
The result was that the FMI'S jnitially produced and fielded was
totally unsatisfactory in both performance and reliability and
would not provide automated third and fourth echelon maintenance
support for the system. It was designed to istlate electronic
failures down to subassembly level in about 90 percent of all

electronics within the system. However, tests conducted at WSMR

17(1) SGT Proj Ofc Hist Rept, 1 Jul - 31 Dec 62, pp. 1, 6-8,
& incls thereto. (2) SGT PMpP, 1 Aug 62, pp. 3-4. Both in Hist
Div File.

8See above, p. 183.

19SGT Proj Ofc Hist Rept, 1L Jul - 31 Dec 62, p. 12. Hist

Div File.
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in July, August, and September 1962 disclosed that the FMIS was
achieving only 20 percent effectiveness owing to a lack of
sufficient test tapes, inaccurately programmed test tapes,
incompatibility between test tapes and assemblies under test,
and unreliability of certain components in the set. A crash_
program to install new tapes and a tape reader assembly
substantially improved its capability, but upgrading was still
required and modifications continued on a normal retrofit basis
in 1963~64.2°

(@ The new XM-486 motor container and XM~487 guidance
section container designed and manufactured by breakout con-
tfactors to replace the JPL XM-419 and XM=~420 contaiﬁérle
proved to be unsuitable for tactical usage and were rejected
by the Artillery Board following tests at WSMR in September
1962. Guided by the results of final system tests on modified
versions of all four containers, in April 1963, the Artillery
Board accepted the redesigned JPL containers as the standard
tactical wmodel. Becausc of the quantity of the XM-486 and
XM-487 containers already in the system, they would still be
used, but for non-tactical shipping and storage purposes

only.22

(U) The wisdom of the decision to replace the JPL-designed

Neidhart rubber suspension system with the QOTAC torsion bar

20(1) SGT Proj Ofc Hist Rept, 1 Jul -~ 31 Dec 62, pp. 8-9.
(2) Rept, FMIS Status, atchd to DF, CAPT [Ralph J.] Cook, [Asst
to SGT PM], to COL [J. E.] Aber, [SGT PM], 10 Oct 62, subj: The
SGT FMIS Status. (3) SGT Proj Ofc Hist Rept, 31 Dec 62 - 1 Jul
63, p. 7. (&) SGT Proj Ofc Hist Rept, FY 1964, pp. 13-14. All
in Hist Div File.

leee above, p. 185.

22(1) Ltr, Dep PM, SCGT Wpn Sys, to CG, AMC, 20 Dec 62, subj:
Monthly Highlight of Maj Mat Proc & Dev Programs (RCS 0OSD 1076).
(2) Ch 1 to SGT PMpP, 30 Jun 63, p. 56. (3) SGIL Proj Ofc llist
Rept, 1 Jul =~ 31 Dec 62, pp. 11-12. (4) SGT Proj Ofc Hist Rept,
31 Dec 62 = 1 Jul 63, p. 3. All in Hist Div File..
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system on all transporters23 came into question in 1963, when
cold weather tests at Redstone Arsenal clearly demonstrated that
the magnitude of shock transmitted to the firing set by the prime
mover (M52 truck tractor) far exceeded that transmitted by the
Neidhart rubber system on the transport trailer. The decision,
however, was immutable. Work continued on the torsion bar con-
version package and the Army Tank-Automotive Center (formerly
Ordnance Tank-Automotive Command) investigated possible means of
obtaining a softer ride from the M52 prime mover. Meanwhile, the
tactical transporters were deployed with the Neidhart suspension
system and a winterization kit to increase their low-temperature
performance. Later, they were all retrofitted with the torsion
bar suspension system, but the available evidence does not indi-
cate that the problem with the prime mover was ever solved.
Responsibility for the engineering and maintenance of all trailers
and enclosures for the OMIS and 'MIS was transferred to the Army

Tank=-Automotive Center effective 1 December 1962.24

Tactical Deployment

W) Except for a change in the number ®f U. S. and MAP units,

23(1) See above, pp. 183-85. (2) The decision had been
predicated on results of earlier environmental tests of the
transporters and prime movers which indicated that the combi=-
nation would not remain operable, within the shock and vibra-
tion limits, at low temperature extremes (O0 to -650F.),
because the Neidhart rubber suspension became hard and stiff.
Advocates of the Neidhart system argued that the rubber tires
on both the trailers and trucks would be susceptible to the
same impairment regardless of the type suspension used, and
that the torsion bar system would not appreciably increase the
mobility of the vehicles in extremely cold weather. Intvw,
Mary T. Cagle with Paul R. Collier, SGT Cmdty Ofec, 23 Apr 70.

24(l) Ibid. (2) SGT Proj Ofc Hist Repi, 31 Dec 62 - 1 Jul
63, p« 4. (3) SGT PMyP, 31 Mar 63, p. 62. Both in Hist Div
File. (&) AGHMC Rept RT-IM-62-36, 18 Sep 62, subj: SGT Neidhart
Suspension Sys Winterizatien Kit Test. RSIC. (5) Ch 2 to SGT
PMoP, 30 Jun 68, p. 10. Hist Div File. '
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the tactical deployment of the SERGEANT weapon system was accom=
plished essentially according to the plan laid out in late 1961.25
The number of authorized U. S. battalions was increased from six
to seven, the planned Belgian (MAP) battalion was cancelled, and
thé number of double-strength German (MAP) battalions was in-
creased from three to four. Between June 1962 and September 1964,
all seven of the Army battalicns and their support units were
equipped, trained, and deployed—one to Fort Sill, Oklahoma
(Strategic Army Corps), five to Europe (four in Germany and one

in Italy), and one to Korea. Deploymeﬁt of the original three

MAP battalions to the Federal Republic of Germany (FRG) was
completed in 1963-64 and the fourth in 1965-66.2° (See Table 5.)

(U) The CORPORAL weapon system was phased out of the field
as SERGEANT units became availablé. Inactivation of the first
European battalion occurred on 31 March 1963. By 10 June 1964,
all of the CORPORAL missile maintenance technicians had left the
Seventh Army and the last CORFORAL artillery unit was inactivated
on 25

CORPORAL missile system as obsolete effective 1 July 1964.27

Junc 1964, The AMC Technical Committee reclassified the

(@ Engineer-Service Test Program (U) %

(#) The joint Engineer-Service tests proceeded concurrently
with the initial unit activations, training, and deployment in
1962-63. The primary objective of the test program was to deter-
mine the ability of the tactical weapon system to meet its MC's.
The Enginecer~Service (E/S) flight tests began at WSMR in July 1962
and continued through June 1963. All told, 28 missiles were fired

in the E/S tests and 10 in Annual Service Practice (ASP), along

zsggg above, pp. 197-98.

26(1) Ch 1 to SGT TP, 30 Jun 64, p. 38. (2) Ch 5 to SGT
PMoP, 30 Jun 65, p. 38. Both in Hist Div File. ‘

27(1) MICOM Anl Hist Suwm, FY 1963, p. 119. (2) MICOM Anl
Hist Swumn, IFY 1964, p. Ll4. :
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Table 5
(!’ SERGEANT TACTICAL DEPLOYMENT SCHEDUILE - 1962-66 (U)

U. S. ARMY Equip. Prod | Equipment ATT Deployment
Bn & Spt Units Tocation Dlvry Date Fill Date | Firing Date Date
3d Bn/38th Arty Ft Sill, Oklahoma Apr 62 May 62 Jun 62 Sep 62
MMP (Formerly 23d DSU) Apr 62 Apr 62
5th Bn/77th Arty Babenhausen, Germany Jul 62 Aug 62 Dec 62 Mar 63
, MMP (Formerly 25th DSU) May 62 May 62
~%
‘ 3d Bn/8lst Arty Koyand-Gok, Hagok, Korea Jul 62 Oct 62 Feb 63 Jun 63
MMP (Formerly 26th DSU) May 62 May 62
Sth Bn/73d Arty Ealangen, Germany Nov 62 Mar 63 Jul 63 Sep 63
MMP (Formerly 37th DSU) Jul 62 Aug 62
5th Bn/30th Arty Vicenza, Italy Apr 63 Jul 63 Oct 63 Dec 63
¥MMP (Formeriy 90th DSU) : Feb 63 Feb 63
N 3d Bn/80th Arty Gonseheim, Germany May 63 Sep 63 Jan 64 Mar 64
~ MMP (Formerly 100th DSU) Mar 63 Apr 63
1st Bn/68th Arty Ansbach, Germany © Nov 63 Feb 64 - Jun 64 Sep 64
MMP {Formerly 78th DSU) Aug 63 Sep 63
U. S. General Support Units
116th GSU Pirmansens, Germany Sep 62 Sep 62 Jun 63 -
117th GSU Seoul, Korea Mar 63 Mar 63 Aug 63
3d Plt, 579th Ord Co. Mainz, Germany Jun 62 Jun 62 ‘ Oct 63
(Tormerly 115th GSU) :
5/30th GS Augn (Fo§?erly Vicenza, Italy Jan 64 Apr 64 ’ Jun 64
9%th Ord Det) ! \
118th GSU that was to be assigned to Fort Sill was inactivated because local field maintenance had
adcquate copability to provide backup support to the 3d Battalion/38th Artillery.

(Table Continued)
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Table 5

(‘l SERGEANT TACTICAL DEPLOYMENT SCHEDULE - 1962-66 (U) (Continued)

GERMAN Equip. Prod | Equip. Shpd ATT Troops Return
(MAP) Units Location Dlvry Date To FRG Firing Date to FRG
FRG T (150th Bn) Hamminkeln, Germany Mar 63 Apr 63 Feb 63 Mar 63
FRG T DSU (A) Mar 63 Apr 63 Mar 63
FRG I DSU (B) May 64 Nov 64 Nov 64 *
FRG IT (350th Bn) Montabaur, Germany Aug 63 Sep 63 Jun 63 Jul 63
FRG II DSU (A) Jul 63 Sep 63 Jul 63
TRC IT DSU (B) May 64 Nov 64 Nov 64 *
TRC III (250th Bn) Grossengstingen, Germany Jun 63 Apr 64 Dec 63 Dec 63
FRG TII DSU (A) Jun 63 Apr 64 Dec 63
FRG III DSU (B) Vay 64 Nov 64 Nov 64 *
FRC IV (650th Bun) Germany Dec 65 Apr 66 Feb 65 Mar 65
FRG IV DSY (A) Sep 65 Oct 65 Mar 65
TRG IV DSU (B) Jan 66 Apr 66 Mar 65 *
FRG I GSU Germany Nov 63 Jun 64 Apr 64
PRG IT GSU Germany May 65 Aug 65 1966 ¢
FRG III GSU Germany Jun 65 Aug 65 1966 %
FRG IV GSU Germany Nov 65 Jan 66 1966 %
German Ord School Germany Feb 66 Apr 66 N/A
German Arty School Germany Dec 65 Jan 66 N/A

NOTES:

% The Military Assistance Advisory Group in Germany indicated that trained personnel for the addi-
tional DSU's would be obtained by dividing personnel between the two DSU's of each battalion.
Some technicians to receive individual
training at the ArmygMissile & Munitions Center & School (formerly Ordnance Guided Missile

School); others to be trained in-country. :

w% Germany indicated that no unit training would be required.

SCURCE:

SERGEANT Project Management Master Plan, 31 March 1966.



with the first two of 12 scheduled SERGEANT Product Improvement
Evaluation Program (SPIEP) firings.28 Although the E/S and ASP
test results showed the SERGEANT to be a significant improvement
over the CORPORAL, the system still fell short of meeting some of
its MC's. Among the most important characteristics nét met were
preflight (fire-on-time) reliability, in-flight reliability, and

test equipment and maintenance requirements.

(‘) Preflight Reliability. Of the 34 missiles considered,

only 8 (24 percent) were fired at the designated time, and 15

(44 percent) were fired in two or less attempts (about 15

minutes' slip time), in contrast to a 95 percent fixe-on-time
£

reliability requirement.

(‘5 In-Flight Reliability. (In the absence of effective

countermeasures, those missiles that launch must have an in-
flight reliability of 95 percent.) Of the 38 missiles fired

(28 E/S, 10 ASP), two rounds had range or telemetry-induced
failures and were nct counted in the accuracy or reliability
analysis. Of the remaining 36 rounds, 11 sustained identifiable
in-flight malfunctions causing a large range or azimuth error,
and 25 (69 percent) delivered an armed warhead section within
normal dispersion limits associated with the required 300-meter
CPE. The center of impact for the reliable missiles was 76

meters left and 69 meters short of the designated target.

(6 The test equipment and maintenance requirements called
for rapid functional tests of the missile (2 manhours required,
1 manhour desired), rapid isolation of defective suBassemblics,
and case of fault isolation. Rapid isolation of defective sub=~
assemblies was not achieved because of unsatisfactory operation
of the FMIS, as noted above. Missile checkout by the OMIS
required three men for about 50 minutes (2.5 manhours) and

faulty assembly was not always indicated correctly.

28yrcoM Anl Hist Sum, 'Y 1963, pp. 83-84.
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(H#'The weapon system also fell short of\other relatively
important requirements. For example, the required cyclic rate
(two missiles per hour per launcher) and operational standby
readiness (fire on as little as 7.5 minutes' notice for a
period of 4 hours required) were not achieved because of poo}
system reliability and the time required for missile loading
and assembly and for missile orientation. A cyclic rate of
two rounds required an average time of 88 minutes amg only
eight out of 15 attempts to hold for 2 to 3 hours were

successful.29

(@ The SERGEANT In-Process Review was held at WSMR, 14-17
October 1963, to consider the results of the E/S tests and type
classification of the weapon system. All told, thele were 63
shortcomings listed in the E/S test report. Of these, 26 were
corrected in the course of the program, 23 were under investi-
gation at the end of the program, and no action was planned on
the remaining 14. The planned (Phase I) engineering and modi-
fication effort in FY 1964-65 was expected to bring the system
in-flight reliability up from 69 to 85 percent, and increase the
preflight (fire~on-time) reliability from 24 to 61 percent.
Changes and improvements being made in the FMIS were expected
to bring the set up to a satisfactory.automatic operational
capability by mid-1964. The remaining MC's and shortcomings,
although still under improvement in many cases, wouﬁf not

appreciably degrade the systemn.

@) The review board thercfore concluded that the planncd
engineering and modification effort in I'Y 1964-65 should be

continued; that the MC requirements for preflight and in-flight

29(1) Martin Orlando Rept OR 3893, March 1964, subj: A
Study of Selected Tactical Wpn Sys--Army, pp. 19, 37, 93. SECF,
Bx 14-~17, RHA. (2) Sum, SGT IPR, 14~17 Oct 63, atchd as incl
to Ltr, SGT PM teo CG, AMC, & Jan G4, subj: Xmitl of SGT IFR
Rept Sum. Quoted in AMCTCM 1817, Rev 27 Feb 64. RSIC.
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reliability and FMIS operation should be waived to the levels
considered feasible within such effort; and that the completion
of equipment modification and tests should be waived as a
prerequisite to type classification. It further concluded that
the major system redesign and modification program n@éessary/to
achieve the 95 percent in-flight reliability should not be
undertaken, but that efforts should be continued to raise the
reliability of existing hardware to the extent possible without
major redesign. The XM-91 adaption kit, the test and handling
equipment, and the training and practice warheads - cre found to
be acceptable for type classification as Standard .. with no
changes or waivers required. The E24 biological warhead and
the E21 chemical warhead were to be classified as Standard A in
the second and third quarters of FY 1965 upon completion of the

final engineering tests.

(@ 1In consideration of the above findings, and the fact
that most of the SERGEANT items were already produced and in the
hands of the troops, the review board recommended that the neces-
sary waivers of the MC's be granted and that the weapon system be

reclassified from LP to Standard A.30

(da Extension of the System LP Classification (U)

@) In November 1962, OCRD had approved an extension of the
LP classification for one year, to November 1963, and authorized
procurement of the following items for FY 1963: 180 XM-15 mis-
siles (less warhead), 48 XM-65 practice warheads, and 168 XM=-91
adaption kits.31 Because of the administrative leadtime required
to process a technical committee action for type classification,

and the fact that the LP classification would expire in November

301pi4.

3]'lst Ind, CRD/IB 0205, OCRD to CG, AMC, 15 Nov 62, on Ltv,
CG, AMC, to CRD, DA, n.d subj: SGT GM Sys - Extension of LP

s
Clas. Quoted in AMCTCM 647, 21 Mar 63. RSIC.
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1963, the Commanding General of AMC asked for, and received, an
extension of the LP classification through 31 December 1963 for
FY 1964 procurement of 93 XM~-15 missiles and 58 XM=-65 practice

warheads.32

(@ In making a judgment on the proposed type classifiéétion
action, a number of factors had to be considered. The LP classi-
fication of the SERGEANT had been authorized in 1958 and extended
on a year-by-year basis through FY 1964 procurement which included
the last missile buy and essentially completed Army stockage
requirements. With the latter procurement quantities, the
SERGEANT would thus be 'bought out' on an LP basis. Moreover,
all of the tactical equipment would be produced and all Army
units deployed shortly after the end of FY 1964. Despite the
inherent reliability deficiencies, the troops assigned to the
tactical units in Germany indicated that they were well pleased
with the field performance of the weapon system. Wifh the Phase
I modifications funded in FY 1964 and budgeted in FY 1965, it was
estimated that the 24 percent preflight reliability would be
increased to 61 percent and the 69 percent in-flight reliability
would be improved to 85 percent. To bring the system in-flight
reliability up to the required 95 percent, a major system rede-
sign effort costing over $100 million would be required. The
decision on the proposed type classification action {hus boiled
down to three alternatives:

1. Type classify the system Standard A, waiving those MC's

not met, then revise the MC's in about 1 year after evaluation of
the proposed Phase I improvement effort in FY 1964-65.

2. Extend LP authority for FY 1964 buy; develop a major
modification program to meet the full MC's (probable cost over
$100 million); then reconsider type classification after action
on that program.

32Ltr, CG, AMC, to CRD, DA, n.d., subj: GM Sys (SGT) -
Further Pdn (FY 64) Under Extended LP TCLAS; & lst Ind, OCRD to
CG, AMC, 5 Aug 63. Quoted in ANCICH 1660, 16 Jan 64. RSIC.
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3. Extend LP authority for FY 1964 buy and reconsider type
classification in about 1 year, after evaluation of the Phase I
improvement effort in FY 1964-65. e

(@ The Commanding General of AMC, with the concurrence of
the Combat Developments Command (CDC), concluded that the MC's
should be left unchanged and the program reviewed at the end of
another year. At that time, a determination would be made on
whether to proceed with the major product improvement effort to
meet the stated MC's, or to waive the requirements to the level

held to be feasible within the FY 1964-65 funding program. He

therefore recommended that the LP authority be extended for

1 ‘year, through December 1964, and that type classification be
reconsidered at the cénclusion of that period when mgre defini-
tive data would be available on the Phase I improvement effort.
The Army Chief of R&D concurred in the recommended renewal of the
LP classification, but with the understanding that such approval
did not include procurement of materiel beyond that specifically
authorized for FY 1964. Authority for any additional buys of

-

equipment would have to be requested on a case-for-case basis.j3

(® Product Improvement Program (U)

(@ With the basic SERGEANT design accepted, production
almost completed, and the equipment already in the hands of the
user, enginecring effort from late 1963 on was confined to such
redesign as necessary to improve reliability, reduce costs, and
increase safety. Primary attenticn was focused on engincering
improvements and modifications in the tactical missile and
ground support equipment to eliminate shortcomings noted in the
I/S tests and to bring the system in-flight and preflight

reliability up to acceptable levels.

33Ltr, CG, AMC, to CRD, DA, 6 Dec 63, subj: SGT Msl Sys

TCLAS; & lst Ind thereto, GRD te CG, AMC, 23 Dec 63. Quoted
in AMCTCHM 2229, 9 Jul 64. RSIC. :
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Phase I

(®) The low in-flight reliability of 69 percent obtained in
the E/S tests was attributed, in the main, to high fiilure rates
in the missile power supply, guidance platform, guidance computer,
and control assembly. During FY 1964-65, modification kits Qere
developed to correct deficiencies in these and other missile
assemblies. These Phase I improvements (known as ESM 820) were
expected to increase the in-flight reliability to 85 percent,
which the user considered to be an acceptable level. Therefore,
no major redesign effort was planned to achieve the full 95

percent reliability called for in the MC's.

(@) The achievement of the required 95 percent preflight
reliability entailed a much broader engineering effort than that
planned in the 1964~65 Phase I program. The latter effort con=-
sisted of a series of modifications (known as ESM 469) in the
fifing set counter, computer memory, ground and guidance sensors,
and power distribution; but these changes were not expected to
improve the preflight reliability beyond 61 percent. Recognizing
that this would not be acceptable to the user, the SERGEANT
Project Manager, in September 1962, had i;;tiated feasibility
studies of a new concept in automatic countdown and gwnitoring,
known as the Central Control Computer System (CCCS). These
studies were conducted along with the Phase I ESM 469 modifica-
tions through FY 1964 at a cost of $2,724,000. They culminated
in a highly successful military potential demonstration on 24
June 1964; however, a formal develcpment proposal for the Phase
II ground clectronics equipment was held in abeyance pending an
evaluation of the preflight weliability improvements resulting

/
from the ESM 469 modifications.”

34(1) SGT Proj Ofc Hist Repts: 31 Dec 62 -~ 1 Jul 63, p. 5;
FY 1964, pp. 8-9; & FY 1965, pp. 5-6. Hist Div File. (2) SS
AVCPM~SEN-8-67, 29 May 67, subj: SCT Ph II Tmprv Program. SGT
Cmdty Ofc File. ‘ ’
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@®) while work continued on solutions to the old problems
associated with system reliability, a new problem arose with
respect to the SERGEANT's vulnerability to electronic counter=-
measures. At the time of its original design, the SERGEANT had
been considered immune to countermeasures because of its inertial
guidance system, high speed, and short time of flight. By mid-
1963, however, sophisticated air defense systems had been
developed that were capable of intercepting it. The“ﬂﬂi
HERCULES had boasted a record of three successful interceptions
out of four attempts. Moreover, a preliminary study of Russian
antimissile systems revealed the SERGEANT to be vulnerable in
all cases. As a result, the project manager initiated the
SERGEANT Penetration Aids (Pen-Aids) program early in FY 1964,
with the goal of developing a counter-countermeasure (CCM)
capability of at least 98 percent.35 An extensive investigation
of all known Pen~Aids led to the sclection of a ground-launched
decoy and an airborne barrage jammer as the optimum CCM system
for the SERGEANT. The remaining portion of the program eaitalled
a four-phase effort designed both technically and economically

to take advantage of related Army-wide efforts in this field.36

(® Toward the end of the planned 1964~65 product improve-
ment program, it became apparent that a firm evaluat‘m of the
predicted increase in system reliability could not be made in
time to meet the December 1964 target date for type classifica-
tion of the weapon system. The Commanding General of AMC
therefore asked for, and received, two more extensions of the
LP classification. In October 1964, OCRD approved an extensiocn
of LP authority from December 1964 to 20 June 1965; and this was

followed, in February 1965, by another extension to 30 November

35(1) SGT MigP, 7 Apr 64. (2) SGT Proj Ofc Hist Rept, FY
1964, pp. 6-7. (3) MICCM Anl Hist Sws, FY 1964, p. 94.

6 .
3 SGT Proj Ofc Hist Rept, FY 1965, pp. 7-8.
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1965. The purpose of the latter delay was to allow mgre time to
complete the Phase I modifications and to substantiate the in-
crease in reliability derived therefrom. At that time, AMC was
seriously considering a formal development program for the

Phase II ground electronics system, but felt that more defini-
tive data on the ESM 469 modifications should be in hand before

making a final decision.37

Q) In the spring of 1965, Phase I ESM 469 changes were
applied to a late production model firing set and tested at the
factory by the Army Test & Evaluation Command (TECOM). A test
conducted under ideal conditions indicated a preflight reliabil=-
ity of 81 percent; however, under normal field conditions, the
predicted system preflight reliability would be about 65 percent.
Since the installation of ESM 469 modifications in fielded
equipment was not scheduled to begin until August 1965, troop
usage data on its performance was not yet available. But the
results of the factory test clearly confirmed the prediction
that the firing set with the ESM 469 improvements would never

reach the required 95 percent preflight reliability.38

Phase 11
»

@ In July 1965, the Secretary of the Army approved and
submitted to DOD a Program Chaunge Proposal (PCP) calling for the
development and procurement of the improved Phase II ground
equipment using advanced miniaturized, solid state electroniés.
The proposed ground support electronics equipment would provide

a preflight reliability of better than 90 percent and a thorough

37(1) Ltr, CRD, DA, to CG, AMC, 18 Sep 64, subj: TCLAS of
SGT, w/lst Ind, CG, AMC, to CRD, 14 Oct 64. (2) Ltr, CG, AMNC,
to CRD, DA, 10 Feb 65, subj: TCLAS of the &7r Msl Sys, w/lst
Ind, CRD to CG, AMC, 17 Feb 65. All quoted in AMCTCM 3484,
22 Jul 65. RSIC.

381y ch 5, SGT miyP, 30 Jun 65. (2) SGT Proj Ofc Hist
Rept, FY 1965, p. 6. Hist Div File. .
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self-test and fault isolation capability, as well as an improved
system mobility by eliminating seven semitrailer vans and seven
truck tractors from the tactical units. It would consist of the
existing launching station with new firing set (FS) electronics
and a new Maintenance Test Station (MIS) which would perform all
functions of the existing OMIS and FMTS. The two end items would
be computer oriented and use identical digital computers with
peripheral equipment as necessary to carry out their respective
missions. They would use low=-cost, throw-away components and
eliminate piece part repair in the field, thereby reducing the
number of repair part line items by as much as 75 percent. The
RDTE cost of the proposed Phase II program was estimated at
$13.3 million for the FY 1966-69 period.>’

(@) Deputy Secretary of Defense Cyrus Vance approved the
SERGEANT PCP in September 1965, subject to certain restrictions.
He authorized the Army to reprogram $2.5 million from available
RDTE money and proceed with the FY 1966 program. The commitment
of FY 1967 funds, however, would depend upon a review of the
progress made on the Phase II SERGEANT and the status of feasi=-
bility studies on the Extended Range LANCE (XRL) which was being
considered as a possible replacement for the SERGEANT as the
Corps support weapon.40 The project manager received $2.5
million in RDTE funds during November 1965 and awarded SUCO a
contract for the design and fabrication of one engineering model

each of the two major end items (the FS and MTS).41

(C) The Phase II program successfully passed the Design

Characteristics Review in September 1966, and $2.25 million in

39Memo For: The SECDEF, fr Stanley R. Resoxr, SA, 15 Jul 65,
subj: PCP: SGT Imprv, w/incl, PCP A-5~042. SGT Cwmdty Ofc I'ile.

4OProgram Ch = SECDEF Decision/Guidance, Ch #A~5-042, 21
Sep 65. SGT Cmdty Ofc File.

41SGT Proj Ofc Hist Rept, FY 1966, p. 8. Hist Div File.
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FY 1967 RDTE funds was provided to continue the program through
the fiscal year on a minimum sustaining basis.42 By May 1967,
the engineering models of the FS and MIS had been completed
and system tests conducted in conjunction with TECOM and CDC.
The results of these tests indicated a high probability of
meeting the objectives of the program. Indicative of this was
the achievement of a 94 percent preflight reliability during

_ the first 6 months of development tests. Nevertheless, the
Army Vice Chief of Staff, on 27 June 1967, advised AMC that no
funds were programmed for continuing the Phase II effort in
FY 1968. The program was thus terminated with FY 1967 funds
after a total RDTE expenditure of $7,693,000. This investment
included $2,724,000 for feasibility studies in FY 1963-64;
$184,000 for further studies and preparation of the PCP in FY
1965; and $4,785,000 for the design, development, fabrication,

and test of engineering model hardware in FY 1966-67.43

(U) Field Modification Program

v

(U) Meanwhile, the SERGEANT Project Manager proceeded with
the updating of fielded equipment and repair parts as Department
of the Army Modification Work Orders (DAMWO's) became available
from the Phase I improvement program. To overcome the inherent
problems involved in the installation of many different modifi-
cations released at varying intervals, two types of teams were
used to assist the field in the modification effort: SCAMP
(SERGEANT Contractor Assisted Modification Program) teams

' 42(1) SGT Proj Ofc Hist Rept, FY 1967, p. 1l. Hist Div
File. (2) SS AMCPM-SEM-8-67, 29 May 67, subj: SGT Ph II Imprv
Program. SGT Cmdty Ofc File. '

43(1) Ibid. (2) MICOM Rept, SGT Wpn Sys Smanl Program
Review, 28 Feb 69, p. 39. RSIC. (3) Cost & Tech Info Rept
(COSTECH) - SGT Wpn Sys, C&DP, MICOM, Feb 1969, pp. 39-40.
Hist Div File. '
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comprised of SUCO (UNIVAC44) technicians with a military team

leader; and SMAP (SERGEANT Modification Assistance Program) teams
comprised of depot and/or contractor personnel. From November
1963 to September 1968, three SCAMP and two SMAP teams assisted
the field in installing 99 modifications in the missiié and -
ground equipment. The time required to install one modification
in a major item ranged from less than 1 hour to more than 1,000

hours.

(U) Of the 99 modifications, 86 were concerned with changes
in ground support equipment (GSE) to overcome deficiencies noted
in the E/S tests and to increase the system preflight reliability.
The eight-man SCAMP I team installed 48 electronic modifications
to GSE and repair parts during the period November 1963 to July
1964. The SCAMP IT team of eight men applied 29 mechanical
modifications to GSE during the first 8 months of 1964. The
SCAMP III team, comprised of 27 personnel, then installed nine
ESM 469 modifications to the firing set and related equipment
between August 1905 and Cctober 1966.

(U) The remaining 13 DAMWO's involved changes in the missile
to increase its in-flight reliability and in the tactical storage
containers and trainers. The 16-man SMAP I team assisted field
units in installing seven modifications to storage containers and
trainers in 1964-65, and the il—man SMAP II tecam assisted in the
installation of six ESM 820 modifications to the missile and

container in 1966-68.%°

44On 15 August 1967, the Sperry Utah Company was involved in

a reorganization within the Specrry Rand Corporation. The SUCO
plant at Salt Lake City, Utah, became part of the UNIVAC Federal
Systems Division with headquarters in St. Paul, Minnesota. The
UNIVAC Salt Lake City plani was engaged in the design and manu-~
facture of a wide range of electronic computer systems and re-
lated equipment. It continued to support the SERCEANT system

as the prime contractor. SGT Proj Ofc Uist Rept, FY 19€¢8, p. 2.
Hist Div File.

45T PHoP, Ch 2, 30 Jun 68, p. 6. Hist Div File.
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(U) Early in the field modification program, the SERGEANT
Project Manager set up a data collection system to pfovide the
information necessary for a realistic assessment of the demon-
strated field performance of the weapon system. To supplement
the information obtained from confirmatory tests of Phase I
modifications conducted by TECOM and from the ASP firings, he
established a special overseas data collection program known
_ as SERD (SERGEANT Effectiveness Reliability Data). The latter
was first set up on a 4-month trial basis at Fort Sill,
Oklahoma, in August 1963. It was extended to overseas units
in December 1964, when three contractor reliability engineers
were dispatched to three U. S. units deployed in Italy, Germany,
and Korea, to collect and report reliability, maintainability,
and logistics data from daily operations of the battalionms.
Following the installation of ESM 469 modifications in October
1965, the project manager reassigned the data collectors in
Italy and Korea to the unité modified first, in order to get
early data on the effects of the Phase I improvements. In
November 1966, one data collector was sent back to Italy to
get information on a different logistic environment, since the
GSU there was under jurisdiction of the unit itsélf. In March
1968, the SERD program in Korea was reactivated for a 6-month

trial period, and was later extended for another 6 months.

(U) Early in 1968, the project manager decided to replace
the three contractor data collectors in the field with Missile
Maintenance Technicians (MMI's). This not dnly reduced the cost
of the data collection program, but increased the quantity of
data collected as well. The contractor data collectors were
only able to monitor a sample of the units, whereas the MMI's
would provide data on all units in the field. Moreover, the
MMT's were in a better position to report on operator error
problems with emphasis on means toward reduction. They dealt

directly with the operating personnel and could identify the

230

o




> CONMITIN AL

exact causes of operator errors.

(® Type Classification of the Weapon System (U)

(® The time required to complete the Phase I modifications
and evaluate their effect on the system in-flight and prefliéht
reliability led to two more extensions of the LP classification.
The first came on 15 November 1965, shortly after the SCAMP III
team began the installation of ESM 469 modificationq‘to the
firing set. At that time, OCRD reluctantly agreed to extend
the LP classification from November 1965 ﬁo 30 June 1966, and
indicated that no further extension was contemplated.47 In
June 1966, however, the weapon system still was not considered
ready for classification as Standard A. Since adequate test
data on Phase I modifications were not yet available and E/S
tests of the improved Phase II ground equipment were not
scheduled for completion until the third quarter of FYy 1968,

AMC asked for an extension of the LP classification through the
first quarter of FY 1969 (30 September 1968). In view of the
widespread interest in the Phase II equipment as the only means
of achieving the required 95 percent preflight reliability,

OCRD approved the extension, but only through 30 June 1968.48

(U) On 8 November 1967, following the termination of the
Phase II improvement program, representatives of all interested
agencies attended a special In-Process Review (IPR)‘at MICOM for

the purpose of surveying the system requirements and demonstratcd

46MICOM Rept, SGI Wpn Sys Smanl Program Review, 28 Feb 69,

Ppo 1"20 RSIC.

471st Ind, CRD, DA, to CG, AMC, 15 Nov 65, on Ltr, CG, AMGC,

to CRD, 25 Oct 65, subj: Extension of the LP TCLAS of the SGIT
GM Sys. Quoted in AMCTCM 4170, 24 Feb 66. RSIC.

48 e, CG, AMC, to CRD, DA, 29 Jun 66, subj: TCLAS, SCT

Msl Sys, w/lst Ind, CRD, to CG, AMC, 11 Jul 66. Quoted in
AMCTCM 5250, 20 Apr 67. RSIC. :
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performénce characteristics as a basis for type classification
action. Aside from LTC A. G. Lange, Jr., who served as chairman
and presented the established AMC position, the s;incipal repre=~
sentatives at the IPR were: LTC W. E. Phillips, OCRQ, DA; LTC
F. M. Gaffke, CDC Headquarters; Mr. J. M. Vastine, Deputy Chief
of Staff for Personnel, Office of Personnel Operations (DCSPER~
OPO); and Mr. H. S. Wann, CONARC Headquarters.

(@ A review of the system performance characteristiés
showed that the SERGEANT had failed to achieve 14 of the 46
MC's, but the only two that would degrade the tactical mission
of the system were preflight and in-flight reliability. The
combined results of some 40 supporting tests of Phase I improve-
ments conducted by TECOM, previous ASP firings, and information
obtained from the SERD program, indicated the system performance
characteristics in these two areas to be as follows:

Preflight (countdown or fire-on-time) Reliability:
Demonstrated 70 percent; Required 95 percent.

Missile In-Flight Reliability: Demonstrated 77 percent
(ASP's only, 80 percent); Required 95 percent.
The discussion of these aspects of weapon system performance
resulted in sharply divided positions as to the acceptability

of the SERGEANT as Standard A.

(# Since the termination of the Phase II improvement program
precluded any further improvement. in preflight reliability and an
increase in in-flight reliability would require a major redesign
effort for which funds were not available, AMC took the position
that a deviation from those MC's not fully achieved should be
granted to the level demonstrated and the weapon system type
classified as Standard A. The CDC representative non-concurred
in this position on the grounds that the demonstrated level of
performance was not satisfactory and would have to be improved |

in order for the SERGEANT to accomplish its assigned mission.
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He therefore recommended that the LP classifiéation be continued
and that the Phase II improvement program be reinstated as a means
of raising the system's mission reliability from the demonstrated
level of approximately 55 percent to an acceptable level of at
least 80 percent.49 He pointed out that the results of the CDC
study, "Optimum Mix of Artillery Units, 1971-1975," indicated

that the SERGEANT weapon system would be required to remain in

the field until at least 1975, and that the uncertain status of
the XRI, development program further supported the necessity for
improving the SERGEANT's mission reliability. The representatives
of both CONARC and DCSPER agreed with the CDC position, primarily
in support of the reinstatement and continuation of the Phase II

program to field the redesigned ground support equipment.50

(U) In view of the conflicting positions and the fact that
the LP authority would expire on 30 June 1968, AMC referred the
matter to the Army Chief of R&D for resolution.51 The Director
of Doctrine & Systems, Office of the Assistant Chief of Staff
for Force Development (OACSFOR), on 26 April 1968, }uled that
Standard A was the most appropriate classification category for
the SERGEANT weapon system and requested the submission of a
reclassification proposal in accordance with AR 700-20. AMC
submitted the proposed technical committee action on 7 June 1968,

and ACSFOR formally approved the reclassification of the SERGEANT

49(’) CDC defined "mission reliability" as the product of
the preflight and in-flight veliabilities, excluding human
errors. AMC argued that the 80 percent mission reliability
requirement, which the user stated for the first time at this
IPR, could not be achieved unless preflight reliability were
raised above the 90 percent level and in-flight reliability to
85 percent ox better.

5OMins of SGT Sp IPR on TCLAS, dtd 28 Nov 67, atchd to Ltr,

SGT Cmdty Ofc File.
Slitr, DCG, AMC, to CREB, DA, 12 Dec 67, subj: Mins of the Sp
SGT IPR on TCLAS. Atchd as App to AWMCTCM 6331, 5 Sep 68. RSIC.
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weapon system from LP to Standard A on 27 June 1968.52

(@ The SERGEANT equipment affected by the reclassification
action included all elements of the tactical weapon system except
the primary and secondary warhead sections and related equipment,
which had been type classified by separate actions. The follow-
ing nuclear warhead items had been classified as Standard A in
February 1964:53 ?

Warhead Sections, Atomic: M62 & M63

Warhead Sections, Atomic, Training: MI138 and M64

Warhead Section, Atomic, Practice: M65

Adaption Kit, Atomic Warhead to Guided Missile: M9l

Adaption Kit, Atomic Warhead to Guided Missile, Training: M116
The M210 (E24) biological warhead and M212 (E21) chemical warhead
sections had been classified as Standard A in September 1964 and
December 1964, respectively;54 however, they were never approved
for production.55 The major items of standard SERGEANT equipment

are listed in Table 6.

¢ (#) At the time of the reclassification action in June 1968,
the SERGEANT met 32 of its 46 MC's and waivers weré granted on the
remaining 14. The system preflight and in-flight reliabilities
had changed slightly since the November 1967 IPR, the former
increasing from 70 to 72 percent and the'latter dropping from 77
to 76 percent.56 Other deviations from the MC's are listed in
Table 7.

52Ltr, OACSFOR to CG, AMC, 26 Apr 68, subj: SGT TCLAS, w/
lst Ind, CG, AMC, to ACSFOR, 7 Jun 68, and 2d Ind, ACSFOR to CG,

AMC, 27 Jun 68. Atchd as Apps to AMCTCM 6331, 5 Sep 68. RSIC.

33aMcTCM 1811, 18 Feb 64. RSIC.

S4\MCTCM's 2630, 30 Sep 64, and 2874, 29 Dec 64. RSIC.

SAMCTCM 6331, 5 Sep 68. RSIC.

56Ibid.
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4 Table 6
(U) LIST OF STANDARD SERGEANT EQUIPMENT
Item
Nr Nomenclature
1. Guided Missile, Surface Attack: MGM-29A (Without Warheads),
Consisting of:

Body Section, GM: AN/DJW-8, w/shipping container.
Control Surface Assembly, GM: M94 (XM94), w/shp case.
Rocket Motor: M100 (XM100), w/shipping container.

2. Training Set, GM System: M70 (XM68E2).

3. ZLaunching Station, GM, Semitrailer Mounted: 4-Wheel, M504
(X504 Series), w/Equipment.

4. Test Station, GM System Components, Organizational Mainten-
ance: AN/MSM 35.

5. Test Station, GM System Components, Field Maintenance:
AN/MSM 36.

6. Shop Equipment, GM System Field Maintenance: AN/MSM 81.

7. Test Set, GM System Test Equipment: AN/MSM 82.

8. Test Set, GM System Test Equipment: AN/MSM 83.

9. Shop Equipment, GM System Organizational Maintenance:
M3 (XM3).

10. Shop Equipment, GM System Field Maintenance: M4 (XM4).

11. Shop Equipment, GM System Field Maintenance: M5 (XM5).

12. Shop Equipment, GM System Field Maintenance: M7 (XM7).

13. Semitrailer, Low Bed: 6-ton, 4-wheel, M527A2 (XM527El).

14. Malfunction Setter, GM Firing Set: MX 6367/TSQ. -

15. Malfunction Setter, GH Test Station: MX 6366/TSQ.

16. Shop Equipment, GM System, Field Maintenance: AN/GSM-116.

17. Generator Set, Gas Turbine Engine, Trailer Mounted: 30KW,
AC, 120/208 v, 3 phase, 400 cycle, M673 (X»M673) (SGT).

18. Gewnerator Set, Gas Turbine Engine, Trailer HMounted: 45KW,

AC, 120/208 v, 3 phase, 400 cycle, M666 (XM666) (SGT).

SOURCE: AMCTCM 6331, 5 September 1968. RSIC.
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Table 7.

(Q' SERGEANT SHORTCOMINGS IN MEETING MC's (U)

MC Requirements L

Achievement

7. Rapid Functional Test:

10. Rapid Test, Easy Repair:

1. Chassis: Use Standard Type.

2. Missile Assembly: 1 manhour.

3. Power Supply: Standard family of Army

generators.

4. Cyclic Rate: 2 missiles per hour per launcher

5. Environmental Design: Satisfactory operation
and storage under basic and cold conditions
(Section II, AR 705-~15).

Checkout and Test Equipment

6. General - Entire Missile System:
facilitate assembly checkout.

Design to

Missile Test Equipment = Service Area

2 manhours.

8.  Non-Functioning Major Components: Immediate
indication (100%).
9. Defective Subassembly: Rapid Isolation (100%).

Maintenance Package

Minimum Time.

11. Test of Cbmponents & Major Assemblies:

Will reveal circuit discrepancies;
fault isolation.

12. Test of Components & Major Assemblies after

Repair & Replacement of Parts: Insure
adequacy for reissue.

Non-standard launching station chassis functions
properly. :

6 men 13-15 minutes (1.3 -~ 1.5 manhours).

Non-standard M666 and M673 generator sets meet
system requirements.

2 missiles/99 minutes.

Limited.
with new hydraulic £luid.
time will be required.

System will operate in cold weather
Increased operation

Limited. Firing Set not completely checked out.
On countdown, differentiation between FS and
missile malfunction limited.

3 men 50-54 minutes (2.5 - 2.7 manhours).

OMTS - 74%-
FMTS - 75%-

Inadequate failure callouts. Trouble=-shooting

is time consuming.

OMIS =~ 747.
FMTS - 7570.

OMIS = 74%.
FMIS - 75%.

SOURCE: AMCTCM 6331, 5 Sep 68. RSIC.
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(IK Follow-oh“improvement Program (U)

(G"Early in FY 1969, CDC and AMC recommended the reinstate-
ment of the Phase II electronics program as an operational
reQuirement for the SERGEANT system. Having been in the field
nearly 3 years, the ground equipment electronics (with ESM 469
modifications) were technologically obsolete and approaching
the point where it would be more economical to replace them
than continue supporting them. The proposed Phase II ground
electronics improvement program would cost $57,015,000 over a
4L-year period (FY 1969-72), but would be self-amortizing within
3 years through accrued savings from reductions in personnel
requirements, equipment line items, peculiar repair parts, and
replenishment repair parts, and from other benefits such as the
elimination of piece part repair in the field. However, ACSFOR
rejected the proposed Phase II program because of budgetary
limitations and the fact that the first LANCE unit was scheduled
to be fielded in the fourth quarter of FY 1972, come 6 months
after the estimated delivery date for the SERGEANT Phase II

equipment.

(U) The follow-on product improvement effort in FY 1969-70
was thus limited to such design refinements as necessary to
improve weapon system feliability, reduce costs, and increase
safety. Primary attention was focused on the completion of LSM
820 modifications by the SMAP II team, installation of ground
support equipment modifications by the SMAP III and SMAP IV

teams, and modernization of the 3G52 trainer.

@!’ In conjunction with the installation of SMAP II

>7(1y Ltr, SGT PM to CG, AMC, 3 Jul 68, subj: SGT Ph IT Prod
Imprv Program, w/incl. (2) Ltr, DCG, AMC, tiuu DCSLOG, to SA,
n.d.; subj: SGT Ph II Prod Imprv Program; FY 69 Apportionment &
FY 70 Bud Program. (3) Ltr, ACSFOR, DA, to CG, CDC, 7 Aug 68,
subj: SGT Ph TI Rlct Mod Program. All in SGT Cndty Ofc Files.
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(ESM 820) modifications on all tactical midgiles, completed in
September 1968, the contractor conducted an extensive test program
to determine the cause of flight failures which ha&‘ﬁecreased the
in-flight reliability from 77 to 76 percent between November 1967
and June 1968. These tests traced the cause of the failures to
marginal performance of cables in the aft guidance section and
rocket motor. The new missile cables with a different type of
insulation were successfully flight tested in four ASP firings

at WSMR in December 1968 and June 1969. They were further tested
without failure in 10 European ASP firings at the NATO Missile
Firing Installation on the island of Crete in April and May 1969.
Personnel at the Lexington-Blue Grass Army Depot fabricated two
cable modification kits—one for the rocket motor and one for the
body section. Field installation began in October 1969 and was

scheduled for completion by 1971.

(U) The SMAP III team, comprised of 17 personnel, installed
some 25 mechanical and electrical changes in the ground equipment
of U. S. and German units to lengthen the mechanical service life
of the equipment and to decrease the vulnerability of the system.
The launching station underwent mechanical modifications, includ-
ing changes to strengthen the trailer fraﬁe. Electrical changes
in the firing set circuitry shortened the countdown time and

thereby reduced the vulnerability of the system.

| (U) The SMAP IV program began upon termination of the Phase
II development as a fallback solution to the preflight reliability
problem. The primary bbjective of the program was to prevent
degradation of the existing level of preflight reliakility with
the currently configured equipment. Other objectives were to
increase the overall reliability of the system, reduce operator
erroré, and improve fault detection and isolation capabilities.
Engineer-service tests of modified equipment, conducted from
January to April 1969, indicated that the program objectives had

been met. The installation of modifications in fielded equipment
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began in January 1970 and Qéé to be completed by June 1971. The
program included electronic modifications to the firing set, QMTS,

FMIS, FMSE, and system field test equipment.

(U) The objectives of the trainer modification';?bgram were
to correct known hardware deficiencies, to provide improved -
maintenance capabilities, to refurbish fielded hardware, and to
update the Block II trainer to the Block IV configuration. The
contractor shipped the first updated trainer to Fort Sill,
Oklahoma, on 6 June 1969, for initial production testing by the
Artillery Board. Field installations begén in November 1969

and were expected to continue through 1970.58

@ The correction of the missile cable deficiency and
installation of ESM 820 modifications brought the SERGEANT in-
flight reliability (based on the last 20-round moving average)
up to the MC requirement of 95 percent as of 30 June 1969.59
However, random failures experienced in ASP firings during the
ensuing 12 months lowered the system in-flight rcliability
(20-round moving average) to 75 percent. As of 15 June 1970,
a total of 56 missiles with the ESM 820 modifications had been
fired in ASP exercises, 46 (about 82 percent) -of which were
successful. The average miss distance for the lattcr rounds
was 84 meters short (range) and 89 meters left (azimuth), for

a radial error of 222 meters.

(@ The required 95 percent preflight (countdown) reliabil-
ity still had not been achieved. Available data from the SERD
program and other sources through 15 June 1970 indicated a

preflight reliability of 78 percent, based on a single countdovm

58(l) MICOM Rept, SGT Wpn Sys Smanl Program Review, 28 Feb 69,
PP. 24-26. RSIC. (2) SGT Prej Ofc Hist Rept, FY 1969, pp. 3-6; &
SGT Cmdty Ofe Hist Rept, FY 1970, p. 1. Hist Div File. (3) SGT
PM2P, Ch 1, 30 Jun 69, p. 6. SCT Cmdty Ofc File. (4) Intvw, Mary
T. Cagle with Paul R. Collier, SGI Cumdty Ofc, 29 Sep 70.

598GT PMoP, Ch 1, 30 Jun 69, p. 78. SGI Cudty Ofc File.
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attempt without operator errors, and 68 percent including operator
errors. The SMAP IV modifications were expected to reduce opera=-

tor errors and increase the overall reliability of the system.6

@» In addition to the programmed modifications aimed at
improving and/or maintaining the SERGEANT's reliability index,
serious consideration was given to equipping the weapon system
with a non-nuclear warhead that could be cost effectively used
_ against selected targets beyond the range of other non-nuclear
artillery weapons. As stated earlier, the original requirement
for development of a high explosive warhead for the SERGEANT was
cancelled, and the chemical and biological warheads were developed
but never approved for production. The SERGEANT's role in any
conflict was therefore limited to a nuclear one. Tgubrovide
maximum effective combat support in low, medium, and high inten-
sity warfare, artillery weapons for the 1970-1980 timeframe would
have to possess both a nuclear and non-nuclear capability. To
fulfill this requirement, the project office, in February 1968,
submitted a proposal for the development and production of a high
explosive and incendiary type warhead for the SERGEANT weapon sys-
tem. This non-sensitive warhead would not only expand and exploit
capabilities of the SERGEANT for U. S. units, but also make it
possible for the Federal Republic of Gerﬁany to employ their
SERGEANT units during the first step of the '"flexible response'
policy adopted by NATO. Although initially supported by CDC,
the proposed warhead development program was later dWsapproved
at ACSFOR level.61

60(1) MICOM Rept No. QS-MR-70-39, 15 Jun 70, subj: SGT Msl
Sys Reliability (Effectiveness) Status Rept, pp. 13-14, 17. SGT
Cmdty Ofc File. (2) Intvw, Mary T. Cagle with W. G. Whitfield,
SGT Cmdty Ofc, 1 Oct 70.

61(1) SGT Proj Ofc Ppsl, '"Small Development Requirement for
a Non-Nuclear Warhead for the SERGEANT Missile System," 16 Feb 68.
SGT Cmdty Ofc File. (2) MICOM Rept, SGT Wpn Sys Smanl Program
Review, 28 Feb 69, p. 41. RSIC. (3) Intvw, Mary T. Cagle with
Paul R. Collier, 14 Oct 69. . :
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(@ Program Cost and Production Summary (U)

(U) From the beginning of basic research in FY 1950 through
FY 1970, the Department of the Army spent $510,692,00Q on the
development and production of the SERGEANT weapon systém. -
Customer orders for the weapon system came to $122,847,000,

increasing the total investment to $633,539,000.

(U) The RDTE obligations for system development (excluding
adaption kit costs) came to $176,568,000 during the 1950-67
period, in contrast to the original estimate of $187,027,000
for the 1950-60 period. The RDTE allocation to the adaption
kit program totaled $19,007,000, for an aggregate development
cost of $195,575,000. About $147 million, or 75 percent, of
the total development cost was obligated during the 1955-60
period under the JPL and SUEL R&D contracts.62 Table 8 shows

the planned and actual development costs by fiscal year.

(@ The PEMA obligations for SERCEANT missiles and ground
equipment totaled $315,117,000 during the FY 1958-70 period,
in contrast to the projected program estimate of $321,900,000
for the 1958-63 period. The original estimate was based on
the procurement and production of 932 missiles (less warheads),
17 sets of tactical ground equipment, and 35 sets of non-
tactical ground equipment. As a result of the cutback in
planned Army battalions, the production quantities were reduced
to 528 missiles (including 300 for War Reserve), 8 sets of
tactical ground equipment (7 battalion sets plus 1 maintenance
float), and 17 sets of non-tactical ground equipment. The pro-
duction of SERGEANT ground equipment ended in FY 1964, and the
missile acquisition objective was wet in FY 1965. Obligations

after FY 1965 were for field modification kits and repair parts.

62§Eg above, pp. 51-54.
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Table 8—=(U) PLANNED VERSUS ACTUAL DEVELOPMENT COSTS: 1950-67

(In millions of dollars)

PLANNED2 ACTUALP
System | System System Adaption Kit Total
Fiscal Year R&D PEMA/S Total R&D PEMA/S R&D PEMA/S Development
1950-54¢ 5.167 5.167 5.167 5.167
1955 5.890 5.890 5.814 5.814
1956 8.920 2.400 | 11.320 9.837 2.400 12.237
1957 12.850 8.400 | 21.250 9.315 11.629 .700 21.644
1958 11.700 | 13.800 | 25.500 7.978 24.304 1.200 .700 34.182
1959 7.700 | 45.200 | 52.900 11.599 28.435 1.572 1.700 43.306
1960 4.300 | 60.700 | 65.000 24.856 5.031 29.887
1961 17.948 4,081 22.029
1962 5.443 2.408 7.851
1963 3.154 1.515 4,669
1964 1.278 .100 1.378
1965 1.409 1.409
1966 3.502 3.502
1967 2.500 2.500
TOTALS 56.527 |130.500 |187.027 109.800‘3 66.768 16.607 2.400 195.575P

aExcluding Adaption Kit Costs. See Table 1, p. 35.

bFrom MICOM and AMC Comptroller Records as of 31 July 1968.
Improvement Program, FY 1963-67 (see above, p. 228).

CBasic Research (solid propellant rocket motor) and Feasibility Studies.

-

Includes $7,693,000 for the Phase II




The actual PEMA obligations—during the FY 1958-70 period were as

follows:63

FY 1958-62 $196,238,000
1963 60,697,000 ,
1964 35,153,000 L
1965 5,876,000 -
1966 5,014,000
1967 1,889,000
1968 3,085,000
1969 6,254,000
1970 911,000

Total Army: $315,117,000
Total Customer: 122,847,000
Grand Total: $437,964,000

(#) Current Status (U)

(# Except for the reorganization of four U. S. battalions,
the deployment status of the SERGEANT weapon system was unchanged.
On 23 June 1970, the four U. S. units in Germany64 were recon-
stituted as two double=strength battalions (i.e., with four
firing batteries each instead of two). This action reduced
personnel requirements by 40 officers and 228 enlisted men for
an estimated annual saving of $2,050,000, and reductions in
equipment requirements and maintenance costs were expected to
provide further savings of about $1 million per year.65 Aside
from these two double~strength battalions, there were three
other U. S. units in the field (one in Italy, one in Korea, and
one in the Continental United States) and four double=-strength
MAP battalions deployed in the Federal Republic of Germany. In

addition to the deployed units, the Army had the equivalent of

63(1) ARGMA Chart 5-014, SCT Funds, Proc, & Dlvry, 30 Nov 58.
(2) SGT Wpn Sys Cost & Tech Info Rept (COSTFECH), Feb 1969, C&DP,
Pp. 43=44. Both in Hist Div File. (3) Actu-l PEMA cost figures
from PEMARS Tape dated 30 June 1970.

Vé
645 0q Table 5, p. 217.

658GT Cmdty Ofc Hist Repi, ¥Y 1970, pp. 2-3.
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16 battexy sets of equipment for training and testing purposes,

L

and the FRG had three battery sets for training. Joint U. S./FRG
maintenance floats of three battery sets were provided, two of

them in Europe and one in the United States.66

Q“ Because of uncertainties in the LANCE missile program,
a definite time schedule for the retirement of the SERGEANT had
not been established. The LANCE system, which was being developed
as a replacement for the SERGEANT and HONEST JOHN, was tentatively
" scheduled for initial deployment in the early 1970's. The.Secre-
tary of Defense deferred until FY 1972 a firm decision on the
composition of Army surface-to-surface missile forces.67 In the
meantime, SERGEANT ground equipment electronic components were
rapidly becoming obsolete and replaggment parts were more and
more difficult to procure, making support of the-aging weapon

system a serious problem. -

(U) With many of the components originally used in SERGEANT
electronic assemblies and subassemblies no longer in production,
the contractors were requesting Government assistance in obtaining
ce;tain low=-cost items. Rather than spend money to qualify alter-
nate supply sources, the Director of Supply & Maintenance sought
to meet the demand by making maximum use of current assets. To
this end, he requested that all MICOM SERGEANT excesses in world-
wide inventories be reported for disposition regardless of dollar
value as set forth in paragraph 3-2a, AR 755-1. Among other

measures being considered were the use of substitute components

and the disassembly of long supbly items.68

(U) On 1 October 1970, the SERGEANT was still standing guard
and. enduring the afflictions of old age, while anxiously awaiting

the arrival of its replacement.

6635GT Wpn Sys Cost & Tech Info Rept (COSTECH), Feb 1969,
C&DP, p. 6. Hist Div File.
67pefense Information Bulletin, Vol 6, No. &4 (Apr 70), p. 27.

68Ltr, D/S&M to CG, AMC, 5 Jun 70, subj: Reptg of SGT Ex-
cesses. Hist Div File.
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1 SERGEANT SYSTEM MAJOR ITEMS
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FIELD MAINTENANCE SHOF

MAINTENANCE TEST
EQUIPMENT (FMSE)

STATION (FMTS OR OMTS)

| S¥T .

MISSILE ON LAUNCHER

WARHEAD TRANSPORTER MOTOR & GUIDANCE SECTION
TRANSPORTER




9%7¢

Length.-.....-

Widtho..-.--.-

Heighteveesess

weightoo.-u.-a

Cubic Feeteese

(U) SERGEANT GROUND EQUIPMENT CHARACTERISTICS

| Launching Transport

Station Trailer OMTS FMTS FMSE
31 ft. 11 in. 31 ft. 6 in. 31 ft. 8% in. 31 ft. 8% in. - 30 £ft. 9% in.
7 ft. 10% in. 7 ft. 4% in. 8 ft. 2 in. 8 ft. 2 in. 7 £ft. 11 in.
7 ft. 10 in. 5 ft. 0 in. 9 ft. 7 3/4 in. 9 ft. 7 3/4 in. 11 ft. 0 in.
17,100 1bs. 4,720 1bs. 13,450 1bs. 15,500 1bs.* 24,474 1bs.

2,498.9

2,498.9

2,710
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SERGEANT "sysTeM cHARACTERISTICS®

WARHEAD & FUZE D?AG BRAKES FIN

GUIDANCE & POWER

BAROMETRIC PROBE SOLID PROPELLANT  JET VANE

.........
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-
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TRANSPORTERS
CoNMBINmtA UNCLASSIFIED
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FTIMIANNO)

8t

Lengtheececesesces
Diameterseossses
Gross Weight....

Warheadeeeoocooe

Raﬁge-...aoo.o--..

_ Initial Thruste....

Final ThruSt. R

Average Thrust....

PN Al g

(t) SERGEANT MISSILE CHARACTERISTICS (U)

34 ft. 6 in.
31 in.
10,100 1bs.

Propulsion...s.ss... Single stage; 5,900 lbs. of
polysulfide composite propellant

Missile Guidance.... Inertial

Missile Control..... Control Surfaces (4 fins) and

Nuclear’ 1’600 leo Dragbrakes

25 to 75 nm
48,410 1bs.
46,210 1bs.
43,210 1bs.

Performance

Effective Night Burning Time.... 28 seconds
Total Motor Burning Time........ 34 seconds
Total Impulseeeescecccsssesosssa 1,123,280 1lbs. per sec.

Cyclic Rate of Fire.veeeeeeseess 2 missiles per 83 minutes
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| OMTS with Warhead, Guidance, & Motor Sections in Checkout Position







» Tactical Missile Assembly with Launcher and Transporter
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“APPENDIX I

! STATEMENT OF APPROVED MILITARY CHARACTERISTICS
‘ FOR SERGEANT GUIDED MISSILE, XSSM-A-27
16 June 1955

SOURCE: OTCM 35863, 16 Jun 55, subj: Guided Missile, XSSM-A-27
(SERGEANT) - Establishment of DOA Proj 516-05-009 (TUl-2080)._
SECTION I - GENERAL

1. Requirement and/or Justification: To fulfill the require-
ment established by the Army Field Forces for a short range (25-75
nautical mile) surface-to-surface guided missile system.

2. Mission: To augment and extend artillery support and to
supplement or replace tactical air support to a range of 75 nautical
miles. This shall be an integrated system of equipment which will
provide for the handling, servicing, launching and guidance of the
missile, and for detonation of the warhead at the target. Training
aids, instruction manuscripts, SNL's and TM's shall be included.

3. Development: If, during the development phase, it appears
to the Ordnance Corps that the characteristics listed herein require
the incorporation of certain impracticable features or unnecessarily
expensive and complicated components or devices, costly manufacturing
methods and processes, critical materials or restrictive specifica-
tions which serve as a detriment to the wmilitary value of this weapon
system, such matters will be brought to thc immediatc attenticn of
Department of the Army and to the Continental Army Command for care-
ful consideration before incorporation in a final design.

4. Competing Characteristics: In the case of competing
characteristics, priority will be in the following order of absolute
essentiality:

a. Reliability, ruggedness, and simplicity (no attempt is
made to choose between these primary characteristics).

b. Accuracy.
c Range.
d. Immunity to counterwmeasures.
e. Mobility.
f. Safety.
SECTION IT - OPERATIONAL CHARACTERISTICS
5. Performance Characteristics:
a. Payload.
(1) The missile shall be capable of carrying a warhead

of about 1500 pounds weight and 30-inch diameter throughout its de-
sign range. Provisions shall be made for interchange of warheads
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APPENDIX I - Statement of Approved MC's, 16 Jun 55 (Continued).

under field conditions. The missile shall be compatible with the
warheads being developed for CORPORAL and HONEST JOHN. Types of
warheads in order of priority are: :

(a) Atomic: Air burst and surface burst, for use
against personnel, installations, and any other appropriate tacti-
cal targets.

(b) Fragmentation, for use against personnel.
(¢) Chemical, for use against personnel.
>

(d) Radiological, Biological, or other types that
"may be developed.

(e) Practice warheads and dummy warheads.

(2) Provision shall be made for arming each type of
tactical warhead while the missile is in flight. The capability of
disarming the warhead while in flight is desired.

(3) The adaption kit and atomic warhead features and
the fuzing and other features of non-atomic warheads shall be as
described in appropriate military and technical characteristics.

b. Accuracy. Assuming the exact range, azimuth, and
angle of site to recommended ground zero to be known --

(1) Required: Circular Probable Error (CPE) of actual
ground zero not to exceed 150 yards. !

(2) Desired: CPE of actual ground zeré not to exceed
100 yards.

¢. Range.

(1) Maximum; Not less than 75 nautical miles from the
launching site.

(2) Minimum: Required - Not more than 25 nautical
miles from the launching site. Desired - Not more than 15 nautical
miles from the launching site.

d. Propulsion. A solid propellant motor is required. 1In
the design of the propulsion system consideration will be given to

minimizing smoke, flash, and dust.

e. Speed. The missile shall fly at supersonic speed from
shortly after launch to impact or detonation.

f. Guidance and Control.

(1) Required: Any guidance system which will produce
the accuracy requirement stated above is acceptable provided the
following characteristics are included:
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APPENDIX I - Statement of Approved MC's, 16 Jun 55 (Continued).
\

- (a) If a ground control station is necessary, its
arrangement shall be compact to facilitate mobility, communications,
camouflage, and concealment. The system shall be designed for
efficient operation when the distance betwecen the ground control

station and the launcher is as small as about 300 meters and as
great as about 8,000 meters. -

(b) Provisions shall be made to change and adjust
rapidly target position for succeeding missiles.

o (¢) The system shall permit engagement of targets
within a 360~ sector by all launchers in a battery with no major
displacement of equipment required.

(d) Line of sight shall not be required between
launcher and ground equipment.

(e) If a ground control station is necessary,
sultable anti-jamming features in the missile and in the ground
control equipment shall minimize the effect of enemy electronic
countermeasures and effectively reduce interference from friendly
control stations or other electronic devices. Electronic radiations
from the equipment shall be shielded or confined to narrow sectors
to reduce the likelihood of detection by enemy devices. It shall
be possible to operate two or more guidance stations in the same
vicinity without interfering with effective system performance.

(£f) Assuming proper operation of the entire sys-
tem until after post burnout maneuver, it is required that the
missile will impact within two miles of the target.

(g) Suitable orientation instruments shall be
provided on or near the launcher to permit laying for direction
by a theodolite or other suitable instrument with the required
accuracy.

(2) Desirable: A'guidance system completely self-
contained within the missile which does not emit electronic
radiations is desirable. The characteristics stated in (b), (c),
(d), (£), and (g) above should then be included.

g. Cyclic Rate. A cyclic rate of two missiles per hour
per launcher is required. A higher cyclic rate is desired if
attainable.

h. Rate of Fire. A rate of fire of six (6) missiles per
hour per battery on one or more targets is required. If a ground
guidance station is required, one such station per battery shall be
capable of maintaining this rate of fire.

i. Time required from ceompletion of erection to launching
should be held to a winimum, but successive launchings from all
launchers in a battery, at intervals not to excecd one minute, are
acceptable.
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APPENDIX I - Statement of Approved MC's, 16 Jun 55 (Continued).

6. Special Characteristics:

a. sttem.

(1) Reliability: The reliability of the missile sys-
tem should be such that --

(a) At least 907 of the missiles removed from 6
months storage (Depot or field) must pass all prefiring checkout
tests with only minor adjustments or component replacement by
battalion or battery personnel.

. (b) Of the missiles which pass the prefiring
checkout tests, not more than 5% may fail to launch at the desig-
nated time due to system malfunction throughout a 72 hour period
following checkout.

(c) In the absence of effective countermeasures
those missiles which launch must have an in-flight reliability of
95%. This is the degree of assurance that after launch, the mis-
sile will not abort due to failure of missile or ground components,
but will deliver its payload to the specified target within the
normal dispersion limits associated with the required CPE.

(d) The atomic warhead and the missile system
shall include anti-jamming and all other devices required to insure
at least a 997 probability of producing a nuclear explosion when
the missile falls in enemy territory and within the prescribed
safety limits. (Reference letter . . . Headquarters, Field Command,
AFSWP, 3 July 1953, subject: "Proposed Military Characteristics for
XW-~5, XW-7, XW-13 Warheads.'")

- (2) Mobility:
(a) All equipment in the missile system shall be

as mobile over unimproved roads and field terrain as heavy artillery.
It shall be either mounted in vans, trucks, or trailers, or be
capable of being easily loaded under field conditions into vans,
trucks, or trailers. Specially designed transport, if any, should
employ standard chassis to the maximum extent possible. Vans
should be standard where possible. The weight, dimensions, and
wheel loading of the vehicles adopted or designed for this missile

system will not exceed the limitations prescribed in Section II of
AR 700-105.

(b) Being on site, in traveling position, no more
than two hours shall be required to emplace the missile system in a
previously prepared position (necessary survey and engineer pioneer
work completed) and to fire the first missile at a previously desig-
nated target.

(c) The missile system equipment shall be capable
of going "out of action'" and into traveling position in not more
than one-half hour, including removing an erected missile from each
launcher.
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APPENDIX I - Statement of Approved MG's, 16 Jun 55 (Continued).

(d) All equipment in the missile system shall be
capable of transport without damage by air in Phase III operations
(Reference, DA SR 705-30-10). Capability of transport by C-119
aircraft is highly desirable. .

(e) The design of major items of the missile sys-
tem shall provide for center of gravity and weight markings and
the necessary tie down fittings required for transportation in
military cargo aircraft, and for lifting transport.

(3) Safety:

(a) The atomic warhead shall include the safety
features required to give the highest possible assurance that a
nuclear explosion will not occur at unsafe altitudes over friendly
troops. In any case, the probability of such an explosion shall be
less than 1 in 10,000. These safety devices shall also be effec-
tive for missiles which burn on the launcher, or impact in friendly
territory .

(b) Maximum safety provisions shall be incorporated
in the missile system to reduce the hazards to using troops and to
friendly personnel and installations. These protective measures
shall be coordinated in accordance with Memorandum G&4/F& - 45629,
G4, Department of the Army, 27 July 1951, subject: 'Field Protec-
tive Measures for Guided Missile Launching and Handling Crews.'

(4) Readiness: After the missile is prepared for
firing and the warhead is attached, and after the missile is
erected on its launcher and oriented on the assigned target, the
system shall be capable of firing this missile on as little as
5 minutes notice. The missile shall be capable of remaining in
this readiness condition for at least 72 hours with no further
checks required, and, if not fired, be capable of being returned
to storage condition. The reliability requirement stated in para-
graph 6a (1) (b) above, applies, if fired at any time during the
entire period of readiness.

(5) Operability: Equipment shall be capable of all-
weather operation both day and night. Provisions shall be incor-
porated for complete blackout operations.

(6) Environment: The missile system shall be capable
of operation and storage under envirommental conditions normally
found in the field including the following specific requirements:

(a) Tewperature (Refercnce SR 705-70-5).

1. The missile system shall be designed to
have the inherent capability of acceptable performance within an
air temperature range extending from 125°F (ninimum exposure of
4 hours with full iwpact of sclar radiation, 360 BITU/ft Sq/Hr) to
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APPENDIX I - Statement of Approved MC's, 16 Jun 55 (Continued).

-25%F (minimum exposure of 3 days without benefit of solar radia-
tion). The missile system shall be capable of satisfactory opera-
tion in the colder range of -25°F to -65°F (exposure for at least
3 days without benefit of solar radiation) with the provision of
special accessories and winterization kits. The provision of
winterization kits should not delay the development of the basic
system.

2. The missile system shall be susceptible
of safe storage and transportation without permanent impairment of
its capabilities from the effect of temperatures from -80°F for

‘periods of at least 3 days duration, to 160°F for periods as long
as 4 hours per day.

(b) Barometric Pressure. The equipment shall be
designed and constructed so as to permit launching at atmospheric
pressures encountered from sea level up to 10,000 feet above sea
level. However, while it is required that the system achieve a
minimum range of 25 nautical miles at all launching altitudes from
sea level up to 5,000 feet, at altitudes above 5,000 feet, the re-
quirement of the 25 nautical mile minimum range will be relaxed to
such a degree as absolutely necessary. It is desired that this ex-
tended minimum range not exceed 32 nautical miles after launching at
10,000 feet. Such divergences in minimum ranges will be clearly
noted and defined in appropriate firing tables.

(¢) Winds. The equipment shall be so designed and
constructed as to be operable in surface wind speeds up to 50 miles
per hour and withstand without damage winds up to 80 miles per hour.

(d) Humidity. The equipment shall be so designed
and constructed as to perform its intended- functlon at all relative
humidities up to 100% at all temperatures below 90° F; and in those
temperatures above 90°F at all relative humidities up to the maximum
obtainable.

(e) Weather. The missile and associated equipment
shall be capable of operation under weather conditions encountered
in the field. They shall be designed to:

1. Withstand the effects of tropical condi-
tions, particularly extremes of heat and humidity, fungus, swarms
of insects, sea spray,and blowing sand.

2. Withstand damage from all types of dust.

: 3. Be operable by personnel dressed in heavy
arctic clothing.

(7) Checkout and Maintenance. The entire missile sys-
tem shall be designed to facilitate easy checkout and replacement
of defective plug-in components and parts.
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APPENDIX I - Statement of Approved MC's, 16 Ju? 55 (Continued) .

b. Missile.

(1) Propellants. Safety and ease of propellant hand-
ling and preparation for firing shall be stressed in the missile
design.

' (2) Warhead Attachment. The missile shall be designed
to allow attachment of the warhead while the missile is in the hori-
zontal position. Safety, simplicity, and ease of attachment shall
be stressed.

(3) Packaging and Assembly. The missile shall be so
packaged as to withstand transport by rail, ship, or aircraft, by
motor vehicle over rough roads and cross country, and the normal
hazards of loading, unloading, and handling incident to transport
and storage. A minimum of skill and less than four man hours of
labor shall be required to unpackage and complete the assembly of
the missile (less warhead). End opening containers will be employed
unless some better scheme becomes available in the container art.

c. Checkout and Test Equipment.

(1) General. All test and checkout equipment shall be
as simple, reliable, compact, and rugged as possible, and shall be
designed to:

A (a) Permit functional type tests which will, in
themselves, indicate whether or not the missile system is operating
properly.

(b) Utilize multi-wafer or '"gang' switches,
labeled functionally.

(2) Test Equipment for Ground Control Stations. This
test equipment shall be designed such that:

(a) It is of the "Built-in'" type wherever possible.

(b) It can perform a rapid overall ground-equipment
system check for determination of its readiness.

(c) All equipment is included which is necessary to
“"trouble-shoot'", calibrate, and prepare all individual major elements
of the ground control station for operation.

(3) Missile Test Equipment for Service Battery Area.
This test equipment shall be designed such that:

(a) Rapid functional tests on the missile can be
performed with the expenditure of not over one man-hour of labor.

(b) Major missile components, which are non-
functioning or operating beyvond tolerance limits are immediately
indicated.

(c) Any defective, plug-in type components, within
a majeor missile component, can be rapidly isolated.

(4) Missile Test Equipment for Launching Arca. This
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APPENDIX I - Statement of Approved MC's, 16 Jun 55 (Continued).

test equipment shall be designed such that:
(a) It is compact and of light weight.

(b) A competent crew can functionally check a mis-
sile, either in a horizontal or launching position, in five minutes
or less.

(5) Power Supply. Engine generators required as part
of the missile system shall be selected from the Army family of
standard engine generators.

(6) Training Equipment and Manuals.

(a) Concurrently with the development of the mis-
sile system, the development of training aids and special devices
required for the schooling of using and service personnel 1is

required. (b) Firing tables, manuals necessary for proper

emplacement, assembly, checkout, launching, guidance, and repair of
missiles and associated ground and test equipment, and lists of
standard and special tools, repair and maintenance equipment, and
spare parts, will be provided concurrently with manufacture of
major items and combinations for initial production and/or troop
tests. The technical manuals furnished by the contractors will be
prepared in accordance with SR 310-10-10 and any other pertinent
specifications.

. (7) Field and Depot Maintenance Tools & Test Equipment.

Wherever practicable and consistent with the mission of the guided
missile system, these items will be designed so that:

(a) Rapid functional tests on missiles, launching
and control equipment including replacement components and major
assemblies can be performed with minimum expenditure of time.

(b) Tests of components and major assemblies will

reveal circuit discrepancies and lead to isolation of defective parts.

(¢) Final test of components and major assemblies
after repair and replacement of parts is provided to insure adequacy
as replacement items for reissue to using troops or return to stock.

(d) Special tools and common tools are provided to
permit facile disassembly and reassembly of equipment for inspec-
tion, repair, and overhaul operations.

(e) Calibration of critical components and major
assemblies may be accomplished.
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APPENDIX 1II

REVISED MILITARY CHARACTERISTICS
FOR SERGEANT GUIDED MISSILE SYSTEM
10 Jul 58 & 14 Dec 61

REFERENCES:
a. OTCM 35863, 16 Jun 55.

b. OTCM 36837, 10 Jul 58, subj: SERGEANT Guided Missile
System - Revision to MC's Included in OTCM 35863.

c. Ltr, ATDEV-1 400.114(S), CG, CONAR® to OCRD, DA, 8 Aug
61, subj: Recommended Changes to SERGEANT MC's.

d. 1st Ind, OCRD to CofOrd, 13 Sep 61, on Reference "c'".
e. OTCM 37917, 14 Dec 61, subj: Guided Missile System,
Artillery (SERGEANT) - Staff Approved Revision of MC's.

CHANGE TO MC's - 10 July 1958:

Reference '"a'" contained the MC's basic to the project (see
Appendix I). Reference "b" provided the first change to the MC's
as follows:

Rate of Fire (Para 5h, Appendix I) amended to read:

Maximum: 8 missiles per launcher per day.

Sustained: 2 missiles per launcher per day.

STATEMENT OF REVISED MC's - 14 DECEMBER 1961:

As a result of a review in July 1961 by representatives of
CONARC, Army Artillery Board, Army Artillerg & Missile School, and
Army Ordnance Missile Command, a series of further changes was
recommended by refererce '"c¢'" and modified by reference "d'". These
changes were incorporated in a new statement of revised MC's and
published in OTCM 37917, 14 December 1961 (reference 'e''). The
changes recorded below correspond to paragraph numbers in App. I.

SECTION I - GENERAL

L)
1. (q' Statement of Requirement: Subgaragraph 434a(4),
Combat Development Objectives Guide, €3, 1 Dec 60 -~

"Field Artillery Guided Missile System, Corps Support
(SERGEANT) (). A 75-nautical-mile solid propellant baliistic
guided missile for delivery of atomic and non-atomic warheads with
a CEP of 300 meters up to maximum range. 1!~ SERGEANT will be
employed as mobile army or corps very heavy artillery against area
targets to augment and extend other artillery support and to supple-
ment tactical air support. This item will replace the CORPORAL
missile. (LR) (Appr: prior 56) (R: 3 Jun 60) (i: CofOrd)."

267




- -~ GONFIBENTIAL

APPENDIX II - Statement of Revised MC's - 14 Dec 61 (Continued).

2. Mission. No Change (n/c).
3. Development. n/c

4. Competing Characteristics. n/c

SECTION II - OPERATIONAL CHARACTERISTICS

5. Performance Characteristics:

a. (® Payload.

(1) The missile shall be capable of carrying a pay-
load of about 1500 pounds weight and 30-inch diameter throughout
its design range. Provisions shall be made for interchange of
warhead sections under field conditions. Types of warhead sec-
tions in order of priority are:

(a) Atomic: Air burst and surface burst, for use
against personnel, installations, and other appropriate tactical
targets.

(b) Chemical, for use against personnel.
(c) Biological.

(d) Practice warheads and dummy warheads.

(2) Provision shall be made for arming each type of
tactical warhead while the missile is in flight.

(3) n/c.

b. @ Accuracy. ASSum'ing the launching stations and
target coordinates and" rocket motor temperature are known --

(1) Required: CPE of actual ground zero not to
exceed 300 meters.

(2) Desired: CPE of actual ground zero not to exceed
150 meters.

C. ) Range. (Target to be located at an elevation of

sea level to 8000 feet above sea level.) i;

(1) Maximum. Not less than 75 nautical miles from
launch at altitudes of from sea level up to 8000 feet.

(2) Minimum. Required: Not more than 25 nautical
miles from launch at altitudes of from sea level up to 5000 feet.
At altitudes from 5000 to 8000 feet above sea level, this require-
ment will be relaxed to such a degree as absolutely necessary.
Desired: Not more than 15 nautical miles from the launching site
at altitudes up to 5000 feet. Not more than 32 nautical miles at
a launching altitude of 8000 feet.
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APPENDIX II - Statement of Revised MC's - 14 Dec 61 (Continued).

d. Propulsion. n/c

e. Speed. n/c
f. (@ Guidance and Control.

(1) Required: An all inertial guidance system. g

(a) Provisions shall be made to change and adjust
rapidly target position for succeeding missiles.

(b) The system shall permit engagement of targets
within approximately a 360 degree section by the launcher with no
displacement of equipment.

(c) Assuming proper operation of the motor and
velocity control devices, it is required that the missile will
impact within 3,700 meters of the target.

(d) Suitable orientation instruments shall be
provided on or near the launcher to permit laying for direction by
a theodolite or other suitable instrument with the required accuracy.

(2) Desirable: A guidance system completely self-
contained within the missile which does not emit electronic
radiations is desirable. The characteristics stated in (1) above
should then be included.

h. (@ Rate of Fire.

(1) Maximum: 8 missiles per launcher per day.
(2) Sustained: 2 missiles per launcher per day.
i. (U) Time required from completion of erection to

launching should be held to a minimum.

6. Special Characteristics:

a. System.

(1) Reliability: The reliability of the missile
system should be such that:

(a) n/c
(b) n/c
(c) n/c

(d) (@ The atomic warhead and the missile system
shall include anti-jamming and all other devices required to insure
at least 98% probability of producing a nuclear explosion when the
missile falls in enemy territory and within the allowable limits.
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APPENDIX II ~ Statement of Revised MC's ~ 14 Dec 61 (Continued).

(2) Mobility:

(a) All equipment in the missile system shall be
as mobile over unimproved roads and field terrain as the cross
country travel capability of the system primd@movers, as defined
in TM 9-236. It shall be either mounted in vans, trucks, or
trailers, or be capable of being easily loaded under field con=~
ditions into vans, trucks, or trailers. Specially designed
transport, if any, should employ standard chassis to the maximum
extent possible. Vans should be standard where possible. The

‘weight, dimensions, and wheel loading of the vehicles adopted or
designed for this missile system shall not exceed the limitations
prescribed for highway, rail and water transportability in AR 705-8.

(b) n/c
(c) n/c

(d) All equipment in the missile system shall be
capable of transport without damage by air in Phase III operations
(Reference, AR 705-35). Capability of transport by air in Phase II
operations is highly desirable.

(e) The design of major items of the missile
system shall provide for center of gravity and weight markings and
the necessary tie down fittings required for transportation in
military cargo aircraft, and for lifting in connection with air,
rail and water transport.

(3) Safety: ®

(a) n/c
(b) n/c
(4) Readiness:

Required: After the missile is assembled on the
launcher and oriented on the assigned target, the system shall be
capable of firing the missile on as little as 7% minutes notice
during a period of four hours. Desired: The system shall be
capable of firing the missile on as little as 5 minutes notice
during a period of 72 hours.

(5) Operability: n/c

(6) Environmental Design: The missile system shall
be capable of satisfactory operation and storage under basic and
extreme environmental conditions congiined in Section II AR 705-15.
Under extreme operating conditions, tRe basic equipment may be
modified, or special equipment will be developed, whichever is
more practicable. The provision of winterization kits should not
delay development of the basic system.
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APPENDIX II - Statement of Revised MC's - 14 Dec 61 (Continued).

(a) 1 & 2. Deleted.

(b) Barometric Pressure. Deleted.

(c) Winds. Deleted. -
(d) Humidity. Deleted.
(e) Weather. Deleted.

(7) Checkout and Maintenance. Deleted.

b. @) Missile.
(1) Propellants. n/fc
(2) Warhead Attachment. n/c

(3) Packaging and Assembly. The missile shall be so
packaged as to withstand transport by rail, ship, or aircraft, by
motor vehicle over rough road and cross country, with the normal
hazards of loading, unloading, and handling incident to transport
and storage. A minimum of skill and less than one man hour of
labor shall be required to unpackage and complete the assembly of
the missile.

c. (@) Checkout and Test Equipment.

(1) General: The entire missile system shall be
designed to facilitate easy checkout. All test and checkout
equipment shall be as simple, reliable, compact, and rugged as
possible, and shall be designed to permit functional type tests
which will, in themselves, indicate whether or not the missile
system is operating properly.

? (2) Missile Test Equipment for Service Area: This
‘ test equipment shall be designed such that:

(a) Rapid functional tests on the missile can be
performed with the expenditure of not over two manhours (required)
or one manhour (desired) of labor, including cabling, leveling
and positioning of transport vehicles.

(b) Major missile components which are non-
functioning or operating beyond telerance liwmits are immediately
indicated.

(¢) Any defective, plug-in type components,
within a major missile cowmponent, can be rapidly isolated.

(3) Test Equipment for Launching Area: The launching
station shall include compact test equipment capable of detecting
inissile and firing equipment functiens during firing sequences
after assembly of missile on the lauvncher.
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APPENDIX II - Statement of Revised MC's - 14 Dec 61 (Continued).

d. Power Supply. Engine generators required as part of
the missile system shall be selected from the Army family of
standard engine generators.

e. Training Equipment and Manuals.

(1) Concurrently with the development of the missile
system, the development of training aids and special devices re-
quired for the schooling of using and service personnel is required.

(2) The téchnical manuals furnished by the contractors
will be prepared in accordance with AR 310-3%and any other pertinent
‘specifications.

f. Maintenance. The maintenance package will be developed
and coordinated in accordance with AR 750-6.. The entire missile
system shall be designed to facilitate easy replacement of defective
plug-in components and parts wherever practicable and consistent
with the mission of the guided missile system, and approved DA
Maintenance concept. These items will be designed so that:

(1) Rapid functional tests on missiles, launching and
control equipment including replacement components and major
assemblies can be performed with minimum expenditure of time.

(2) Tests of components and maj@r assemblies will re-
véal circuit discrepancies and lead to isolation of defective parts.

(3) Final test of components and major assemblies
after repair and replacement of parts is provided to insure ade-
quacy as replacement items for reissue to using troops or return
to stock. ‘ ’

(4) Special tools and common tools are provided to
permit facile disassembly and reassembly of equipment for imspec-
tion, repair, and overhaul operations.

_ (5) Calibration of critical components and major
assemblies may be accomplished.
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APPENDIX III

" (M DESIGN & DEVELOPMENT OF THE SERGEANT ROCKET MOTOR (U)

Table
Number Page
1. Rocket Motor and Propellant Identification

Numbers-o...................-.-................ 274

2.  SERGEANT R&D Rocket Motor Designs - Thiokol
Chemical Corporation, Redstone Divisione:«.es.. 275

3. Static Test Data—Huntsville-Loaded JPL~477
Design MOLOTS.ceeesosecssoenseonosssasossonssas 276

4. Static Test Data~—Huntsville-Loaded JPL~500
Design MOtOTSe.veersssesesatocessososscsaasssanse 277

- 5. Comparison of 477 and 500 Design Motors:ssesecsss. 278
6. Comparison of TP-E8081 and TP-E8057 Propellants.. 278

7. XM~100 Rocket Motor Principal Design Data.eees.es 279

SOURCE: LAAP/TCC Report TLD 320-66-290, June 1966, subject:
The SERGEANT Rocket Motor Research & Development -
Historical Summary and Review from December 1953
through November 1961. RSIC.
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(U) ROCKET MOTOR AND PROPELLANT IDENTIFICATION NUMBERS

Polysulfide & Ammonium Perchlorate Solid Propellants

APPENDIX III

Table 1

Rocket Motor Designations

Original: XM-12E1l; XM-12E2
Interim : XM-53

Final : XM-100

r

Original
TRX=-110A
TRX~110B
TRX-EL51
TRX-E157

High Performance Propellants:

Interim
T-17E1
T-17E2

274

TP-E8080
TP-E8081
TP-E8051
TP-E8057

JPL-135; JPL-136; JPL-136A
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APPENDIX III

Table 2

(U) SERGEANT R&D ROCKET MOTOR DESIGNS - THICKOL CHEMICAL CORPORATION, REDSTONE DIVISION

JPL Type Cylindrical Disposition of Rounds Produced
Design | Propellant | Case Length Design Type Static Test| Flight Test | Total
329 TP-E8080 171.5 in. |} Constant~Thrust/Moderate Performance 6 3 9
427 TP-ESO0S8L 166.0 in. Constant-Thrust/Mocderate Performance 3 0 3
438 TP-ES081 141.0 in. |Constant-Thrust/Moderate Performance 1 0 1
432 JPL-135 132.5 in. |Regressive-Thrust/High Performance 0 0 0
474 JPL~136 109.0 in. |Regressive-Thrust/High Performance 0 0 0
476 TP-E8080 137.0 in. |Regressive-Thrust/Moderate Performance 0 0 0
484 JPL-136 120.0 in. |Regressive-Thrust/High Performance 1 0 1
491 JPL-136A 120.0 in. | Constant~Thrust/High Performance 1 0 1
477 TP-E8081 141.0 in. Constant-Thrust/Mcderate Performance 22 18 40
500 TP-E8057 141.0 in. |Constant-Thrust/Mcderate Performance 12 _8 _20

Total Full-Scale R&D Rounds Produced: 46 29 75

i
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APPENDIX III

Table 3
') STATIC TEST DATA—HUNTSVILLE~LOADED JPL~477 DESIGN MOTORS (U)

Motor Test Propellant Burning Maximum Average Total

Serial Tgmp. Weight T ime Pressure Thrust Impulse

Number Date Fired (F.) (pounds) (sec) (psia) (pounds) (1b-sec)
14 9 May 56 30 5,851 25.74 522 38,098 1,077,417
15 8 May 56 70 5,828 23.40 545 43,116 1,109,232
16 20 Jun 56 -2 5,862 26.96 532 a a
17 21 Jun 56 100 5,888 22.33 622 45,505 1,106,772
18 17 Jul 56 -25 5,848 28.30 472 33,580 _ 1,045,159
19 17 Jul 56 130 5,882 21.60 663 46,819 1,100,966
20 6 Sep 56 130 5,816 22.15 622 46,370 1,112,578
21 7 Sep 56 126 5,808 22.20 613 45,437 1,105,482
23 10 Oct 56 68 5,820 24.39 534 40,088 1,081,611
24 11 Oct 56 69 5,852 24,29 533 40,757 1,078,385
25 18 Oct 56 47 5,815 25.45 . 530 38,063 1,060,643 -
28 20 Mar 57 116 5,846 22.86 622 45,014 1,112,300
29 21 Mar 57 118 5,866 22.34 583 46,524b 1,122,256
30 19 Dec 57 55 5,847 b 573 37,274 b .
32 24 Jul 57 78 5,782 23.80 620 41,339 1,074,837
35 25 Jul 57 130 © 5,875 c c c c
36 22 Aug 57 130 5,829 21.60 632 47,127 1,108,062
37 26 Jan 58 72 5,824 24.80 561 38,680 1,040,000
45 17 Apr 58 0 5,839 27.90 507 32,040 991,930
47 18 Jul 58 0 5,839 27.90 564 33,980 1,059,000
50 17 Jul 58 77 5,851 24.00 579 41,680 1,095,000
81 13 Aug 59 130 5,873 25.84 540 37,140 1,065,000
NOTES:

aNot available.

bMotor case failed at aft end 20.63 seconds after ignition.

CBallistic data not available.

Thrust recording equipment malfunctioned.
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Table 4
Qb STATIC TEST DATA—HUNTSVILLE-LOADED JPL-500 DESIGN MOTORS (U)

Motor Test Propellant Burning Maximum Average Total

Serial Temp. Weight Time Pressure Thrust Impulse

Number Date Fired (OF.) (pounds) (sec) (psia) (pounds) (1b-sec)
54 11 Jun 58 -19 5,888 29.00 582 32,830 1,004,000
56 10 Jun 58 129 5,891 20.96 648 48,820 1,111,000
59 22 Jul 58 77 5,908 23.80 577 42,060 1,086,000
60 27 Aug 58 30 5,925 26.00 540 39,080 1,104,000
64 21 Jul 58 0 5,912 28.10 495 34,920 1,069,000
66 28 Aug 58 100 5,919 23.00 617 45,340 1,124,000
69 23 Jan 59 0 5,896 - - - 1,050,000
71 24 Sep 58 30 5,209 25.70 532 38,180 1,073,000
72 25 Sep 58 - 5,896 27.70 512 35,240 1,073,000
74 30 QOct 58 130 5,901 21.40 668 48,360 1,122,000
88 12 Aug 59 100 5,903 - - - 1,120,000
94 8 Jul 59 a 5,906 - - - 1,098,000
NOTE:

Motor was conditioned at +130°F. for 7 days, followed by 9 hours at -25°F.




APPENDIX III

Table 5
@ COMPARISON OF 477 AND 500 DESIGN MOTORS (v)

Physical Characteristics

Motor Overall Length, in.
Gross Motor Weight, lbs.

JPL-477

196
6900

Case Cylindrical Length, in.

Case Outside Diameter,
Case Thickness, in.
Case Weight, lbs.

Nozzle Throat Area, sq. in.

Nozzle Exit Area, sq.
Expansion Ratio
Liner Weight, 1bs.

Gross Propellant Weight, 1bs.

141
31
0.11
700
57.415
309.47
5.39
.90
5840

in.

in.

Table 6

JPL-500

196
6880
141

31
0.11
655
57.420
309.45
5.39
90
5903

@ COMPARISON OF TP-E8081 AND TP-E8057 PROPELLANTS (U)

Material
Ammonium Perchlorate
LP-33 Liquid polymer
%-quinone dioxime (GMF)

Magnesium oxide
Sulfur
Nylon tow

Diphenyl guanidine (DPG)

Weight, %

Function TP-E8081  TP-E8057
Oxidizer 62.98 63.30
Fuel & binder  33.17 33.20
Curing agent 2.32 2.30
Reinforcing .- 1.0

agent
Curing 0.02 0.20
Accelerator
Reinforcing 0.33 0.30
agent
Reinforcing 1.16 -
agent
»
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APPENDIX III

Table 7

(6 XM-100 ROCKET MOTOR PRINCIPAL DESIGN DATA (U)

PARAMETER

Temperature Limits, °F.
Operating LimitsS .seceessvccoccoscccsnsses
Storage LimitsS .veeeeceecscoscccosascnces

Motor
Grain Configuration .ececevverssccsocoocse
Total weight, Ibs. .evieeeecevoveconnnnes
Total length, in. seevrverevercnesvossnns
Liner weight, 1bS. sectveceecercersconsons
Liner core pot weight, 1bs. seeevecronces
Propellant weight, 1bs. cevececercenceans
Propellant volume, cu. in. cvecoosevooces
Loading density, cross=sectional, % «ecee
Propellant burning surface, sq. in. «....
Area TAtio eceeescescssesscsctcceconnssnacs
Port area/throat Ared soessececacssccnsass

case
Material .ceccesececcecesesescsascocsnnens
Ultimate stress, PST cceoccecacscecsasaes
Minimum yield strength, PS1i eceeeeecacecaecns
Minimum thickness, in. ceeieeieceaiccecaens
Nominal thickness, in. ceceecceercacecanes
Hydrostatic/average PreSSUrEC eseessscscans
Hydrostatic/maximum PresSsure eeseceseesss
Hydrostatic/minimum yield pressure seoe..
Outside diameter, in. eceeececcevesoesoocse
Case weight, Lbs. teeivececseccoeonoeocns

Nozzle
Material, nozzle body ¢.oveeenceconsconens
Material, throat dnsert «.cieeieeescoeses
Ultimate stress, PSL secececcroancsocnnns

Mininum yield strength, psi ceceveroeenne

Throat arca, Sq. In. cececcceaceenscoesss
Exit arca, $q. ine ceeveen B T
LExpansion ratio c.veeee Peitaresreatasene e
Thrust coefficient teeieeerieannenss cecenn
Discharge coefficient «.oveveeeen.n N
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VALUE

-~

-30 to +130
-40 to +130

5 Point Star

4130 Steel
165,000-185,000
135,000

0.103

0.109

1.587

1.328

0.868

31.0 + 1/32

630

1020 Steel
Graphite
69,000
48,000
57.42
309.47
5.39

1.46

0.97
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APPENDIX IV

Q’? SERGEANT R&D Flight Test Program (U)

Table .
Number Page

1. Airframe-Propulsion Feasibility Demonstration
Firings_lg Jan 56 - 26 NOV 57-.-00.:0..-..0-00-00 282

2. Phase II Experimental Model Firings——21 Jan 58 -
23 Oct 58'..........'.......Gﬁ.‘l................. 283

3. Phase III Experimental Model Firings—11 Dec 58 =
29 Oct 59...ll'..ﬁ..ﬁl..ﬂ....'.....l.............l 285

(The results of Phase IV and Phase V Engineering Model flight
tests are presented in the text. .See pp. 168-72, 178-82,
190-96.) '

SOURCE: JPL Final Report 20-137, 1 Oct 60. RSIC.
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APPENDIX IV

TABLE 1. (! Airframe-Propulsion Feasibility Demonstration Firings—19 January 1956 - 26 November 1957 (U)

Flt
Nr

Rd
Nr

Firing
Date

Firing Configuration

Missile

Ground Equipment

Results

19 Jan 56

Type 329 motor w/T17El propel-
lant; dragbrakes; modified CPL
II autopilot & gyros; two l4-
channel telemetering systems;
DPN-19 tracking beacon; air
turbine alternator; DRW-4
destroy receiver; nose plugs

& tail plug; dummy warhead.

Interim facilities at WSMR
ALA-l; interim transporter;
table type launcher; missile
erected with gantry crane;
R&D firing console with
5-second fire sequence.

Second controller cycling of dragbrakes
failed-short in actuating solenoid; both
clean missile and dragbrake drag higher
than predicted; aerodynamic vibration
higher than expected; unscheduled trigger-
ing of DPN-19 in flight.

28 Feb 56

Same as Round 1.
(Intentional missile breakup
just prior to impact to aid
in study of aerodynamic
heating.)

Same as Round 1.

Satisfactory operation observed throughout
flight; good temperature data obtained from
breakup operation--no unexpected results;
general confirmation of Round 1 results.

24 Apr 56

Same as Round 1 plus acceler-
ometer used to guide missile
in yaw after changeover; two
l6-channel telemetering
systems.

Same as Round 1 w/addition
of a new wedge-type flame
deflector.

.

Failure of speed regulating system caused
higher than normal voltages and frequency
over much of flight; timed operationsg, such
as brake opening and closing, took place
ahead of schedule; severe vibration noted
during high-drag portions of braking
periods. DPN-19 failed at about T + 70.

3 Nov 56

Same as previous rounds with.
addition of Type 477 motor;
Lear-Bomarc coordinate con-
verter; two breakaway boxes.

Same as previous rounds plus
autopilot test unit; coordi-
nate converter automatic
test unit; superstructure of
prototype erector-launcher

mounted on temporary A-frame.

All test objectives achieved. Thrust
greater than expected; drag lower than
expected.

31 Jan 57

Same as previous rounds with
addition of dragbrake elec-
tric actuator; gyro experi-
ment. Type 477 motor
conditioned to 55°F.

Same as previous rounds with
addition of dish type flame
deflector.

Electric actuator failed to retract drag-
brake blades at end of the,firat cycle;
blades remained open until¥ the second
closing time. «

16 Apr 57

Modified dragbrake electric
actuator; body-fixed accel-
erometers; gyro/accelero-
meter w/special power supply;
flush-type antenna; special
tunnel section bonded to
motor; Type 477 motor con=-
ditioned to 65°F.

Experimental launcher
trailer frame; dummy firing
set and gas turbine enclo-
sures mounted on launcher
to evaluate effects of
blast.

Due to electric actuator failure, dragbrakes
90% opened for 30 seconds during first cycle
then were fully extended and remained out
throughout flight; motor temperature 76 F
instead of 65°F.; all other objectives
accomplished.
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APPENDIX IV

('Airframe-Ptopulsion Feasibility Demonstration Firings~=19 January

1956 = 26 November 1957 (U) (Continued)

Flt
NI

Firing Configuration

Missile

Ground Equipment

Results

Type 477 motor w/T17E2 pro-
pellant conditioned to 95°F.;
first SGT inertial platform
system & range computer;
parameter inserter; air actu-
ated dragbrakes; guldance
section 10 inches longer.

R&D test trailer for checking
missile electronics; go-no-go
flap position sensors; com-
plete erector-launcher with
no tie-down of wheels; dummy
enclosures on launcher.

Dragbrakes did not open for the second
cycle—missile air supply pressure had been
reduced too low to activate the brakes;
good data obtained from other experiments.

Propulsion round guidance-=-
same as previous rounds with
addition of electrically
actuated dragbrakes with dc
motor; yaw accelerometer con-
trol during burning phase.

Same as previous rounds.

Roll transient of 8 degrees at takeoff;
unintentional activation of the missile
destructor at T + 193 seconds--probably
caused by relay chatter; a11 other
experiments successful.

TABLE 2.

(C) Phase II Experimental Mddel Firings—21 January 19

58 - 23 October 1958 (U)

Multipiece airframe; quick
disconnect fin assemblies;
electrically actuated per-
cussion ignition system;
transistorized XM autopilot;
Mod II electrically actuated
dragbrakes; pitch, yaw, and
roll rate gyros operating
into guidance system; Type
477 motor conditioned to 45°F.

First use of SUEL XM-101
erector-launcher; all firing
circults powered by Ai-
Research gas turbine gener-
ator set mounted on erector-
launcher.

Missile intentionally broken up on re-entry
and pieces recovered for study. Erector-
launcher and autopilot experiments success=
ful; dragbrakes failed to close at first
closing command owing to failure of the
brake transmission shaft.

10

This round brought together
for first time the nearly com=-
pleted XM guidance system and
Block II (multipiece) airframe;
first test of controller as a
completely functioning unit;
brakes phé@ically locked shut;
Motor cond¥tioned to 55°F.

First cperation from per-
manent SERGEANT facility at
ALA-2; first complete opera-
ting erector-launcher; first
use of ALA-2 telemetering
ground station as primary
source of JPL telemetry
recording.

Platform misaligned about 4 degrees in
pitch at launch, hence a pitch-up command
was on the flaps at takeoff. Motor blast
damaged the GTGS cover.

11

First fully guided XM missile;
first use of hydraulically
actuated dragbrakes, elevation
computers, & range computer.
Tyge 477 motor conditioned to
70°F.

Same as previous round.

TARGET RANGE: 73 nm.

IMPACT: 3,700 m long; 26,200 m right.
A yaw right and pitch maneuver occurred
just after takeoff--apparent platform
tumbling at or shortly after tailbreak.

12

TABLE 1.

Rd Firing"

Nr Date
8 1 3 Oct 57
7 {26 Nov 57
9 |21 Jan 58
10 [14 Mar 58

11 1 May 58
12 | 9 May 58

Fully guided XM missile~--
same_as previous round.

Same as previous round.

Missile destroyed accidentally after about

6.8 seconds of flight.
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APPENDIX IV
TABLE 2. @ Phase II Experimental Model Firings—21 January 1958 - 23 October 1958 (U) (Continued)
Flt| Rd | Firing Firing Configuration
Nr | Nr Date Missile Ground Equipment Results
13 13 | 30 Jun 58 | First test of fully guided Erector-launcher off pad in TARGET RANGE: 25 nm.
. XM missile at short (minimum) unpaved location (desert RADIAL ERROR: 665 meters.
range. Type 4]7 motor con- floor). First field opera- Failure of common power supply caused loss
ditioned to 90°F. tion of XM~l guidance test of DOVAP and flight monitor at 23 seconds.
station. All guidance components functioned properly.
Glass fibre blast deflector failed at launch.
14 | 16 | 27 Aug 58 | Short range test of XM mis- XM-103 launcher with AQU; TARGET RANGE: 25 nm.
sile with new 0-40 dragbrake two firing stations (XM-1 RADIAL ERROR: 644 meters.
blades (center cut out; 407 with R&D monitoring equip~ Drag increment from modified dragbrake
less surface); first XM ment & XM=2 with XM firing blades lower than expected, resulting in
inertial platform azimuth circuitry); 4~foot diameter second and third closings of brakes by con-
orientation unit (AOQU); steel dish-type blast de- troller rather than by range computer.
XM-91 AK. Type 477 motor flector attached to turn-
conditioned to 86°F. table superstructure.
15 | 15| 27 Aug 58 | Short range fully guided XM Same as previous round. TARGET RANGE: 25 nm.
missile~-same as previous RADTAL ERROR: 1,930 meters.
round with Type 477 motor Platform tumbled 3 degrees at launch; ele-
conditioned to 94°F. vation guldance failed at 8 seconds.
16 | 14 { 28 Aug 58 |'Fully guided XM missile. Off-pad launching from TARGET RANGE: 75 nm.
unpaved location; erector- RADIAL ERRCR:; 2,260 meters.
launcher oriented 30 degrees )
from azimuth of fire; dish
type blast deflector.
17 | 18 § 21 Oct 58 { First flight of fully guided Firing set sequencer auto- TARGET RANGE: 45 nm.
XM missile over medium range matically programmed final RADIAL ERRCR: 196 meters.
trajectory. XM-1 guidance 90 seconds of countdown. Good guidance system performance.
computer; 0-33 dragbrake Launched from 1:10 slope.
blades; Chemical warhead :
high=-altitude burst. Type
477 motor conditioned to
70°F.
18 } 171 23 Cﬁi 58 | Second flight of fully guided 6-foot diameter aluminum TARGET RANGE: 45 nm.
: blast deflector. RADIAL ERROR: 801 meters.

XM missile over medium range
trajectory. Biological war-
head; 14-23 dragbrake blades.

Good guidance system performance.
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-+ APPENDIX IV

TABLE 3. (') Phase III Experimental Model Firings~—-11 December 1958 = 29 October 1959 (U)
Flt | Rd Firing
Nr Nr Date Firing Configuration/Experiments Results
19 19 [ 11 Dec 58 | Fully guided XM missile w/XM-91 AK (including first ADD | TARGET RANGE: 70 nm.
package) and Type 477 motor conditioned to -20°¢. 1n- MISS DISTANCE: 170 meters long; 25 meters left.
tentional breakup of missile planned at about 3500 ft. The planned breakup of missile did not occur.
. - above terrain for study of sliver weight. No other exceptions noted.
20 21 | 23 Mar 59 Flight test'evaluagion of Type 500 motor w/propellant TARGET RANGE: 75 nm.
conditioned to =20"F.; 0-33 dragbrake blades; XM-2 MISS DISTANCE: 129 meters long; 520 meters right.
guldance platform; XM~2 ADD package assemblies; TX=22-5 A 6000-meter error noted in ADD system azimuth
pyrogen booster. reading.
21 22§ 25 Mar 59 Same as previous round. TARGET RANGE: 75 nm. -
MISS DISTANCE: 846 meters short; 130 meters left.
Time of flight was 12 seconds short because
missile trajectory was considerably lower than
predicted.
22 25) 25 Aug 59 | Fully guided XM missile w/Type 500 motor conditioned TARGET RANGE: 25 nm.
. to 74°F. First use of Mod II dragbrake actuator and MISS DISTANCE: 270 meters long; 383 meters left.
- 0-33 dragbrake blades for short range flight. Also A roll oscillation was present during first 10
first use of second XM firing set computer; XM-4 con- seconds of flight.
trol amplifier; XM-3 controller; XM-3 GPU and XM-2A
Integrated DC Power Supply; Lear Model 3050E control
. surface actuator; XM-2 guidance computer; and digital
flight monitor supplement. Ground Equipment: Modified
parameter converter and OMTS w/90% of tests automati-
cally sequenced. )
23 26 | 21 Oct 59 | Equipment same as previous round. First round to be TARGET RANGE: 25 nm.
slewed automatically to firing azimuth; fired from MISS DISTANCE: 11 meters long; 190 meters left.
foxhole about 75 yards from launching station. Human This round originally scheduled to be fired with
engineering experiments: monitoring of launch forces Rd #25 in August 1959, but was delayed by
imposed on dummy installed in firing set; sound levels numerous difficulties with ground equipment.
within firing set; and collection of air samples in All test objectives were achieved.
firing set.
24 27 {1 26 Oct 59 | Type 500 motor conditioned to 100°F. First use of TARGET RANGE: 75 nm.
AN/DRW-11 destroy receiver; second use of launcher MISS DISTANCE: 136 meters long; 1105 meters left.
automatic slewing capability. Ground Equipment: Several battery failures occurred during attemp-
Ordnance Telemetering & Instrumentation Station; ted countdown; apparent loss of phase two. 400~
XM FMIS; OMTS w/95% of tests automatically sequenced. cycle power late in flight; platform misaligned
Human engineering experiments same as previous round. in azimuth; guidance platform yaw gimbal tumbled
left owing to lack of gimbal torquer power.
25 28 | 29 Oct 59 Equipment and experiments same as previgus round, TARGET RANGE: 75 nm.

except Type 500 motor conditioned to 85°F.

MISS DISTANCE: 17 meters long; 124 meters left.
Missile failed to launch at zero, although a
partial firing command was seen on the control
room meter.

NOTE:

Rounds 20, 23, 24, and 29 deleted from flight test schedule.

1
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GLOSSARY OF ABBREVIATIONS

- A -

ABMA-===== Army Ballistic Missile Agency

Acceln---- Acceleration

ACofOrd--- Assistant Chief of Ordnance

ACofS~==== Assistant Chief of Staff

ACSFOR---- Assistant Chief of Staff for Force Development
Act=-===m=e- Acting

Acty==eee- Activate, Activity
Actvn-==== Activation

© ADD======- Arming Decision Device
Adj-=-===-=- Adjust, Adjusted
Admin==e~= Administrative, Administration
AFF==cnna- Army Field Forces -
AFSHP=mem== Armed Forces Special Weapons Project
Agcy====== Agency
Agrmtece-- Agreement
AKmmmmmen= Adaption Kit
AlArm—cnea Army Launch Area
Aloc(n)--- Allocate, Allocation
AMCommmm=e= Army Materiel Command

AMCTCM---- Army Materiel Command Technical Committee Minutes
Andt~een=a Amendment

AMF--ere==- American Machine & Foundry Company
Anal-e~v-- Analysis
Anlecmmaa- Annual
AOMCrmm=n-= Army Ordnance Missile Command
AQUrrormen= Azimuth Orientation Unit
App-=~===- Appendix '
Appr(d)--- Approve, Approved
Apprl--=-- Approval
Aptmt===== Appointment
ARGMA~=w~-= Army Rocket & Guided Missile Agency
Arsecc===- Arsenal
Arty-ee==- Artillery
ASA--m=m== Assistant Secretary of the Army
Asg(d)---= Assign, Assigned
Asgmt=e==== Assignment
ASPem==me- Annual Service Practice
AsSte===—= Assistant
Atch(d)--- Attach, Attached
ATT===mm=- Army Training Test
Augnecee==- Augmentation
Authe-cee- Authority, Authorize

- B =
Bde=mmmn== Board
Bfgee=eem=- Briefing
BGe==rmmm- Brigadier General
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GLOSSARY OF ABBREVIATIONS (Cont)

Blkeee==== Block
Bn==-e-==- Battalion
Br=-eec-e-- Branch
Btry==e==- Battery
BTU/Hr---- British Thermal Unit/Hour
Btwnee==== Between
Bud======= Budget
BWL=m====- Bacteriological Warfare Laboratory
BXe=ocane- Box
-C -
CiDPm===== Comptroller and Director of Programs
CAPT~==—m= Captain o
CBR=~===== Chemical, Biological, and Radiological
Chte===ee- Combat
CCCS~===== Central Control Computer System
CCM=~=mm== Counter~Countermeasure
CDC=mmmm== Combat Developments Command
CE=m~=e=== Corps of Engineers
CGmmmmmm== Commanding General
Che=eceecme= Change
Chf-=ecme=- Chief .
Cire~em===- Circular .
CIT-w-==== California Institute of Technology
Civece=e=- Civilian
Clase==w=- Classification
Cndty====- Commodity
Cite-em==- Comment
Cntn(r)=--- Contain, Container
CO=-m=mmm=- Commanding Officer
CofOrd---- Chief of Ordnance
CofS=mcm== Chief of Staff
COL======= Colonel
Com==mena- Committee
Comdr===== Commander
Comdtememmm= Commandant
Con==eec==- Control

CONARC=---- United States Continental Army Command
Cond(g)=--- Condition, Conditioning

Condre=-e=- Conditioner

Confemea-- Conference

Contre====- Contract, Contractor

Coord====- Coordination

Cpbl-==v=~- Capable, Capability

CPE===e=== Circular Probable Error
CPFFe====-~ Cost=Plus-Fixed-Fee

CPL======= CORPORAL (Missile)

CRD======- Chief of Research and Development
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Crite===--
Crs~=====-
CHL=——————
CY=mmm=maa
Cy~==== ———-
DA===== -——-
DAMWO====~
. DCG==mmm==
DCG/BM==~~
DCSLOG====
DCSOPS ===~
DCSPER~-0PO
Dep=======
Dept======
Det==e====a
Deve-==~==
Devlem=~==
DFm==== -
Diam===~==
Dire==ce=-
Disap(d) -~
Dist===e==
Divem=cc=-
Dlvry=====
Docu-==w==
DOD~====-=
DODRE-====
DOFLe-====
Drmwercee=
DSU=======
detim=m===
Dtd=-mee==-
Dupe======
Dy==e==e==
ECO=======
Eff(ns) ===
Elcterm===
FMeeereea-
Engr(g) ---
EQeer==ca=
Equip====-
ERDL======
E/S======-

GLOSSARY OF ABBREVIATIONS (Cont)

Criterion, Criteria

Course

Chemical Warfare Laboratory
Calendar Year

Copy
D =

Department of the Army

Department of the Army Modification Work Order

Deputy Commanding General :

Deputy Commanding General, Ballistic Missiles

Deputy Chief of Staff for Logistics

Deputy Chief of Staff for Military Operations

Deputy Chief of Staff for Personnel, Office of
Personnel Operations

Deputy

Department

Detachment

Develop, Development

Developmental

Disposition Form

Diameter

Director, Directorate

Disapprove, Disapproved

District

Division

Delivery

Document

Department of Defense

Department of Defense Research and Engineering

Diamond Ordnance Fuze Laboratories

Doctor

Direct Support Unit

Date Typed

Dated

Duplicate, Duplication

Duty

-FE -

Engineering Change Order

Effective, Effectiveness

Electronics

Engineering Model

Engineer, Engineering

Engineering Order -

Equipment :

Engineer Research and Development Laboratories
Engineer-Service :
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GLOSSARY OF ABBREVIATIONS (Cont)

ESMemecana- Engineering Service Memorandum
Estbew==e- Establish, Establishment
Evale--a-- Evaluate, Evaluation
ExeCce===== Execute, Executive, Execution
= F =
Frus—cacea Fahrenheit
FA=e===me- Field Artillery
FAM=me==== Field Artillery Missile
Fam======= Familiarization
LT =m————- First Lieutenant
Fld------- Field
Flt===ea=- Flight
FMSE=-=c-- Field Maintenance Shop Equipment
FMIS~=m~=- Field Maintenance Test Station
Fne===c~=- Footnote ‘
FONECON~~~- Telephone Conversation
Free—ce~-- From
FRG=======~ Federal Republic of Germany
FSemm—men- Firing Set '
FSQO==rm=~=- Field Service Operations -
Fte=ee==-- Feet, Fort
FYer-ecee- Fiscal Year
-G =

GALCIT---- Guggenheim Aeronautical Laboratory, California
Institute of Technology i

GE-======~ General Electric (Company)
GEN-=====~ General (Rank)
Gen-m====== General
GMemmmmcea Guided Missile
Gnde-eme=- Ground
GO===mmem- General Order
Govt==mmm- Government
GSE===m==~ Ground Support Equipment
GSSS=m==-=~ General Support Shop Set
GSU=-==~==~ General Support Unit
GIGS===~===~ Gas Turbine Generator Set
GIS=memn=- Guidance Test Station

| - -
Histe=m=-- History, Historical
HQ=~==~==- Headquarters
Hre~==v=c- Hour

-1 -

ID-=memm—- Industrial Division
IEQ-=c=m=- Interim Engineering Order
Imprve—=~=- Improvement
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GLOSSARY OF ABBREVIATIONS (Cont)

In-===~=c-- Inch
Incl-====-- Inclosure
Ind=-=~~=-~- Indorsement
Info====== Information
Instle=e=-= Installation
Intvw===== Interview
InveS~=m== Investigation
IPR-==c==- In-Process Review
IRBM=e~ce=- Intermediate Range Ballistic Missile
- IT&Tm=m=== International Telephone and Telegraph Corporation
-3 -
Jato=emee== Jet Assisted Takeoff
JPL===r===- Jet Propulsion Laboratory
- K =
ki==—————- Kilometer
-L =
LAAP/TCC~-- Longhorn Army Ammunition Plant, Thiokol Chemical
Corporation
Labe=-naaa Laboratory
LAQD=====- Los Angeles Ordnance District
Lb(s) ===== Pound(s) '
ICB======~ Land Combat Branch
Lehr=-ee-- Launcher _
ICSI-mmm=- Land Combat Special Items (Management Office)
Lmt(d) -==- Limit(ed)
In===ne=-- Liaison
LnQ-=-===-- Liaison Officer
LW ===mm=- Longhorn Ordnance Works
LPerenmn==- Limited Production
LS=mmmm—== Launching Station
LIC-==me==- Lieutenant Colonel
LIG======- Lieutenant General
Ltr-=cr~=- Letter
Ltwte=ee~= Lightweight
-M -
Me==eeeae- Meter
MAJ==nmmn- Major (Rank)
Majmmmam=- Major
MAP-==~~==~ Military Assistance Program
Mate=em=e=- Material, Materiel
Mbre-=c~=- Member
MC's==mm== Military Characteristics
Memo=ee==- Memorandum
MFR======= Memorandum For Record
MGommemna- Major General
Mgr=-e=c=- Manager
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GLOSSARY OF ABRBREVIATIONS (Cont)

Mgtemwweea Management
M-Hemeene= Minneapolis=Honeywell
MICOM====- Army Missile Command
MIEP===w=- Master Industrial Engineering Plan
Mile==we=- Military
Minse~ew==- Minutes
MMP e~ mm——— Missile Maintenance Platoon
MMl =cece=- Missile Maintenance Technician
Modeecwaca Modifica=ion
MOS =~mmm== Military Occupational Specialty
" MoS=~====n Months
mphe~===<= Miles Per Hour
Mpr-~====- Manpower
Msgmmmmaaa Message
Msle-coueaa Missile
Msnevceece- Mission
MSP=veew—- Missile System Plan
Mtgmemene= Meeting
Mtrec-eee- Motor
MISww—enw= Missile Test Station
aN -
NASA==ew== National Aeronautics and Space Administration
NATO=====- North Atlantic Treaty Organization
nido===e=- No Date : !
NET==-wse- New Equipment Training *
nm (NMI)-~ Nautical Mile
NeSemmmme= No Subject
NYOD==we=- New York Ordnance District
-0 =
O5E=ecmn- Operational and Environmental (Tests)
OAC-==eu== Ordnance Ammunition Command
OACSFOR~~- Office of the Assistant Chief of Staff for Force
Development
OCAFF ==n=- Office, Chief of the Army Field Forces
0CO=mmmmm= Office, Chief of Ordnance
OCRD====== Office, Chief of Research and Development
Ofc-=mmmn- Office -
OGMS==m=== Ordnance Guided Missile School
OJlme—m——- On-The~-Job Training
OML~-ee=e= Ordnance Missile Laboratories
OMI[S==mw=== Organizational Maintenance Test Station
Op(s) ===== Operation(s)
Ord=-e=c=- Ordnance
OrdCecwe=- Ordnance Corps
ORDCIT=--~-- Ordnance/California Institute of Technology
Orgee====- Organization
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0SD~==m=nm=
OSRD=~=====
OTAC======
OTCM= ===~

PEMARS ~=~=
PEMA/S=~==~

Pen-Aids=~-
Perse=====
PESD======
Phermeenaa
Pkgm=mm—==
Plcy======
Pln(g) ==~
PMemmmm————
PMyP-====~=
PMSmrecmcne
PMSQOmmm=w=
POI~mm==n~-
Ppsde====~-
Ppsleme=~e
Prelim====-
Prep-==e==-
Presne=====
Prin=====-
Proce=wr=-
Prode====-
Projme=e=-

Pt=mecmne-

Pubeemnmmm-

R&D==mmme-
RAF====en-
RAFTNER~--

RCSmm=cmm=
RD=romc———

GLOSSARY OF ABBREVIATIONS (Cont)

Office of the Secretary of Defense
Ordnance Support Readiness Date
Ordnance Tank-=Automotive Command
Ordnance Technical Committee Minutes
-P -
Picatinny Arsenal
Pamphlet
Participation
Program Change Proposal
Period
Production
Program Execution Directive
Procurement of Equipment and Missiles, Army
Procurement of Equipment and Missiles, Army
Management and Accounting Reporting System
Procurement of Equipment and Missiles, Army, in
Support of Research and Development
Penetration Aids
Personnel
Program Execution Sub=Directive
Phase
Package
Policy
Plan, Planning
Project Manager
Project Management -Master Plan
Projects Management Staff
Project Manager Staff Office
Program of Instruction
Proposed
Proposal
Preliminary
Preparation
Presentation
Principal
Procurement
Product
Project
Point
Publication

-R =

Research and Development

Recording, Analyzing, and Feedback

Record, Analyze, Feedback, Transient, Noise,
Environmental, Rework

Reports Control Symbol

Readiness Date
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RDD-OMLi~-=-

Rkt=emmm==-
ROO-LAA~=~
Rqrmt-===-

Rschememan

GLOSSARY OF ABBREVIATIONS (Cont)

Round
Request for Deviation Approval
Research and Development Division
Research and Development Division-Ordnance Missile
Laboratories
Research and Development Operations
Research, Development, Test, and Evaluation
Recommend, Recommended
Regulation
Release
Representative
Report
Request
Responsibility
Revise, Revision
Range
Records Holding Area
Rocket
Redstone Ordnance Office, Los Angeles Area
Requirement
Redstone Arsenal
Research
Redstone Scientific Information Center
Respective, Respectively
- S -
Secretary of the Army
Surface=to=-Air Missile
Systems Assembly Test Station
SERGEANT Contractor Assisted Modification Program
Schedule :
Section
Secretary of Defense
Secretary
SERGEANT Effectiveness Reliability Data
SERGEANT (Missile)
Ship, Shipped
Signal Corps
Semiannual :
SERGEANT Modification Assistance Program
Special Order
Special i _
SERGEANT Project Case Files
Specification _
SERGEANT Product Improvement Evaluation Program
Support
Special Purpose Vehicle
Senior
Summary Sheet
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GLOSSARY OF ABBREVIATIONS (Cont)

Surface~to-Surface Guided Missile
Surface-to-Surface Missile

Staff

Statement

Subcontractor

Subject

Sperry Utah Company

Sperry Utah Engineering Laboratory
Summary

Supplement, Supplemental

Senior Agency/Command Representative
System

-T =

Thiokol Chemical Corporation
Type Classification

Table of Distribution
Technical

Army Test and Evaluation Command
Telephone

Technical Guidance Directive
Trailer

Training

Technical Requirement
Transport, Transporter
Transfer

Truck

Transition

Teletype

. -U -

United States
United States Army
United States Army Ordnance Missile Command

-V -
Victory=-Europe
Vehicle
Volume

-W -
Warhead
Weapon

White Sands Missile Range
Weapon System Plan

White Sands Proving Ground
Weight '
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GLOSSARY OF ABBREVIATIONS (Cont)

- X =

Experimental Model

Transmittal

Extended Range LANCE

Experimental Surface~to-Surface Missile
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INDEX

Aber, COL John E., 86-87, 90, 92, 201
Aberdeen Proving Ground, Maryland, 4, 42, 172
Adaption Kits. See under Warheads.
Aerojet General Corporation, 9, 117
Air Conditioner. See under Ground Equipment.
Aircraft *——

c-119, 124

C-130, 204 ]
- Aircraft Weapons Commodity Office, 96
Air Force, U. S., 47
Allied forces, 3

- American

Allies, 1
industry, 41
Machine & Foundry Company (AMF), 58-59, 59n, 163
rocket industry, 14
scientists, 1
Amos, Jack R., 96
Applied Design Company, 185
Armed Forces Special Weapons Project (AFSWP), 70
Armed Services Procurement Regulations, 84n
Army Ballistic Missile Agency (ABMA)
abolition of, 86
assignment to AOMC, 78
Control Office, 86
creation of, 76, 76n
Field Service Operations, 86
Field Support Operations, 208n
Industrial Operations, 85, 85n, 86, 160, 170
mission programs at JPL, 77, 99
R&D Operations, 85, 85n, 159, 170, 184
SERGEANT Project Management & Direction, 83-84, 84n, 85-86, 154,
157, 169-70, 175-78, 180-84, 186, 188-89, 197, 200
Training Office, 207
Army Command Management System, 69
Army, Department of the. See Department of the Army (DA).
Army Equipment Board Report, 19. See also War Department
' Equipment (Stilwell) Board.
Army Field Forces, 19-20, 22, 30-31, 36
Board No. 4, 18, 20-22
See also Continental Army Command (CONARC).
Army General Staff, 14, 20, 22, 70-72, 87, 113, 123, 130, 149-50,
154, 186, 188-89, 200, 211
Army Materiel Command (AMC), 87, 87n, 88, 90, 92, 94, 216, 222-23,
225-26, 228, 231-33, 233n, 237
Army Missile and Munitions Center and School, 218
See also Ordnance Guided Missile School (OGMS) .
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Army Missile Command (MICOM), 87, 87n, 88-89, 93-94, 231, 244.
See also Army Ordnance Missile Command (AOMC)
Army Ordnance Missile Command (AoMC), 57-58, 72, 78-87, 87n, 134,
151, 156, 169, 175-76, 183n, 184- 85 188, 190, 209.
See also Army Missile Command (MICOM).
Army Procurement Regulations, 84n
Army Rocket and Guided Missile Agency (ARGMA)
abolition of, 86
Control Office, 78, 80-81, 82n, 83
creation of, 77n, 78
engineering consultant services contract with JPL, 63
Field Service Division, 80-81, 83n, 207
Industrial Division, 80-81, 81n, 82, 82n, 83, 83n, 140, 157-58
and JPL phaseout from R&D Program, 60-62, 64, 168
Liaison Office(r) at JPL, 80, 145; at SUEL, 80, 157
R&D Division, 81, 81n, 82, 82n, 83n, 158
Senjor Representative, 78, 80
SERGEANT Project Management & Direction, 57, 59, 78-83, 84n,
85-86, 135, 140-42, 145n, 149, 151, 153-54, 157-61,
163, 168-69, 184
Army Tank-Automotive Center, 215. See also Ordnance Tank-
Automotive Command (OTAC).
Army Test and Evaluation Command (TECOM), 226, 228, 230, 232
Army, United States. See United States Army.
Artillery Board, 208, 214, 239
Artillery & Missile School, 208, 212
Assistant Chief of Staff for Force Development (ACSFOR), 233
237, 240
Director of Doctrine & Systems, 233
See also Office of the Assistant Chief of Staff for Force
Development (OACSFOR).
Assistant Chief of Staff, G-4, 19
Assistant Secretary of the Army (Logistics), 131. See also
Higgins, Frank H.

b

Atomic _
age, dawn of, 6
bomb, 7

Energy Commission (AEC), 71, 116
explosive, 7
warheads. See under Warheads.
AVCO Manufacturing Corporation, Crosley Division, 44, 46

Bacteriological Warfare Laboratory, 117
Ballistic Research Laboratories, 4, 26, 42, 116
Baltic Sea, 1
Basic Design and Feasibility Demonstration, 97-134
Battery, missile, 42, 140-42, 171- 72 172n, 180
Belgian SERGEANT battallon

cancellation of, 216

plan for deployment of, 198
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Bell Aircraft Company, 45

Bell Telephone Laboratories, 4, 26
Berning, Warren W., 26

Bernstein, Stanley, 36, 44, 69, 74, 77, 81
Biscay, Bay of, 1

Blackburn, LTC Paul L., 95~96
Boeing Aircraft Company, 44-45
Bomber, B-58, 47

Britain. See Great Britain.
Brucker, Wilber M., 131-32
Brunson, MAJ Richard W., 86

. Bryan, Albert H., Jr., 77

Bureau of Aeronautics, Navy, 47

~ Calhoun, John T., 77, 86, 90
California Institute of Technology (CIT), 4, 5, 9, 18, 23

See also Guggenheim Aeronautical Laboratory, Jet.Propulsion
, Laboratory.
Camp Hale, Colorado, 175
Carlson, Dr. William S., 26
Chance Vought Aircraft, Inc., 47
Chatfield, COL M. B., 44
Chemical Corps, 42
Chemical Warfare Laboratory, 117
Chief of Ordnance, 14, 31, 35, 68, 70, 72, 115-16, 119-20, 133-34,

137, 149, 177, 188-89. See also Hinrichs, MG J. H.;
Office, Chief of Ordnance; Ordnance Corps; Ordnance
Department.

Chief of Research & Development (CRD), Army, 36, 71-72, 223, 233.

See also Office, Chief of Research & Development (OCRD)
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