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PREFACE

This historical monograph contains a detailed accowmt of
the develomment, production, and deployment of the NIKE
AJAX Guided Missile System, from the inception of the
project early in 1945 through Jume 1956. It was prepared
for the 0ffice, Chief of Ordnance, in compliance with
letter to the Commanding General, Army Rocket & Guided
Missile Agency, subject "Historical Monograph on Guided
Missiles," dated 8 May 1958.

Classified parsgraphs are marked with "(C)™ or "(S)" as
aprropriate; all wmarked peragraphs are considered

wneclassified,
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(U) I. INTRODUCTION

Origin of the NIKE Project

Early in 194L.—over & year before the war in Europe ended—intelli-
gence reports reaching this country indicated that the Germans were in
process of developing extremely large rocket projectiles with a range of
more than 100 miles, which would soon be in combat use, These reports
also revealed that large, guided, rocket-type missiles had already been
used by the Germans with some success. Recognizing the high potential
military value of such a projectile, American offlcials decided that a
development pfogram for a long-range rocket missile should be initiated
here,

Accordingly, in.February 1944, the Army Ground Forces sent the Army
Service Forces an inquiry concerning the development of a direction-
controlled, major caliber, antlaircraft rocket torpedo. At that time,
the development of a specific misslle was considered undesirable because
of the basic research problems yet unsolved. Therefore, the Ordnance
Department decided that, for the time belng, the antiaircraft study
should be incorporated into the general guided missile studies already
underway.

Based on the results of studies conducted during the next three
months, the Ordnance Technical Committee conecluded that a long-term pro-
gram was required for the development of guided missiles, starting with
a series of experimental projects from which essential theoretical data
and practical experience could be obtained. So, in My 1944, the Com-

mittee recommended that the Ordnance Department enter into development



contracts and procure pilot models of a long-range rocket missile, to-
gether with suitable launching equipment. The actlion recommended was
approved the following month and a basic research ﬁfoject was initiated.l

Meanwhile, toward the end of World War II, it wae becoming obvious
that new types of high-speed, high-altitude bomber aircraft, capable of
precision bombing while maneuvering, could not be effectively engaged
by conventicnal antiaireraft artillery. Because of the short projectile
range and maneuvering of the target during flight of the projectile, con-
ventional artillery guns were somewhat ineffective even against slow-speed
aircraft. Since there was little hope that these and other obstacles
could be overcome by further development, the need for a nevw wespon or a
new approach wae indicated. The most profitable approach to the problem
appeared to be the development of a new wveapon—a jet propelled surface-
to-air guided missile.®

Although same thought had been given to the antiaircraft problem as
a part of the general guided missile program, most of the research effort
had been devoted to long-range surface-to-surface weapons, such as the
CORPORAL. Ilate in 1944, however, the advent of German jet propelled
pursuilt planeé in combat created an immediate need for a tactical antil-
aircraft weapon that could be used effectively against them.3 This was

followed by a chaln of poeitive actions that led to the development of

I. OCM Item 23905, "LONG-RANGE ROCKET AND LAUNCHING EQUIPMENT - Initiation
of Development Project, Recommended," 25 May L4l; and OCM Item 24023,
"LONG-RANGE ROCKET AND ILAUNCHING EQUIPMENT - Initiation of Development
Project, Approved,” 1 Jun 4k {ARGMA Tech Iibrary).

2. "An Introduction to Guided Missiles," The Antiaircraft Artillery &
Guided Missile School, Ft Bliss, Tex., Special Text 44-150, Apr 53,

p. 3 (ARGMA Tech Library).

3. "Weapons for the Defeat of Aircraft,” 0CO, Oet 53, 3:3 {ARGMA Tech

Library).




a specific antiaircraft weapon system.

Approval for the development of antiaircraft guided misgiles was
given by the Aimy Service Forces in an official communication to the
Chief of Ordnance dated 26 January 191&5.h Later in the same month, the
Office, Chief of Ordnance sent a letter to the Bell Telephone Laﬁoratories
{BTL) authorizing coﬂtract negotiations for a formal study to delermine
the technical characteristics of an antisircraft guided miasile.s At the
same time, the Army Air Corps wes trying to engage these same facilities
to study a similar problem for winged missiles., Since BTL was not pre-
pared to undertake both studies, it was decided that the contract would
be awarded on a comprehensive study basis without limitation as to whether
the missile would be winged or wingless., Accordingly, the original con-
tract was Jointly spdnsored by the Army Air Corps and Ordrance Department,
and the study resulta were shared eqnally.6

Thus, Project NIKE came into being on 8 February 1945, when a con-
tract was issued to the Western Electric Company {WECo) for BTL to perform
& complete paper study of antiaircraft guided missile problems.T Specl-
fically, BTL was asked to explore the feasibility of constructing an
antiaireraft defense.system that would be capable of engaging high-speed,
maneuverable vombers far beyond the range of ordinery antiaireraft

defenses. The target was designated as a £00-mph bomber of the B~29 type,

L, Ltr, OCO to ASF, file 0.0. §71.6/1392, 1B Jan 45; and lst Ind thereto,
ASF to 000, 26 Jan 45 (cited in OCM 29012, 13 Sep 45).

5. Ltr, 0C0 to BTL, file 0.0. 400.112/18428, subj: "Proposed Study of
Antiaireraft Problems by Bell Telephone laboratories," 31 Jan LS.

6. "Ordnance Guided Missile & Rocket Programs - NIKE," RSA, 30 Jun 55,
II:4 (ARGMA Tech Libdbrary).

. 7. Ltr Order W-30-069-ORD-3182, 8 Feb 45, NYOD.
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flying at eltitudes from twenty to sixty thousand feet and capable of a

338 maneuver at forty thousand feet. The range of attack was to extend
to sixty thousand feet ground ra.nge.9

Feasibility Study - System Fhilosophy

An early analysis of the antisircraft guided missile problem con-
firmed the fact that a ground-controlled guided missile would be required,
because of the specification for long range and the requirement of coun-
tering maneuver. Foilowing this decision, sctive work on the project
vas undertaken by BTL and its staff of geveral thousand scientists and
engineers. During the initial study periocd, which was virtually complete
by the middle of May 1345, BTL was assiBted by meny sclentific groups
skilled in the techniques required to make a successful antiaircraft
guided misslle system,

The study pbase culminated In an oral preaenfhtion to about seventy
officers and civilians of the Army on 14 May 1945, followed by = formal
report entitled "AAGM RePort"lo on 15 July 1945. The latter report
formed the basis for examination and experimental verification of the
many problems with which designers were faced., It showed good likeli-
hood that an effective surface-to-air guided missile could be evolved by
extending radar and electronic computer techniques developed during the
war, and by e;ploring the little known realms of supersonic flight.

The design of the weapon system proposed 1n the AAGM Report was

8. "g" is defined as the gravitational acceleration of terrestrial bodies
toward the center of the earth, whick is sbout 32.16 feet per sec per
sec.

9. "Project WIKE System Test Report,” BTL and DAC, 1 Sep 53, 1:3 (ARGMA
Tech Library).

10. A study of an Antleirecraft Guided Missile System.



dictated by two primary considerations. TFirst, to expedite development
of the new weapon, it was felt that the system design should be based on
known devices, methods, and techniques in the various engineering fields.
In effect, this meant that system development should not be delayed
pending completion of research projects which were still in a stage of
uncertain. success, To illustrate, this philosophy dicteted the use of
& liquid fuel rocket motor, rather than other theoretically superior but
undeveloped propulsion systems; while on the other hand, radar require-
ments for the command system required several-fold improvement in accuracy
over the performance of any existing radar. The second axiom accepted
into the system design philosophy was that the major complexity of the
syseten should be located on the ground, leaving the vehicle itself as
simple and reliable as possible. In line with the latter consideration,
it was found possible to concentrate on the ground not only the guidance
function, but the fuzing function ae well, since fhe aceursacy of the
system was sufficient to pin point the burst with great éécuracy relative
to the target.ll

After surveying the state of the artle and Investigating feasible
means of propulsion and guidance, BTL scientists reduced thelr findings
into & specific recommendation:

YA supersonic rocket migsile should be vertically launched

under the thrust of a solid-fuel booster which was then to

be dropped; thence, self-propelled by a ligquid-fuel motor,

the missile should be guided to a predicted intercept point
in space and detonated by remote control commands; these

I1. Test Report, op. cit., 1:L.

12, Tech info re contemporary German AAGM projects, such as Wasserfall,
Enzian, Rheintochter or Schmetterling, was not yet aval.



commands should be transmitted by radio signals determined
by a ground-based computer associated with radar whichl
would track both the target and the missile in flight.13
At the outset, it was recognized that the construction of a tacti-
cal weapons system from the basie concept described in the AAGM Report
would require extensive development effort. Meny complex technical

problems would have to be solved; innumerable test vehicles would have

to be designed, built, and tested; numerous components would have 1o be
combined and integrated into an auvtomatically operative sysiem; and
finally, the composite system would have to be flight tested to prove
component performance under field conditions. But before these objec-
tives could be realized, an effective R&D program geared to meet
Ordnance requirements had to be organized, and basic policies and pro-
cedures kad to be established to assure top level control and
coordingtion of the overall program, It is the program planning and

development effort to which this study now turns.

13, "Project NIKE, History of Develognwnt," BTL and DAC, 1 Apr 54, 1:2;
verified by "AAGM Report" (A Study of an Antiaireraft Guided Missile
System) BTL, 15 Jul 45 (ARGMA Tech Idbrary).



(U) II. DEVELOPMENT OF THE FROGRAM

On 16 June 1945, following the verbal presentation of feasibility
study results in May, the Ordnance Department——with agreement of the
Air Corps--assumed full sponsorship of Project NIKE and charged the
WECo and BTL, as princiﬁii'subcontractor, with full responsibility for
its execution. By September 1945, sufficient progress had been made in
the preliminary study phase to warrant the initiation of a project for
the development of an antiaireraft guided missile for groﬁnd to air
firing,

Initiation of Development Project

The initial development plan, as approved by the Ordnance Technical
Committee on 13 September 1945, was based on tentative military charac-
teristics recommended by the Antiaircraft Artillery Board.l These
characteristics described a self-propelled guided missile, complete with
a suitable fire control system and launching eguipment, for use against
high-speed aserial targets. Since the state of development at that time
did not permit establishment of detailed characteristics, the Antiair-
craft Artillery Board indicated thet the tentative requirements should
be considered as "desirable but not restrictive.” Accordingly, the
tentative characteristics were accepted as a gulde in the initial develop-

ment project and were sublect to revision as the design develo;:ed.2

Based on the foregoing mction, the WECo contract (W-30-069-ORD-3182)

1. See Appendix 1 for complete list of tentative mil characteristics.
2. OCM 29012, “Antiaircraft Guided Missile for Ground to Air Firing -
Initiation of & Development Project, Recosmended,” 13 Sep 45;

approved by OCM 29277, 4 Oct 45 (ARGMA Tech Library).

L




vas supplemented on 21 September 1945 to increase the scope of work.
Including a fixed fee of 5%, this contract supplement amounted to
$4,895,450. It covered the research, design, development and engineering
work required to produce & suitable guided ﬁiasi&e, together with the
necessary accessories and related launching equipment, to attack high~
speed (up to 600 mph), high altitude (60,000 feet) aircraft.3

Organization of the R&D Program

The NIKE R&D Program, as organized by BTL, was based on the inte-
gration of skills of various industrial organizations. The Douglas
Aircraft Company (DAC), which had already been active in the guided
missile field during the war under sponsorship of the National Defense
Research Council, accepted the major subcontract for the required aero-
dynamic studles, for the engineering and febrication of the missiles with
the associated booster and launcher devices, and for conducting the
proving ground firing tests. In turn, DAC cmlled upon the Aerojet
Engineering Corporationh for the liquid-fuel rocket motor and solid-
fuel booster rockets. The Jet Propulsion Laboratory (JPL) of the
Californis Institute of Technology consented fo act as consultant on
propulsion system matters for both DAC and Agrojet. The assistance of
ﬁumerous other companies and agencies was enlisted to develop specilalized
instruments needed in the process of testing the components and the
ballistic performance of the system.

In addition to the overall mansgement of the project; BTL reserved,

as 1ts own technical domain, the design and construction of the radars

3. wWalter R. Bylund, History of NIKE Project, 2% Apr 54, NYOD.
k. Now known as Aerojet-General Corporation.




and computer, and the development of the guidance snd missile control
system, as well a8 the missile borne responder and command receiver
system. BTL further undertook the determination of the besi warhead
configuration in close cooperation with the Ballistics Research labora-
tory (BRL) at Aberdeen Proving Ground. With the full approval of the
Chief of Ordnance, BTL also retained the initiative in and responsibility
for all mejor technical decisions, Emphasizing the desirability of such
unified system coordination, the Chief of Ordnance established resident
liaison offices at the contractors' locations.?”

Pursuant to existing policy relating to the development of guided
missile systems, Army Ordnance retained the responsibility for develop-
ment of those i1tems falling in fields familiar to Ordnance and other
-technical services. However, requirements for the variogus components
were determined by the prime contractor in the exercise of his overall
responsibility for the system.

Accordingly, the responsibility for development of the high
explosive fragmentation warhead was assigned to Picatinny Arsenal, with
Frankford Arsenal and the Diamond Ordnance Fuzeﬁznﬁoratory receiving
assignments on safety and arming mechanisﬁs. Some of this work was
: contracted by Picatinny and Frankford Arsenals.

Parts of the M5 JAT06 ﬁere developed by the Allegany Ballisties -
Laboratory under contract to the Bureau of Ordnance of the Navy. Among
these were the metal case, nozzle, graln, igniter, and internal parts.

Other parts, 1nc1udihg the fins, thruet structure, launching lugs, nozzle

5. Project NIKE, History of Development, op., cit., 1:3.
6. Occasionally referred to as the NIKE I Booster.
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shroud, and fin mounting fittings, were developed by the BTL-DAC team.

The Corps of Engineers performed or contracted for the design of
equipment for underground launchers and fixed sites, including elevators
and associated mechanisma. The Corps of Engineers designed the engine
generators and frequency converters, performed the product improvement
effort on compressors, and developed air conditioning units and blast
deflectors,

The Signal Corps was the responsible agency for development of the
missile batteries and battery chargers, and also provided system com-
munications equipment.

Redstone Arsenal was responsible for the design of missile ship-
ping and storage containers. This work was coniracted separately.T

Program Control and Poliey Guidance

From the date of inception of the NIKE Project to August 1951, the
progran was directed, coordinated, and supervised by the Rocket Branch
of the Office, Chief of Ordnance. On or sbout 16 August 1951, the
responsibility for conduct of the NIKE program was transferred from
the Rocket Branch, 0CO, to Redstone Arsenal, the latter then becoming
the sole source of instruction to the contractor. In general, the
responsibilities transferred to Redstone Arsenal covered the monitoring,
coordinating, and conducting of the technical aspects of the project.
The Rocket Branch, 0CO, retained responsibility for general direction
and for rendering decisions in such matters as (1) policy, scope, and

objectives of the project, and (2) original approach and major changes

7. Ord Guided Missile & Rocket Programs - NIKE, op. cit., IT:49 f.



in the design, performance, and operation of the missile.8 In February
1953; Redstone Arsenal assumed the additional responsibility of main-
taining close technical liaison with other Government field installations
engaged in development projects related to the NIKE System.9

Basic program guidance was published in the form of Ordnance
Technical Commitiee Meeting Items.lo

The R&D phase of the program was guided by carefully planned progrems
end schedules, which were reviewed once or twice a year in joint plamnming
conferences., Ordnance representatives exercised continuous supervision
over project developments to assure that a realistic outlook toward
eventual tactical requirements was maintained, that cooperation of exist-
ing éovernment research and test facilities was secured, and that such
facllities were used to the maximm practical extent.

Early in the program, a basic philosophy of procedure was adopted to
insure the timely accomplishment of tke goasl of proving the commeand type
of antisircraft guided missile weapon as a practical system. The R&D
phase was designed to lead in due course to a convincing field system
test of a complete physical array of equipment. Although it was to be
fully operative and reasonably approximate the desired performance

characteristics of the ultimate tactical version, it did not necessarily

have to possess all the practical features which would be demanded of

8. 1Ltr, OCO to CO RGA, file ORDTU 0.0. 682/159, sub] "Transfer of
Research and Development Responsibility to Redstone Arsenal," dated
26 Jul 51 (see Appendix 2).

9. Ltr, OCO to CG R84, f£ile ORDTU 0.0. h71.9/303, subj "Asslignment of
Responsibility for Technical Supervision of Developmentis Related to
the NIKE Project,” dated 19 Feb 53 {see Appendix 3).

10. Por compl list of OCM's relating to NIXE Proj, see Appendix L.
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conbat-serviceable tactical articles. Consequently, it was agreed that
1t would not matter if the test system hardware were so intricate or
experimental as to require maintenance by speclalists and operation by
engineers and technicians rather than soldiers. Prototype or model con-
struction techniques could be used; guantity production aspects could be
ignored. However, as noted in the preceding chapter of this study, it
wvas decided that the system design should be based on proven devices,
methods, and techniques, rather than unproven or radically new ones, in
order to expedite the project., Furthermore, it was decided to measure
everything that was necessary in order to monitor the desired perform-
ance, even if it meant the acquisition of special instrumenis or the
design and construction of new ones.

The benefits derived from these policies and procedures were mani-
fold. In numerous instances, instrumentation and photographic records
revealed unsuspecied phenomena or disclosed reasons for missile
misbehavior which could not have been otherwise foreseen. Of particular
significance was the field of supersonic missile flight. Here rmuch new
information had to be gleaned from numerous test firings which were
arranged to yield data covering not only those areas which would
corroborate wind-tunnel tests, but also those which would bridge previous
gaps of knowledge of 1ift, drag, and control charscteristics. Many
other lessons concerning missile stability, launching, boosting, tracking,
and guidance detonation hed to be learned in the course of sctual

experiments in flight.ll

11. Project NIKE, History of Development, op. cit., 1:4.
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(U) III. THE DEVELOPMENT PROGRAM LEADING TO SYSTEM TESTS

The R&D phase of the project actually extended over a period of
some seven years, in the course of which s completely operative experi-
menfal weapon known as the NIXE R&D System was created. It comprised
most of the essential components of a realistic tactical system, the
first practical embodiment of which eventually overtook it vhen a
tactical design, designated as NIKE I, was put into customer's test
and even troop training operation while the R&D phase was still in its
final stage.

This chepter describes the evolution of the NIKE System—how 1t
progressed from a drawing board conception, through a seriles of develop-
mental stages, to reach its climax as a complete experimental system for
demonstration and test purposes beginning in late 1951. An effort is
made to relate the NIKE development story in historical sequence as it
unfolded itself; however, to minimize interruption and resumption of the
tale of developmental progress of various components, the presentation
rust necessarily depert from a true chronological narrative. Yet, the
various development phases of the program are divided roughly into
calendar years for easy reference. The completion of one program phase
and the beginning of the next did not aslweys coincide with the new year
or‘recur at twelve-month intervals; and the design, shop, laboratory,

and field work of the various development phases had to overlap.

Plan of Development

The first outline of & hopeful minimmm schedule, drafted as early

as 27 July 19k5, envisioned the execution of NIXE development by four
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agencies as listed in Figure 1. As the project progressed, however, this
rather optimistic schedule had to be repeatedly revised. For instance,
the total number of articles tested tripled the number visualized in the
original estimate, and the time of the entire R&D program extended to
April 1952—that is, to six and three-quarters years rather than four.

The actunl history of the project, as viewed in retrospect, is re-
flected “in Figure 2. The progress of the complex system is divided into
major chamnels of pursuit relating to the computer, the radars, the
control machinery, the booster, the missile structvre, its serodynamic
performance, and its damage potentiml. EHere again, the story cannot be
told by merely following these columns through the years, because the
efforts overlap, branch off, and recombine, and because other components
such as the launcher, the tesi{ equipment, and accessories came into focal
view as specific problems were encountered.

In line with the schedule shown in Figure 2, the project was broken
down Into several phases, each of which was established as s yearly
development program. The 1946 Missile, designated as Model NIKE-46, was
to be designed and fabricated for s field test program to study uncon-
trolled vertical flight. Wooden dummies and powered NIKE-4%6 Missiles
were scheduled for firing st White Sands Proving Ground to provide
information on launching methods, booster propulsion, separation, motor
performance, and flight stability data. The NIKE-47 model was to be a
revised version of the NIKE-46 for continued uncontrolled vertical
flight studies. Programmed control and roll stabilization were to b;
incorporated and tested in the NIXE-48 model. The final product, with

full ground control and warhead provisions, was scheduled for completion
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and test as the NIKE~49 model.

Basic Design Concept and Specifications

As specified in the initial AAGH study, the NIKE Mlssile was to be
designed to provide a defense against aircraft cepable of flying at 600
miles per hour at 60,000 feet altitude. The approximate practical
horizontal raﬁge of the weapon was to be on the order of 12 miles. The
highly maneuverable, high-speed missile was to be launched and steered
from éhé ground, and guided to impact by signals derived from a radar
tr;cking system,

' The missile was proposed to be about 19 feet long, with an overall
weight of 1,000 pounds, 300 pounds of which would be the weight of the
fuél-and oxidizer, TFour large triangular fins were to be provided at
thé ﬁft-end of the fuselage, with four movable surfaces forward for
miésiie control and guidance. The missile was to be fired vertically
from. & leunching assembly of guide rails, and boosted to supersonic
speed in about two seconds by a high-thrust booster unit having eight
s0lid fuel rockets, with a total thrust of 93,000 pounds, arranged
concentrica.llj about the tail of the missile. The weight of thils type
of booster unit, with fins, was calculated at 2,020 pounds.

-At the end of the boost phase, the booster assembly would be
dropped and the missile would travel under its own liquid-fuel rocket
power until the propellents were consumed,.then zoom to impact. The

performance characteristics were calculated on the basis of the use of

L]

a 3,000 pound thrust, regeneratively cooled rocket sustaining motor,
with an aniline mixture as fuel and red fuming nitric acid as oxidizer,

having a burn-out at 24.3 seconds after launching. The propellant tanks
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would be pressurized by metered pressure from a high-pressure nitrogen
storage system.

The velocities expected from the missile were initially conceived
at 1,750 feet per second at the end of a booster phase of 1.8 seconds,
increasing almost continually to about 2,500 feet per second at the end
of the missile motor operation, then decreasing to 1,150 feet per second
at 96,000 feet during the zooming period. Calculations of velocity were
not established beyond this point—a Mach number of l.2~Decause of
uncertainty of contrdl in the transonic region. The acceleratlons
expected were about 25g at the start, Increasing to about 35g at the end
of the booster phase. A nmissile maneuverability requirement of 5g at
40,000 feet was tentatively chosen.

A stabilization system was to be incorporated to control the move-
ment of the missile in roll, pitch, and yaw. A guidance system would
maintain the missile upon an optimum trajectory to the point of frag-
mentation, based on data supplied by two radars—one tracking the target
and the other tracking the missile—-correlated and c:mver‘bed into
steering information by a computer. The plan called for optimum frag-
mentgtion of the missile and warhesd by a burst slgnsl computed for
each encounter for greatest kill probability.l

The NIKE R&D System, which was later developed by the foregoing
specifications, is a lineal descendant of the original system conceived
in the AAGM Report and differs from it only in comparatively minor

respects. The nature of these'changes and the subseguent history of

1. "Project NIKE Technical Report," BTL, 15 Jul 47, sec 2, chap 1, p. 2
(ARGMA Tech 1ib, R-14951).
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NIKE development are fully treated in the succeeding portions of this
chapter.

Preliminary Design Studies

The latter half of 1945 and early 1946 was spent in planning the
detailed requirements of the various components and in making early
design studies and tests. The DAC came into the pletire at this time
and began a complete study of the aerodynamics of the missile as pro-
posed in the initial AAGM study. Booster design was also started at
this time by the Aercjet Manufacturing Company.

One of the first deliberate departures from the original system
recommendations, accepted in the fall of 1945, concerned the radar
tracking system. A study of the angular accuracy requirements of the
tracking redars and eche fluctustion measuremenis on metal-painted free
balloons and asirplanes in f£light revealed that conicsl lobing methods

would be inadequate to yield the reguired smoothness and accuracy of

data.2 Radars had been used extensively during the war, not only for

surveillance and detection, but also for the pointing of antisircraft
guns. Yet none of these was sufficiently sccurate for the problems
posed by the guided missile. Since the standard lobing radars devel-
oped during the war were limited by rapid pulse-to-pulse fading, it
was cbvious that a more accurate radar would have to be developed
specifically for NIKE. The smoothness of output would have to be such
that target acceleration maneuvers could be promptly detected and

countered without long delasys necessitated by smoothing rough data.

2.7 S. Darlington, "Radar Specifications for Project NIKE," Rept MM-45-
110-78,. 1 Nov 45 (ARGMA Tech 1b).




20

Hence, & decision was made to develop a radar system which would provide
an independent measurement of angular error on each pulse (monopulse
type) and thus eliminate angular perturbations caused by rapid pulse-to-
pulee fading.

Two different monopulse sytems were studied. One was a phase com-
parison system, and the other an amplitude null system, in which the
rapid fading signals received from the two-lobed beams are subtracted
from each other to obtain the angle error signal. The latter method was
decided upon because it was simpler and more readily mechanized.

Of other radar features, attention was focused on the problem of
obtaining high transmitter power with & wide range of ftunability %o
attain maximm protection from jamming. This study resulted in the
development of 250-kilowatt X-band and 1000-kilowatt S-band tunsble
magnetrons for the NIKE and T-33 radars.

A missile model of 0.4 scale was built in order to measure its radar
reflectivity. Tests with a XK-band radar 1lluminating the model led to
the concluslieon that in reflection tracking a range of between S0,00Q)and
100,000 feet could be attalned with a radar peak power of 125 kilowatis
at X-band. This would barely meet the original requirement of a 60,000
foot range for the missile. Meanwhile, it was fould desirable to extend
missile performance to 150,000 feet and the misalle tracking range s like
distance, To obtain & relisble ;ignal from the misslle by reflection
tracking to this range would have required technigques toﬁ far beyond the
state of the art. The only alternatlive was to place s beacon responder
in the missile to insure a clear migsile signal. There were a number of

other equally important factors that justified the use of the beacon
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responder. First, the missile had to be acquired in the launcher despite
the presence of stroﬁg ground echoes; second, at the separation of
booster from the missile, both parts were likely té return equally strong
reflection signals so that the booster could pull the radar off the
missile; third, the flame during motor burning might cause tracking
interference; and finally, during the end game the missile radar would
have trouble distinguishing between the missile and target as the ranges
became coincident. All of these problems were successfully solved by the
responder, which pro%ided an echo signal consideraﬁly stronger and
different in frequency from any of the interfering signals.

Next to be considered were the problems connected with the design
and operation of a suitable responder of very light weight. To obtain
the features of a responder, it was only necessary to add a relatively
small transmitter unit to the X-band receiver which was already required
on board the missile to receive the steering and bﬁrst orders., Modulator
circults of the ground-to-missile communication system were constructed
and successfully tested in the laboratory for performance.

Early in the deéign study phase, it became spparent that the actu-
ators for the conirol surfacess would require servomechanisms whose
speed and torque exceeded that of any type then avallable. Because of
the wide renge of aerodynaﬁic stiffness encountered, 1t was alsc recog-

niged that the servos would have to be stable over a range of gain of

3. Contrel Surface is defined as g movgble alrfoil designed to be
rotated or otherwise moved by control servomechanism in order to
change the attitude of the mircraft. In final stage of steering,
control surfaces change the flight path of the missile by application
of some force in response to the directing signals.
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more than fifty to one. The actuators would have to operate fins whose
aerodynamic hinge moments could be of the order of 2,000 inch-pounds in
the case of roll, and 700 inch-pounds in the case of steering. Full
deflection of fifteen degrees would have to be attained in about 0.1
second. A study of the problem indicated that it should be possible to
fulfill these requirements with a hydraulic servo system governed by an
electrically controlled valve. Since no valve was available to meet
these requirements, a special development program was initiated to
produce a series of hydraulic valves which were eventually used in all
NIKE miesiles. |

As to the control scheme for the SETVo system, it was agreed that
the main feedback would have to come from a free position gyro for roll
control and from transverse accelercmeters for the steering orders.
Gyroscopes of various makes had already been developed for other pur-
poses and mainly required the installation of suitable potentiometer
pick-ups. Accelerometer transducers, however, were not currently
available 1n a sultable range and with appropriate damping. Conse-
qﬁently, a program was initiated to develop a special NIKE accelero-
meter transducer with magnetic demping. The hydraulic servo pover
system comprising actuator pistons, pressure vessels, and plumbing
could be recrulted with minor refinements from the contemporary
aireraft hydranlic art.

In the meantime, DAC had started an intensive study to determine
the aercdynamic characteristics likely to be obtained from the miseile
configuration assumed in the AAGM Report. Thq advantages of the canard

arrangement and the delta shape of the crucliform rear fins were soon



23

confirmed and retained throughout the development period. The movable
fins in the forward part, however, were redesigned. They were reduced
in area, moved farther shead toward ‘the nose for greater leverage, and
their shape was gltered from trapezoidal to a twenty-three-degree
peni-vertex angle delta for lower drag and smaller center of pressure
shift. Wind-tunnel tests were then conducted on a scale model of the
new configuration at a Mach number of 1,72 in the only supersonic
facility then availsble; viz., the Ballistice Research Laboratory at
Aberdeen Proving Ground (APRG). Though scanty in many respects, the teat
results gave the first directly applicable data concerning the aero-
dynamic behavior of this type vehicle in 1ift, drag, and pltching
moment.h Morecver, they partly confirmed and partly eased the con-
servative aasumptibna or restrictions adapted in the AAGM Report.

The NIXE missile structure was to be designed to provide adequate
Btrength and rigidity with the least possible weight. Since a missile
is expended on each flight, non-strategic materials were to be used
wherever possible wlthout sacrificing the atrenéth-to-veight ratio
needed to cbtaln rapid acceleration during the boost phase and high
maneuverability during the guided flight phase, Other factors in-
fluencing the missile body design were serodynamic smoothness, warhead
fragﬁent spray pattern, component packaging, and access tc installations.
Surface smoothness and the minlmm practical thicknesas compatible with
rigidity requirements were the main design criteria for the fins.

A preliminary design study of a practicsl missile structure deslt

. M. W. Conti, "Wind-Tunnel Tests of NIKE Models, Mach No. 1.72," BRL
Memo Rept L25, 2 Apr 46 (ARGMA Tech Iib).
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with such problems as weight estimates, center of gravity due to fuel
consumption, fuel flow, and ease of fabrication and assembly. For ease
of fabrication, the tank structures were changed to comprise two spheri-
cal air pressure tanks and two separate cylindrical tanks for acid and
aniline fuel, respectively. This simplified the fin sttach structure
and facilitated tank testing and accommodation of accessories in
functionally-grouped sub-assemblies, The electronic guidance compart-
ment and center warhead were interchanged to improve balance. 1In the
area of control fins and their mechaniems, staggered shafts for pitch
and yaw fins were advocated. As to the rear body, a sturdy motor mount
was envisioned, with its plumbing readily accessible. ..

On the basis of experience just being gained with WAC CORFPORAL

‘missiles undergoing tests at White Sands Proving Ground (WSFG)*, design

. studies of cooled and uncooled motors were begun at Aerojet Corporation.

The choice of a sultable and industrially procurable booster was
narrowed down to two alternatives: one comprising eight ten-inch T-10El
rockets, and the other a quadruple cluster of thirteen and one-half-inch
Aerojet rockets. Canting the rockets or thelr nozzles was considered
a8 & possible means to reduce or avoid undesirable thrust moments. The
booster-to-missile attachment was studied witk a view to avoiding high
loads and seperstion difficulties.

A continuing program of warhead design and experiments was carried
on between BTL and BRL. The first proposed warhead consisted of a

small tapered central cylinder of high explosive which would eject =

* Now known as White Sands Misgsile Range—name changed in 1958.
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mass of shrapnel pellets in a flat expanding disk-shaped shower, whose
velocity was essentially the missile's terminal velocity. Meanwhile,
new data on small high-velocity fragmentation warheads made these appear
more attractive from the lethality point of view and also because they
allowed for the possibility of an effective tail chase. For the next
four years, an experimental program was carried on to produce an ade-
quately wide fragment beam, to obtain uniform velocity distribution over
the beam,'and to provide uniform break-up into fragments of the double-
wound wrap of wire which constituted the source of the lethal particles.5
The design studies and decisions just discussed were revieved in a
planning conference on 28 January 1946, and the develomnent program for

the 1946 KIKE was estsblished.

System Component Develomment and First Test Firings
{January 1946 to January 1947}

The period essentially covering the year 1946 was deliberately
devoted to the independent development of major system components, which
was pushed forward on many technical fronts. It included laboratory
simulator work and culminated in the first real experimental missile
firings qn_the test range.

As sfated in the section deasling with the plan of development, the
1946 NIKE was to be designed and fabricated for uncontrolled vertical
flight tests to provide information on launching methods, booster pro-
pulsion, separation, motor performance, and flight stability. While
the preliminary design studies were being reduced to practical

application in the form of the 194 NIKE missile, work was continued on

5. NIKE Project Status Report, BTL, 15 Jan 46 {ARGMA Tech Lib).




the development of ground guidance components for installation and test
in later missiles.
Redar

To gein experience with monopulse tracking in the X-band region, an
SCR-545 radar was converted to this new type of operation. In making
this conversion, the antenns system was replaced by a monopulse rapid-
fading (RF) system with a lens antenna. The performance of the SCR-54%
mount for the monopulse system was improved by the eddition of ta-
chometer feedback in the angle servos,

.As originally envisioned in the AAGM Report, the target and missile
tracking radars were to be combined into s single mount with two separate
lens antennas mounted on & rotatable beam structure on top of & common
radar van. The azimuth of the target radar beam was to be adjusted by
moving the entire beam structure, and the difference between the target
azlmith and the missile azimuth was to be adjusted Dy moving the missile
radar antenna with respect to the beam siructure. This original plan was
dropped mainly because of the excessive power requirements to meet the
slewing rates and because of the problem of one antenna assembly shadow-
ing the other when mounted in such close proximity.

Consideration wes then givén tc the idea of having both antennas
rotate in azimuth with respect to the beam structure and making the beam
structure rotate only as required to prevent shadowing. Further study
of this dual mount, however, revealed serious drawbacks, such as severe
requirements of the mechanical rigidity of the top-heavy rotating super-
structure, bending of the beam assembly due to solar heat, and the

problem of placement of a common vehicle so that radar visibility is




27

obtained to all launchers without Jjeopardy of best target coverage of
the defense zone.

To avoid these difficulties, 1%t was finally decided to abandon the
dual mount structure and accept completely separate mounis as & more
attractive solution. With each track antenns assembly mounted on a
separatg low=-slung flait bed {trailer, bothlmnunts mst be accurately
leveled and an adjustable parallax correcilon provided in the computer.

The basic power supply for the radar was standardized at k0O cycles
per second rather than the usual sixty cycles per second because of
saving in weight and size for power equipment. Experimentasl studies of
the acquisition radasr resulted in the choice of S-bard and in the raising
of the power requirement of the tunable megnetron tube to 1,000
kilowatta.6
Computer

In a system such as NIKE, the characteristics of the guidance com-
puter are of critical importance during the last few seconds before
intercept. I% was recognized that one of the terminal sccuracy problems
centered around the possibility of filtering out the tracking noise
without unduly delaying the recognition of a true target maneuver. Some
thought was given to determining the optimum steering function by hand
computations; however, it was soon realized that the enormous number of
sample computations required would make such a procedure virtually
impossible,

Consequently, early in 1946, an analog device called the Computer-

6. Pro} NIKE Status Rept, BlL, 15 Jan 47, Sec 4.1 - Rader (ARGMA Tech
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Analyzer was built specifically to analyze the end game., This apparatus
solved the guildance equations in two dimensions so that lateral miss
could be studied under wide variations in the gteering order equations,
the noise level, the smoothing and stability parsmeters, and the magni-
tude, nature, and timing of target evasion. Over 7,000 runs, comprising
nearly T0O distinct situations, were made and analyzed. From these runs
emerged optimum smoothing, prediction, and order-shaping techniques, in
addition to a large body of knowledge concerning the effects of varlous
kinds of target maneuvers. The circuits of the R&D computer were based
on this analyeis.

By the end of 1946, the computer deeign had advanced to a block
diagram stage from which the detall design could be made. The computer
philosophy adopted was quite different from that conceived in the origi-
nal AAGM Report, but most of the basic plans were retained in modified
form. To simplify the prediction process, the coordinate system of the
computer was changed from the polar radar form to Cartesian earthbound
axes, orlented sccording to the pre-launch axis bearing of the migsile
gyro. This presentation was more adapted to overcome the parsllax
problems inherent to the two separate entenna stations for missile and
target radars, and the considerable separation required by the radar
and launching sites. It also afforded greater flexibility in choosing
the most advantageous trajectory shape, as well as easing the reso-
lution of steering orders intc their pitch and yaw components. These
changes also necessitated the introduction of a new method of
trajectory shaping to approach the most efficient flight path.

Detall design studies were started on the subjects of steering
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order computer, pre-lmunch computer, burst computer, sequence of oper-

" ation, component accuracies, voltage regulation, standardized feedback

amplifiers, radar-to-computer date transmission system, and visual

means for displaying the attack.T

NIKE-46 Missile

At the beginning of the 1946 development period, a decision had
been made to proceed with the manufacture of fouriteen experimental
missiles for flight test at WSFG in the fall of the same year. The
first four of these were to be bsllasted wooden dummies simulating a
missile in shape and inherent dynamic propertles only. In sddition to
furnishing mach needed drag infofmation, they were desiined to prove
booster propulsion and separation or to show what unexpected problems
might arise. The other ten were to be real missiles in the sense that
they would be equipped with a self-sustaining power plant, No attempt
was yet to be made st roll stabilization. Neither would these missiles
be controlled in pitch or yaw; thelr fins were to be fixed. Thé pur=-
pose of the latter ten rounds was to study power:plant operation and
flight stability under power.

Wind-tunnel tests of the 7.5 per cent model of the NIKE missile
were continued at APG to cover an intermediate speed {Mach number 1,28),
in sddition to the higher one (Mach mumber 1,72) previously explored.
These experiments were supplemented by subsonic tests on other scaled

models in the ten-fooi wind tunnel at the Californis Institute of

7. R. B, Blackman and S. Darlington: '"The NIKE Computer," Rept MM-H[-110-
27, Part I, 7 Jan 47 {ARGMA Tech Iib File R-14951); and Proj NIKE
Status Rept, BTL, 15 Jan 47, Sec 4.3 - Computer (Tech Lib, R-12081).




Technology. Lift, drag, and stability, as well as alleron and control-
fin hinge moments, were determined and found to be generally satis-
factory.
The design of the first test missile was frozen by the middle of
February, 194%6. This design (see

Figure 3) embodied a cruciform

4

l'; delts wing cenard configuration,

-% the details of which have already

-é been discussed. Though basic
u\\ requirements of the concepi;8 were

maintained during the engineering
and fabrication of the 1946
misslle, certaln revisions were
made in the light of actual de-
sign development and in the

adaption of the missile to its

oL - — uncontrolled test program func-
Figure 3. NIKE-46 Missile & Booster
in 4-Rail Launcher {12 Nov 46, wspz) tiouns.

Booster Assembly. Among the principal changes was the use of

four parallel Aerojet solid fuel {Puraplex) rockets with uncanted
nozzles, designed to deliver a thrust of 22,000 pounds each for two
seconds and impel the 1946 type of test missile to supersonic velocity.
The early designs—based on the grouping of eight TIOE1l 11,000-pound

thrust rocket units—vwere discarded at the end of March 1946, when the
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8. See Basic Design Concept & Specifications, pp. 17-18.
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development of the larger Aercjet units had sufficlently progressed for
incorporation in the 1946 program. Development of the 22,000-pound-
‘thrust booster rocket for the NIKE-46 was initiated at the Aerclet Engi-
neering Corporation in April 1946, under a subcontract from DAC.
Aerojet was to furnish 56 boosters, to be assembled in clusters of four
each by DAC. Preliminary development of the booster assembly was coum-
pleted in July 1946 and static proof firings were started in the
following month, Out of & total of 68 full-scale firings, eight failures
‘were experienced, two of which occurred at WSEG. One additional failure
occurred near the end of boost in & WSEG lsunching, vhen the nozzle of
one unit was burned through. Although the test resulis indicsted a need
for further improvement in relisbility snd reproducibility, booster
performance gave promise of wltimate fulfillment of the desired degree of
reproducibility.

The propellant finally selected for the booster rocket consisted of
& single perforated grain Paraplex-base fuel and potassium perchlorate
oxidizer. The particular formulation of constituents uged for this
application wes designated as AK-6 propellant (formerly called fF-6),
having the following composition by weight: FPotassium Perchlorate, 73%;
Paraplex P-10, 26.85%; and Tertiery-Butyl Hydrogen Peroxide, 0.15%. The
ignition element consisted of granular black blasting powder contained in
a8 plastic capsule, together with two ordinary electric blesting squibs

whlich served as initiators.9

§. A. L. Antonio, "Sumary Report on the Development of the Booster
Rocket for the 1946 NIKE - Aerojet Model 2A8-22,000," Aerojet Rept
No. 248, 15 Aug 47 (ARGMA Tech Lib).
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Power Plant. The power plant for NIKE-k6 missiles comprised a
bi-propellant, regeneratively cooled, liquid rocket motor. Developed
and manufactured by Aercjet as Model X21AL-2600, the 4O-pound motor was
designed to produce a sea level thrust of 2,600 pounds for 21 seconds.

A fuel mixture containing about 65% aniline and 35% furfuryl alcochol
was oxidized by red fuming nitric acid. The liquid load consisted of
220 pounds of oxidizer and 80 pounds of fuel. The propellant tanks were
constructed as integral structural parts of the missile fuselsge.

Development of the rocket engine for the 1946 NIKE was initiated at

Aérojet late in 1945, under a subcontract from DAC. Aerojet was to

‘furnish rocket motors, control valves, and pressure regﬁlators (for

pressure feed system) for ten missiles. Other components of the power
plant, including tanks, lines, and starting valve, were deaigned and
fabricated by DAC. The development tests were campleted by the end of
April 1946,

The design of the prototype assemblies was predicated on the final
version of the respective experimental assemblies. The prototype motor
and control valve were successfully fire-tested on the thruast stand
during May. Final proof fire tests were made in & mockup of the actual
NIKE installation, using the field firing sequence. Test results were
equal to specification requirements and the design was declared asdequate.
The complete power plant was then subjected to a full-scale static test

at WSPG. Acceptance tests on the tenth motor were completed in
September 1946,10

10. R. Tripp and R. B. Young: "Summary Report on the Development of the
Rocket Engine for the 1946 NIKE - Aercjet Model X21AL-2600," Aercjet
Rept No. 247, 9 Jul 47 (ARGMA Tech ILib).
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Structural Arrangements. In the structural arrangements, the delta

shape was selected for both the contrel fins and main fins to improve
the lift-to-drag ratlo, and the control fins were moved farther forward
along the missile body than was suggested in the basic plan, The design
studies revealed that considerable asdvantage could be gained in the use
of two spherical tanks for the high-pressure gas storage, mounted be-
tween separate tanks for the oxidizer and the fuel. With this arrange-
ment, the space sround the spheres could be used for improved wing-
attach structure and power plant components, and the aft section could
be removed as a unit for easy accesa to the motor installation. The
wing structure was designed, in conjunction with the booster assembly,
to reduce the moment arm of the applied thrust of individual booster
¢ylindera.

After allocations had been made for missile components, the length
of the missile was increased from the proposed 19 feet to 19% feet in
order to provide additional warhead space. The proposed warhead was
first divided into two units, one to be loéated in the nose section and
the other in the aft section. On the basis of fragmentation tests, it
wae later decided to divide the warheads into three sections—one located
in the nose section, another in the middle section forward of the oxidizer
tank, and the third in the afterbody of the vehicle forward of the motor
installation. Space intended for the warheads, control mechanisms, and
radio equipment of the finsl missile was used for instrumentation and

beacon rsdic installations in the NIKE—I&6.11

11, Fred D. Ewing: "Design and Development of the 1945 NIKE," DAC Rept
No. SM-13041, 27 Jun 47, p. 5 {ARGMA Tech Lib).
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Instrumentation

A1 experimental missiles were instrumented in an effort to gain
as much quantitative performance information as feasible from each and
every flight. The R&D design philosophy was governed by a decision
that missiles were never to be fired as mere test vehlcles but as
steps in the evolution of the eventual weapon. Consequently, instru-
mentation had to be mccommodated where space could be found. During
the early stages of the test program when no control equipment or war-
heads were carried in the missile, there was sufficient room for internal

.
instrumentation. However, as development progressed and more control
mechanisms were carried in test flights, less space remained for
instrumentation, In the final version, which included warheads, no
internal space was left and external instrumentation had to suffice.

The original program called for simple missile-borne instrumentation
to record linear accelerations and rolling motion in flight of the powered
test missiles. Telemetry was expected to emerge eventually as the
ultimate solution for future missile-flight test-recording work; however,
none of the missile telemetry development programs then being pursued had
progressed far enough to produce = relisble apparatus that would fit into
the NIKE test rounds at the time the NIKE-46 program was crystallized.
Therefore, a conventional photographic system of recording instruments
was used In the hope that a legible film might be recovered from the
impact wreckage. No recordirng instruments were carried by the three dummy
rounds. Each powered missile was equipped with & radar beacon to serve

as 8 tracking aid.12

12. Tbid., pp. O and 35.
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Launcher Equipment

The basic lasuncher arrangement, as taken from the AAGM Report,
consisted of four vertical guide rails spaced at 902 about the missile,
but passing within the booster structure. As the booster cylinders—
originally eight T10El units—were supported outside the gulde rails,
the members had to be cantilevered from a rigid base. In later design
development of the booster, when the TIOEl rockets were replaced by four
Aerojet 22,000-pound thrust motors, further restrictions were placed on
the size and location of the guide rails which could be accommodated
within the booster structure. The length and cross-section of the rails
were determined by calculating the cantilever length feasible for the
moment of inertia of the members and consideration of the booster velocity
and stability which would be obiained in the launcher at take-off.

The design of the mechanism for raising and lowering the rails was
dictated by the availability of component eguipment. This problem
eliminated hydraulic mechanisme, and to a large degree restricted the
kind of electric sctuastors which would be considered. A one horsepower
electric motor was selected to drive a cable drum through & worm gear
reducer.

The first such mechanical launcher, from which the 1946 series of
test missiles were to be launched at WSFG, was built in the form of an
assembly of four parallel steel rails of hollow rectangular cross-section
welded to a pivoted root frame on which it could be tilted to & hori-
zontal position for loading and raised for (nearly) vertical launching,
(Note launcher assembly in Figure 3.} During the launching operation,

the missile would slide upward between the rails, guided by pins, while
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the boosters rode outside the rail quedrant spaces. Although the
launcher proved adequate, it was subject to appreciable vibrations which
were difficult to measure. The vibration problem was later eliminated
in several steps of redesign of the launcher, all aimed at making it
sturdier and simpler.l3

Migsile Designations

For record purposes, the missiles were ldentified 'b);' a double set of
labels; viz., a "Round Number” and a "Missile Number." The Round Number
was a chronological firing test serial number, the dummles being identi-
fied by slphabetical letters bheginning with Round A and powered flight
lsunctings by numerals beginning with Round 1. The Missile Number, which
served as a factory identification number, consisted of two symbols
separated by a hyphen, the first part denoting the deaigﬁ year or model
muber and the second part {after the hyphen) denoting a chronological
_manufa.cturing serial mumber. Dummy missiles were serially deaignated by
letters placed after the model mumber prefix—e.g., NIKE-46-A—while pow-
ered missiles were distinguished by numerals, beginning with Missile No.
NIKE 46-1.%*

First Experimental Firings

In the fall of 1946, test facilities at WSPG were readied for the
first experimental series of NIKE firings. Fourteen missiles had been
manufactured and delivered, four of which were inert {wooden) dummies and
‘ten were powered but uncontrolled missiles. The dunmy missiles were con-

structed by mounting production-type main snd control fins to solid

13. Ibid., pp. 1% and 83 f,
14. For later production models, a different numbering system was used;
€.8., Model 1249 represented the first tactical version, NIKE I.
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fuselages made of laminated mahogany. A1l teat missiles were ballasted
with lead to bring the gross weight to 1,000 pounds, as originally
specified for the final weapon. The expendable portion of this weight
amounted to 312 pounds—220 lbs. oxidizer, 80 1lbs. fuel, and 12 1bs,
air. The basic design characteristics of the NIKE-46 missile and its
components have already been discussed.

Before conducting the first flight test, one missile (No. 46-1)
was static-fired to prove power plant operation, to test the servicing
and firing equipment, to determine the effect of motor operation 6n
performance of the radar beacon and missile instrumentation equipment,
and to familiarize the field personnel with the techniques involved.
After the static test firing on 17 September 1946, Missile h6-1 was
returned to the DAC Santa Monica Flant, where it was inspected and
overhauled. It was then sent back to WSFG and flight fired as Round 4
of the test series.

Flight firings of the NIKE-46 missile began at WSEG on 24 Septenmber
1946 and continued through 28 Jamuary 1947. Of the fourteen missiles
provided for the 1946 test program, three wooden dummies and eight pow-
ered but uncontrolled missiles were actually expended during this series

of firings. A ninth round (Missile No. 46-U4) was recovered intact,

' though damaged, after s booster misfire. (One dummy and one actual

missile—U46-D and L6-10—were not fired in this series but were re-
served for future test purposes.)l5 A brief account of the first twelve

flight firings is given in Table 1 of Appendix 5.

15. Fred D. Ewing: "Report on the Field Test Program of the 1946 NIKE,"
DAC Rept No. SM-13048, 8 Jul 47, pp. 1-6 (ARGMA Tech Iib).
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The first three unpowered
(dumny) tests were entirely
succesgful, The boosters de-
tached themselves at altitudes
of about 2,000 feet and the
missiles comsted Yo sltitudes
of 30,600, 43,300, and 42,150
feet, respectively. These un-
powered tests convinecingly
demonstrated the feasibility
of vertical tske-off under boost

thrist, acceleration to a

Figure 4. NIKE 46-1 in Flight supersonic velocity of about
{18 et 46, WSEG)
1,900 feet per second, and
stable flight before and after booster separation.

The first unguided powered missile tests followed in rapid suec-
cession. They were spectacular and full of dramatic surprises. The
very first one, fired on 8 October 1946, made a completely successful
flight, reaching an estimated peak altitude of 140,000 feet. The
second round traveled 17 miles and the eighth over 25 miles, demon-
strating not only more than the predicted range capebility, but also
the need for safety destruction in cmse of a runavay.l6 Both the

second and eighth rounds reached a peak altitude of over 100,000 feet.

However, the other rounds were unsuccessful because of poor

16. See Sth round test results, Table 1, App. 5.
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booster separation and motor troubles. The third round, which resched

& peak altitude of only 58,900 feet, exhibited intermitient motor

operation and poor separation of the missile-booster combinastion. The
separation problem repeated itself in the fourth and fifth rounds; the
sixth and seventh rounds were wrecked by booster explosions during
lsunch; and the ninth round was a’booéter misfire.

Fallure of motor operation in Round & and complete loss of the
motor after separation in Round 5, together with other evidence of
structural damage, led to the cbnclusion that some violent lurch was
caused and damage was inflicted by the booster upon the missile aft sec-
tion during separation. This trouble was presumably due to some irregu-
larity of thrust or premature burn-out of one-or more Sf tﬂé four rozket
boosters. To remedy this‘probiem, guide rails were installed befween
the missile and the booster, and the booster no;zles were canted so that
the line of thrust of each booster would pass through'the‘center of
gravity of the missile. Some thought was given to changing the entire
booster concept; however, it was decided to continue with the four-
booster units, at least for the time being, so that other parts of the
program could asdvance on schedule.

Information obtained from missile tracking raders was very meager
since the tracking beacon was silenced in every instance by violent
evenis durlng or at the end of boost, frustrating the planned tracking
tests. The troubles encountered in the first few rounds were diagnosed
with reasonsble certainty and corrected; however, in most of the latter
rounds the beacon was damsged along with other items in the rear of the

missile. The fact that the beacon failed during boost rather then at
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separation indicated the existence of more problems than those attributed
to poor separation.

The discovery, analysis, and clarification of problems encountered
during these experimental firings came as a result of elaborgte in-
gtrumentation. Arrangements had been made with WSFG to obtain maximum
coverage of the missile trajectory from the network of cinetheodolite
stations then availeble. This was still in a somewhat rudimentary stage
in 1946; time correlation of stations was precarious and indirect, frame
sequence was four exposures per second at best, and evaluation was un-

mechanized and painfully slow. Thus, the accuracy of position data

obtained was hardly sufficient to determine acceleration to a signifi-

cant precision,

It was therefore fortunate that provision had been made to equip
the misgile with airborne instruments. In the early period, before the
advent of reliable radic telemetry, this was done by means of a flight
recorder which consisted of two missile-borne motion pleture camersas
photographing two sets of instruments in flight. These instruments were
axial and transverse accelerometers, a fuel regulator pressure gauge,
seversl merodynsmic pressure gauges, and 8 heliograph. The latter was s
specially developed optical device which, with the aid of four extreme
wide-angle lenses, produced a pictorial record of the relative position
of the sun and the horizon. Fram these records, the history of the
attitude and orientation of the missile in space could be reconstructed
by a somewhal laborious evaluation technique. But first the impact of
the missile on the ground had %o be located by a search team and the

armored film cases had to be recovered from the wreckage, It was often
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necessary to dig a considerable depth before reirieving the film records.
To improve the changes of film records surviving the Iimpact, film maga-
zines were protected by means of armored cases and shock-absorbing
packing, and the velocity of impact was reduced by blasting the main fins
during descent.

The photographic records disclosed a number of significant episodes.
One was the occurrence of a prolonged stsble corkscrew motion of Round 2
on its spectacular 17-mile flight. A somewhat similar motion was ob-
served on Round 3 which was also troubled by malfunction of the pressure
regulator in the fuel feed system, and a chemical fuel fire started in
flight which eventuslly set off the fin destructor, causing the missile to
turble during its subsequent descent. Improvised booster-borne cameras
gave pictorial evidence of kinematic separation difficulties.lT

Propulsion snd Aerodynamic Test Progran
{January 1947 to December 1947)

In November 19&6, vhile the field test program was still in progress
and before the seriousness of the booster difficulties was fully realized,
& planning conference was held at WSP: to map out a tentetive but opti-
mistic missile test program for the next two years. This program wes
designed to lead in a systematic sequence of stages to the development of
a practical missile which could be flown under command of radar and
computer as soon as the latter equipment became available. Thus the
syster guldance loop would be demonstrated in action. The development

test program envisioned the successive construction of a family of missiles

17. DAC Rept SM-13048, op cit., pp. 7 £f; and "Project NIKE Progress
Reports for October and November 1946," BTL, 1 Dec 46 (ARGMA Tech
Lib R-12058).
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controllsble to & graduslly increasing degree. In case of troubles or

malfunctions, it was decided that the firing program would be interrupted

or expanded and recognized errors rectified before proceeding.

Radar Development

In 1947 radar development effort was directed toward the determi-
nation of the best antenna configuration and antenns axes orientation,
After investigating various alternatives, the requirement of tracking the
target through the zenith was eliminated. This region was not considered
sufficiently important to justify the additional complexity in a guided
missile system in which the intercepts usually occur on the incoming
course. Considerable development and experimental work was also devoted
to radar gain control. Since the speed of response of the gain control
circuits in s monopulse was no longer limited by the lobing rate, the
initial work was directed toward proving an instantaneous gain control
circuit in which the gain would be properly set for the level of such
return pulse. Buch a circuit was tried sﬁccesafully but was later re-
placed by a simpler wide-band integrating type of sutomatic gain control.

During the fall of 1947, the improvised experimental monopulse radar
set was equipped with a 6-foot X-band lens and put through extensive three-
coordinate operation, tracking wvarious aserisl targets at Whippany, New
Jersey, Accuracies considersbly better than one engular mil were con-
sistently attained for short periods and one decimll deemed within reach.
While much work was destined to be done before achieving consistent high
accuracy, the superlority of this type radar over any previously available
system vas already convincingly demonstrated.

While the above tracking tests were in progress, basic advances were
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made in the improvement of rapid-fading plumbing for the monopulse radar
then under development for the fileld test program at WSFG. Comparison
studies were conducted on hybrid rings and tees to determine the ad-
vantages of each, particularly in regard to wide-band operation. Hybrid
rings in tandem proved to be the betier and were adopted for the final
R&D monopulse plumbing. At the same time, studies were made {0 find the
best method of fabricating the plumbing to meet the close mechanical
tolerances required.18

The NIKE-47 test missiles were beacon-tracked at WSPG with an SCR-
584 radar modified for operation in the X-band. Radar tracking in these
tests was generally good. Acquisition of missile in the launcher and
automatic tracking of missile during boost and separation were accam-
plished and verified as a solution to the missile acquisition problem.
However, the microphonic response of the beacon to boost shock was
troublescme. A greater signal ocutput was considered necessary to improve
the signal-to-noise ratio, and better antenna pattern in the missile tail
aspect appeared desirsble.ld

The 1947 missiles were also equipped with improvised "fail-safe”
ecircuits to enable detonation of the missile in the event of loss of
contact between the ground radar and the missile-borne beacon.20
Computer

Studies of the various computer sections and their detall design

were continued. The problem of redar-to-computer data transmission

18, TProject NIKE Status Report," BTL, 15 Mar 4B, pp. 16 ff. (ARGMA
Tech Lib).

19. L. H. Kellogg: "1947 NIKE Missile Trials - Beacon Reder Performance'}
19 Dec 47 (ARGMA Tech Lib).

20. H. Morrison: "No-Signal Relay for the RIKE Missile," 30 Jul 47
{ARGMA Tech Lib}.
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received particular attention due to the great accuracy required of the
voltages representing the missile and target positions in space. Two
bossible methods were under consideration: (1) the construction of ex-
ceptionally accurate potentiometers to be directly driveﬂ by the radjar
ghafts, as in gun fire director systems; or (2) a two-speed synchro data
transmission system driving two-speed potenticmeters in the computer.

The original AAGM assumptions on the aercdynamic capabillities of the
missile proved to be unnecessarily conservative. Investigation revealed
that the time of flight could be shortened and computer computations
gimplified by adopting &8 flight path which—though departing from the
optimm in range—would follow a single dive order sustained until the
miesile had turned from vertical flight onto 8 ballistie trajlectory
through the predicted poiqt of intercept. This control scheme was even-
tually adopted for the NIKE R&D Test System. |

The originsl scheme of stabllizing the misslle in roll was replaced

by a more flexible acheme which wes actuslly easler to mechanize but

Iconceptionally more involved. In place of keeping the "belly" fins

precisely vertical, it holds the plane of the "transverse" fins normal
to the vertlical orientation plane in which the free gyro 1s released at
take-off, ot

NIKE-47 Miesile

Becruse the NIKE-UT was designed to serve generally the same func-

tlons 1n tests of lasunching and unmaveuvering vertical flight as the NIKE-

46, the basic configuration of the 194 missile was retained. Ichever, in

light of the previous year's test results, several modifications were made

21. Status Rept, 15 Mar 48, op.eit., pp. 22 ff.
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to incorporate newly-designed equipment.

The miseile boat-tall section was redesigned and strengthened, with
corresponding booster structural changes, for improved application of
boost thrust and smoother separation of the boositer from the missile.
Improved rigidity of the booster assembly was effected by an overall
strengthening of components, together with structural additions to give
improved guidance of booster along launcher rails, to place the boost
thrust against the missile base, and to prevent side movement of the
booster relative to the missile during separation. Pointed caps which
bad previously served to streamline the booster mofors and apply the
thrust to the trailing edge of the missile rear fins, were deleted. The
after-body of the NIKE-47 was designed to rest smugly in a cylindrical
sleeve mounted within the booster structure. This arrangement afforded
positive contact between the booster and missile during separation, thus
preventing the booster from developing an angle of attack or sideward
velocity before the boat-tail waes sufficiently clear of the booster
structure, as had been experienced in same of the 1946 tests.

A number of changes were also made in the internal design and per-
formance characteristics of the multiple rocket booater to correct the
separation problems arising from uneven or unequal thrust forces during
the boost phase. The single Aeroplex K-6 propeliant grain used in the
NIKE-46 booster was replaced with two grains of Aeroplex K-1k, which
burns at a slower rate and with consequent lower chamber pressures. The
thrust was reduced from a nominal 22,000 pounds to 18,000 pounds per
motor, but the duration of burning was extended from about 2 to 2.5

seconds. Changes were made %o glive more positive support to the
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propellant grain, and measures were taken in the field to keep the
propellant grains at fairly even temperatures during s conditioning
period prior to the firing. A new igniter was also developed.

The power plant system for the NIKE-47 was rebuilt around en im-
proved design of the Aerojet Model 21-AL-2600 scid-aniline motor. This
motor was ten pounds lighter than that of the NIKE-46, but it possessed
essentially the same capabilities, delivering 2600 pounds (sea level)
thrust for about 21 seconds. In the new power plant sysiem, a single-
unit inertia-actuated starter valve-propellants feed regulator replaced
the two previous separate components. Burst disphragms in the propellant
tank air inlet lines not only prevented premsture mixing of the fuel and
oxidizer, but also the premature entry of propellants into tke motor. 22

NIKE-47 Test Program

Five durmies (without motors) and four powered missiles were fired
in the NIKE-U7 series. These tests were conducted as a continuation of
the tests begun in 1946 to study launching techniques, and to obtain
edditional serodynemic end performance dats on the missile in free flight.

The NIKE-47 firings were conducted in the following order:

Date Round No. Migsile No.
9-22-47 D L7-E
9-26-47 E y7-F

10- T-47 F L7-G
10-16-47 G L7-H
10-23-47 o 47-1
10-28-47 10 b7-12
10-30-47 11 b7-13
12- 947 12 §7-15
12- 9-47 13 b7-16

The five dummy missiles (Rounds D through H) were made of hollow

22, Ipid., pp. 1 f and 8.
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steel bodies with standard missile aft sections and fixed fins. Satis-
factory flights were obtained in all dummy rounds, their peak altitudes
ranging from 29,300 to 34,000 feet. The boosters for these rounds were
equipped with nozzles outwardly canted (four at 15° and one at 17%0) to
minimize any turning moment ebout the center of gravity due to uneven
thrust cessation among the four independently burning rockets. Clean
separation was indeed achlieved, Telemetering tranamitters carried on the
boosters gave good, informstive records of booster burning pressures.
With the various improvements in powder grain support and in nozzle manu-
facturing, it seemed that the quadruple boosters now gave an acceptable
verformance and separation. However, the deviation from the predicted
climb path was excesslive. Precise inspection and measurements of the
canted nozzles disclosed dimensionsl variations which gave rise to
unpredictable burning behavior and fusion, and hence thrust eccentri-
cities, the elimination of which would have required the development of
nevw manufacturing processes. To obviate this difficulty, it was decided
to return to straight nozzles for the four powered missile launchings.
Following the dummy tests, four powered but uncontrolled missiles
were fired, sll of them with the new Aerojet power plant already
described. With one exception, they gave evidence of satisfactory boost
and separation. 1In one round the separation method performed admirably
under extremely adverse conditions. Two of the four rounds attained peak
altitudes of about 120,000 and 115,000 feet 1n smooth trajectoiies; the
other two rounds were frustrated by premature detonation. Analysis of
the aerodynamic deta obtained in the tests showed that the drag was very

qlose to the orlginally estimated values or much higher than the 1946
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values. This effect was to be further investigated in the 1948
flights.23

Launcher and Accessory Devicesg

Seversl improvemenis were made on the launcher. Its four 20-foot
rectangular cantilever rails were replaced by heavy walled sieel tubing
which was easier to repair or replace in case of accldental damage. Guld-
ing sction during launch wes now applied entirely to the booster structure
rather than partly to the missile body. A second launcher was built
portable so that it could be disassembled for itransportation and set up
on any flat surface in the field for firing. ZErection was accomplished
by means of a hydraulic strut instead of the electric winch of the earlier
. models. Eventually the launcher rails were shoriened by three feet so
that the effective gulde length was reduced from fifteen and one-half
feet to twelve and one-half feet, which was considered to be the best
compromise between guldance and accessibility.

A number of accessory deviges were developed which greatly faeili-
tated the assembly, checkout, and handling and servicing of the missiles
at the Proving Ground and ensbled the crews to carry on a continuous work
schedule.zh |

Single-FPlane Steering Test Progran
{January 1958 $o May 1949)

The general component funciion program of the four phases (viz.,
Phase 1, Roll Control; Fhase 2, Steering Control; Phase 3, Step Control;
" and Phase L, Complex Control), which had been outlined in a previous

planning conference, was worked out in much greater detail during the

23. 1bid., pp. 9 and 35,
2k, TIbid., p. 13 ff.
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" next planning conference held in October 1947. Even though some probleus

of boost dispersion snd power plent operation had not been fully solved,
1t was decided to begin these tests in the swmmer of 1948, Meanwhile,
plans vere made to devote mdditional gpecimens of the 1947 model to &
determined attack on the unsolved problems snd to comclude their tests
and evaluation in time to catch up with the control function tests, even
if they should overlap. Such an overlap did occur and ran into the
months of July, August and September 198,

Radar Development

Apart from the missile performance test program, the design of the
missile-tracking radar progressed and took definite shape in 1948, Prin-
cipal effort wes directed toward the design and construction of the
monopulse angle tracking radar model for the missile tracking and ground
steering phase scheduled to start at WSPG in mid-1949. For the NIKE
systems fleld test phase, the duplex mount arrangement of the original
plan—two antennas separated by 12 feet on a comon rotsting platform-—
was abandoned in favor of two identicel radar mounts placed 50 to 100
feet apart. By December 1948, the components of this redar were well
along in manufacture and the set wae scheduled for systems teat early in
1949,

Considerable effort was also devoted to the design of components for
the radar, especially the rapld-fading plumbing and assoclated receiver
clrcuitry. After extensive laboratory experimentation, a satisfactory
automatic gain control eircuit was developed. The various wave gulde
plumbing paris were made by an electroplating process that produced very

smooth" internal wave guide surfaces within the allowsble tolerance




e

e

52

requirements, {This radar wes destined %o transmit steering orders from
& clock-governed programmer to the missileg during Phase 4 tests in 1950
and remain at WSPG well beyond the R&D System Tests in 1951 and 1952.)

In the meantime, the aircraft tracking data collected at Whippany
during 1947 and 1948 on the modified SCR-545 monopulse system were being
analyzed for the influence of range and glint on tracking smoothness and
accuracy.25

Computer Development

The actusl construction of many of the computer components was
started in 1948 after accuracylstudies had established the eguipment re-
quirements. It was determined that error sources would not lead to
significant degradation of the HIKE system performance, that they were
not serious, and were significant only in a few places in the computer.

The design of components and major assemblles had progressed to the
point where the overall computer assembly arrangement was established and
the design of computer housing started., A decislon bhad been made to
employ the synchro date transmission alternative betwéen radars and com-
puter, and design work on this equipment had reached & stage correspond-
ing to other ccmputer sections.

Another decision made at this time concerned the use of plotting
boards rether than oscillographs to display the course of the engagement.
Flotting boards present the picture at a considerably enlarged scale and

give a permanent recording of the pre-launch predicted intercept point

~ and the misslile and target trajectories.

85, Inid., p. 16 ff; and "Project NIKE -Status Report,” BIL, 15 Dec 45,
P. 29 ff. (ARGMA Tech Iib, R-12083).

N




o A g

23

Booster Development

Because of the uneven burning troubles experienced with the Aerojet
cluster-type booster, & new and radical approach was tried in 1948;
namely, that of & powerful single-rocket booster which had been perfected
by the Allegany Ballistice leboratory. This booster was designed for the
JPL-JHU26 Bumblebee ram-jet to meet performance criteris similar to that
established for the NIKE. Its double-base solid propellant of OV com-
position, prepared by the solvent method and cast with internal combustion
surfaces, burned with nearly smokeless exhaust, while the Aerojet Paraplex
rockets produced a dense smoke. The single-rocket motor alone was about
120 inches in overall length and 17 inches in dlameter. 1Its average
thrust over a burning time of 2.6 seconds was rated at 51,100 pounds,
with & total impulse of 140,000 pound seconds. The propellant bhad a
specific impulse of 187 pound seconds per pound.

In March 1948, designs were completed and fabrication was started to
adapt the Allegany rocket as a single-unit booster for the NIKE. HNatu-
rally, the single booster had to be installed aft of, and in lirne with,
the missile itself, This resulted in & rather long.misailerooster
combinatlion, mainly because a space had to be provided between the
booster and missile to avoid cobstruction of the missile motor exhaust.gT
The connecting structure was built in the form of & sleeve and ring
attached to the front end of the booster can by means of struts or legs,

leaving ample vent ares for thg motor flame. A conical steel cap with g

26. Jet Propulsion Laboratory-Johns Hopkins University.

27. Until such time as a relisble means of starting motor at separation
could be developed, it was necessary to start the missile motor
during first half-second after launching.
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graphite tip was attached over the booster chamber end to protect it
from the heat and erosion of the motor flame. Because of differences
in the center of gravity and the center of pressure in these missiles,
a set of booster fins was designed to give positive subsonic and super~
sonlce stability to the combination during lsunching. Each booster was
to have four fins of modified diemond configuration mounted near the aft
end of the chamber.28

During field tests conducted later in the year, a comparative study
was made of the two booster designs under considerstion—one comprised
of e single Allegany JATO T39 2.6DS-51,000 solid propellant rocket®? and
the other of four Aerojet JATO 2,5KS-18,000C-2 rockets.3° The perfor-
mance characteristics of the two boosters were essentislly the same; but
from the standpoint of cost, as'aembly, and handling, as well as the
posslble tmecticsl advantage of being smokeless, the single thrust-unlt
booster possessed definite mdvantages. Conséquenthr, it wes decided that
the Allegany rocket would be adopted for future NIKE field tests. TNo
further development of Aercojet cluster boosters was scheduled, dbut they
contimued to be £ired until the stock vas depleted.3t

Launcher Development

To accommodate the long single boosier, a new single-rail launcher
vas built., 1Its design was based on a refined pattern of the preceding
Launcher No. 2 {portsble, four-rail), in that an erectable rail assembly

was supported on a flat tripodsl baese and the entire structure could be

28. NIKE Status Rept, 15 Mar B8, op. cit., p. 1 f.

29, TFormerly designated as Model 3HC-47,000.

30. » Formerly designated as Model 2.5AS-18,000C-2.

31. C. C. Martin: "Booster Performance,” Rept MIM-44, 16 Aug 48; and
Status Rept, 15 Dec 48, op. ecit., p. 17.

e
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easily disassembled into manageable sections. This new monorail
launcher, designated as No. 3, is
shown in Figure 7. It weighed only
about 5,000 pounds, 1ln contrast to
12,000 pounds for the portable four-
rail lasuncher. I% had a loading
height of § feet, an erected height
of 18 feet, and an overall height
of 35 feet vhen loaded with the
missile and booster.

In the nine test rounds fired
later in the year with the Allegany
Figure 7. Launcher Ho, 3=— booster, the single-rail launcher

Single-Rail (WSFG Phote)
was highly satisfactory, particu-
larly in regard to the simple and rapid loading methods it afforded
and accessibility for pre-firing servicing of the missile and boosier.
These factors had a significant bearing on the decislon to change to
the single booster for NIKE.

Based on the success of the new single-rail lsuncher, preliminary
drawings were campleted for a light-weight mobile launcher, lncorpo-
rating the running gear of an M-2 4Omm antiaireraft gun carriage.
Possessing all major charascteristics of Launcher To. 3, the new
version was 1o be completely mobile and weigh about 3,000 pounds.32

1948 Field Test Program

During the summer and fal? of 1948, 26 full-scale NIKE firings

32. Status Rept, 15 Dec 1{43, oD, cit., p. 22 1,
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Figure 9, Loading Single Booster into Launcher No. 3 (NEPG, 19&83_
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were conducted at WSPG. These were divided into three test series~k8-0,
48-1, and UB-2——each based on a separate design of the NIKE for ihe
phase development plan of the project. From these designs emerged NIKE
Models 484 and 490, which were to constitute the final missile con-
figu;ation.

Three NIKE missiles {Rounds 31, 32, and 33) not expended in the 1948
program were returned to DAC for modification of the ram pressure system
and control system. These were reserved for use in the first part of
the 1949 field tests.

NIKE 48.0 Test Series

In & group designated as the NIKE 48-0 series, four Model NIKE-47
live (powered) missiles and one dummy, which had not been expended the
previous year, were modified and fired in free-flight tests with the new
Allegany single thrusi-rocket booster. The primary cobjectives wer.e to
test the new launcher and booster, to cbtain aerodynamic data on the
booster-missile, and to continue to free-flight performance study. (See
Table No. 2 of Appendix 5.)

S The single booster, equipped with four suitably large trapezoidal
fing, was first tested dn dummy Round J, 17 June 1948, Although launch-
ing and early boost was satisfactory, this first flight was terminated by
booster fin fellure prior to separation.

After modificg.tiona had been made to strengthen the booster fins,
three powered missiles (Rounds 1k, 15, and 16) were fired in vertical
flight tests, and a fourth {Round 17) at a slant elevation of 40° north
from vertieal., In three of these rounds the meotor burning time was

shorter than expected. In the firat test, a reduction in burning time
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of 2 or 3 seconds was apparently caused by incomplete filling of the
acid tank, but high lateral accelerations could have uncovered the fuel
tank outlet. In the third powered round, burnout occurred 5% seconds
early. Uncovering of the tank outlets appeared to be the only possible
explanation in this case. ZIurning iime wag two seconds short in the
slant elevation firing, but.due to the nature of the trajectory it was
expected that some propellant would be trapped in the tanks as the open-
ings became exposed. The firing at slant elevation presented no serious
problems of launching, boosting, or missile performance.

Telemetered data obtained from missile-borne Bendix equipment, added
for the 19uB tests, indicated leteral accelerations up to 4 to 6g during
motor burning, apparently as the result of ssymmetric thrust. The flight
in which the motor had reached full burning time was detonated 1.9 seconds
after burnout becasuse the horizontal velocity was in excess of range
safety limits. Because of the reduced thrust, the peak altitudes and
times of flight were lower than prediéted, but analysis of data further
confirmed that the aerodynamic performance of the missile was satisfactory
and the estimates of most aerodynamic characteristics were fairly accurate.

An improved explosive charge—l1T7 cunces of cast TNT and 3 ounces of
cast Tetryl--had been installed in the NIKE-47 powered missiles. As be-
fore, the charge could he detonated bf beacon command or by & fail-safe
system in the missile. In the four rounds fired, command detonation was
accomplished when cglled for and the missile detonstion was effective.33

NIKE 48-1 Test Series

Most of the 1948 field program was devoted to tests of the NIKE i8-1

33. Status Rept, 15 Dec 43, op. cit., p. 2 £,
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series, consisting of four Model NIKE-47 dummies and 13 NIKE-48 live
rounds of the cluster booster-missile configuration. (See Table 3 of
Appendix 5.) Three of the dummies were fired in launching and free-
flight tests; one was allocated for a functional check of the detonator
system operation. The live missiles, of the same aerodynamic design as
the NIKE-47, were equipped with roll stabilization and steering controls,
operated In response to orders from a missile-bornme programmer. The pro-
grammed control tests of these missiles were divided into two phases:
Phagse I calling only for repeated roll stabilization from induced epins,
and Fhase II for pitch maneuvers in yaw and roll stabilized flights.
Accordingly, the missiles were bullt to fulfill these test functions. For
Phase I, the forward control fin mechanisms were locked, The power plant
and general structural design of the NIXKE-48 was very similar to the
NIKE-47.

Of the 48-1 powered missile series, all but the first, which was
destroyed by a booster explosion,3h were puccessful as far as launch,
boost, and separation were concerned. In most of the 48-1 rounds, the
motor operation was also succeesful; however, there was continued evi-
dence of lateral accelerations produced during the burning phase,
apparently as a result of eccentric motor thrust. In one firing (Round
27), the motor produced thrust only for about 7 to 8 seconds., Test
records indicated that the fuel system burst diephragm only partially
ruptured, causing an ebnormally lean mixture and reduced cooling flow;

the motor chember wall was burned through near the nozzle entrance.

3%, Attributed to inadequate welding technigue subsequently remedied.
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Other than this instance, there were no significant occasions of pre-
mature burnout.

The roll stabilization, however, gave considerable t;-auble. Its
nature was tedious to explore and could not have been readily understood
had it not been for a detailed and extensive analysis of the 28 channel
records of the telemetry. As noted sbove, the first NIKE 48-1 test
(Round 18) yielded no information because of a booster explosion. The
next three Phase I tests (Rounds 19 through 21) showed that the aero-~
dynamic roll damping was smaller than haed been predicted and that the
addition of artificial damping was required. This was accompli_shéd by
the installation of a roll-rate gyro by meansa ‘of which é. demping signsal
vas fed into the sileron control circuit, beginning with Round 22. At
ﬁigh angular rates its signal is sufficiently large to dominate the
situation and cause the ailerons to deflect in the direction to stop the
missile independent of the momentary roll position., When the roll rate
is reduced to a low value, the roll position gyro regains control and
brings the misaile to the desired orientation.

The £ifth missile roll stabllized when commanded, s8¢ the sixth was
fired as & Phase 2 steering control round. This missile (Round 23)
showed a violent steering instebility with resulting oscillations. The
absence of any high frequencies formed a basis upon which to change the
circuits for another steering control round. However, before the next
steering round was fired, it was discovered that the only explanation for
several discrepancies in data from Round 22 was that the roll gyro brush
had been grounded. The stabilizations of Round 22 could be explained as

entirely fortuitous, as all of them had occurred under conditions where
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some of the previcus missiles had roll stebllized.

Therefore, another Phase 1 (Round 2k} was fired to gain further
information on the peffomance of the roll control system with the rate-
gyro installed. The gyro operated satisfactorily in this test, but the
need for more roll damping was indicated, This was obtained by doubling
the rate-gyro voltage in Round 25, which was also a Fhase 1 missile.
Greatly improved roll stabilization resulted, so the second Fhase 2
missile was fired as Round 26.

Although considerably improved over the first FPhase 2 missile, in-
stability was still present and an intensive investigation of the steering
cireultry was undertaken, To verlfy the aerodynamic and missile dynamle
data to be applied in this study, Round 27 was fired with s missile wired
for step fin-position commands, in contrast to standa.rﬁ step acceler-
ations, and the resulting transients were to give the necessary infor-
mation. Round 27 was not adequate for this purpose, however, because of
motor and timer malfunctions. Round 28 was then successfully fired for
the same objectives.

On the basis of these data and other information cobtained in the
study, the steering circults vere redesigned and Rounds 29 and 30 were
fired after the chenges. These rounds confirmed the general analysis and
final remedy was tested in Rounds 31, 32, snd 33 during May 1949 (see
Teble 4 of Appendix 5). The remedy consisted of s refinement of the ram
pressure responsive attenuator in the servo circuit, not only in the roll
control system but henceforth alsc in the suitebly changed shaping

network of the steering order edreuit.35

35. Status Rept, 15 Dec 4B, op. cit., p. 2 ff.; and "Project NIKE Status
Report,” BTL, 15 Aug 49, p. 15 (ARGMA Tech Lib, R-12084).
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NIKE 48-2 Test Series g

Another part of the 1948 NIKE missile progran compria:ed the devel-
opment and test of the NIKE 48-2 missile, a revised nerodjﬁaﬂic design.
During the NIKE design studies early in 1948, tragectoi-y computations
indicated that, to obtain optimum range, the effedtive main fin ares of
the missile should be reduced by one-t.hird. This conelusion was applied
in the new fin desigrn for the NIKE 48-2, and in ad.dition, the fin thick-
ness was reduced from 6% to 2b% to decrease vave drag. Revisions to
provide space for larger warheads were also made in the fuselage design,
including an increase in length from 235 to 255 inches, changing the
shape of the after-body from s boat-tail to a cylindrical shape, and
attachment of sn external tunnel fairing along the body to house
elecirical wiring sand plumbing linea.36 Four qummy missiles of this
configuration vere fired in August and Septenbe;' 1948 (see Table 5,
Appendix 5),

During June end July, however, tests of a 7.5% scale model in the
AFG supersonic wind tunnel indicated that the NIKE h'8-2_posses_3ed unsat-
isfactory stability and roll characteristics. These tasts resulted in
several major configuration changes, such as returning to the original
fin area, decreasing the distance between the control fins and main fins,
and installing four small tunnels instesd of the mingle large tunnel,
This modified version, now kneﬁn as the NIKE 484, was aseigned for

steering and roll tests to be conducted in 1949,37

36. R. J. Arenz: "Estimated Aerodynamic Characteristics of an Tdesal-

ized NIKE Type Missile," Beport No. SM-13339, 16 Aug 48 (ARGMA
Tech Lib). o

37. Status Rept, 15 Dec hB, op. cit., pp. 1 and 9.
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Ancillaxy Activities

System Tester. At Whippany the design and construction of the

Analog System Tester had proceeded to the point where many of the com-
puter components had been thoroughly bench tested. The target simulator
part of the machine was essentlally completed. (When supplemented by
parts simulating missile merodynamics, it was pressed into service as a
nissile trajectory computer which took over in a more versatile and
rapid marner the sort of tasks which had been preiiﬁinarily fulfilled by
the improvised trajectory plotter made in Santa Monica in 1947.

Planning Conferences. The sixth planning conference was held at

WSFG in September 1948 during the Phase 1 and 2 overlap. The seventh
conference followed in March 1949 at Santa Honiéa during the recess in
the firing progrem while changes were made in the missile which led to
the successful conclusion of Phase 2 in May 1949. In these conferences
the status of progress was reviewed and plans were mapped out for the
field program of Phases 3 &nd 4 scheduled for the winter of 19&9—50, and
for a comprehensive 490 series of firings to be. scheduled for the second
half of 1950, realizing that wvaricus improvemen%a developed in the mean-
time would require proof testing. This would move the complete NIKE
System Triale into 1651, which turned out to be the earliest year in

which radar, ccamputer, targets, and accessories could be ready for them.38

Camposite Steering Test Program
(June 1949 to April 1950§r

During the latter half of 1949, progress continued on all aspects of

the project despite an austerity program which had been imposed on it,

38. "Project NIKE History of Development,” BTL, 1 Apr 5%, p. 33.
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No more missiles after the three in May could be flown in 1949, but six-
teen missiles of the 4Bl type were prepared for field firings which
actually took place between Janusry and April 1950, They covered the
complex steering tests originally planned as Fhase &, with such vari-
ations as were dictated by a hos‘;. of cross-coupling troubles which
cropped up, These problems were overcome by systemntically tracking
down their origin from the elaborate telemeiry records. It was during
these test firings that predetermined pitch and yaw acceleration orders
were transmitted to the missile from the ground via radar-to-missile
communication cirecuit for the first time. The magnitude and timing of
these commands were set up prior to the flight on a versatile time-clock
programer in the radar.
Rader

The missile tracking portion of the NIKE Ground Radar System, having
been completed and thoroughly tested at Hhippan&, was transported by air
and truck to WSPFG in November 1949. The complete radar system consisted
of an Antenng Trailer, a Radar Control Van, & modified M2 Optical Tracker,
and a 400-cycle Engine Generator. It was set up at radar station site
and connected to an existing Western Electric TI4El plotting board. Check
teats were begun in December 1949, tracking & specially assigned B-26
target airplane which was equipped with & beacon and a receiver. Simu-
lated guldance commands were successfully transmitted over the radar-to-
beacon channel and recorded aboard. For comparison, the same sirplane was
&also tracked by the two high-accuracy Eastman theodolites permanently
instelled at Dona Ana Camp and under the cognizance of the Army Field

Forces Board No. 4. Reflection tracking runs of the B-26 plane were also
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made to determine its performance as a radar target.

The monopulse radar successfully tracked all missiles from the
launcher, through boost and separation, and Iin many cases to impact.
Misgiles fired into clouds or at night were tracked without difficulty,
demonstrating the all-weather reliability of the guldance system., Sever-
al missiles were controlled manually toward a ground target location and
the ccmmnnicatién system functioned satisfactorily down to very small
angles of elevation.3?

Computer

Having reached the stage of & frozen circuit design, the detail
design of the NIKE Computer snd the construction of its components pro-
gressed rapidly. A considerable amount of egquipment had already been
completed and was in the process of being tested as individual components.
Work was concentrated on the construction of modulator emplifiers,
demodulators, switching amplifiers, and on the testing and improvement of
components. Manufacture of the data receiver and the synchro-data-
transmission units, with their precision potentiometers and extensive
gearing, entered the final stage with every indiéation of meeting the
stringent accuracy requirements.

Effert was also directed toward the electrical design of associsted
test equipment., Of primary concern here was the so-called "test bay"
containing sufficient facilities to check overall camputer operation on

& test problem basis in the field. Additional portable equipment was

39. "Project NIKE Status Report," BTL, 15 Feb 50, p. 19 £f; and ' Project

NIKE Status Report," BTL, 15 Aug 50, p. 25 £f. (ARGMA Tech ILib,
R-12085).
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to be designed for general maintenance of the ccmputer.ko

Missile

An analysis of available fiight test Gata indicated that steering
response and roll behavior should be adegquate under all significant con-
ditions with the recently revised control cirecuits providing emple
demping. New IBM Fourier techniques were developed to compute the tran-
sient behavior of the missile in acceleration controlled test flights.
These calculations and the flight teat success to date created sufficient
eonfidence for the planned Fhase 3 series of tests to be skipped and the
limited number of test missilesg better exploited. Good asgreement of
flight test stability measurements with wind-tunnel observations was

secured. Despite the stability-maneuverability dilemma brought on by the

- non-linear moment characteristic in the transition from amall to large

angle of atiack, an acceptable compromise was sought and eventually found

by shifting the center of gravity farther aft in the missile.

Several changes were made in the missile. The interior eqnipmenﬁ
was repackaged for betier accessibility and space utilization; the three
oil accumulators were manifolded to insure that all control components
would remsin operative together; and scme changes were made in the telem-
etry system to adopt more shockproof and more linear transducers, improved
sampling commutators, and finer ram pressure gauges. The ram pressure
probe was embodied in a new nose spike:type telemetry antenna. Wind-
tunnel tests trying out allerons with various types of amercdynamic balance
features designed to reduce the hinge moments and thus to conserve oil,

led to a compromise solution for the simple trailing edge aileron

L0, Status Rept, 15 Feb 50, op. cit., pp. 1 and 22.
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configuration. To provide some of the ballast needed on non-warhead
missiles, the main fins were machined from solid eluminum alloy.

In an effort to avoid premature motor stalling when transverse or
negative sccelerations cause propellant ligquid to surge or slosh and
uncover the tank cutlets, several designs of conical internal hoppers
and flexible bledders, which would keep the outlets covered until all
fuel was exhausted, were developed and tried under laboratory and test
stand conditions. The answer to the minimization of eccentric thrust was
eventually found in rigorous control of nozzle manufacture and alignment.
The only other change introduced in the power plant structure was In the
tank configuration. The propellant and air tanks were made into an
integral unit.

Launcher

Many improvements and additions were made to the launching equipment,
including an experimental, extremely light, portable monorail launcher.
Although the original monorail launcher welghed only 5,000 pounds, an
effort was made to develop one tﬁat would be extremely light so that it
could be readily transported by alr and assembled by manpower alone. Such
& launcher was actuslly bullt. By virtue of efficient design and exten-
sive use of aluminum alloy, the overall welght, excluding ballast boxes,
vwas reduced to 2,050 pounds. A demonstration proved that the components
could be satisfactorily handled by an eight-man crew, requiring less than
ten minutes to unload and assemble the launcher. EHowever, the lightweight
model was considerably more expensive than the standard model; it was

stored after having been used for only a few test firings.hl

F1.7 Proj WIXE History, BTL, op. Cit., Pp. 36-37-
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NIXE 484 Test Program

Although the NIKE 484 field tests were primarily intended to demon-
strate missile behavior under severe and complex pitch and yaw command
conditions, they served a number of secondary purposes dictated partly
by necessity, partly by opportunity. They did indeed demonstrate RIKE
to be a true guided missile, remotely controllable from the ground, thus
proving the command guidance link of the missile-~tracking radar with the
beacon and order transmission links over the monopulse radar beam. The
sixteen missiles gave further proof of the suitability of the present
configuration, components, structure, and methods of construction. Sever-
&l variations were introduced which indicated the feaslibllity and desir-
ability of moving the center of gravity closer to the center of pressure,
and of starting the sustaining motor after booster sepa.ration.he A
detailed outline of test results is given irn Tsdble 6 of Appendix 5.

In general, roll stabilization of the missiles was very good and at
tires excellent. Telemetering records and redar tracking indicated that
the missile received and accurately executed all copmands., But these
results were_not accomplished without Incidents and problems. For
instance, it was found that first order dynamic structural bending
vibrations of the missile body at about 20 cycles per second (cps) were
belng sensed by the control accelerometers and rate gyros, thus
catastrophically upsetiing the response of the missile to control orders.
This trouble was finally eliminated by relocating the accelerometers

closer to a node and inserting attenuation at 20 cps in the rate gyro

42. 1In previous firings, it was necessary to start missile motor during
first half-second after launching.
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circuit. Another unforeseen problem was encountered with scme of the
control valves, which functioned erratically and caused some intermittent
contrel discontinuities. Several circuit changes and the estsblishment
of proper oil cleanliness proeedﬁrea were necessary to eliminate thie
difficultyf

In four of the last five rounds, the low-power klystron beacon was
replaced by & new, more powerful magnetron beacon with gratifying results.
Round 43 was deliberately guided through the transonic phase and for a
considersble time in the subsonic regime with satisfactory response in
piteh and yaw.
| Several rounds were launched from the new portable lightwelght mono-
rail launcher vhich gave excellent service, ILaunch, boost, and separation
from the single booster were successful in a&ll cases. One round carried
& new angle of attack meter which provided aerodynamic stability data
confirming wind~tunnel measurements. Designed to give an accurate measure-
ment in subsonic, as well as supersonic flight, the new instrument was
developed by DAC, in conjunction with G. M. Gimnnini & Company. It
telemeters the angles of pitch and yaw.

The 4Bh field tests proved that the prototype design was satisfactory
end tkhat it could be scaled down by & third without impaifing its accuracy.
This change favorably increased the frequency response and was therefore
incorporated in a subsequent model which was carried by many of the NIKE
k90 series missiles.h3

Plenning Conference

The eighth plenning conference, held at WSFG late in March 1950,

43, Proj NIKE History, BTL, op. cit., pp. 38-39; and Status Rept, 15 Aug
50’ 020 Cit., P 7 £f.
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concerned itself, first, with a digest of flight test results as far as
they had accrued; and second, it considered conclusions and recommen-
dations for the next phase of the test program. The then remaining six
484 migsiles were to bracket all parameter ranges and insure proof of
proper roll and steering control at high altitudes and low dynamic
pressures or wherever else 1t may be critical. Of the next series of
missiles to be produced—eand designated as Model 490—another batch of at
least sixteen was to be gssigned to a precisge performance test program in
195C before embarking upoﬁ the offlcisl NIKE system triels in 1951. A1l
of these tests had to be scheduled and interspersed with the activities
required on behalf of the development of the tactleal version NIKE I.hh

Performance Test Period
{(May 1950 to July 1951)

This stage of the NIXKE develcpment program was divided into two major

periods—-one devoted to construction and preparation, followed by the
first part of planned performance tests in the last three months of 1950.
Ten of the assigned sixteen misslles had been expended when performsute
tests were interrupted by unexpected troubles. Following the elimination
of trouble sources, the test activities were resumed, with the next six
rounds being fired between April and July 1951.

Radar

Barly in 1951, the radar, which had given generally satisfactory
service as a missile tracking and steering order transmitter since its
installation, was subjected to several improvements and refinements pre-

paratory to the system tests. The single motor drive for elevation of

44, Proj NIKE History, BTL, op. cit., p. 40.
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the antenns mount, which was found to be marginal, was replaced by a dual
motor drive, Extensive laboratory and envirommentsl tests had been con-
ducted at Whippany to improve the electrical boresight stability of the
angle error detectors and the adjustment stability of the sutomatic gain
control circuits., As a result of these tests, better circults and
components were developed and installed in the radar at WSPG. Another
innovation was a monitoring and test unit, which made 1t possible for an
operator to check, in less than a minute, all the adjustments of the order
commmication circuits on a built-in oscilloscope. All of these changes
improved radar performance., The coded pulse system, which was introduced
to eliminate radar-missile command interference, functioned perfectly.
During the first tesis at WSHG, a very accurate method for Tore-
sighting the radars was developed. (This method was carried through to
the tactical NIKE I System.)} A smwall waveguide horn was mounted on top
of a 60-foot pole located about 600 feet from the radar antenna. A small
X-band rapld-fading (RF) test source, under remote comtrol of the radar;
provided RF power to this horn by means of a waveguide running up the
pole. Small optical tergets were also located on top ﬁf the mast on each
side of the RF horn by the same parallsx distance as the optical telesczope
on the radar was located from the electrical center of the antemnna. With
this equipment and a special technique of "dumping" the antenna o
eliminate the effect of any ground reflections, 1t became pessible to
boresight the radar electrical axis to the optical telescope toc an aczcu-
racy of about 0.05 mil. From this point on, the optical telescope was
used as the reference in the system tests when both missile and target

radars had to be boresighted with respect to each other.
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To show the accuracy of reflection tracking, a number of boresight
and instrument films were taken with an improvised installation of syn-
chronized cameras to record data from the radar and the computer. The
effort was frustrated by various malfunciions, so a new and more
elgborate camera system had to be developed for the system testis.

A second radar, for target tracking, was under construction at
Whippany. In general, this radar was similer to the missile radar, ex-
cept for the omission of missile steering order equipment and certain
mechanieal and electrical Improvements, All the improvements and refine-
ments of the misslle radar were built into the target rader.

Computer

Meanwhile, the construction and testing of the NIKE computer
components had been completed, along with the assembly and wiring of the
entire computer. Preparatory to shipment to White Sands for use in 1951
sysiem tests, the computer was put through the prelimihary stages of
qualitative tests on the system tester.

A second computer, to be retained for use in the lsboratory system
tester, was in the fingl wiring and preliminary testing stage. The test
bays, to be associated with both computers for checking purposes, were in
process of construction.hs
Missile

Based on observations mede during the previous (484) test series, a

number of changes were introduced in the missile structure, which became

45. Proj NIKE History, BTL, op. cit., pp. L1-L42; Status Rept, 15 Aug 50,
op. _cit., p. 25 ff; "Project NIKE Progress Report,” BTL, 1 Mar 51,
p. T ff. (ARGMA Tech Lib, R-12160); and "Project NIKE Progress Report”
BTL, 1 Jun 51, p. 9 ff. (ARGMA Tech Iib, R-12059).
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identified as the 490 family. Some of the innovations were prompiled by
the desire to improve performance and facllitate production, while others
were intended to eliminate difficulties previously experienced. The mos¥
important of these changes are briefly described below.
1. The sustainer motor was started after separation to
provide increased range and to simplify and lighten
the booster-missile support sleeve,
2. The center of gravity of the missile was placed closer
to the dynamic balance point {or center of pressure)
to improve merodynamic response {or supersonic maneuver
capabilities).

3. Beacon antennas for reception and ftransmission were
separated to simplify waveguide components.

4, Electronic components were repackaged to provide
greater ease of adjustment.

5. Manufacturing tolerances on the hydraulic control
valves were eased to facilitate production.

6. A new type of composite £in construction was used to
facilitate production, save fifty pounds in weight, and
give a smaller moment of inertis,

7. Two of the test missiles were equipped with experimental
bladder-type propellant tanks, in an effort to obtain
continuous and complete expulsion of liquid fuels,

Sixteen of these modified missiles, designated as the LOOA series,
were scheduled to be launched during the fall of 1950, The purpose of
these firings was to test the efficacy of the above listed changes, and
to ingure that the 490 missile could respond accurately to steering
orders in preparation for system tests st WSFG in the fall of 19%51.

In general, the changes noted in items 1 through 4, above, gave very
satisfactory results. The other changes, however, resulted in difficul-
ties. While the delayed starting of the sustainer motor {item 1) was

satisfactory for all intents and purposes of the test, it edded the
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complication of short motor burring time. This early burﬁout-—noted in
all but one of the first ten firings--was attributed to the bursting of
propellant (acid line) diaphragms during boost acceleration and the con-
sequent loss of oxidizer {acid) prior to motor ignition. The two flight
tests conducted with the bladder-type propellant tanks (item 7) were
unsuccessful because of sealing difficulties {oxidizer bladder unable to
withstand negative accelerations at the end of boost)}. This approach was
abandoned in favor of a fixed hopper-type tank structure which worked
satisfactorily in later firings. Early in the program, it became appar-
ent that the other two changes introduced in the 590A miggile were
causing a recurrence of certain roll and steering oscillations which had
been eliminated during the 48k test series. Specifically, the change in
the hydraulic control velves (item 5) gave a persistent 2-cps oscillation
in the steering circuits; and the decreased moment of inertia (item.g)
resulted in loose roll control which network changes failed to eliminate
completely. While these oscillations did not significantly iﬁpair the
missile control, they seemed to be wasteful of hydraulic oil and they
prevented the gathering of clear-cut serodynamic performance data.

Even though the objectives of the 1950 firing program had not been
fully achieved, the program was discontinued with the firing of the tenth
missile (Round 59) in December 1950, so that the information already
available could be studled in more detall and necessary modificatlons
accomplished. The ten migssiles fired in the fall program exhibited satis-
factory launch, boost, separation, and motor igrition, With a few minor
exceptions, the radar tracking and command link perforﬁed in a very

satisfactory manner. Detailed results of these ten’firings are given in

¢




Table 7 of Appendix 5.h6

The first three months of 1951 were devoted 1o the elimination of
trouble sources and modification of the remaining six 490A missiles,
which were to be launched as a part of the Spring Supplementary Firing
Program, The hydraulic valves were thoroughly tested and then redesigned,
reducing the valve plunger port overlep ratio as puch zs possible and
thus reducing the non-linearity of velve characteristics. Changes were
also made in the elecirical nefwork 4o incresse the gaih rargin at large
phase angles, Hydraulic fin locks for the launching period did not per-
form any more positively than zero g steering orders and were therefore
discarded after the fall tests in favor of the latter method. The roll
control circuitry was changed to make the servo gain a funeiion of
dynamic pressure and thus tighien up the control to overcome troubles
attributed Yo the small roll momernt of inertia. To prevent loss of
oxidizer during boost and thus insure normal motor burning time, a new
propellant control valve, with inter-linked burst diaphragmns, was devel-
oped for the acid-aniline motors. As an alternative, three of the six
NIKE 490A missiles were equipped with experimental mscid-gasoline power
plants.*T Some of the supplementary test rounds vere also equipped With
arming devices and fuzes, the proper function of which was demonsirated
by telemetry and by detonation of an explosive spotting charge. These
arming devices, designated as Type T93, had been developed by Frankford

Arsenal and tested in the leboratory. The spotting cherge was designed

46. NIKE Progress Rept, 1 Mar 51, op. cit., pp. 3-%, O, and 13.

k7. Uncooled engines burning JP-3 Jet aircraft fuel insteed of aniline.
(Two of the three missiles were converted dack to acid-asniline
motors afier one unsuccessful firing).
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to supply & burst indication for those system test missiles which were

not to carry live wasrheads. It consisted essentially of a smoke-producing
explosive contaired in a tube which extended across the center warhead
compartment. Both ends of the charge were ignited simultaneously ‘o give
a visible smoke puff and thus similate = warhesad ‘nursi:.h8

The NIKE 490A Supplementary Firing Progrem {Rounds 60 through 65)
began on 12 April 1951 =snd continued intermitiently through 14 July 1951.
It was primarily designed to prove the various remedies noted above, with
secondary objectives of testing alternatives and accessories, preparatory
to the first R&D system tests in October 1951. These fleld tests were
very disappointing, t¢o say the least. Test objectives were successfully
achieved in only two of the rounds; the other four were marred by com-
ponent failures, chiefly irn the control system. A brief account of these
field tests is given below. (For further details, see Taeble 8 of Appendix
5.)

The first two rounds (60 and 61) were fired primarily to test the
effectliveness of modifications made in the acid-aniline power plant sys-
tem to insure full duration of motor burning. Secondary objectives were
to test the Frankford arming device and spotting charge. Both rounds
mede satisfactory flights. Burning times were normal end there was no
Endication of propelliant loss during boost. The Frankford arming devices
and spotting charges operated satisfactorily.hg

Round 62 was flown with the control system fully operable to demon-

strate revisions made in the control network, and to test the acid-aniline

LB, Progress Rept, 1 Mar 51, op. cit., pp. 9 tiru 1k,
}'1'90 PI‘OgTeBS Rept, 1 J‘-m 51, .O_E. Cit., pP- 3-11'.
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power plant system under maneuvering conditions. A high frequency

oscillation in the pitch and yaw steering channels caused the malfunction
of this round. Except for some sporadic burning just before burnout, the
missile motor continued to operate satisfactorily during the oscillations.

The primary objective of Round 63 was to test the new acid-gasoline
pover plant system in flight. It was frustrated by an explosion during
the starting phase. To repetition of this experiment could be scheduled
during the R&D Program; however, the obvious advaﬁtagea of a missile
motor burning a fuel that would be readily available almost anywhere
remalned as an incentive.

Rounds 64 and 65 were flown to test further revisions in the control
network, as well as chenges made in the gcid-aniline power plant system
to correct hard start conditions noted in earlier rounds. In Round 64, a
malfunction occurred before separation {missile lost propellants and hed
sporadic motor burning during boost), resulting in erroneous command
acceleration levels. In Round 65, the booster and power plant operation
was pormal during launch phase; however, s malfunction occurred in the
nissile at take-off, causing an unbalance of the control signal. Diffi-
culties experienced in both of thease rounds were attributed to component
failures in the control syatem.50

The component development and proof test phase of the NIKE project
wes scheduled to end with the last 490A missile firing {Round 65) in July
1951, and demonstration of the complete R&D System was to begin with the

firing of Round 66 (490B series) in October 1951. However, the latter

50. "Project NIKE Progress Report', BTL, 1 Sep 51, pp. 3- and 17
{ARGMA Tech Lib, R-12060).




4904 test results clearly showed that complete reliability of all con-
trol system components still had not been achieved, and that further
modifications and supplementary field tests would be required in order
to preclude the recurrence of malfunctions during R&D System firings
agalnst drone targets. The necessary contreol circult modifications were

later completed and successfully tested in Round 66 on 16 October 1951,

The NIKE Missaile was now ready for the supreme test—firing against

drone aircraft.
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{#) IV. DESCRIPTION OF THE KIKE RXD TEST SYSTEM

Introduction

With the successful firing of Round 66 in October 1951 to prove the
latest control system changes, the NIKE R&D System was prepared for conm-
plete system tests to begin in November. This chapter describes the NIKE
System in the state in vhich 1t was subjected to the official system tests
which marked the end of the R&D phase of the project. The tests them-
selves are summarized in the next chapter., For purposes of this chapter,
it will suffice to mention that these system tesis comprised the firing
of 23 missiles launched under radar control-—-three agailnat a ground target,
all otherssagainst QB-17 drones in flight. Of the 23 misalles, five carried
real warheads and the other eighteen merely pyrotechnic token charges.
Terminating with Round 92 in April 1952, these tesis dramatically demon-
strated that the NIKE did indeed offer an immediately practicable solution
to the problem of defense against high flying invading aircraft.

As the name Implies, the R&D System was designed for test purposes,
with provision for instrumentation and observation wherever possible; 1t
was nelther a quantity production design nor a fully tactical equipment.
(The latter objective was the gosl of the NIKE I version, which was
getting under way while the R&D phase was still in its final stages.) How
the R&D Test System was developed from the drawing board conception has
been related in chronological sections of the foregoing chapter. It now
remains to describe In greater coherence the major system components which
vere actually used 1n system tests during 1951-52. A good place to begin

is with the physicsl vehlcle itself.
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.

The Missile

l1ike all other components of the NIKE system, the design develop-
-ment of the missile and booster had been gbve:rned by the general.
philesophy of staying as close as possidble to es?;ablish_ed techniques
without departing from the original AAGM Reporit concept any more than
forced by practical necessities. Of course, advantage was taken of the
advances made in rocketry during the R&D period of the NIKE project,
particularly in the direction of achieving reliability, While mmerous
refinements wvere developed in the course of the project and va;iaua
alternatives were explored in the process, it i1s remarkable how many of
the general features of the original proposal were actually retained.
The most outstanding improvements concerned the booster which was dras-
ticelly simplified; the shape of the fins to improve performance, ..
stabllity, and controllabllity; and the warhead whose lethality was
increased. Even with &l11 these advances, the size and ﬁeight of the
missile haed grown but little., How the missile design had thus evolved
from original concept through various experimental stages to the sctual
test vehicle 18 summarized in Appendix 6 and illustrated in Figure 12.

The missile-booster combination ad.opted for system tests is shown
in Figure 13 (page 84). The was the so-called 490 deeignl and vas
1dentical to that of the missiles launched during performance tests
(May 1950 to July 1951). The Government~furnished booster employed a
80114 propellant motor delivering sbout 49,000 pounds of thrust., The

booster gross weight was about 1,560 pounds. The boost phase lasted

1. R&D missile designs were identified by three-digit mumbers, the
first two of which referred to-the year the design was initiated.
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about three seconds, at the end
of which the booster separated
from the missile. The sustain
phase was implemented by &
liquid fuel motor of 3,100
pounds (lbs) vacuum thrust with
a burning time of about Tl sec-
onds, The overall gross weight
of the missile was 1,115 pounds,
of which 300 1bs, comprised the

propellant in the form of

: hﬁ .—.!: . *-.. P' ".
—_— - : . aniline-furfuryl alcohol as fuel,
and red fuming nitric acid as

P a8 oxidizer. This motor and the
=T ERE TR T £
Figure 13. NIiC® 490 Missile Erected in associated tankage are shown
Single-Rail lLauncher for Firing at WSFG

i el T IR

in the cutaway view of the 490
migsile at the bottom of Figure 12.

The design of the 490 missile airframe shown in Figure 12 was
dictated by considerations of dirag, 1lift, and control. The requirement
of low drag resulted in a slender missile of 20-to-1 fineness ratio
and in a carefully streamlined ogival noee. 'The aercdynamic shaping
of the nose was made possible by the fact that no data-gathering equip-
ment need be carried in the missile for s commend-type of system. The
size of the wings was dictated by the 5g maneuver requirement end
their shape by a proper compromise between lift efficiency and good

drag characteristics. The small receiving and transmitting antennas




shown aft of the control fins were likewise carefully streamlined for
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low drag. The missile was of & "canard" configuration with two pairs of

delta-shape steering fins forward and with roll contirol effected by two

pairs of itrailing-edge ailerons on the main fins.

The missile was roll-stabilized so that the computer could know the

complete orientation of the missile in space, This required the use in
the migsile of & free-free gyro whose orientation was set shortly prior
to launch. Stabilization was accomplished through a hydraulic servo
system with this gyro as a control element. Stablilization in roll was
initiated shortly after separation of the missile from the booster.
Hydrgulic servo systems were used to sctuate the forward steering
fins. The acceleration orders transmitted to the missile from the
ground were matched to the actual missile acceleration by means of
accelerometers appropriately placed in the missile 1tself. Diffieult
design problems were experienced with the roll control and steering
functions because of the wide range of altitudes and welocities over
which these funetions had to be performed. Early accurascy studies in-
dicated that fast response times were required for good "end game play”
(response to acceleration orders just prior to intercept). To achieve
such response times uniformly over the wide rangé of flight conditions
referred to, the gains of the servo control loops had to be varied

accordingly. This, in turn, introduced serious problems in stability

of these loops. An intensive study of these problems led to very satis-

factory solutions vhich involved the introduction of pressure pickups,

rate and fin feedbacks, and carefully designed shaping networks in the

sexrve loop.




Because of the command nature of the guidance, only a minimum
amount of electronic equipment needed to be carried sboard. Part of
this equipment was required for receiving and decoding the acceleration
orders transmitted to the missile from the grouﬁ&; some electronle
equipment was associated with the amplifiers in the control systems
discussed above, Finaily, & transponder was found necessary to assure
firm radar tracking through the boost and turn-over phase of the tra-
Jjectory and at extreme ranges where skin tracking would provide only a
marginal signal.

Booster

Early theoretical performsnce estimates had shown that the NIKE
Missile should best start its self-sustained flight at arn initial ve-
loclity of 1,700 feet per second attainsble under the impulse of a fast-
burning solid propellant booster rocket system designed to separate from
the missile at the end of boost by its own drag. Solid propellant
rockets were obviously advantageocus for their structural simplicity and
adaptability.

So long as no single rocket of adequate size was available, smaller
rockets had to be combined in cluster arrsys, as had already been pro-
posed in the AAGM Report. After extensive experimentation during the R&D
period, the problems of achieving simulianeous ignition and thrust
cesgsation, as well as clean separation of four rockets mounted in a
cluster structure, were eventuslly solved, In the meantime, however, a
solid fuel rocket-—the Allegany T-39-3DS-47000~1large enough to serve as
a single booster for NIKE, became available in 1947.. It had many

advantages over the Aerojet cluster-type booster, in that it weighed less,




any other system component.

that were under design control.
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it was easier to assemble, store, handle, and load, and it was smokeless

and reliable. During the period June 1948 to May 1945, both the cluster
end single boosters were flight tested in the NIKE field test program at
WSEG. Beginning with the 484 test series in January 1950, the cluster

booster was dropped in favor of the single-type booster which was later

standardized and accepted for the systen tests. The evolution of the

booster to the system test stage is {1}1ustrated in Figure k.

Warhead

The last major component of the missile to be discussed here is the

warhead and its sssoclated equipment. The NIKE warhead was changed per-

haps more radically from its original conceptioh'in the AAGM Report than

The original warhesd, which was to weigh

200 pounds, was meant to produce a slowly-expanding uniform disk of
shrapnel, traveling along its axis with the velocity of the missile at

detonation. Although models of this type of warhead tested by ERL per-

formed satisfactorily, it was sbandoned early in the program for three

reasons. First, it would have been neceasary to;burat the shrapnel
warhead well in advance of intercept, conducive to serious fragment
drag and slow-down; second, the system was ill-adapted to an overtaking
attack; and finally, new information suggested that small fast fragments

possessed lethality advantages over the larger slower shrapnel.

Consequently, an anelytic investigation, begun aslready in 1946, was

pursued to determine the optimuh values of those relevant parameters

From this ard related calculations, it

appeared that an essentially spherical pattern of thirty-grain fragments

impelled with a static detonation velocity of 7,000 feet per second would
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be nearly optimum, A total weight of 312 pounds was eventually adopted
a3 g better compromise since system effectiveness seemed to increase
rapidly with warhead weight up to sbout this value. To produce adequate
fore and aft spray with g warhead in s single piece was recognized as
extremely difficult., Therefore, three separate bombs were chosen—one
smaller forward-firing bomb weighing twelve pounds t¢ cover the nose
sector and two identical barrel-shaped bombs weighing 150 pounds, each
to cover 55° fore and aft of the beam {see Figure 15). On the basis of
an extensive design and test program conducted by BRL, bombs meeting

these specifications were actually produced under the cognizance of
Picatinny Arsenal.

All three warheads were detonated simultaneocusly upon command from
the ground through e primacord harness running the length of the missile

and branching off at the warhead sections, as shown in Figure 15. For

“u.

..... TTiNG "

ATAND LEVITE

COAMWRRT BURIY ID T, 78D D DwAD

“'Figure 15. Warhead System




reasons of safety, a provision was made to destroy the missile in the
. event that radar tracking was lost or purposely terminated. This was
i accomplished by & separate sigﬁﬁi.circuit in the guidance section which
is automaticelly triggered by the absence of radar pulses for a pre-
€ scribed length of time. The safety--a.nd' arming device, designed and
manufactired by Frankford Arsensl, became known as the T-G3 Arming
Mechanism,
Only five of the system test missiles (491 model) were equipped
with high explosive, live warheads., On the other rounds (490 model) a
spotting or token charge was carried instead of the warhead in order to
mark the space point where & warhead would heve detonated. |

Laumehing Equipment

Associated with the missile gt the lsunching site is a certain
amount of auxiliary equipment in the way of launcher, loading facili-
ties, and pre-flight checkout. The nature of the launcher used with

.the 490 missile in system tests is shown in Figure 13, The evolution
of the launcher to the system test stage is illustrated in Figure 16.

All equipment for the system tests was experimental] and preceded

?Pe design and development of the corresponding NIKE I tactical units.

. Ground Guidance Installation

The above is a brief deseription of the vehicle and ite associated
< gear. The succeeding portions of this discussion are concerned with
components of the ground guldance inatailation; nemely, the rader and
. ; the computer,

Radar

The radar is the intelligence apparatus of the NIKE system. At
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the outset, it was evident that the accuracy requirements imposed on
the tracking radar were so stringent as to require an intensive radar
development progrem. Since the accuracy of the standard lobing radars
developed during the last war were limited by rapid pulse-to-pulse
fading, it was decided to go to a system which could provide an
independent measurement of angular error on each pulse., The success-
ful development of the monopulse tracking radar system for NIKE
represents one of the major contributions of the project to the fire
control art.

The two tracking redsrs which resulted from this development
program are shown in Figure 17, installed at "C" Station, W3PG. The
missile tracking radar is in the foreground; the target tracking radar
in back., In the end of the building behind the missile radar is the

computer. The antennas on the roof were used for safety tracking.

- ) "r’

"C" Station Installations at WSFG

-

Figure-lT.



LA

L

sy

2= '
SONPOENTINE- 93

The target and missile radars are almost identical except for the fact
that the missile radar includes the communication circuits for properly
modulating the pulse train in accordance with the order signals from the
computer, A close-up view.of the missile radar is shown in Figure 18,
The intelligence is conveyed to the missile via the missile radar beam
by frequency modulation of the pulse repetition rate of the same train
of pulses which is used to provide angular and range data on the missile
position.

(#® From a logistic and tactical point of view, it was found simpler to
site the two tracking radars separately. It was therefore necessery
that the two radar mounts be leveled and the radar beams boresighted
with good precision. The requirements on boresight and on tracking
accuracy led to the design of precision mounts for the radars and the
installation of associated optical equipment for purposes of easy and
accurate boresight adjustment. The high accuracy requirement led also
to the demand for a highly precise data-transmission system to carry the
tracking information from the radar antenna mounts and range unit to the
computer. The data transmission developed for this purpose was accurate
to 0.1 of a mil In anglie and to one ysrd in range.

V) The two radars shown in Figure 17 were experimental models devel-
oped for system tests, but were actually close in performance to the
later tactical models. These NIKE radars probably represent the most
accurate radar tracking devices ever developed.

Computer
The finel system component to be diéhussed is the computer itself.

The three major elements of the NIKE system—the missiie, the tracking
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radars, and the computer—comprise vhat is known as a closed-loop con-
trol system. The basic purpose of the computer is to determine, from
radar-derived target and missile position data, information required to
guide ghe missile so as to intercept the target and to initlate a burst
order at the most lethal instant. It operates to control the missile,
bending its flight path from the nearly vertical launch onto a ballistic
trajectofy through the predicted intercept point; thereafter correcting
the missile's flight whenever it deviates or when the continucusly
recomputed intercept poin£$15 displaced for any reason. These functlons
are divided irto four main phases—Pre-Flight or Pre-launch Computation,
th; Turn Phase, the Steering Phase, and the Burst Computation. The full
scope of computer operation can best be described in terms of a typical
KIKE engagement.

In Figure 19, a schematic picture of the NIKE R&D System is shown.
A target tracking radar has, for some minutes, been tracking a designated
target and furnishing informatiﬁn to the campute} on the ground. Prior
to the launching of the missile (Pre-launch Phase), the computer uses
the known missile ballistics and the target information transmitted to
it by the target-tracking raedar to compute a tentative predicted point
of intercept (ppi). This procedure is similar to that employed in an
antiaircraft gun director.2 The predicted intercept point, together

with other information cbtained in its computation, is used for two

2, The main difference is that the accuracy of the gun director depends
directly on the accuracy of 1ts ppl computation; whereas, in the RNIKE
system, the pre-flight computation of ppl can afford to be relatively
rough. Since the guided missile is controlled after launch, and
therefore moderate errors in pre-lsunch intercept point may be cor-
rected during flight, the accuracy required in this computation is
considerably less than in the case of the gun fire director.
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purposes. First, it provides the tactical control officer with infor-
mation which will allow him to evaluate target threat and to assign
missiles to targets intelligently; second, it provides information where-
by & tentative plane of action can be determined for positloning the
free-free gyro in the misslle. The target's present position and the

ppi are continuocusly displayed on plan and vertical plane plotting boards
as an &id to the control officer 1in determining a suitable time to
initiate the fire order.3 The time required to initiate this computation
after target acquisition is small (about five seconds). Once & missile
is designated, its gyro is contlinuously positioned as & function of the
computer's most recent information on the predicted plane of action. Con-
sequently, the designated misslile is 1n a continusl state of readiness,
and its gyro axis 1s frozen only upon the initiation of the fire order.
This condition corresponds to the Pre-Launch Phase illustrated in upper
left block of Flgure 19.

Once the fire order has been issued and the missile has been
lsunched, the turn phase beglins, as shown in the lower left portion of
the flgure. TImmedlately after the misgile and booster have sgseparated and
after roll-stabilization has taken place {about five seconds total after
launch}, the computer 1aaues a hardover turn order in the general
dlrection of the prediéted point of intercept. This order is maintained
until the computer observes that the missile is on a ballistic trajectory
through the ppi. Throughout the turn phase, the ppi is being

continuously recomputed to make the missile heading at release as

3. After launch the same boards plot the target and missile present po-
sitlons, thus giving a complete record of target and missile flight

paths during the engagement (see plotting boards and computer in
Figure 20).
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sccurate as possible. When this moment arrives, the turn oxder is
removed and the turn phase thus brought to an end. |
The job of the computer in the Steering Phase {upper right block |
of Figure 19) is twofold: first, to compute increasingly refined ver-
sions of the ppi; and second, {o issue orders to the missile which will
bring it to this point at the termination of the flight. It continuves
to ccmputé correction orders made necessary by the fact that the ppl may
change elther because of the increasing accuracy of the prediction pro-
cesses, or because the targel may heve maneuvered. The camputer orders,
a8 received in the missile via the radar tracking beam, must correspond
yith the missile's pitch and yaw planes. Consequently, the computer must
at 811 times know the orientation of these planes. This knowledge 1%, in
fact, possesses because 1t knows the heading of the missile and the
nature of the constralnts imposed by the roll-stebilization system.
Computer orders are sent in the form of accelerations whicb the missile
then proceeds to obey.
(ﬂ Before turning to the final phase of computer operation, a brief
vord is in order on the neture of system performance during the last few
seconds of steering. The guidance system described so far is known as

& closed loop system—sg highly complex servo loop, the last link of whieh

is generally referred to as the "end game" (the last few seconds before
Iintercept). At this pdint, precision accuracy of the guidance system is ;
extremely important, for it could mean the difference between a hit or

a miss, success or fallure. Assoclated with any servo loop of this type

is a "gain" which is under the designer's control and which measures in

some sense the violence of the system's response to disturbances. These
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i’ disturbances are, in the present case, occasioned by changes in the

predicted point of intercept. In turn, they may be legitimate distur-

- bances incident on target maneuver, or they may be spurlous disturbances

caused by the presence of noise in the input data. Accordingly, there
is the classical smoothing problem of suppressing the nolse without at
the same time suppressing the knowledge of legitimste d;stufbancea due
tc target maneuver. It is possible to smooth the noilse very ﬁeavily in
the early porticns of the flight, since there remains a great deal of
time and adequate maneuverability margin to counter any maneuvers on the
part of the target. Thils smoothing is highly desirsble because over-
scrupulous attentlon to noise results in a series of small maneuver
oscillations of the missile which, in turn, exacf & heavy penalty in
induced drag. During the "end game" a heavy maneuver on the part of the
target can tax the system severely, and could, in fact, defeat the system
entirely should it not be immedlately recognized snd countered. During
this phase, heavy smoothing of noise is not possible, since this would
tend to obscure the presence of target maneuver. To¢ provide optimum
balance betwgen the effects of noise and those of maneuver, a system of
data smoothing 1s used. In this system, optimum smoothing, as well as
servo "gain," 1s appropriately varied as a function of time-to-intercept.
,) Finally, at the appropriste time béfore intercept, the computer
issues & burst order to the missile {see Burst Phase, Figure 19)}. The
computer has stored in it information which would allow the cholce of
burst point to be made on the basis of many different variables, such as
time-to-intercept, missile veloeity, relative aspect of the missile and

target, ete. An early study, however, indicated that a satisfactory
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‘I solution to the choice of burst point could be made on the basis of
time-to-intercept alone. While a bursi peint at zero time-to-intercept
would prove very satisfactory, it was found that a slight "blas,”
specifically & burst ten milliseconds before zero time-to-intercept,
had definite advantages in sysiem lethality.k But in order to assure
that the warhead in fact detonates at the chosen point in space, the
computer rust take into account various system delays and mst issue
the burst order somewhat in advance for the physical burst to occur at
the desired instant. These various delsys are all small and quite
constant. The command burst plan for system tests had associated with

it a flexibility permittiing easy adasptation to any new type of warhead

which might be used in the NIKE sgystem.

Lk, On the average, it is desirable to have the target and the lethal
(warhead) fragments run into each other, sas happens when the burst
occurs in front of the target, rather than with opposing velocities
8s occurs vwhen burst takes place behind the target.




101

So far, the computer has been discussed only in terms of 1ts
functions. In:Figure 20, the fh&sical device itself 1s showvm installed
at "C" Station, WSFG, for system tests. The project commander’'s posi-
tion is between the plotting boarde at the right; the guldance offlcer’s
position is at the left. The cabinets in front of the computer house
cameras for photographing the dimls. When considering the complexity
of its many functions, the size of the computer was remarkably small
(although the later tactical version was considerably more reduced 1n
BizeS.B _ f

|‘.)1L. NIKE R&D SYSTEM TEST FIRING PROGRAM

Planning for System Tests

Over & year before the preliminary fleld test program ended, the
Planning Conference recognizéd the need for a study on!the nature,
extent, and requirements for the final system tests. These tests
represented the greatest single jump in complexity during the whole
course of the program, because the entire system loop was to be closed
for the first time. In addition, many auxillary faecilities were
required to implement the test. More generally, 1t was necessary to
determine vwhat the system tests should discqver and how thle discovery
coulq best be made with only a limited number of test vehlcles. Accord-

ingly, a System Test Committee was appointed, which drew up a series of

.plans for the system tests. In such a complicated endeavor, 1t was not

to be supposed that these plans could be adhered to in absolute detall;

however, they were followed rather closely and served as a gulde

5. This chapter represents a summstlon of preceding Chap ITI and was
based on references cited therein.
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throughout the program.

As a result of this continued planning effort, the project found
1tself in the fall of 1951 with a system which had been fully component-
tested 1n the field, with the additional system components and gear ready
and completely laboratory tested, the test equipment and instrumentation
readied for use, and the test plans already laid.

Test Equipment and Instrumgntation

To ijmplement the procedures set forth in the test plans, 1t was
necessary to have, first, a target through which the system loop could
be closed; second, a carefully designed net of lnstrumentation capable
of furnishing all the data required; and finally, suitable test-filring
clreuits for coordinating all elements of the overall test system.

Ground Target

When the Target-Computer-Missile control loop was to be closed for
the first time, the mest cautious procedure concelvable would have
called for esteblishing a motionless target sufficiently high above the
ground to insure a clear radar localization uphampered by ground re-
flection influences. Artificial radar targets carried by tethered
balloons or slowly falling snd drifting perachutes were considered but
later asbandcned as involving undesirable operational cemplications.
Several of the planning conferences occupled themselves with many details
of the entire test target problem. The value or significance of "proving"
the NIKE system loop agalnst a space-fixed target prior to its extensive
tests against flying targets was extolled by some and disputed by others.

It was realized that the terminal phase of tracking a missile

toward a ground target would be disturbed by ground reflections. There-
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fore, no ground target shots could be regarded as truly representative
of the situation prevailing in the "end game" against an airborne tar-
get. Eveni‘iua.lly the controversy was resolved by a compromise deciasion
to fire the first and at least one more test missile toward a fixed
ground target located by topographical survey, with the missile steer-
ing orders zeroed at two seconds before impact so that spurious orders
would be avolded.

To implement this plan, & two-panel corner reflector, about
sixteen feet high, was set up on a slight rise of ground at a point about
seven degrees west and 31,000 yards north of the RIKE radar station aite.
The reflector could be seen by the radar so that the radar sight angles
could be statically checked againat the topographical survey, and they
agreed within a fraction of an angulsar mil and a few yards. However,
there remained dynamic perturbations due to ground effects. To avold
then in the ground target firing tests, the target position data were fed
to the computer in the form of known survey coordinates rather than by
locking on the reflector, the main purpose being to verify the proper
functioning of the missile tracking and guidance system and %o demon-
strate that the entire apparatus was now ready to take on flying targets.

Aerial Targets

The necessity of testing the NIKE system against flying sircraft
targets was recognized in the beginning of the project. As far back a=s
the Septexber 1948 Planning Conference, s proposal to fire a number of
test misailes at live aircraft as flying targets was accepted as an
indispensable partial objective of the RIKE aystem tests. The chance

of an incapacitating hit, even without coambat warhead, was deemed too
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great a risk to consider firing at manned aircraft. Hence, unmanned,
remctely-controlled drones had to be adopted despite their complications,
cost, and operational limitations.

Since the NIKE system was designed to combat bombers of the future,
at the time of the system tests no alrcraft of typlcal target perform-
ance was yet available, mich less & remotely controllsble drone capable
of serving as a target. A study of the relatlve merits and shortcomings
of various types of target drones in service led to the compromise cholice
of two types of targets. One was the QB-17G drone modification of the
Flying Fortress bomber, which would be representative in size but
deficlent in speed, altitude, and maneuverabllity; and the other was the
QF-80 drone version of the Shooting Star fighter, which would come closer
to the desired target speed range, though it was too small to represent
a typical bomber and still deficlent in altitude capabllity. An effort
vwas made to obtain both types of drones, but the fighter type (QF-80)
did not actually become available in time for the system tests. (QF-80
drones 414 become avallable shortly aftervard and were successfully used
as targets in a number of NIKE I firings.) Hence, all aerial target
firing during the RIKE system tests had to be directed against gB-1T7
aireraft, vhich served their purpose most capably though within the
limitations dictated by their speed, range, ceiling,h‘ and maneuversbility.
Even so, the adaptation of @B-17 drones turned out to be a mejor effort,
requiring them ¢ be equipped with improved autopilots, with antomatic
maneuvering programmers, with additional radic gear, and with specially
developed photographic scoring cameras. These preparations were com-

pleted between 1950 and the fall of 1951.
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Instrumentation

During the courae of the earlier field firings, a great number of
instrmumentation facilitiea had been built up, many of them asscclated
with regular Proving Ground activities. Among these wvere thquowen-
Knapp cameras which followed the boest and separation phases of the
trajectory; the Askanis and M{tchell phototheodolites which had long
furnighed the project with its basic trajectory data; the varicus
high-power telescopic cameras which had proved of great value in ana-
lyzing trouble conditions; and the various telemetry stations. In
addition to these séurces, however, it was necessary to0 introduce other
instruments especielly adapted to the rather rigoroua requirements of
the system tests.

The instrnments used in these tests had to fulfill a number of
overlapping bput distinct functions., One basic functipn wasg to provide
in each round & determination of the miss—not only the vector miss
distance at burst,; but alsc an accurate knowledge of the relative tra-
Jectory of missile and drone in the neighborhood of intercept., Ancther
function of the instrumentation net was %0 allow a detailed and quantit-
ative analysis of successful rounds, so that the contributions of the
major system components and the balances among them might be accurately
appraieed, In theﬂevent of rounds less than vwholly successful, it was
necegeary 1o be able to trace down the design features which were at
fault and to determine the nature of needed improvements. Finally, in
the case of malfunctioning rounds, the inatrumentation had to be of a

sufficiently fine mesh to allow gulick isolation of the cause of the

failure,
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To fulfill the functioné outlined above, a correspondingly
elaborate set of instruments was required. The terminal portion of the
trajectory where great accuracy was demsnded was derived mainly from
the ground-based IGOR (Intercept Grouni-Station Opticel Recorder) cemera
eystem and from the drone-borne ITOR (Intercept Target Optical Recorder)
capera gystem. Both of these systems were capable of meeting the ten-foot
accuracy requirement on the point of burst, which was tokened by the
detonation of a spotting charge in the missile. In addition to the
extremely accuraté account of the end gsme, reasonably precise trajectory
data on both missile and drone were required throughout the flight.
Here, major reliance was placed on the phototheodolites, on the boresight
cameras attached to the tracking radars, on plotting btoard data derived
from radar measurements, and on the continuously photographed records of
the computer dials which repeated the radar position data. The ability
to analyze completely the performance of g given round required, in
addition, a knowledge of what wae going on inside the missile. Accord-
ingly; all of the rounds, except for five provided with live warheads,
carried telemetry sets which gave a continuous record throughout the
flight of the various functlons sssociated with propulsion, guidance, and
control.

There remained the problem of the ground guidance equipment con-
sisting esaentlally of the two radars and the computer. The operation
of thg redars could be reconstructed from three sources of data. The
first of these was the continuous photographiec record obtained through
te;éscoPea attached to and boreeighted with the radars. The second was

the photographic records of the computer disls which followed the radar
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position inputs to the computer. The third source was the account of
the internal functioning of the radars as recorded on eighteen channels
éf pen oscillograph records covering all the important functions, not
only of the radars themselves but also of the commnication link from
the missile radar to the missile. Accurate monitoring of the beacon
response and the computer orders transmitted by the redar was possible
by such instrumentation.

The many complex functions performed in the computer were recorded
in several ways. An oscillograph pen recorder ("events record”) gave an
account of various discrete events in the course of the flight, such as
the end of the turn phase and the initiation of burst. 1In additlon,
eighteen pen channels gave information sufficiently detalled so that
computer operation throughout the flight could be completely recon-
st;ucted.

Systen Test Firing Clrcuits

A completely instrumented system of this complexity, involving
many agencies with personnel at many locations over the Proving Ground
range, demanded excellent coordination at the time of firing to assure
that the target, instrumentation, and system proper were ready for the
test firing. The system test firing cireuits were therefore organized
in suckh a way that the overall system was broken down into s number of
well-defined areas of responaibility. The Project Commander, who
directed the operation end actually ordered the missile to be fired, had
reporting to him three control officers, each of whom was responsible
for bringing his sectlon of equipment or instruments {to readiness prior

to firing. One of these sections comprised the radars and the computer;
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another the missile operation; and the third the drone operation, range
safety, and range instrumentation. Each position in the firing organi-
zation was provided with visual indicatioﬁ of events only in its
immediate sphere of interest. The system was designed o provide
adequate commnication by means of telephone circuits and lamps between
the Project Commander and his auxilimsry officers, and between each of
them and tke units under their control.. Inter-locking firing circuits
were designed s¢ that, unless all stations were ready, the fire order
could not be transmitted.

This arrangement proved to be entirely aafiafac‘bory, and & great deal
of valuable experience was gained (which benefited the eventual design of
the NIKE I fire-control equipment).

Results of System Teat Firings

As stated earlier, the NIKE R&D System was designed specifically for
test purposes, with provision fqr instrumentation and observation wherever
possible, It was neither a quantity production design nor a fully tacti-
cal equipment, the latter objectlve being the gosl of the NIKE I version
which was getting into its stride concurrently. Convincing as they were,
the system tests did not and could not prove or explors the performance
boundaries of NIKE, chiefly because of speed and altitude limitations of
the avallable target drones. Though reatricte& in number to less than any
falr statistically repregentative gample, they covered the central part
of the qpeed, altitude, and maneuvering range for the whole gamut of
approacﬁ aspects wlth such good results that modest extrapolation of
lethality to somewhat larger ranges than tested seemed obviously Justi-

fied. To vwhat extent unexpecteﬁ phenomena might be encountered at

H

!
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extremes of sltitudes or other parameters remained to be experienced or
explored on future occasions. On the other hand, at the long-range
moderate end of & coasting flight, previous tests had already shown the
missile to be controllsble in the transonic and subsonic areas down to
much lower speeds than had been assumed at the time of the AAGM Report.

In the course of the initial R&D System Test firing program, twenty-
three rounds were fired. These tests, of course, were only the beginning,
since firings continued with the tactical NIKE I missile after the R&D
rounds were expended. The results here, however, are confined %o those
rounds fired during the first system demonstration. HNaturally, no
single event or test shot waes intended fo be representative of anything
like the "proof of the pudding." Indeed, even the whole of the system
test with its various facets could do no more than convey a plcture of
the results of saﬁe six years of R&D effort, the ultimate objective of
vhich was to demonstrate the feasibility of a command-guided missile
systen. |

General information on the circumstances and resulta of the 23 test
rounds is given in the accompanying table, entitled "Summary of System
Test Round.s.“l In examining this summary sheet, it becomes evident that
the rounds to be discussed fall into three sharply definsble categories,
Category 1 includes those rounds for which there was no evidence of mal?
function either in the ground equipment or the missile-borne gear. In
Category 2 belong those rounds for which some knowm malfunction existed,
the deficiencies of which were directly and definitely traceable to this

malfunction. Category 3 comprises those rounds that were unsuccessful,

1. BSee Appendix 7 for further detail.
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___SUMMARY OF SYSTEM TEST ROUNDS
ROUND TARGET INTERCEPT
Ground | Altitude Range North | Mss Miss Metal-
No. Date Type |Speed |above WSPG| Course |Maneuver| of Radar CG-CG® | to-Metal REMARKS
in MPE | in Feet in Miles in Feet in Feet
67 |11-15-51|Growna | -- -- -- -- 18 46° --
69 J_].-Q'-{'-Sl QB-lTG 316 29,0‘00 Crossing None 12 S'Tb 16 CATEGORY 1
73 |12-18-51 | Ground | -- - - - 18 38 - (successful
75 | 1-29-52 [ @B-17¢ | 235 19,500 | Approach | None 12 75 3k rounds; no
76 1 1-29-52 | gB-170 | 235 15,500 | Approach | None 1k 63 22 component
77 | 2- 5-52{qB-170 | 273 24,300 | Approsch { None 7 20 0 :?iig?c"
83 3- 452 1 @B-17G | 179 15,100 Approach None 17 23 0
90d | 4-10-52 | @B-17G | 220 16,700 | Approach | Evasive 17 65 17
92d | h-2h-52 ] @B-176 | 185 6,600 | Approach | Turn 17¢ 23 16
70 [12- 4-51 | @B-17G6 | 370 29,500 | Crossing | None 12 170° 124 CATEGORY 2
71 [12-11-51} @B-176 | 300 25,000 | Crossing | None 12 107 62 {partially
18, | 2- 1-52| @-17G | 255 24,300 | Approach | None 17 154 97 2uompoc°ef;§§l i
88 4o 2-52 | @B-176 | 210 19,000 Approach i Evaaive 17 181 148 mal function)
68 | 11-16-51 | Ground | —- - - - 18 - _-
72 |{12-11-51{ @B-17¢ | 300 25,000 | Crossing | None 12 - -
i 1-22-52 -17¢6 | 2 24,300 Approach None 12 -- -

T 52 | QB-1T 50 »3 pp CATEGORY 3
79 2- T-52 { @B=1TG 242 22,200 Approach None 1= - - (nnaucceggml
80 2-19-52 | QB-17G | 348 24,100 Crossing None 17 -- -- because of
82 2-29-52 | @B-17¢ | 162 23,500 Approach | Evasive 17 -- - a missile
86 3-28-52 | @B~17G | 242 24,540 Approach | Bvasive 17 - - component
87 | 3-28-52| @B-170 | 238 24,606 | Approach | Evasive 17 - - failure)
892 | u-10-52| @B-176 | 220 16,000 | Approach | Evasive 17 -- --
91% | b-ph-52{ QB-17G | 185 5,100 | Approach | Turn 17° - -
Notes: a. Center of Gravity of Aircraft to Center of Gravity of Missile.

b. Closest Approach, -

¢, =---and 2 milea east.

d. Warhead Rounds.
Reunds 81, 84, & 8% were Model 1249--NIKE I R&D (Protoiype) Missiles. 130
SOURCE: Project NIKE System Test Repord; BTL-2AT, 1 Sep ¥32; p. 39.
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as far as the system test was concerned, because of some missile com-
ponent failure. Of these three categories, Category 1l is of the greatest
significance and will be discussed first.

Category 1 (Successful Rounds; No Component Malfunctions)

The rounds of Category 1 divide into two groups-—two rounde {67 and
73) fired at a ground target, and seven rounds fired at aerial drones.

The first firlng at the ground target occurred at WSFG on 15 November
1951. It was a high point in the history of the NIKE system, marking the
first time—six years after the inception of the project—that the NIKE
system loop was closed in the field. The result of this 18-mile firing
was completely successful with the missile passing at a distance of L46
feet from the corner reflector at the ground target. (An analysls of test
data furnished assurance that the system was ready to take to the air.
Consequently, several rounds were fired against aserial drones before re-
turning to the attack of ground target.) The second ground-target firing
(Round T3) on 18 December 1951 was equally successful, with the missile
passing 38 feet from the cormer reflector. In both of these ‘ground-target
firings, large variations in the elevation position of the missile

occurred shortly before intercept, as had been expected.2

Theae vari-
ations resulted from ground reflections at low-elevation angles. Partly
on their account and partly to insure a spotting charge detonation above
ground, the time of burst with respect to intercept had been advanced in
the computer. Accordingly, valid burst times were not determined for
these rounds, and the miss figuree shown in the foregoing table are these

of the closest approach of the missile course to the target.

2. Note description of ground target earlier in this chap.
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The first firing of a NIKE at an airborne target took place on 27

November 1951, when Round €9 was fired. It vas an lmmediate success;

the missile token buret appeared
57 feet from the center of the
drone flying a crossing path at a
12-mile range and 33,000 feet
above sea level (see Figure 22,
Page 113). This event represented
e significent mileatone, not only
in NIXE history, but alsc in a
somewhat broader sense, in that
it marked the firét succesaful
engagement of an ajr-target by an
antiaireraft command-guided mia-
sile system. (The subsequent 20
tests were accomplished in fairly
err s rapid succession and concluded

T PR

figuré 2i. A Typiecal Syétem Test within five months thereafter).
Launching {Round 75, 1-29-52, WSKG)

Other Category 1 rounds dis-
patched against airborne targets were Rounds 75, 76, 77, 83, 90, and 92.
Although the summary sheet gives the baaic information pertaining to
these rounds, it does not tell the complete story in some instances.
In the case of Round 77, for example, the burst miss distance figure
of 20 feet obscures the fact that the missile actually struck the tail
assenmbly of the drone and caused serious damage. Simlilarly, in Round

83, where & burst miss distance of 23 feet 1s listed, it is important
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Flgure 22. IGOR Photogrsphs of Figure 23. IGOR Photographs of
Rownd 69 (27 Nov 51, WSPG) Round 75 (29 Jan 52, WSPG)




11k

Figure 24, IGOR Photographs of

Round 77 {5 Feb 52, WSPG)

Figure 25, ICOR Photogranhs of
Round 83 (L Mar 52, WSPG)
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to observe that the missile peﬁetrated'the fuselage of the drone,
entering at the waist gﬁnner's window and emerging at the tall-wheel
well, The mother ship was unable to land the damaged drone; 1t crashed
and burned, a total loss. Incidentally, these rounds {77 and 83) were
the only ones to make & direct hit on the target drone.

IGOR photographs of Rounds 69, 75, 77, and 83 are shown in Figures
22 through 25, These picturea'are samples of photographic coverage of
the Intercept phase by the IGOR system of ground-based high-speed long-
focus cameras developed by BRL for the purpose of insuring a plctorial
record of intercept even 1f the drone was destroyed and ITOR fi;ms were
lost. (Rounds 90 and 92 are discussed separately under "Live Warhead
Firings.")

An examination of the overall results of rounds in Category 1 reveals
two basically importanf facts. Flrst, the miss distances were all ade-
quately small in the sense that the mlssile at burat was, in every case,
generously within lethal range of the target. The second point of
irportance 1s that the command fuzing appeared to be very accurate indeed.
As a matter of fact, there appeared tc be little likelihood that its
qusality could be lmproved or even met by the use of influence devices.

Category 2 (Rounds Partially Successful, Component Malfunction)

The rounds of Category 2 are four in number: Rounds 70, 71, and 78,
all provided with spotting charges; and Round 88 of the 491 Missile with
a8 live warhead. Rounds 70 and Tl received jJumbled orders during the "end
game” or last few seconds before intercept, resulting in miss distances
in exceas of 100 feet. Similar misses were recorded in the case of Rounds

78 and 88, but the cause of error was different. Here, the radars
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produced non-uniform rates in azimuth as a result of the rader servo's
inability to follow exceedingly slow rates, the latter condition siem-
ming from the presence of static friction. This "cogging” of the azimuth
input data to the computer led it to infer larée accelerations on the
part of the target, and led to misses which greatly exceeded the absoclute
position error of the data. In all these rounds, the instrumentation was
sufficiently extensive and well-coordinated té permit an accurate and
quantitative tracing of the effects involved. Moneover, rapid on-the-
spot reduction and analysis of the data mllowed a quick diagnosis of the
causes involved, this permitting prompt corrective action before further
tests were resumed.

Category 3 {Rounds Unsuccessful Because of a Missile Component Failure)

The rounds of this category {see summary sheet on Page 110} were
frustrated by functional failure of some component which resulted in an
early termination of the flight, either as a direct consequence of the
fallure or by fail-safe action to insure range safety.3 It is perhaps
worth pointing ocut, however, that by means of the carefully designed mesh
of data-gathering equipment in the missile end on the ground, much infor-
mation of value was learned even from these unsuccessful flighta.

Live Warhead Firings (Rounds 88 to 92, inclusive)

After system test firings of 490 Missiles (with spotting charges)
were completed in March 1952, five rounds of the 491 Missile with live
warheads were fired against QB-17 drone aireraft. These firings started
with Round 88 on 2 April 1952 and ended with Round 92 on 2% April 1952.

Rounds 89 and 91 are included under Category 3, above, in that they were

3. Bee discussion of test results in Appendix 7.
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functional failures. For reasons already stated under Category 2,

Round 88 produced toc large s miss to be included in the accuracy
section (Category 1), but it was very interesting from the warhead view-
point, as will be noted below. Rounds 9O and 92 were excellent in every
respect. All of these flights represented incoming courses at about
90,000 feet ground range with ftarget maneuver preseht.

In Round 88, the warhead burst occurred about 181 feet below the
belly of the plane and & little to one side. In spite of this large miss
distance, however, the bottom of wings ani fuselage were punctured with
about 170 fragment holes, a large number of which continued on through
the aircraft. The damage was such that personnel would have been killed
or wounded—in particulgr the bombardier probably killed-—and hydraulic
lines were severed. The Alr Force assessor, who was present at the
firings, was unable to definitely classify the formal category of damage;
however, the available evidence pointed to a "C" kill, which is taken
here to mean the 1nabiiity of the plane or its crew to complete a success-
ful mission. Actually, the plane was eventually lsnded by remote control.

Rounds 90 and 92 were quite similar in their effects., Rournd 90
haed a moderate CG to CG miss of 65 feet, while Round 92 represented a
close miss of 23 fEef. Both produced immediate destruction of the air-
eraft ("K' kill) as illustrated in Figures 26 and 27.

These two firings represented another dramatic milestone in NIKE
history, in that they fully demonstrated the power of NIKE as a
destructive sntialrcraft weapon, thues merking the culmination of the R&D
program. Of equael significance ia the fact that these firings were

witnessed by a number of high-ranking Army, Navy, and Air Force officials,
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Figure 26, IGOR Photographs of Figure 27. IGOR Photographs of

Round 90 (10 Apr 52, WSPG) Round 92 (24 Apr 52, WSPG})
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While Rounds 90 and 92 were spectacular and reassuring shots,
little can be 2aild concerning the mechanisms of the damage. The crews
would have been wiped out (with the possible exception of the tail
gunners); fuel fires were set; holes were bored through the propellers;
and the structures first weaskened by fragments were deformed by blast
and gust. To a considereble extent, the wreckage was molten and dis-
persed. While the sbove facts may fairly be swrmised frﬁm the remalns,
little else can be saild.

No statistical facts could be gleaned from these few firings; how-
ever, it was the geperal consensus of opinion that the time and expense
involved were eminently justified. They gave to the designer and the
user a sense of the power of the weapon for its task thet could have
been obtained in no other way.

Synopsis

In appraising the overall results of the formal R&D System demon-
atration just degcribed, the resder should bear in mind that the primary
objective of the program up to this point was to prove in the field that
& physical system similar to that proposed in the original AAGM Report
would perform as envisioned and would, in fact, meet the specificeations
imposed on 1t. Therefore, the system test misgile employed research and
development equipment designed only to demonstrate the feasibility of the
NIKE command-guided misslle system.

G) For all intents and purposes, then, the overall NIKE R&D Systenm
demonatration could be considered a complete success, despite the fact
that only a little over 50% reliability vas attained even when firing

under optimum test conditions. While it was apparent that a considerable
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‘) smount of engineering effort would still be required to produce an
acceptably reliable NIKE Missile and control system, the R&D System
Tests proved by a generocus margin that the original specifications
could indeed be met and, in many respects, could clearly be exceeded.
Moreover, these tests yielded invalusble experimental data on several
scientific problems of controlling importance that had been the subject
of much theoretical debate for a murber of years. Among these was the
basic problem of obtaining sufficient radar, computer, and missile
response accuracy to make a command system effective up to the ranges
contemplated for NIKE I.

Even though the R&D System was neither required nor designed to be
a8 tactical weapon as such, tactical requirements were adhered to as
clocely as sound scientific evaluation of the system would permit.
Consequently, a minimum of change was required in the accelerated
development of the first tactical guided missile syt_;tem which was to

beconme the NIKE T.
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') VvI. DEVELOPMENT AND PRODUCTION OF THE NIXKE AJAX
ANTIAIRCRAFT GUIDED MISSILE SYSTEM¥*

Introduction

So far, this study has dealt primarily with the initial RXD phase
of the NIXE Project, the culﬁination of which was a series of official
R&D System Tests conducted from 15 November 1951 to 24 April 1952. Nor-
mally, thie phase of the project would have been followeﬁ by a period of
advanced development and engineering effort, which would have led, in due
course, to the orderly release of finanl engineer drawings and specifi-
cations for production of the ultimate tactical) system. However, as
alreasdy noted in thie study, the production processes of the NIKE Project
were placed on a "erash” basis and the contractor was requested to

undertake the development and delivery of tactical weapons well in advance

~of the time normally allowed after completlon of an experimental progran,

This meant, in effect, that the contractor had to extract a tactical
deslgn from an experimental system which had not been fully developed
and fleld tested. The actual design and fabrication of tactical proto-
type missiles was, in fact, started early in 1951 while the experimentsl

program was still in its final stages end before the camplete R&D System

¥ The tactical version of the NIKE AAGM System was originally designated
the NIKE I, XSAM-A-T (Experimental Surface-to-Air Missile - Army -
[design no./ 7). 1In Jul 55, it was redesignated the NIKE I Antiaircraft
Guided Missile Syetem to more clearly define the system function. Finsl-
ly, the name NIKE I was changed to NIXE AJAX by DA Cir TO0-22, dated 15
Nov 56. (At the seme time, the NIKE B—g more desdly, longer-range
version of the NIKE then under dev—was renamed NIKE HERCULES.) To
aveid confusion, the NIKE T 1s hereinafter referred to by its new name
‘regardlees -of -the period -under discussich; the 5Id fisme 15 used only
vhen necessary in citing titles of, or quoting from reference material.
For complete text of Ord policies relating to identification and type

designation of the NIKE's and other GM systems, eee Appendices 8, 9,
and 10. |
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1
had been subjected to official flight tests against airborne targets.

{See NIKE AJAX Program Schedule, Figure 28.)
The first model of the 1249 tactical nissilea thus took form late

in 1951 and was successfully fired from the original ground equipment on

25 February 1952—exactly two months before the last RXD round roared
from its launcher and dramatically demonstrated the power of the NIKE as
a destructive antiasircraft wespon. The first production line miasile
(No. 1249B-1001) made & successful flight on 22 July 1952—three short
months after completion of BXD System Tesis.

' Because of this overlap of R&D and industrial activity, the RIKE
story n.umt once again depart from & true chronological narrative. Back-
tracking to 1950, this chapter begins with a brief 'backgfound history of
the telescoped R&D Production Program and goes on to describe the design,
de\}elopment , and production of the KIKE AJAX Guided Missile System, which
vas later to emerge with marked distinction as the first combat-ready
antiairceraft guidgd migsile to be used in tﬁe U. 8, air defense network.

The coverage given the telescoped production program is not intended
tb represent a conclusive industrial history of the project. This subject
is covered only to the extent necessary *o place the develo;qn.ént progran
in proper perspective and to give the reader a better conception of what

the telescoped or "crash” prograzm actually involved, since it was the

1. Note status of NIKE dev in 1950-51, pp. (2-80 incl.

2, YXo. 1249 vas used to identify both R&D and Production models. Aprx
108 R&D missiles were fabricated—the first 20 rounds, identified as
Model 1249, were hand-built on temporary tooling; the remsining 88
service test rounds, designated as Model 1249A, were combination pro-
duction and hand-made, i.e., they were built on production tooling
but asserbled on model shop basis. Production missiles were identi-
fied as Model 1249B and numbered consecutively beginning with 1001.
(Note missile numbers in table of NIKE AJAX R&D Tests, Appendix 11.)
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NIKE AJAX PROGRAM SCHEDULE
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first such program ever attempted by Army Ordnance.3 Production and cost
statistics for the entire NIKE Project are briefly covered in the final
section of this chapter.

The Telescoped R&D Production Program

When U. S. Armed Forces entered into the Korean conflict in June
1950, immediate action was taken to accelerate the research, development,
and production of gulded missile systems. Recognizing the interest of
all services in the field of guided missiles, the Secretary of Defense,
in October 1950, established a new office entitled "Director of Guided
Miesiles." Headed by Mr. K. T. Keller of the Chrysler Corporation, this
new office was responsible for providing competent advice on the research,
develoPmenf, and production of guided missiles.

A review of 81l guided missile projects, conducted by Mr. Keller and
hie staff, revealed that the NIKE Program was the most advanced in the
development stage and offered the best potential defensive capgbilities.
In his recommendations—commonly known as the "Keller Papers'"—Mr. Keller
stated that the "Acceleration of production processes for NIKE I project
is considered immedistely necessary in order to get this misgsile system
out of research and development and into the tactical wéapon stage at the
earliest practicable date.”" To insure the earliest possible use of the
weapons system, he recommended that the followling be established as

initial program objectlves:

3. For further details re Industrial and Field Service Programs, the
resder 1s referred to the following proj report (one of a series of
RSA reports prepared for OCO and commonly referred to as the "Blue
Books” ): "Ordnance Guided Missile & Rocket Programs - NIKE Antiair-
craft Guided Missile System,” dated 30 Jun 55. This document is
hereinafter cited as "NIKE Blue Book.”
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Ya. Fabrication of 1000 missiles by 31 December 1952...

"y, Establishment of a production facility...Which will be
capable by 31 December 1952 of producing 1000 missiles
per month on a one, 8-hour shift, 6 day-per-week basis.
Initially this facility should be gap-line tooled...

¢. Fabrication of three (3) FIKE I Ground Units (pilot Models)
by 31 December 1952 and sixty (60) NIKE I Ground Units by
31 December 1953...

"d, Esteblishment of s production facility, including machinery
and tooling, which by 31 Decenber 1953 will be capable of
producing nine {9) NIKE I Ground Unitﬁ per month on a one,
8-hour shift, 6-day per week basis...”

From the outset, it was realized that this would be an ambitiocus
undertaking, for it was drastically different from anything yet atiempted
by the Ordnance Corp3.5 After considering the various advantages and
disadvantages of such & program, the assistant chief of the Surface-to-Alr
Missile Section, Ammunition Branch, OCO, in a memorandum to the chief,
Ammunition Branch on 4 December 1950, described the Ordnance Position,
in part, as follows:

¥...The Ordnance Position. The NIXE System is essentislly in

the research and development stage. Of the items...{Comprising
the System)}...not one has been finslized for production...from
the routine point of view, the research and development stage

is not sufficiently advanced for the Industrial Division to take
part in this program; however, if the production requirements
assumed gbove are to be met.,.production effort should he
contracted for within the next month or two. As of the moment,
no production organigation is 1n existence to carry ocut this
production program.”

The disadvantages of such a program would be numerous. Since development
would still be in process, drawings would be incomplete and inadequate for

8 basis of procurement. With the introduction of developmental changes,

) ﬁ'. m Bllle BOOK, OEO Cit., PP- 67-68-

5. Ord Dept redesignated Ord Corps by Ord Corps Order 32-50, "Designation
of the Ordnance Corps," dated 1 Aug 50.
6. NIKE Blue Book, op. cit., p. 68.
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components ordered for production would have to be scrapped and new com-

ponents ordered. Expeditors would be faced with the problem of securing
nev material in time to meet production commitments. No experience would
be available from field use upon which to base allowances for support
itemg for tactical use. Therefore, spare parts estimates for maintenance
support would have to be recommended on the baslis of mortelity experi-
ences with other highly complicated electronic items. As development
continued; it would be necessary to provide for concurrent modification
in the field and, if practical, in the factory prior to delivery, in order
to assure that the items produced would be in pace with the development of
the art. To assure the incorporatlion of all necessary modifications,
numercus records would have to be assembled to provide a "history" for
each system produced. Inspectors would have to rely, to a great extent,
on contractor inspection techniques and would have to inspect against
contractorts drawings and specifications. In pursulng such a telescoped
program, the rights of the Govermment—with regard to drawings and other
techniecal data which would disclose information considered by the con-
tractor to be of a proprietary nafure—would not be clearly established.

After careful coneideration, it wes decided that the urgent military
need for this new defense weapon outweighed both the risks of attendant
disadvantages and the high costs involved. The Keller recommendations
were thus approved by the Army Chief of Staff in January 1951 and the
Chief of Ordnance was directed to take the actions necessary to obtain
funde for the accelerated NIKE Progrem.

On a "crash” basis, the estimated cost of the program was only

slightly better than an educated guess. To meet the initial program
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objectives cited above, the Director of Guided Missiles had estimated a
total program of $370 million, including research and development and
Government furnished equipment (c;FE).7 In the initial proposal, submitted
to the Chief of Ordnance late in December 1950, the prime contractor
{WECo) estimated that the same program objectives would require $192.5
million. To initiate work on the accelerated program, WECo first re-
quested $100 million. FHowever, when this amount was qpeﬁtioned by G-k,
the contractor reduced the initial funding requirement to & minimum of
$60 million. It was then determined that only $56,956,000 in Ordnance
funds was available for the initiation of the program.

On 26 January 1951, G-4 approved the commitment of funds and issuance
of & letter order to WECo for $56,956,000. BHence & formal letter order
bearing Contract No. DA-30-069-ORD-125 was issued on 19 February 1951,
such order to remain in effect until a definltive contract could be
written.

In July 1951, WECo submitted a firm proposal smounting to $232 mil-
lion, and the award of & contract in this amount was approved in December
of the same year. On 18 March 1952, the original letter order was super-
seded by a definitive contract (ORD-125) which provided for the initial
production and delivery of 1,000 missiles, 60 sets of ground equipment,

20 sets of assembly area equipment, and 20 sets of ORD-6 test equipment.

In the performance of this contract, WECc manufactured or assembled
the majority of all electronic components, the ground guidance and control

equipnent being manufactured at its Burlington, North Carolina plant, and

T. Included in GFE vere warheads, booSters, test & training equipment,

maintenance equipment, motor vehicles, etc., the cost of which was
estimated at $71 million.
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the guidance section at its shop in St. Paul, Minpesota. For the manu-
facture of items other than electronic, WECo chose the Douglas Aircrafi
Compény a8 principal subcontractor and BTL was selected as the supporting
design agency. Specifieslly, DAC was responsible for producing: (1) NIKE
Missiles, less guldance sections (though it was required to assemble
guidance section into the missile}; (2) launching and handling equipment,
less electronic items; (3) assembly area equipment; and (L) misaile ORD-6
test equipment, less electronic items. |

Tn administering subcontracts, WECo gave primary consideration to
economy and low cost pf material for the Government. Accordingly, WECo
firgt selected items manufactured within 1ts own plants; then stasndard
"off-the-shelf" items; and finally, other standard items which might be
subject to very slight modificetion. The selectlion of sultable subcon-
tractors and vendors was based on the following criteria: availability
and cost of items; gquaslity of product; ability to perform; financial
stability; technicel sbility and engineering capability for developing a
better part; and capacity to manufacture on a production basis if required.
In purchasing parts-—vhere there were no commercially estsblished prices—
WECo's policy was 10 solicit at least three competitive bida. VWhere
competitive bidding was not feasible due to type of item required, a
redetermination clause was included in the purchase cOntract.B

Design and Fabrication of the Tactical Protoiype

The success of NIKE ground guidance demonstrations early in 1950,

together with mounting concern over the international situation, prompted

8. NIKE Blue Book, op. cit.s PP. OB-18, incl, and 93.
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Army Ordnsnce to begin work on a tactlcal version of the NIXKE System some
twelve months earlier than originally progra.mmed.9 This decislon repre-
sented s major change in scope of contractor effort, for the original
project objectives were limited to the successful demonstration of the
command guidance system of control and submission of recommendations
covering the necessary paremeters for a tactical surface-to-air missile
system using this type of guidance. The initiation of design and devel-
opment work on the tactical system at thls polnt in the program made it
essential that the original R&D objectives be ccmﬁleted as expeditiously
as possible, in order to insure satlisfactory solutions to remaining
problems and to provide the necessary research background.

A preview of the design objectives and eguipment plans for the
tactical system was glven to Army, Navy, and Alr Force representatives in
a presentation in Washington on 24 July 1950. A final report outlining
the plana, objectives, and design features of the system was later pre-
pared and distributed to Ordnance and Field Force personnel for use &s
an engineering guide.lo Briefly, the deslgn objectives of the tactical
system were formuleted to provide, at the earliest possible date, an
effective defense against 650-knot maneuvering bomber type aircraft at
ranges up to 25 nautical miles (NM) and at altitudes up to 60,000 feet,

Based on known capabllities determined by aenalytical and experimentel

9. It should be noted here that this action on the part of Ordnance
came geveral months in advance of the Keller recommendations and
therefore did not Iinvolve production processes. However, the
advanced stage of the NIKE Progrem vwhen reviewed by Mr. Keller and
his staff late in 1950 can be attributed to Ordnance foresight in
initiating tectical desaign effort ahead of schedule.

and dated 1 May 51, was prepared by BTL and DAC as part of the
initial R&D contract (W-30-069-3182) between Ordnance and WECo.

This report, entitled "NIKE I - A Surface to Air Guided Missile Syster'
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work, these objectives defined a defense weapon that would be effective,
not only against presently known designs of bomber type aircraft, but also
against those predicted for the near future. In keeping with established
organizational practices 1ln the field of antiaircraft artillery, the fire
unit for this guided missile system was to be the "Battery” —several
batteries making up a battallon.

The initial development schedule embraced three specific phases of
effort: (1) the design and construction of all ground equipment required
for one tactical NIKE battery; (2) the design and comstruction of a quan-
tity of missiles for service test of that battery; and {3) the preparation
of complete manufacturing information suitable for mass production of
equipment and missiles. This included the misaile and control equipment
proper, as well as all supporting equipment such as target acguisition
radar, tactlcal contreol faclllties, checkout equipment, field test egquip-
ment for battery and higher echelon maintenance, and all other ltems
necessary to form a completely Integrated gulded missil? battery suitable
for fleld use under combat conditions.

By August 1950, detalled planning for the tactical system had pro-
gressed to the point vwhere design and operational features of the missile
and ground equipment could be estsblished. As viewed at this time, the
misgile for the tactical system wae almost identicai to that of the 1950
(Model 490) R&D System shown in Figure 13 (pege 84); however, consideration
of the problems of reliabllity, ease of fabrication, and servicing of
missiles under field condltions dictated certain changes in design which
hed to be proved-in by firing tests prior to quantity manufacture. For

this purpose, 108 experimental missiles (Models 1249 & 1249A) were later
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fabricated and fired in proving ground tests.ll The ground radars for the

tactical system were similar to the monopulse radars but they too required
some modification for production and tactical use. The handling and
servicing equipment was also redesigned to improve transportability and
fleld uae.lz

Late in 1950, it was decided that the project schedule then in effect
was inadequate, A review of the project indicated that the already accel-
erated NIKE schedule could be shortened by one year through a "crash”
program employing unlimited overtime and a calculated risk. The resulting
schedule called for the delivery of three service test models of the
Battery Equipment by December 1952 {one in September, one in November,
end one in December), and one service test model of the Assembly Area
Equipment in September 1952.

The year 1951 was one of rapid build-up to the increased work rate
necessary to meet the new development schedule. The equipment was di-
vided into a large number of subassembliesg for design and manufacturing
purposes; with development responsibllity being allocated to various
departments within BTL. The PDAC was brought into the project to design
the trallers, launcher, launcher control, and the assembly srea equipment,
in addition to its responsibility for the missile. Meanwhile, the
Ordnence Corps and Signal Corps had incressed their efforts to meet the
development end procurement schedulee for certsin components and

subassenblies that were to be Government-furnished iftems for the NIXKE

11. Note test results of Model 12149 and 12LOA Missiles, Appendix 11,

12. Proj NIKE Status Report, BTL, 15 Aug 50, pp. %, 35, & 36 (ARGMA
Tech Lib - R-12085).
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Acquisition and Tracking Radars

The decision, late in 1551, to use the new acquisition radar then
being introduced in the T33* Antiaireraft Fire Control System (AAFCS) not
only contributed materially to the meeting of NIKE development schedules
but also provided for standardizations between the T33 and NIKE AJAX
Systems. The development of the T33 AAFCS in advance of the NIKE System
and the similarity of the two systems enabled BTL to anticipate the needs
of NIXE as the equipment for the T33 was designed. The end result was an
extensive saving of both time and money required for research and develop-
ment, production, logistics, and personnel training.lh

Constructed of lightweight materials, the acquisition antenna was
mounted on a tripod-supported drive unit capable of rotating (the antenna)
at gpeeds of either 10, 20, or 30 revolutions per minute. The RF unit
and the modulator unit for the acquisition radar were contained in

separate sectlons and designed for attachment, during use, to the lower

# Prototype model designated the T33; later production model designated

the M33.

13. NIKE I Progress Report No. 1, BTL, 1 Oct 51, pp. 1-3 (Tech Lib -
R-12062). Unless otherwise indicated, the succeeding summary of
component development and preparation of produetion manufscturing
information for tactical prototype equipment and missiles was
based on FIKE I Progress Reporis No. 1 thru 5, inecl., BTL, dated
1l Oet 51, 1 Apr 52, 1 Jul 52, 1 Oct 52, and 1 Jan 53, respectively
(Tegh L:;b - File Index R-12062, R-12063, R-12064, R-12065, and
R-16733)«

14, In this connection, Lt Col Robert E. LeRoy, Redstone Ord Off at BTL,
later stated that it would hot have been possible to develop the NIKE
I Ground Control System in the short time allotted if thé M33 System
experience had not been used to the greatest degree possible. He
went on to say that the "engineering design effort necessary to
develop the NIKE I Ground Control Equipment was reduced by approxi-
metely one-third by using components of the M33 System...." Project
NIKE Army Ordnance Technicel Iiaison (AOTL) Report No. 17, 30 Jan 52,
p. 2 {Tech Lib - R-8585).
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portion of the antenna drive. Other acquisition equipment, such as power
supplies, controls, and indicators, was housed permanently in the battery
control trailer, from which the antenns could be remotely controlled.
Engineering tests of the revised acquisition radar antemns, completed
early in 1952, confirmed its anticipated performance and indicated that

it would satisfy NIKE objectives. By July 1952, the acquisition ?adar
system had been installed in the Battery Equipment and tests had pro-
gressed to the point where power could be applied to all of the electronic
circuits. In October, its operation as part of the tactical sysiem was
checked during tests of the tracking_radars employing aircraft targets.
All fecilities proved satlisfactory and no changes were necessary. A scale
model of the acquisition antenns sssembly 1is showm in Flgure 29.

With the exception of a few plug-in type components which established
the finel functional identity of the tracking radars, the missile and
target tracking radar antenns mounts were identical. Each mount included
& statlonary equipment enclosure with out-triggers and Jacks to permit
precise leveling at the operational eite. {Note scale model of the
antenna mount in Figure 30.) 'This entire antenns assembly was perme-
nently mounted on a flat bed trailer snd secured by means of shock mounts.
The assembly was designed so that the vehicle welght could be released
from the antenns mount when the unit was sited and leveled, thus providing
isolation between the working deck and the mount proper. Design infor-
mation on the vehicle was completed and model construction started late in
1951. No major problems were encountered in this program.

Computer

The basic circult configurstiocn and requirements for all elements of
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Figure 29. Acquisition Antenna Assembly
(BTL, 1 Oct 51)
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Figure 30.

Tracking Antenna Assembly
(BTL, 1 Oct 51)




the computer were established as early as September 1951. By the end of
the year, preparation of manufacturing information had been completed and
work started on construction of model components.

Early in the program, & high precision zero-set circuit was devel-
oped for use in those portions of the computer where more rigid require-
ments precluded use of the conventional zero-set system designed for the
AAFCES T33, Also developed early in the program were potentlometers with
extreme precision requirements for primary co-ordinate conversion.
Manufacturing Information on these designs was completed and the first
model successfully tested early in 1952.

Additional circuilt facllities were later lncorperated in the com-
puter design, following a study of operational limitations related to
miasile boost dispersion and radar tracking capabilities. An initisl
turn computatlion was included to modify the initial steering orders
trapsmitted to the missile and thus avoid a flight path to target inter-
cept which might exceed the gzimuth tracking capabilities of the radar.

The construction of all components was completed in June 1952 and
engineering tests were started. By October 1952, the first prototype
computer had been completely tested and installed in the battery control
traller. 7Two Dynamlc Test Sets, constructed for production testing of
the computer, were checked out with the first computer during tests at
Wnippany, N. J. One was shipped to the Burlington, N. C. plant of WECo
for use in production testing; the other was retained by the BTL Murray

Hill Igboratories until March 1952 and then shipped to the Burlington

plant.
Launching & Hendling Egquilpment

The launching and handling equipment of the NIKE AJAX Battery was
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to consist of the launcher-loaders and the launching control equipment.
The battery itself was to include four launching sections with four
launching positions, each of the latter consisting of a launcher-loader
capable of accommodating four prepared missiles—one on the launcher and
three on the loading rack.

During the initial development phase, facilities for simplified
check-out tests of prepared misslles were designed into the launcher-
loeder unit with provisions for individusl test of any of the four pre-
pared missiles via its own ground connection cable. Early in 1952, an
engineering model of the launcher-loader was used successfully in the
firing of three test rounds at WSFG. Although no damsge or malfunction
was experienced, some design changes were made in the launcher rail and
base structure to improve the rigidity of the assembly.

The design of launching control and launching section operating
equipment was completed in March 1952. On the suggestion of DAC, the
azimith gyro pre-set system was simplified, resulting in the elimination
of several major equipment components from the launching control console.
A similar reduction In equipment reguired at the launching section level
was accomplished by an agreement with the Ordnance Corps and the Corps of
Engineers to obtain a small amount of 2k-volt battery power from the
engine generators supplylng prime power toc the system.

The construction and delivery of launchers for the first prototype
battery fell behind schedule because of & pation-wide steel strike in the
summer of 1952. Although a full complement of lsunckers was scheduled for
delivery to WSEG by September 1952, only the four required to equip
Section A bad been delivered. (The launcher-loader installed in Section A

is shown in Figure 31.) The remaining launchers to complete the first
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Fig. 31l. NIKE I Launcher-Loader Installed in Section A
(BTL Photo, Oct 52)
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Fig. 32. NIKE I Missile Checkout Equipment )
(BML Photo, Oct 52) -
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battery for contractor's teat# were delivered in January 1953; launchers
for the second and third prototype batteries were scheduled for delivery
in March 1953.

Farly tests of the production launcher indicated the need for some
changes, one of which involved a revision of launcher operating power
package requirements to include a more severe duty cycle and a lower
electrical voltage supply. These changes, along with pump briming diffi-
culties and an originally marginal motor, combined to cause unsatisfactory
operation. However, acceptable operatlon was attained by insuring an
increased minimum voltage and by priming the hydraulic pump properly to
prevent galling and subsequent high torque and heating characterlstics.
The orlginal 5 horsepower motors were laster replaced by ?% horsepower
motors. In addition, the missile test power package required the addition
of an "unloading" value to obtain correct starting characteristics against
full hydraulic losd.

Late in 1952, joint Army-contractor missile loading tests were con-
ducted at WSPG with excellent results. These tests were particularly
significant in that they were conducted with Army enlisted men performing
all the dutles that would be required in an asctual engagement.ls It haed
been estimated previously that about h% minutes would be required for one
complete launcher losding sequence. During the test, which was made in
daylight, the entire operation wasz completed in 2 minutes and 15 seconds
by three men and in 2 minutes and 27 seconds by two men. This reduced

time suggested, awmong other things, the possibility of reducing the number

15. The men proceeded to the launcher, removed an empty rail, moved a

new round from the ready rack to the launcher, made all conrectlons
and tests, then returned to the dugout.
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of lsunchers in a battery without affecting the rate of fire.

Cable System

The inter-unit cabling system for the NIKE battery consisted of

approximately 150 reels of portable cable. Many of these cables were '
standard Ordnance or Signal Corps types then under procurement for other

projects; however, a few had to be developed especially for the NIKE,

since no existing cable could be found to fulfill the specialized require-

ments. Cables in the latter category consisted mainly of multi-coaxisal

lines and special forms of shielded conductors. One cable with particu-

larly stringent requirements was composed of 3 RG9/U type coaxial

conductors encased in a single sheath.

In designing connectors for the specisl cables, standard Ordnance
connector shells were used, with special inserts belng provided for the
coaxial and shielded conductors. All other connectors were standard
Qrdnance or Signal Corps types. Because of the large number of connector
requirements in the NIKE System and the importance of weight reduction,
all Ordnance type connectors were made of aluminum alloy rather than the
conventional bronze. The resulting weight reduction was especially
important in portable units, such as launching section equipment, that

contained & great number of connectors.

|
The Missile-Booster Combination i
In establishing the production design for the missile-booster com- |
bination, emphasis was placed on further simplification of basic designs
and more complete division into independent subassemblies to facilitate
assembly, storage, and stocking of spare parts. Small subassemblies,

such as those in the hydraulic system, were designed so that they could
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be separately assembled, bench-tested, and inserted in the missile as a
complete unit, The maximum possible use was made of die-formed materlals.
A1l drawings were continucusly reviewed in an effort to reduce manu-
facturing time and the use of critical materials.

As noted earlier in this study, the missile for the tactical system,
as viewed late in 1950, was almost identical to that of the final R&D
Test System (Model 490). Even after two years of concentrated design and
test effort, the external configuration of the missilie-booster com-
bination had changed but little, though a number of internal design
changes had been mede to improve system rellability.

The first series of 1249 test missiles took form late in 1951 and
flight firings from original launching equipment begen in February 1952.
At the end of December 1952, 68 missiles of various designs had been
flight tested at WSFG to prove component performance preparatory to con-
tractor evalustion tests which were to begin in January 1952.16

The design of the initial 1249 Model shown in Figures 33 and 34 was
established early in 1951. Productlon drawings for the missile and
booster were completed in October and 20 rounds were hand-built on
temporary tooling for use in the 1952 experimental program.

Hydraulics

The missile control surface actuating system was designed to
incorporate improvements derived from the NIXE 490 program. The forward
control fin torque shafts were designed as one-piece units, potentiometer

drives were revised to obtain a more direct actuating mechanism, é lanyard

16. The results of these tests (Rounds 81, Bk, 85, and 93 thru 157,
incl.} are recorded in Appendix 11, along with other tests con-
ducted as part of the continuing R&D (Improvement) Program.
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-

was designed to actuate the shut-off or "arming” valve as the missile
leaves the launcher, and the control surface hydraulic locks were removed
in favor of an electronic means for zero-positioning of the fins during
boost. The operating pressure was increased from 1800 to 2000 psi¥* for
better efficiency; the accumilator air charging pressure was reduced from
6500 to 3000 psi, ensbling the system to be charged in conjunction with
the power plant pressurization system. As a result of this change, a
much larger air storage tank was required for the hydraulic system and
the o1l supply volume had to be decreased. The transfer valves were
similar to the Model J-7 valves but conta.ined improvements developed
during the current research program. The servo system networks were
basically the same &s those under development in the NIKE experimental
program.

(S-15530 Guidance Section

The missile guidance eq_uipment was contained in s cast section of
the missile body extending between stations 44.750 and 75.781. (Note
location of Guidance Section in Figure 35.) The magnesium casting was
designed to mount four GS-15398 antennas and to house the GS-15385 Guid-
ance Unit and the Govermment-furnished BB-hOl/ U nickel-cadmium battery.
It was equipped with sealed bulk-heads and sccess openings so that the
internal pressure af launch would be maintained in flight. The four
antennas mounted on the surface were electrically similar to the antennas
used on'Model 48h and 490 experimental missiles, but the fairing design
was lmproved to reduce drag. Two of the antennss were used to receive

X-band interrogations and commands from the missile tracking radar; the

* Pounds per square inch.
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other two transmitted responses to the missile tracking radar as an aid
to missile acquisition in tracking. The GS-15385 Guidance Unit was com-

posed of six major components; viz., the Gyro Unit, Power Unlt, Beacon,

RF Transmitter Wave Guide, Control Amplifier, and the Steering Order
Demodulator.

Exploratory design work on this equipment was started late in 1950
and intensive design effort was initiated in February 1951. By the time
Ordnance drawing forms first became availabie for use, the Guidance
Section manufacturing information was sbout 80% complete. To avoid con-
fusion, the information was completed on BTL manufacturing drawing forms
and the initial equipment built from these drawings was designated as
the "NIKE I Prototype Missile Guldance Eqpipment.”l7 Manufacturing infor-
mation fér the production lot of 1,000 Guidénce}ééctiohs wae then prepared
on Ordnance forms by & BTL group at WECo's Hawthorﬁe plant. This
manufacturing informatlon, taken ftmnn:?ﬁ;atives of the prototype drawings
was released for production on 15 September 1951.

The only serious problem in connection with production: of the guidance
section concerned procurement of reliable gyros. From the inception of
the production program, an excessive fejection rate existed st the gyéo
manufecturerts plant, and a further hiég rejection rate persisted in
acceptance testing of these gyros at WECo. A review of the rejection

records revealed both design wesknesses and poor quality control. These

difficulties not only caused the production of guidance sections to fall

17. Prototype equipment referred to here included the first 152 Guidance
Sectlions bullt by WECo's Winston-Salem plant for use in the 1952
experimental program. A low rate of production was maintained to

permlt Introduction of changes dictated by needs of the experimental
program.,
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behind schedule, but also interfered with the production of flyable
migsiles for R&D tests at WSPG. Following a review of the problems 1n
December 1952, acceptance of gyros from the manufacturer was suspended
until the production and design weaknesses could be corrected. Because
of the already low production rates, this decision also stopped production
of guidance sections. The necessary improvements were accomplished on a
top priority basis and delivery of smsll quantities of gyros was resumed
in April 1953. Before guantity production could be resumed, however, it
was necessary to correct another design error in the Amount Gyro which
had caused s large nurber of misslle flight failures at WSPG. GQuantity
production was resumed in June 1953,

Meanvhile, work was started on a complete mechenical redesign of the
guidance section, with the cobjective of increasing operational reliability
and ease of maintenance and menufacture. This work was later completed
as part of the improvement program.

Aerodynsmics

Studies to evaluate the effect of productlion tolerances on missile
performance were completed late in 1$51. Included in these studies were
such factors as surface roughness, the effect of missile body component

alignment on stebility and control, and the effect of weight tolerances

on center of gravity location. A surface roughness of plus or minus 250

micro-inches, compared with one of plus or minus 125 micro-inches as
originelly planned, was found tc be aerodynamically ascceptable, in that
it 41d not increase drag appreciably. Moreover, 1t was found that this
production tolerance would reduce manufacturing costs by 18%.

NIXE flight tralectories obtained from the system tester were used
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to determine the effect of variations in missile drag, end-of-boost
velocity, missile weight, initial turn command, and glide commend. Com-
putations based on data furnished by ABL* on the booster rocket, JATO,
2.5 DA 59000 X 216A2, indicated an end-of-boost velocity 6f 2,035 feet
per second at 3,650 feet above sea level, with the conditions being &

missile-plus-booster weight of 2,369 pounds, lsunching at sea level, and

& powder grain temperature of TTOF.

To avoid a hold on production, the decision was made late in 1951 to
place the missile center of gravity (CG) at Station 141.8. However, to
improve serodynamic stability at altitudes above 30,000 feet, it was later
necessary to move the missile CG location to Station 139.0. This was done
by changing the weight and shape of the center and aft warheads.

Missile Power Plant System -

The acid-gasoline power plant system designed for the 1249 missile
contained an uncooled engine with a Graphitar ceramic chamber lining and
& Niaphrax ceramic throat to protect the chamber agalnst combuatlion tem-
peraturea. It used JP-3 jet aircraft fuel and white fuming nitric acid
as the oxidizer, with the atarting propellant being the same aniline-
alcohol mixture used in the NIKE R&D acid-aniline power plant system.

Static tests of this motor were started at the Aerojet Engineering Corpo-

o ration in 1950. The firat flight test—made at WSE: as part of the NIKE
.::- 4L9OA Supplementary Firing Program early in 1951-—was frustrated by an

» explosion at motor start and further flights were discontinued until more
A static teats could be made.18 The problem of motor explosion at the end

* Allegeny Ballistiecs Laboratory. :
18. Note test results of Round 63 in Table 8, Appendix 5.
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of the burning period was solved by the use of an interlinked-diaphragm
type propellant valve, which was designed to control the initial eniry
of propellant into the motor and to automatically shut off the fuel
flow after & specific drop in motor chamber pressure. TFlight tests of
the power plant system were resumed in February 1952, with the firing of
the first 1249 experimental missile.l?

Based on propellant studies and tests conducted late in 1952, the
decision was made to change from JP-3 to JP-4 fuel for &1l NIXE firings
at WSPG.20

The Booster

Like other components of the 1249 system, the tactical booster took
its origin from corresponding equipment developed for the R&D test model.
The basic design and performance characteristics of the RZD and tactiesl
boosters, however, were gquite different, even though the operational
concept of the NIKE two-stage propulsion system remained the same. To
obtain the desired missile performance characteristics, the tactlesl
booster was required to produce a much greater thrust, have a consider-
ably less gross welght, and exhibit a shorter burning time. The latter
factor was particulerly important, in that it would reduce the overall
time of missile flight to Impact and therefore govern the maximum firing

rate of the NIKE Battery.

The solid propelimnt booster for the NIKE AJAX was based on the

13. Note test results of Rounds 81, Bb, and 85, Appendix 11.

20. JP-k fuel—a hydrocarbon between gasolire and kerosene-—was later
adopted as the most desirable fuel for the final NIKE System; how=-
ever, for satisfactory low btemperature operation of the missile
power plant, & special fuel had to be developed to solve the prob-
lenms of icing and combustion instability. v
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Navy's TERRIER booster, vhich was adopted for use in the NIKE System very
early in the TERRIER development program. This was made possible by the
similarity of the two systems, both of them being antiaircraft guided
missiles.zl However, there were two basic differences in these systems
that dictated some variation in booster design and performance character-
igstics. First, the TERRIER was a hip-leaunched missile; the NIKE, of
course, was ground-launched. Second and more important, the TERRIER was
a beam-guided missile (or & radar beam rider) and two miesiles could be
launched on the same radar beams; whereas, the NIKE used command-guidance
or ground contrel, this limiting the firing rate to one missile at &

time because of radar waves,

In conducting R&D tests of the NIKE System, three different types
of Jatos were used: the heavyweight Jato, 3-DS-47,000 X201A3; the light.-
weight Jato, 2.5-DS-59,000 X216A2; and the lightweight 3-fin Jato, 2.5-
DE-5G,000 XM5. These Jatos were developed by the Allegany Ballistics
laboratory {ABL) for the Navy and were supplied to the Army for use with
the NIKE. The XM5 Jato—later desmignasted the M5 Jato and clagsified as

standerd type—represents the Ordnance Corps version of the X216A2 Jato.

To supplement the engineering tests performed by ABL on the X216A2 Jato,

21. An article written in Dec 5 by Maj Gen H, N. Toftoy, then UG of
Redstone Arsenal; indicates that the TERRIER was, at one time, in
direct competition with the NIKE. While Army Ordnance "never lost
confidence in the successful conclusion of Nike I," the Army decided
{scmetime in 1951-52} to use the Navy's TERRIER AAGM "as an interim
weapon” since time achedules indicated that it would be operationsl
sometime before the NIKE. However, before a suitable ground control
syatem for this ship-launched missile could be developed, Navy time
schedules had slipped to the point where NIKE would become avail-
able for operational use first, and the Ordnance-developed TERRIFR
ground equipment was transferred to the Marine Corps. Army Infor-
mation Digest, Dec 56, p. 33 (ARGMA Hist File).
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certain tests were repeated and additional tests performed on the XM5.22
The tentative design and performance characteristics of the 1249

prototype booster were thus based on the lightweight X216A2 Jato. Spe-
cifically, the booster rocket for the tactlcal system was to produce
59,000 pounds of thrust at 60°F and attain an end-of-boost velocity of
about 2,000 feet per second within 2.5 seconds burning time at 60°F, this
representing an average acceleration of about 25g. Tt was to have &
total energy {impulse) of 147,500 pound seconds and a specific impulse
of 202 pound seconds per pound. The weights and dimensions of the booster
were tentatively established as follows:>>

ITength..veveosnvsssnns 12 feet

Diameter.....veeeenses 16 inches

Gross Weight.eveveavs. 1,175 pounds

Propellant Welght..... T30 pounds
For flight stabilization of the missile-booster combination, three fins
with an 86-inch circular span were mounted sbout the aft end of the
booster. Thrust vas transmitted through a socket structure fitted over
the missile's boat-tailed aft section. When joined together, the misslle-
booster combination was 315 feet long and weighed about 2,325 pounde &t
firing.2*

The Warhead

) The three-section fragmentation warhead initially designed for the

1249 missile was essentially the same azs that used in Model 491 (live

22. Engineering Test Report of Jato, 2,5-DS5-59,000 XM5, Ord Missile Labs,
Redstone Arsenal, dated 9 Jul St {ARGMA Tech Lib).

23. As noted in Appendix 6, the R&D booster had a vacuum thrust of
49,760 1bs., a burning time of 3.5 seconds, and an average gross
weight of 1,556 lbe.

24, BTL/DAC Report: "NIKE I - A Surface to Alr Guided Missile System,"
1 May 51, pp. 52-55, 58 {ARGMA Hist File). Note resulta of initial
R&D teests using XM5 Jato, Rounds 96-100, Appendix 11.
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C.b warhead) R&D missiles. It was designed and arranged in the missile so

as to f11l an almost spherical burst volume with high veloclty fragments.
The two main warheads for the center and aft sections of the missile were
barrel shaped, identical in design, and weighed about 150 pounds each.
Fragmentation material consisted of a two-layer wrapping of rectangular
steel wire, notched at intervals to form about 30,000 fragmente, each
weighing 30 grains. The high explosive charge was RDX Composition B;
charge-to-metal ratio, 1.25; fragment veloecity, 6800 to 7000 feet per
second. The dome-shaped warhead for the nose section weighed between 1l
and 13 pounds. It contained a sectlion of individual 30-grein cubical
steel pellets set in a resin matrix with an explosive charge proportioned
to produce a fragment velocity of 4500 to 5000 feet per second. The totsl
warhead was designed to deliver a high order of tactical damage within a
20 yard redius.®?

@) Ground tests made in 1952 indicated that the warhead fragment design
weight should be increased, since the material designed to form 30-grain
fragments had a tendency to bresk into fragments weighing about 21.5
grains. Accordingly, studies and tests were conducted to determine the
relative effectiveness of 30-grain versus 60-grain fragments. While tests
indicated that no significant change in warhead effectivenees could be
expected from increasing the fragment weight to 60 grains, the vulner-
ability estimates used were far more reliable for 60-grain fraguents.

The main change appeared to be noticesble on individuasl components; engine
kills vere increased, while pillot kills decreased. Based on these test

results—and the fact that fuel line fires would represent a major source

25. BTL/DAC NIKE I Report, op. cit., pp. 56, Gl-62. b




(‘D of damage in the event of poor guidance—it was declided to adopt the
60-grain fragments for NIKE warheads &s they possessed additional pene-

e tration capabilities and retained sufficient energy to inflict "A" demage.

") Meanwhile, the decision was made to move the missile CG location
slightly forward in an effort to improve aerodynamic stability. This
was done by increasing the center warhead from 150 to 179 pounds, and
reducing the aft warhead from 150 to 122 pounds. To fit these new designs
into the same missile sections, it was necessary to reduce the length of
the aft warhead and design the center warhead with a long cylindrical
center to bring it up to welght.

To determine the fragmentation characteristics of the new warhesd
designs, a series of tests was conducted using three different types of
material; viz.; internally notched wire wrap similar to that used in the
150-1b. {T22) warhead; preformed cubical fragments with an outer alumirum
cover; and preformed cubical fragments imbedded in s matrix and an outer
alumimm cover. Since tests showed very little difference in performance,
it was decided to devote all further development effort to warheads com-
posed of preformed fragments imbedded in & matrix with aluminum covers.26

While no significant difficulty was encountered by Picatinny Arsenal

in the design and production of accepitable fragmentation warheads, the
progress made on improvements to the T93E]1 Arming Mechaniam by Frankford

Arsenal was something less than satisfactory from the very beginning.

For the initial R&D program, 500 Arming Mechanisms were ordered, 10C of

vwhich were to be delivered in November 1551 for warhead tests at Picatinny

26. Research and Development Annual Guided Missile Report, DA, 1 Oct 57,
pp. 35-37 (ARGMA Tech Libd - R-23370).
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Arsenal. At the end of February 1952, no amming devices had been re-
ceived for tests at the arsenal. The Ordnance Officer at BTL reported
that sufficient quantities had been received for firing at WSPG, although
"the quality is not much better than the first experimental lot of 100,727

The inferior quality of the T93El Safety & Arming (S&A) Mechanism—
as witnessed by test fallures at WSEG during the first six months of
1952~—~prompted the decision to use two S&A mechanisms in parallel in each
missile to increase the relisbllity of warhead detonation. This required
the addition of one primacord lead in the detonating assembly.28

In spite of repeated efforts to expedite production of acceptable
S&A devices, the situation was still unimproved at the end of 1952 and
no warhead rounds hed been tested at WSPG. In October, the Ordnance
Officer at BTL arranged for representatives from Pleatinny end Frankford

Arsenals and Eastman Kodsk to go to WSEG to ohserve test data and discuss

the difficulties being encountered with the TO3El. Referring to this

Z7. Project NIKE AOTL Report for Feb 52, Report #18, issued by Lt Col
Robert E. LeRoy, 6 Mar 52, pp. 5-6 (ARGMA Tech Lib - R-8585).
Rumerous instances of S&A device malfunction are recorded in Appendix
1l—note particularly those rounds fired in 1952. For example, the
S&A device in R4 81 was inoperative; the missile was not detonated
and continued to impact.

28. As originally designed, the detonating cord assembly consisted of
four primacord links or leads connected to a single detonator which
provided explosive train Initiation from one T93 S&A device to the
three warheads. To further explein the detonating process, the
detonator is located in the arming device which keeps it short
circuited and physically seperated from the primacord link until
tvo sequential events have occurred. First, the missile must attain
s predetermined velocity within a specified time. The completion of
this event starts a timer that arms the burst system after a delay
sufficient to insure that the missile is separated from the booster
and in normal flight condition, To fulfill Army specifications; the
detonator must be capable of being electrically ignited by either
the command or fail-safe system. Note test results of Rds 93-95,
Appendix 1l~missile went out of control, began to tumble, and was
destroyed by "fall-safe” detonation. It was such characteristics
as these, incidentally, that led to change in CG loecation.
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session, Colonel leRoy reported: "Everyone agreed that something should
be done. To date nothing constructive has been done...“29 With the
contractor evaluation teats sc@edu;ed 1o begin early in January 1953, no
production T93El mechanisms had been accepted as of December 1952. (The
first production lot of mechanisms delivered by the contractor—M. E.
Rhodes Company—did not meet specification and was relected by Frankford
Arsenal.) Meanwhile, to provide S%A mechanisms for scheduled test firings,
Frankford Arsenal called in all the T93 (inert)mechanisms and loaded them
at WSPG. These, plus 14 T93E]l mechanisms {from the rejected lot) provided
the project with a totel of 65—enough to last until about 1 February
1953.%

At the end of January, there were no arming mechanisms available for
use at WSHEG, except a few reserved for speclael purpose. Untll more S&A
devices could be obtained, an inertia switch wae used in some tests;
however, warhead rounds could not be flown without S&A mechanismg, Infor-
mation from Frankford Arsenal indicated that the first production S&A
devices would not be availsble before April 1953.31

late in February, it was decided that a special T-18El detonstor
would probably meet NIKE arming requirements. This detonator would fit

the rotor of the mechanism with no modification; and, since &1l production

2G. Project NIKE AOTL Report for Oct 52, Report #2b, dated 5 Nov 52, pp.
4.5 (Tech Libv - R-B856L4),

30. Project NIKE AOTL Report for Nov-Dec 52, Report #2?, dated 2 Jan 53,
pp. 12-13 (Tech Iib - R-12112),

31. In his liaison report for Jan 53, It Col LeRoy pointed out that the
program schedule was "over one year later than planned in 1951.
Considering the simplicity &nd unit cost of around $35.00, it is
most difficult to understand why the program has slipped s year....
this office has polnted out...monthly...the unsatisfactory progress
being made...." AOTL Report #28, 2 Feb 53, pp. 7-8 (Tech Lib -
R-12113).
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models of the T93El would have to be modified anyway, the placement of
this special T-18E3 detonator in the rotor should present no particular
problem. Pending delivery of this new detonator, an effort was made to
solve the problem by increasing the explosive component of the current
detonator by about 50%.32

Yet, the NIKE detonating train continued to present a serious
problem, both from an engineering and availlability viewpoint. The first
practical demonstration of the warheed system under the 1249 R&D prograﬁ
was successful. However, two out of the next three 1249 rounds were
failures and the warhead d1d not detonate until impact.33 It was thus
obvious that the change in the detonator had not solved the problem and
that immediate action would have to be taken to aveld delay of the con-
tractor demonstration scheduled for 20 April 19553.

The first positive action to solve the problem and expedite the pro-
gram came on 23 March 1953, vhen a meeting was held at Picatinny Arsenal.
Three courses of action were agreed upon: (1) Modify the T93 Arming
Mechaniem to contain a stainless steel jacketed T-18E3 detonator in present
rotor, change the PETN relay by placling a jacket around it, and reduce the
air gap between detonator and relay; (2) Modify the T93 to contain a
tetryl, stem in a metal rotor and place a T-18Ek detonastor external to the
mechanism to line it up with tetryl stem (in rotor) when in armed position
(PETN relay jacket and reduced air gap would also apply); and (3) Design a
new type of detonator to contain 85 gr. milled azide and 85 gr. PETN with

a standard carbon bridge (PETN relay jacket and reduéed alr gap would also

32. Amigort for Feb 53, Report #29, & Mar 53, pp. (-8 (Tech Lib -
R-12114),
33. See Appendix 11, Rounds 160, 168, 176, and 177.
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apply).

The first course of action was adopied, mmeinly because of the time
element involved. Four T93E3 Arming Mechanisms were modified accordingly
and installed in 1249B missiles for R&D flight demonstrations of the
warhesd system on 31 March and 3 April 1953, All of these flight tests
were auccessful.3h And ground tests were equally successful.35

Before closing the warheed dlscussion, it is perhaps worth noting
that the Arming Mechanism was the only NIXE Missile component that had to
be used two in parallel for relisbility.

Contractor Evaluation Tests (Jan 53 - May 53)

Plans were first made to move the prototype ground equipment from
Whippany, New Jersey to WSEG by air transport planes; however, thls was
ruled out by the priority use of transport aircraft for overseas ship-
ments. It was then decided to move the equlpment by truck-drawn convoy.
This eleven-day, 2,610-mile trip—beginning on 25 October and ending on
L November 1952—provided a thorough road test of both the vehicles and
guidance equipment. To obtailn satisfactory high speed operation; several
changes were necessary in the springs and shock absorbers of van type
trailers. These changes were made during stop-overs, so that the rest
of the trip served %o demonstrate that proper correction had been made.
Upon arrival at White Sands, all vehicles operated satisfactorily and the
changes were incorporated in production trailers. Initial operating tests

of guldence equipment showed no trace of damage resulting from the road

trip.

3L, Note test results of Rounds 19% thru 197, Appendix 11,

35. AOTL Report for Mar 53, Report #30, 3 Apr 53, pp. 5 ££. (Tech Lib -
R-12115),
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Upon completion of system checkout tests, a number of dry runs were
conducted with operating personnel going through the motions of shooting
s missile against the target provided by the System Test Set. During
these tests, all phases of battery operation were observed, including the
smoothness of operation, the adequacy of control, displays, exchange of
informstion, and other details of battery operation as a unit. These
trials were made with military personnel at all.operating positions with
the exception of the Battery Control Officer position, which was manned
by a BTL engineer. After the dry runs had shown that the battery would
operate smoothly, actual flight tests were conducted with military
personnel continuing to man all but one of the operating pdsitions.

The primary oblective of the contractor evaluation tests was to
demonstrate that the NIKE System would perform in accordance with the
design intent under actual field conditions. The tests were also designed
to provide an opportunity to locate and correct any design deficiencles
which existed in the equipment. A series of 48 successful firings was
planned; 49 missiles were actually fired,

The first missile (Round 301P) was fired on 27 January 1953; the
last one {Round 34%9P)} on 12 May 1953. Seven {7) of these rounds were
fired at fixed space points; 26 at a moving and usually maneuvering simu-
lated target generated by the System Test Set; 6 at QB-17 drone aircraft;
and 10 at QFEF drone aireraft.

0f the 49 rounds fired, 21 {43%) were completely successful with
miss distance consistent with the design intent; 11 (22.5%) achieved a

"qualified” intercept; and 17 {34.5%) did not reach 1ntercept.36 A1l

36. Migsile firings classified as follows: Successful - those rounds
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but four of the "qualified" and unsuccessful rounds exhibited malfunc-
tions which could be attributed to missile components. However, since
the contractor's tests were designed mainly to test the ground guldance
and control egquipment, the data recorded did not allow a definite
determination of all troubles occurring in the missile. Four rounds
contained'telemetry equipment to provide an added check on performance

of the guidance system, The telemetry records obtained were generally as
expected. In fact, these records were later instrumental in verifying
the faet that 1% {possibly 18) of the "gqualified” and unsuccessful flights
were caused by a design error in the roll Amount Gyroscope. This design
error was traced back to a change in the gyro caging mechanism, which had
been introduced late in 1952. As the result of an increase in weight of
g caging clutch part, the misslle elther roll stabilized in the wrong
plané or, In the extreme, the gyro was tumbled anrd no roll stasbilization
was obtalned. Thls design error was not found and corrected until after
the contractor tests had been completed.

Six of the seven warhead rounds successfully reached intercept. One
of these rounds, fired at a QB-1T7 drone airerafi, had a miss distance of
16.3 yards and resulted in destruction of the drone.

Observatlon of radar operatlon durlng misslle firing verified the
design philosophy embodlied in the sutomatic circuits incorporated in the
missile radar for accepting and relecting missiles and for slewing to

the next designated launcher position., During the rapid fire test, in

reaching intercept with no malfunction; Partially Successful or
"Qualified” Intercept -~ those rounds reaching intercept with some
qualifying ground equipment or missile malfunction; and Unsuccess-
ful or "No Intercept” - those rounds not reaching intercept due
elther to ground eguipment or misslle failure.
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particular, six missiles were launched in 5 minutes and 50 seconds.

The last twelve rounds were fired from an alternate site, so located
with respect to the launching area that normal missile paths to the inter
cept point would pass almost directly over the misslle tracking radar.
These "over-the-shoulder" tests were designed to prove-in the sutomatic
circuitry which directs the missile around the missile radar.

‘Moving to the alternate site provided some experience in taking down
and setting up the ground guidance and control equipment. The move, which
involved hauling the equipment sbout two miles, was completed with a 15-
man crew in about 20 working hours from the time power was turned off at
one location and turned on at the other.37

In summary, it was the general consensus of opinion that thése
evaluation tests were highly successful, in that they provided a vast
smount of essential information concerning the limits of system operation,
as well as Important design information necessary to correct deficlencies
and improve system religbility. It was thus possible to introduce over
4000 changes in manufacturing information within a very short time and to
incorporate in the initial production units a number of very vital design
improvéﬁents.38

The first prototype model of NIKE Battery equipment; along with the
prototype model of Assembly Area equipment, was turned over to the

Ordnance Corps at WSEG on 15 May 1953.39

37. NIKE I Coniractor's Test Report #12, BIL, dated 1 Apr 5%; and NIKE

I Progress Report #6 (Lib Index R-16734), BTL, dated 1 Aug 53 (both
documents in ARGMA Tech Lib).

38. Project NIKE AOTL Report for May 53, Report #32, dated & Jun 53,
pp. 2 £, {Tech Lib - R-12117).

39. Second set of battery equipment was shipped by rail to WSPG, used
for one month in contractor's schocl, then transferred to Fort Bliss




System Improvement and Final Design

Following the evaluation tests on prototype equipment and continuing
until June 1955, the contractor's R&D effort wes directed toward the
improvement of system performance and correction of certain shortcomings
in design which were not uncovered in the extremely short interval )
between development and production.

HWith the classification of the NIXE AJAX Guided Missile System as
standard type in April 1955, R&D effort was substantially reduced. While
the system improvement program still held high priority, the design effort
was drawing to a natural close in favor of the improved second generation
NIXE system. ILogistic Directive 178, later issued by the Secretary of
the Army, directed that modifications to NIKE ground equipment after
1 August 1955 be limited to those which would materially improve the re-
liability, performance, or safety of the system. It was further directed
that modifications after 1 July 1956 be limited to those which would
improve the safety of the system.

The progress made in the improvement program 1s reflected in the
sccount of R&D test firings presented in Appendix 11, There is nelther
time nor space to cover all of the system modifications and improvements;
however; there are some that warrdnt at least brief mention.

.) First, and perhaps most important, were the modifications designed
to increase system resistance to enemy electronic countermeasures (ECM)
and to friendly interference. The Weapons System Evaluation Group {WSEG)

tests were started in 1958 to determine the effectiveness of NIKE AJAX

for other school uses; the third set was assigned to contractor for

use in engineering studles. This equipment delivered under Contract
ORD-3182.
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") radars in the presence of ECM. This program, conducted in coordination

vith the Air Force, was designed to meet the 1960 enemy ECM threat which
could seriocusly reduce the effectiveness of our alr defense system.ho
") A computer modification was made to imﬁrove system accuracy against
meneuvering targets and eliminate low bursts which were caused by the
presence of electronlc noise during the last few seconds of flight.

A lightweight, portable, combination blast pad and launcher tle-down
system was developed for use with Field Army Units.

An improved S&A Mechanism, M30, was developed and released for use
with the warhead system, replacing the original T93. (Two arming devices
continued to be used in parallel for reliability.)

The missile was qualiflied for ready storage to -25°F without the use
of external heating. The booster originally required a blanket in ready
storage below OPF, but was later qualified for ready storage to -10°F
without the use of a blanket.

While these ahd numercus other modifications were acturlly being
mede, & feasibility study was in progress to determine methods of improv-
ing the kill capabilities of the NIKE AJAX System. The fessibillity study,
completed in May 1955, indlcated that a stabilized sub-missile cluster
warhead would provide a low altitude kill capabillity and, at the same time
vould appreciably increase the kill potentialities at all altitudes for
which the system was originally &esigned. The NIKE AJAX cluster warhead
system was primarily intended as an interim weapon to meet the requirement

for a more lethal warhead while awaiting delivery of the NIKE HERCULES

k0, ARGMA Hist Summary, 1 Jul 58 - 31 Dec 58, p. 60. Because of the
high security classification placed on WSEG test results, complete
informgtion could not be obtalned for purposes of this study.
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System. It was initially scheduled to be tactically available by the
middle of CY 1958; however, because of inadequate funds and design
problems associated with the ejection and fuzing systems, the program was
delayed about eighteen months. The first and only sled test of the
cluster warhead system was conducted on 12 April 1957 at the Kaval Ord-
nance Test Station, China lake, California. This test vas unsuccesaful.
In June 1957, action was taken to cancel the program.becﬁuse adequate
funds were not availsble to contlinue R&D effort on a timely basis.

With the termdnation_of cluster warhead development, the objectives
of the NIKE AJAX R&D Program were limited to providing technical assist-
ance in the design and implementation of new Biting plans and in the
reviesion of siting criteria. The NIKE AJAX Project was formally termi-
nated on 9 January 1958. Unexpended R&D funds were reprogrammed to the
NIKE HERCULES Project for use in development of the cellular ls.uncher.J+1

Figures 36 through 41 show the characteristics, capabilities, and
components of the NIXKE AJAX Guided Missile System in its final state of

design.

F1.  OTCM 36677, subj "DOA Project 516-OH-001 (TU1-3000) NIKE-AJAX -
Termination of Development," dated 12 Dec 57 and approved 9 Jan 58,
with Termination Report, DD Form 613, dated 12 Dec 57 (ARGMA
Tech Lib).
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The NIKE AJAX Test Program

As & general rule, an Army guided missile sygtem mist pass through
three distinct test phases before it i1s ready for package training and
tactical employment, These phases are grouped In the'rollowing order:
Contractor R&D Tests, Engineering Evaluation TESts,.gnd User or Service
Tests. The NIKE test program, however, could not follow a set pattern,
mainly because of the situation created by the "telescoped” R&D Pro-

ke In short, the various test phases of the NIKE System

duction Program.
were overlapped in much the same msnner as the develoﬁmént and production
processés}

Most of the flight tests were performed at White Sends Proving
Ground.* Others were conducted at Salton Sea Test Base in California
for low altitude shoots, and at Fort Churchill, Canada, for cold weather
tests. Contractor facilities st BTL, DAC, and elgevhere were used for
lsboratory purposes, as were numerous Govermment facllitles. A number
of special tests were conducted with emphasis on evaluating the missile
under conditions vhich could not be simlated on the BTL System Tester
but vwhich had to be investigeted to establish the 0perﬁtional limits of
the system. Inclﬁéed in these were the low altitude and cold weather

tests already mentioned.

Engineering User Test Progrem

The responsibility for the Army Ordnance engineering test program
was assigned to the White Sands Missile Range., The initisl tests were

performed principally on prototype missiles that had been submitted by

* Herelnafter referred to by its current name, White Sands Missile
Range {WSMR).
k2, ©Note introductory remarks on pp. 122-123.
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the contractor as final deeigns for quantity production. To obtain the
maximm amount of test data in the most economical manner, the information
obtained from contractor R&D flights was ueed as much a8 possible, and
engineering test results were made available tc the contractor for design
purposes, In order to improve the statistical value of information

obtained, and aiso to reduce the complexity of pre-flight teast prepa-

rations; the type of investigation conducted in these two programs was
run ag concurrently as poesible.

The 1,000 NIKE Missiles (Model 1249B) allocated for engineering and
user tests were divided into lots of 50, 150, 200, 300, and 400. Certain
design changes or second source items were inserted in each new group of
missiles and the effect of such change on overall system performance was
assessed, This was done in order to apply & calibration factor to each
group of tests and thus arrive at & true evaluation of system performance
over the entire envelope of coverage without requiring duplication of
tests any more than neceasary.h3

Army Ordnance engineering teste were started in November 1952, with
the launching of three model 1249B missiles from R&D ground equipment.
During the period 1 December 1952 to 1 March 1953-—while the prototype

ground equlipment was being set up and tested by the contractor—ten other

12498 missiles (Rounds 4YE thru 13E) were launched from the R&D ground

}3. "Engineering Evaluation Program for NIKE I Surface~to-Air Guided
Missile System," Hq WSPG, las Cruces, New Mexico, 2 Jun 52, pp.
I-4 f£. (ARGMA Tech Lib - R-7676). '

44, Round 1E, Missile 1249B-1010, fired 7 Nov 52; Rounde 2E & 13E,
Missiles 1249B-1014 and 1020, fired 25 Nov 52. Tech Memo No. 67,

Hq ?SEG, “"Report of Firings, Month of November, 1952" (ARGMA Tech
Lib}.
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equipment. 55

As noted earlier in this study, the prototype battery equipment was
turned over to the Ordnance Corps on 15 May 1953 after its use in the
contractor's evaluation tests at WSMR. At this time, the Army engineer-
ing tests and the user or service tests were combined, in order to
conserve time and materiel. The tests incorporated in the combined
progrem by Army Field Forces (AFF) Board #4 stressed the evaluation of
the system from a viewpoint of tactical usage, while those of the Ordnance
Corps were primarily concerned with the technical and engineering aspects
of the system. For the duration of the combined Engineering-User (E-U)
Test Program, flight tests were conducted by a single team consisting of
AFF (user) personnel and Ordnance Corps {engineering) persomnel. Thus,
the technical and tactical evaluatlon of the NIKE System was accomplished
jointly in pursuance of the separate test cbjectives of the Army Field
Forces and the Ordnance Corps. During a later stage of the test program,
additional user tests were conducted independently by the AFF Board #4;
however, previously conducted tests were not repeated unless they failed
to furnish suitable data.hs |

Flight tests under the combined E-U Test Progrem began in June 1953.
At the end of December 1958, approximately 434 E-U rounds had been flown.

Red Canyon Test Program

‘Paekage Training Program. With the activation of the first antiair-

45,7 Project NIKE Progress Report, BIL, L MBr 53, p. 1 (Tech Lib -
R-16730). Note: DIuring the same period (1 Dec 52 - 1 Mar 53} 39 R&D
tests were conducted (see Rds 1k thru 182, App. 11), as well as most
of the contractor evaluation tests which began with Round 301P on
27 Jan 53.

46. Report of Project No. GM-651, "Plan of Test of Army Field Forces
User Test of the NIKE I Surface-to-Air Missile System," AFF Bd #%&,
Fort Bliss, TexX., undated, pp. 6-7 (ARGMA Tech Lib).
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craft missile battelion in the fall of 1953, the Army established a
Package Training Program at Red Canyon Range!Camp_(RbRC), New Mexico, for
the purpose of testing new battery equlipment preparatory to installation
at a tactical site. Under this test program—which, incidentally, is
still being conducted—the permanently assigned cadre of newly activated
NIXE batteries "prove-in" their battery equipment under actual firing
conditions against Radio Controlled Aeriasl Targets (RCAT). These tests
subject the crew to its first ﬁctual firing experience and, in the msjor-
ity of cases, are the first missile firings with the equipment. The 36th
Antiaircraft Missile Battallon was the first tactlical unit to participate
in the program which started in September 1953.

Annual Service Practice Program. This program, started at RCRC late

in 1954, provides essentially the same:firing experience as Package Train-
ing, except that misslle firings are conducted fraﬁ four production sets
of battery equipment permanently stationed at Red Canyon for practice
firings. Under this program, the crews of NIKE batteries on tactical
sites are rotated back to Red Canyon for additional firing experience
against RCAT's, in order to maintain crew firing-proficlency. Annual
Service Practice (ASP) firings began in November 195k,

]
Statistical Anglysia of RCRC Firings, As & result of reported diffi-

culties with firings at Red Canyon early in 1955, a special monitor team
of contractor representatives was formed to conduct a statistical firing
study and recommend methods for improvement of system performance and
firing results. The RCRC monitor team findings indicated thet better
system performsnce could be obtained by a further study of the NIKE AJAX

System under tactical conditlons. Past records indicated that the causes
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for about 20% of the failures occurring at Red Canyon were unknown. To
effect any appreciable improvement in firing results, it was important
that these causes be identified. Because of the high firing rate, the
tactical environment, and the economy of using missiles designated for
training purposes, Red Canyon was the logical place to lnstrument and
fire & sample of NIKE AJAX Missiles for statistical analysis.

Performance Improvement Test Program., Based on the findings of the

RCRC monitor team, WSMR initiated a study, early in 1956, to determine

the feasibility of en instrumentation program for rounds fired at Red

Canyon. Preliminary tests were performed on suitable instruments by BIL

and DAC resident groups at WSMR. The instrumentation program became the
responsibility of the North Carolina lsboratory in May 1956, and a team
consisting of BTL and DAC personnel was formed. In & letter dated 20 July
1956, the Commanding General of Redstone Arsensl authorized BTL to proceed
with a Performance Improvement Test (PIT) Program for NIKE AJAX.hT

‘ The 100 NIXE AJAX Missiles Iinstrumented and fired in the PIT Program
were of two design types, sll with arn on-site history of at least one year.
Thirty-five (35) were early-design missiles (S/N 4192 and below); 65 were
of the later design (S/N 4193 and above) and used the new GS-16725 Guidance
Section. The tests were started at RCRC on 10 October 1956 and ended on

13 March 1957. Based on an overall evaluation, 68 (68%) of the 100 rounds

were successful and 32 (32%) were unsuccessful. The PIT results indicated

that operational or personnel errors accounted for only 8% of &ll failures,

47. Working agreements for the PIT Program were reached at conferences
held on 10 Jul 56 at Ft Bliss, Tex,, and on 11 Jul 56 at Ent AFB,
Colorado Springs, Colo., and were covered in an Office Memo by the
chief, RSA Field Service Div, dated 16 Jul 56.
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QF) despite the complexity of the NIKE AJAX System. Recommendations made by

the BTL/DAC team included (1) the continued surveillance of NIKE AJAX
firings; (2) the implementation of a similar program earlier in the pro-
duction phases of future guided missile systems; (3) the addition of an
moperational readiness" test to the ASP firings; (%) the use of a higher
performance target for NIKE BERCULES and future systems; (5) a more
accurate miss-distance determination; and (6) the modification of certain

operating procedures., It was also recommended that studies ard field

.surveys be continued on such problems as missile-tracking failure at

launch and the excessive leskage of oil from missile hydraulic valves-—
the latter condition was responsible for three of the 32 failures.hs

NIKE AJAX Firling Summery

From June 1953 through December 1958, approximately 3,225 NIKE AJAX
rounds were expended in the wvarious test programs.hg Based on information
recently received from BTL, these test firings may be broken dowm as
follows: Engineeriﬁg:ﬁger, 434; Packege Training, 834; Annusl Service
Practice, 1,957. An evaluation of these firings is presented in Figure k2.

During the first three months of 1959, 242 more NIKE AJAX rounds
were fired at the Red Canyon Range Camp, bringing the total to 3,033;3';7

Included in these were 98 Package Training and li4 Annual Service Practiée
firings.50

L8, Final Report, "NIKE-AJAX DPerformance Improvement Test Program,’
prepared by BTL and DAC on behalf of WECo, dated 15 Aug 57 (ARGMA
~ Tech Iib).
49, Excluding the 430 rounds expended in R&D firings from Feb 52 to
Sep 57 (see Appendix 11).
50. NIKE AJAX Firing Summary for 4th Qr 1958, BTL {Control Office, Review

Br Files); and letter from BTL %o CG ARGMA, dated 2 Jun 59 (ARGMA
Hist File). '
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NIK®E AJAX Production and Cost Data

Production

(#) The production of NIKE AJAX Missiles and associated ground equipment
began at the DAC Sénta Monica plant in 1952 and continued on schedule
until September 1954. At this time, a contract was signed for production
of missiles at the Charlotte Ordnance Miesile Plant., This action trans-
ferred NIKE AJAX production from the DAC plant to the North Carolina
complex in order to establish a sultable source for quantity production
of NIXE HERCULES Missiles.

(') In April 1956, orders were issued for the acceleration of NIKE
HERCULES production through new construction and conversion of existing
NIKE AJAX equipment. Under this three-year program, all NIKE AJAX
ground equipment was to be modified to accommodate the NIKE HERCULES
Missile. However, due to tacticel needs and the lack of avallable AJAX
systems, Ordnance was directed to suspend the conversion program in
Decenber 1956. | |

(%) With delivery of the first set of NIKE HERCULES ground equipment in
June 1957, production of AJAX equipment was curtailed. The 350th and
last set of NIKE AJAX ground equipment was dellvered in September 1957. -
Procurement contracts were issued for 367 sets of ground equipment; how-
ever, there were 5 conversions and 12 diversions to NIKE HERCULES, leaving
a total of 350 sets actually delivered.

&) The first NIKE HERCULESE Misslle was delivered in December 1957; the
NTKE AJAX passed from the production scene with delivery of the last

missile in April 1958. During the seven-year period from February 1951
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(‘) to February 1958, production contracts were signed for & total of 14,750

KIKE AJAX Missiles. A directive was issued late in 1957 to terminate
1,050 missiles, leaving a total of 13,700. There was an overrun of 1k
missiles, which made a total of 13,714 AJAX Missiles actually delivered.

{ontractual Cost®

(') The approximate monetary value of contracts executed from the
inception of the NIKE Project through its termination in December 1957
amowunted to $1,166,077,417.19 or $1.16 biliion. About $179.2 million
of this sum went for research, develomment, and design engineering;
$547.6 million went for industrial services and supplies; and the re-
maining $39.1 million was invested in production facilities. >

For detalls relating to the services, supplies, equipment, and

facilities purchased wnder these contracts, the reader is referred to

Appendix 12,

# To present a truly aceurate account of the money spent on the RIKE AJAX
during these past 13 years would be impossible. At best, the informa-
tion presented can only be considered fairly accurate, for there is no
assurance that all contracts and supplemental agreements have been in-
cluded., It should be pointed out, however, that Industrisl Division
personnel used every record at their disposal and made every effort to
secure asccurate and complete information.

51. DF fr Industrial Div CRIXR-INB to Control Off CRIXR-CR, subj "Request

for Industrial Information on the NIKE AJAX Projects, dated 29 Apr
59, w/5 Incls (ARGMA Hist File).
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4D vII. DEPLOYMENT OF TEE NIKE AJAX SYSTEM

Introduction

The chief objective of the NIKE Project was to provide a defense
against maneuvering aircraft at ranges and altitudes beyond those of
conventi_.onal artillery. That objJective was indeed achieved on 20 March
1954 when the. first NIXE AJAX Antiaircraft Battalien was tactically
deployed at Fort Meade, Maryland in the Washington-Baltimore Defense Area.

Within two years, numerous other AJAX battallons had been activated
in fourteen critical defense areas of the United States—aresas that
include most of the country's big cities and dense manufacturing local-
ities. Though conventional antiaircraft gun units continued to play
important roles in sugmenting the protection provided by NIKE AJAX battal-
ions, they had already heen outnumbered by the NIKE as ?arly ag December
1956.

The "ack-ack" of conventional artillery had thus given way to the
"Ack-Track-Smack"™ of the NIKE. The guided missile era had truly é;rived.
The NIKE AJAX was here to stey—at least for a while. '

The Real Estate Problem

Reduction in Regl Estate Requirsments

The smount of real estate required for a NIKE battery site was
estgblished in July 1950, along with the design objectives and equipment
plans for the tactical weapon. 7Yet, in October 1952—just three months
before equipment started rolling off the production line—those responsible
for the acquisition of land suddenly realized that it would be difficult
to secure. Almost overnight, the reduction in real estate requirements

for a NIKE site became an urgent task. There was no ghortage of ideas
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on how the aree could be reduced. The only trouble was that most of the
ideas also reduced the effectiveness of the battery to & point where it
would be hard to justify use of the NIKE System.l

As originelly designed, the equipment of the KIKE battery was lo-
cated sboveground in two separate areas: the battery control ares and the
launching area. Based on Ordnance safety regulations governing the
surface storage of explosives, it was determined that & NIKE site would
require about 119 acres. Such a large amount of real estate would be both
costly and scarce, particularly i1f the site should be located in some
metropolitan section such &s Brooklyn, New York.

The only feasible solution to the real estate reduction problem came
from the QCO Safety Office, which suggested that an underground launcher
installation be used. This would reduce the real estate requirement for
individual installations to about 40 acres, since the battery would become

& magazine.2

But there were yet two questions to be answered: Would it
be fessible to modify the present launching equipment; and 1f s0, would
the Army Antiasircraft Command (ARAACOM) be willing to accept such a fixed
installation in lieu of the mobile gystem eriginally specified.

To fulfill requirements imposed by the-Army, the NIXE legunching and
hendling equipﬁent had been designed to provide the same o;der of mobllity
as heavy antlaireraft guns. It was therefore obvious that a number of
modifications would be required éo sdapt the equipment to a fixed instsl-

lation. The extent and cost of such changes could only be determined

1. Project NIXE AOTL Report #26 for Oct 52, dated 5 Nov 52, p. 6 (Teeh
Lib - R-8564).

2. Ibid., p. 7; and AOTL Report #27 for Nov-Dec 52, dated 2 Jan 53, p.
5 (Tech Lib - R-12112). ]
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by the actual design, constructibn, snd test of & prototype underground
installation. This, of course, would take time.

And indeed it did—the entire year of 1953. The design for the
revised installation—prepared by the Corps of Engineers (CE) in conjunc-
tion with the ARAACOM—featured the emplacement of the launcher-loader in
an underground magazine, with the launcher on a 1ift which would raise it
to ground level for firing and then lower it for lmmediate reloading. A
study of this proposel by the contractor indicated that 1t was "generally
practicable” and would not require any "major” changes in present equip-
ment. The CE constructed a prototype underground installation at WSMR
for testing purposes and the necessary chapges were incorporated in one
set of launching equipment (see Figures 43 and 44). A missile firing
from this installation on 5 June 1953 confirmed the feasibility of the
sub-surface launcher emplacement and drawings based on the initial design
were completed the following month.3 Iater in 1953, however, a new set of
drawings was prepared to include a number of modificatlons reguired by the
ARAACOM.

During a meeting held at WSMR 12-1k January 1954—two months before
the Ordnance Support Readiness Date and activation of the first firing
unit—the decision was made to employ underground launcher installations

at all NIKE sites within the Continental United Sts.tea.h The revised

3, NIK? Ih§rogreas Report #, BTL, dated 1 Aug 53, p. 15 (Tech Lidb -
R-16T734).

L, The NIKE System was thus designed for dual application—one version
modified to take maximum advantage of the auvtomation possible in s
fixed installation, the other version adapted to moblle field use
ir a battle area. The latter version is transportable by both land
and alr. The entlre system can be transported on unimproved roads




T N PO PE T L R T A e

Fig.]l-3 —NIKE | Underground Launcher; Interior, June 1952 184
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Fig. &4 —NIKE | Underground Launcher; Partially Elevated with Missile, June 1953
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installation sgreed to at this meeting consisted of an underground
launcher operated in conjunction with two or three satellite launchers
at surface level. The underground launcher, which would accommodate
either the NIKE AJAX or the proposed larger NIKE HERCULES Missile, had
a wider elevator and thus required a larger excavation than the prototype
model installed at White Sands. The sub-surface space waé increased to
provide for missile storage and sufficlent space was allowed for shifting
missiles from one tier to snother for c¢heckout and maintenance.5
According to BTL Progress Report for period ending 1 July 1954, com-
ponents of the Underground Launcher Adaption Equipment had been delivered
to the “"prototype installation site at Lorton, Virginia" at the end of
June 1954 and installation was scheduled for completion im August.s Hew-
ever, the next report for period ending 1 October 1954 indicated that the
instellation was not complete until September 1954 and that "the entire
battery is scheduled to be operative by November 1, 195%." Based on this

information and in the absence of any ¢ther officlal or unofficisl

document to prove otherwise, it must be assumed that the Ft. Meade,

and cross-country with 30 suiteble vehicles. During an airborne
operation, it can be transported in any of several types of avail-
able airesraft. Tt can be in action within about seven hours after
arriving at a site. DIF fr Industrial Div ORDXR-INB to Control Off
ORDXR-CR, subj "Mobility of NIKE AJAX," dated 25 May 59 {ARGMA
Hist File).

5. KIKE I Progress Rept for Period Ending 1 Apr 54, BTL, p. 3 (Tech Lib).

6. A magszine article published early in May 5% and containing & sketch
and description of the lorton, Va. instl, stated: "...The Army Anti-
alrcraft Command has slready started work on & string of these
installations that will eventually stretch across the...U. S. The
first Installation is under construction right now, at Lorton, Va.—
17 mi. from Washington...one of several...that will ring the District
of Columbia...." Business Week, May 8, 1954, p. 108.
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Maryland installation was placed "aboveground".7

Meanwhile, representatives of the Corps of Engineers responsible for
NTKE tactical sites started finalizing their site plans, based upon the
reduced real estate requirements. In April 1953, CE representatives
vigited BTL "to discuss same of the ground rules to be followed 1n the
selection and preparation of NIKE I tactical sites.” It wds Indicated
“by the Corps of Engineers” that the acquisition and two tracking radars
at "seme of the sites” would have to be "mounted on towers 20 or 40 feet
high." After some discussion concerning the type of tower construction,
BTL suggested a steel reinforced concrete column with an aluminum wrap-
ping for even heat distribution.8 In June, representatives of the Eastern
Antiaireraft Tommand, the New York Listri:t Corps of Engineers; and the
524 and 56th Antisircraft Artillery Brigades conferred with BTL's staff
to obtain technizal advine relating to the "planning and layout of NIKE 1
installstions."?

In the months that followed, contractor personnel also assisted in

7. This assumption was substantiated by Lt Col Glenn ¢rane, who served
at BTL, Whippany, N.J., as Ord Llaison Off and is now asgd as Specisl
Asst to the CG; AOMC. In telecon with the writer on 15 Jun 59, Col
Crane stated: "The first sites at Ft. Meade were very definitely
aboveground."

Note the Business Week article referred to the Lorton site as
the "first." This apparently meant the first "underground" site,
since Ft. Meade became operational on 20 Mar 54 (telecon between the
writer and Mr. J. L. Watson, NIKE Sec, Maint Br, Fl1ld Sve Div, 12 Jun
59). No official document could be located to substantiate the 20 Mar
54 date, but one was found to show that Ft. Meade was operational
before the 1 Nov 54 date cited for the Lorton site—viz., BTL Progress
Report for pd ending 1 Jul 54, p. 4: "NIKE Battery No. S5 located at
Ft. Meade; Maryland, became ignited during a lightning storm on May 3,
1954, Three van trailers...were completely consumed by fire..."

8. Project NIKE AOTL Report #31 for April 1953, dated 4 May 53, p. 6
(Tech Lib - R-12116).

9. AOTL Report #33 for Jun 53, dated 3 Jul 53, p. 4 (Tech Lib - R-12118).
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the finmelization of selected site plans and rendered technicel advice
based on theilr knowledge of system cepabllities and first-hand experience
geined in amctual firings at WSMR., (Note the iayout of a typleal NIKE
Battery in Figure 45.) They were especially helpful in recommending the
placement of equipment at the various installations, since no two sites
presented the same problems-—and there were problems. For example, the
battery contrel area containing the guidance and control equipment had
to be located between a minimm of one-<half mile and a maximm of three
mlles from the associated launching aresa; the minimum distance being
determined by the maximum tragking capability in elevation of the
misgile tracking radar, and maximum dié%ﬁnce by practical considerations
of providing comminications. The lsunchers had to be oriented to meke
use of & common disposal area, within which the expended hooster cases
would fsll. Careful selection of the booster disposal area was necessary
in order to minimize danger to Army personnel and property, as well as
the surrounding property and civilian populstion. An "adequate” disposal
ares was established as a circle of one mile radius with the center
located about one and one-half miles from the nearest launcher section
{or populated ares). Referring to the booster disposal area, the con-
tractor stated in an early report:

"...%0 permit some flexibility in the location of this area,

the launcher-loaders will be designed so that their inclination

may be varied between 1 and 5 degrees from the vertical, This

area should be selected 80 as to minimize the number of people

involved. The normal passive defense measures should be

especially well organized with very complete coverage by air

raid warning devices, with shelters designated for every

individual and with evervone educated to know of the rdded
danger and the need for following civil defense procedures
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carefully and quickly. In this way, the populace ma
continue normal living and working in this area....
{Underscore added).

Public Oppositionl™

While the reduction in real estate requirements no doubt reduced
costs and helped the program along, the construction of NIKE installatlons
at selected sites still fell behind schedule because of public reluctaence
t0 see these push-button warfare devices Installed in the backyards of
the nation. land acquisition was still the big problen.

Cbjections came in every form, from official complaint by civic
officials to absurd eriticism by cranks. Real estate groups, farmers,
and homeowners all contributed to this show-down in the national glr
defense effbrt.

In large messure, the problems encountered by Army surveyors and
engineers stemmed from a lack of public understanding as to the operation
of NIKE installations, and; in particular; how such an installation would
it into the local commnity situstion. But the unfavorable publie
reaction cannot be blamed altogether on the NIXKE or public misunder-
standing, for there was evidence of “some irritation in & few cities
across ‘the nation at the so-called ‘high-handed sttitude! of those
charged with land scquisition and engineering details of the constiruction

program,"le

IC. "NIKE I - A Surface to Alr Gulded Missile System,’ EBil,/DAC, dated
1 May 51, p. 66.

11. No official document relating to this topic could be located; unless
otherwise indicated, the succeeding account is based on articles
published In the Engineering News-Record, Vol. 153:23, Sep 9, 1954,
and Aviation Week, Vol. 61:385, Aug 16, 1954 (ARGMA Hist File).

12. Engineering News-Record, op. cit.
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Some of the early public relations problems possibly stewmed from
a security regulation from Washington, which prohibited surveyors and
engineers from disclosing why they wished to examine a landowner's
property. "As a result, these military men were actually denied access
to some property. Later, Army officials permitted a 'minimum of
intelligence‘ to be given the land owner concerned."13

Public objections were raised in virtually all of the areas selected
for a NIXE installation, but the Los Angeles area was in a class all its
own. Tke Army's decision to locate a NIKE Battery at Los Angeles Inter-
national Airport touched off an angry battle with eity officlals who
argued that the missile battery would be & hazard to airport operations.
Mayor Norris Poulson carried the fight to Washington after calling local
Army representatives "'bull-headed'" for making what he termed a “hasty,
shortsighted decision.” Protesting to California Senators William F,
Knowland and Thomas F. Kuchel, and to the Secretaries of the Army, Navy,
Alr Force, and Commerce, Mayor Poulson asked that the Army re-evaluaie its
"need for the 3ite."lh

The Army wanted to condemn scme 25 acres in the greater airport
"master" ares for the NIKE site. Two-thirds of this was for & launching
site at the northwest end of the alrport area; the other, sought for
redar facilities and barracks, was on the center line of the instrument
approach zone, & mile to the southwest. Insisting that the battery would

not be a hazard to airport operations, the Army pointed out that the high-

est radar mast would be 20 feet below the miniwmum glide path for commercial

13. Ibid.
1k, Aviation Week, op. cit.
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aircraft even with the runway extended another 1,500 feet.

City officials, supported by airline operators and manufacturers in
the airport area, based their protest on four points: (l) Location of
facility on approach center line would be a hazard to aircraft taking off
and landing at the airport; {2} NIKE radar equipment might interfere with
the airport's electronic navigational facllities; {3) Heavy booster
rockets that fall away from the missiles after launching would be a hazard
to the area; and (4) The installation might affect the development of the
airport master plan.

Oppenents of the Army plan polnted out that other land was availasble
in the area & few thousand feet to the north and south. Brigadier Genersl
Frencis M. Day, Commander of the 4Tth Antiaircraft Artillery Brigade at
Fort MacArthur, pointed out that location of the faciliﬁy on leaged or
purchased airport property, as then planned, would cost sbout $740,000,
and that "this could climb as high as $2 million if condehnation of other
property is required to shift the site.” General Day also pointed out
that no NIKE would be fired from the installation except in the event of
an actual attack, and that the booster rockets for the missile should fall
at sea. "'But if we are attackgd,' the general says, 'there'll be more
deadly tbhings than booster cases falling through the sky unless the
attackers are st0pped.'“l5

Top military offlcials were sent to arbitrate. They decided the city

was right; the installation was relocated.l®

The objections posed by the general publie in other arees followed

15. 1bid.
16. Engineering News-~Record, op., cit.
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the same basic pattern—fear of falling debris from booster cases,
reduction in real estate values, damage to crops, and the possibility of
a missile misfire or explosicn.17

Much of the public opposition encountered_in 1953-54 had been duild-
ing up since late 1952, when the Army announced that "...the Nike...had
proved so effective that i1t would be used next year to replace the
conventional 90-millimeter AA guns 'at selected points throughout the

country.'“l8

This was followed by numerous other press releases about
the NIKE System, and finally a picture of the missile itself. The
general public got its first close look at the missile on Armed Ferces
Day, May 1953, when g number of them were placed on display throughout
the country. But the first seeds of fear had already been planted by such
remarks as this: "While doing their defending duty, the Nikes will not
be desirable neighbors. The boosters that bounce them into the air are
big enough to do damage when they fall to the ground, and so are the
Nikes themselves..."19

By the end of 1956, however, these early misunderstandings had been
replaced by the most cordial of relationships, based upon mutual confi-
dence, respect, and recognition of the needs of national security. "What
were initiaily problems in public relations were transformed into oppor- i

tunities for public relations. Positive, constructive actions designed

to let the next door neighbors know his lecal AAA unit better, to realize

Just what these weapons could and would not do, led to warm acceptance

17. 7Ibid.
18, Newsweek, 40:38, 20 Oct 52,
19. Time, 61:78, 6 Apr 53.
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and full support."20

The NIKE AJAX Explosion

"Suddenly the missile blew with a roar and a sky-searing pillow

of orange flame from burning kerosene and nitric acild fuels...

Explosion and flame touched off seven more Nikes squatting on

“adjacent pads, blew or burned ten men to death, showered a

three-mile radius with fragments..."2l

On a sunny afternoon, 22 May 1958, the first fatal NIKE accident
occurred at the site of Battery B, 526th AAA Missile Battalion, near the
small towns of Middletown and Leonardo, New Jersey. Six soldiers and
four civilians were killed; three men were seriously injured; windows
were blown out of houses for miles around; the sound of the blast was
heard for fifteen miles. The Army rushed experts to the scene from New
York and Washington, D. C. The mayor of Middletown called a special town
meeting, to which top-ranking officers of the New York Defense Area were
invited to explain what happened. Newspaper and magazine editors were on

hand to say "I told you s0."2? Army lawyers began to settle claims for

20. Lt Gen S. R. Mickelsen, CG, ARAACOM: "Missiles Guard the Vital
Centers” - Army Information Digest, Dec 56, pp. 100 f, (ARGMA Hist
File).

21, Time, T1:16, 2 Jun 58.

22, Articles in three leading magazines were generally 1n agreement on
one point: The Army had oversold its "ultra-safe” Nike; its "gospel
of safety"” spread across the nation four years ago had been blown to
fragments slong with its seven Nikes. Excerpts from two of these
artlcles are clted below.

Newsweek, 51:18, 2 Jun 58: "The Impossible - Back in 1953, when
the U.5. Army set up its first...missile base at Fort Meade...it ran
into a storm of protest. National defense was of vital importance,
the people...agreed—but supposing one of these monsters misfired?...
No such misfire could ever occur, the Army replied. An offieciml
brochure insisted: 'It (the Nike site) 1s as safe as a gas
statlon...The warhead 1s constructed to explode only in flight. It
has a self-destructive feature so that it will not crash and explode.
Safety precautions are taken...'..,.Last week, the impossible
happened...."

Time, T1:16, 2 Jun 58: "Death in the Neighborhood - ...the Army
carefully explained that the...projlectiles were virtuslly accident-
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shattered windows and broken bric-a-brac.

At the time of the disaster, 14 missiles were located aboveground:
7 in A Section, 4 in B Section, and 3 in C Section. The explosion appar-
ently originated with a missile undergoing modificatlon in A Section.
Here, an Ordnance team, in conjunction with the using unit, was replacing
two M27 (T93) Safety & Arming Mechanisms with two improved models, M30 or
M30Al, in accordance with Modification Work Order (MA0) Y2-Ww20. Aside
from installatlon instructions, the MWO kit conslsted of two brackets,
two place assemblies, the necessary attaching hardware for the M30 de-
vices, and two nameplates for the misslle. To replace the arming
mechanism, two of the three warheads in the missile (nose and center
warheads weighing 12 and 179 1lbs., respectively) had to be removed. A
crater in front of the missile position suggested that these warheads were
lying on the ground at the time of the explosion (see Figure 46, next page).
Somewhere 1n the prozess of removing the old devices and brackets and re-
placing them with the new ones, the missile was accldentally detonated.
All seven missiles of A Section exploded. The nearest sdjoining misgile
in B Sectlon apparently did not explode but its booster was ignited by a
flying red-hot pellet and it blasted into the side of a nearby hill. Fail-

ure of this missile to explode may have saved the remaining six missiles.

proof. A missile battery, said the Army, was no more dangerous a
neighbor than a gas station. Last week the gaes-station blew up....
Meanwhile, the Army had little to say about a development yet to
come: along with two dozen other missile Installations ringing

New York City, B Battery is scheduled to replace its TNT Nike Ajaxes
after this year with the atomie Nike Hercules. In the wske of
leonardo's explosive afternoon, it was going to be hard to convince
the neighbors in New Jersey—or around the Nikes gusrding 22 other

U. 5. industrial complexes——that living alongside atomic warhesds
was still like living beside a gas station.”



.

ALPHA SECTION seen from direction of the Assembly building. Explosion apparently
originated between launching position four at far left and launching pesition three at center.
Attow points to crater about three feet deep where nose and center warheads removed
from missile that was being modified are believed to have been placed. Metal framework
has all been extensively petforated by pellets-from exploding warheads.

(Aviation Week Photo, Jume 2, 1958 Figure L6

A Board of Officers was immediately convened by the 1st Region,
U. S. Army Air Defense Command, Fort Totten, New York, to investlgate
the accident.®3 The findings of the board indicated that the "point

of initiation of the explosion was probably a FETN relay cap" but just

which relay cap could not be determined. The "most likely causes of

the detonation of the PETN relay cap which initiated the disaster" were
listed ss follows:

"(1) Excessive tightening of a detonating cord coupling more
than finger tight.

"(2) Use of unauthorized msterials such as string, solder wire,

23.

For detalls relating to lmmedlate actlons taken by AOMC Hq, the
reader 1s referred to Appendix 13.

196




197
or aluminum wire around the detonating cord, next to the
collar; in order to make the FETN relay cap fit more sougly.
"(3) ‘'Cross-threading’ the detonating cord coupling nut while
screwing it into the five-way connector or into the warhead
B,d&p‘ber -

*(4) Scraping, crushing, pinching, orhotherwise damaging the
PETN relay cep in some manner.”<

As a direct result of this accident and the investigation that
followed, it was determined that an unauthorized field £1x22 relating to
MWO Y2-W20 had ﬁeen applied to an undetermined number of AJAX missiles
on site, thus creating a hazardous condition which was general throughout
the CONUS. The pew arming device was considered a vast improvement for
AJAX missiles, both in reliebllity and safety of 0perétion; however, the
unsuthorized fix eliminsted the safety tolerance designed between the war-
head initistor and the PETN relay cap on the detonating cord harness
assembly. The elimination of this tolerance by application of the "field
£ix" created a serious safety hazard in the form of possible order deto-
nation. Accordingly, the Commanding General of the Army Air Defense ’
Command {ARADCOM) notified all commands and ihstallations concerned that
on-site missiles with an unauthorized fix applied "are potential safety
hezards and further unnecessary movement, assembly, or disassembly of
loaded msls must not occur untll inspection and receassary removal by

"

qualified Ord perscnnel...” It was alsc directed that immediate and

positive mction be taken to stop application of the unauthorized fix and

24. DF from Chief Fid, Sve Div to Comdr, ARGMA, subj "Report of
Proceedings by Boerd of Officers, Investigetion of Accident at
Nike Site NY 53," dated 16 Jul 58 {ARGMA Hist File).

25. Application of changes or modifications to materisl provided in
MYO kit, such ams use of unauthorized material to mske the FETN
relay cap fit more snugly.
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to thoroughly indoctrinate personnel in the necessity of refralning from
the spplication of changes or modifications to material without proper
technical service approval.26

"Operation Fix-It"

In June 1958, the necessary procedures, speclal equipment, and draw-
ings were completed for remova; of the unauthorized fix applied to NIKE
AJAX Missiles at certain tactical sites. Five Ordnance depots {Letter-
kenny, Seneca, Savanna, Pueblo, and Umatilla} were selected to perform
the task, with personnel being fully oriented in procedures and use of
equipment. The scope of the operation--commonly referred to as "Operation
Fix-It"-initially encompassed only those missiles known or suspected of
containing this unauthorized modificetion; however, both CONARC and
ARADCOM agreed on 28 June 1958, that the scope should be broadened to
include all missiles on site, in order to eliminate defective explosive
harness assemblies.Z!

The operation was completed on 30 August 1958. In the process, a
100% inspection was made of all warhead missiles within the Continental
United States and some warhead missiles in the European Command.2® In
addition to checking for and removing the unauthorized fix, other dis-

crepancles noted were Investigated and corrected. Of the 5,971 warhead

26. Multiple address TT from Hq ARADCOM, received ARGMA | Jun 58, RSA
Msg #1876 (Record File, ARGMA F1d Svc Div).

27. Ltr from Hg AOMC to COFORD, subj "Actions Taken by Army Ordnance
Missile Command to Remove Unauthorized Modification from NIKE-AJAX
Missiles,” dated 10 Jul 58 (Record File, ARGMA F1d Svc Div).

28. The Theater Comd was authorized to deviate from 100% inspection of
warhead msls provided resp battery pers would furnish a signed
statement that no unauth modification had been applied to msls

under their Jurisdiction. These signed statements sre on file in
AOMC Hq.
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missiles inspected at tactical sites in the CONUS, 605 contained the
unauthorized fix and 309 had ruptured and/or damaged relay caps. In the
European Command, the unauthorize& fix was removed from 9 of the 10 war-
head missliles processed.29 Thus, 923 chances of another disaster had
been caught in time and eliminated,

Claims for Community Property Damage {(U)

A provisional Army claims office was set up in Township Hall at
Middletown, New Jersey, within 2k hours after the explosion, and claims
were being paid within 48 hours after the incident. The claims operation
was administered by Lt Colonel Daniel T. Ghent, Staff Judge Advocate, Fort
Dix, New Jersey, with a staff of fifteen military and seven clvilian
personnel,

It vas originally estimated that the total claims for commmnity pro-
perty damage would not exceed $7,500. However, on 28 June 1958, a total
of 85 claims, amounting to $11,982.26, had been filed. Eighty (80) of
these claims, amounting to $9,522.92, had been paid, and five (5) others
totaling $2,50h.35 were still under conslderation. At least two of the
paid claims (for $10 and $261, respectively) were for damaged fire hose
belonging to two of the seven volunteer fire departments which helped on
the scene of the explosion. The smallest claim paid a civilian was $3
for a broken window.

Except for military persomnel and c¢ivilian employees of the Govern-

ment who were working at the site, no serious personal injury resulted

29. Ltr from Hq AOMC to COFORD, subj "Actions Taken by Army Ordnance
Missile Command to Remove Unauthorized Modification from NIKE AJAX,"
dated 18 Sep 58 (Record File, ARGMA F1d Sve Div).
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from the explosion.

The Shift from AJAX to HERCULES

The 30th day of June 1958 saw the first NIKE AJAX Missiles disappear
from their launchers at Fort Tilden, New York, to make way for the
younger but more powerful HERCULES generation. The site was No. 49: B
Battery, 3d Battalion, 5lst Artillery.o-

This new sddition to the Army's family of operationsl air defense
weﬁpons is superior to the AJAX in a number of ways. It has a much
greater range and velocity; it can deliver either conventional or atomic
payloads; and it is more highly maneuversable. Unlike the AJAX, its pro-
pulsion system consists of a lli-foot booster unit with four solid propel-
lant rockets and a solid propellant sustainer motor., The missile itself
is 27 feet long and has a body diameter of sbout 31.5 inches. The
EERCULES requires no elaborately prepared gites but can be emplaced
anyvhere and destroy its lntended targets. Moreover, it can be inte-
grated into AJAX lasunching sites with only slight mbdification of
ground eqﬁipment. The HERCULES has been repeatedly demonstrated to be
the most modern and reliable surface-to-air missile system yet to become
operational. The AJAX and HERCULES Missiles are shown in Figure 47.

& Before the NIKE HERCULES became operational on 30 June 1958, 246

of the 350 available NIKE AJAX Systems had been deployed—222 of them

30. %ﬂ Times, 7 Jun 58 and 28 Jun 58 (ARGMA Hist File). NOTE: The
11,902.20 cited for the 85 claims is obvicusly in error—$9,522.92
paid for 80 claims, plus $2,504.35 for the 5 claims under con-
sideration, would make & total of $12,027.27. These figures were

taken from the 28 Jun edition of the Army Times; official records
were not aval to verify the information.

31. Verbal info: Mr. J. L. ¥atson, Fld Svc Div, 17 Jun 59.
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{(#) in CONUS defense areas and 2 in the European Theater. Most of the

remaining 104 systems were either in Depot Rebuild or in Depot Storage
for possible emergency use; others were located at WSMR; Red Canyon Range
Camp, New Mexico; the Ordnance Gulded Missile School and the Army Rocket
& Guided Missile Agency, Redstone Arsenal, Alsbama; Eglin AFB; Florida;

and Rome A¥B, New York.

Q. @ Beginning on 30 June 1958, NIKE AJAX Systems were replaced with the

HERCULES as rapidly as equipment became available. As of 1 June 1959,
the HERCULES had replaced a total of 60 AJAX Systems, including 52 at
tactical sites in the CONUS and 8 in Furope. Though most of the AJAY
Systems will be replaced eventually, 186 were still in use on 1 June
1959--1T70 of them et various tazticel sites in the CONUS and 16 at sites
in the Furopean Cemmand, (In eic¢ition %¢ the 60 HERCUIES Systems 3e~
ployed in place of the AJAX, 24 were 3eployed in new tactical sites out-
side the CONUS, including 12 in the Fa: Esst, 8 in Alasks, &nd 4 in
Greenland. This brought the deployment of NIKE HERTIJLES Systems to a
total of 84.) Following replaement, NIKE AJAX Systems were shipped to
Depot Storage or Depot Rebuild.3=

(U} WHO SAID ‘OBSCLESCENT!?

In the five yedrs that the NIKE AJAX has been in operational status,
slgnificant advancemeants have been msade both in missile and aircraft
development. While improvements in the AJAX System have kept pace with

major sclentific advances, the extent of development effort and the

32, DF from Industrial Div ORDXR-INB to Control Off ORDXR-CR, suby
"Request for Industrial Information on the NIKE AJAX Project,”
dated 4 May 53, &s supplemented in writing by Mr. J. L. Watson,
Fld Sve Div, 17 Jun 59 (ARGMA Hist File).

SEREY cammtEPRE~
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nature of design modifications authorized in the.past few years have
been restricted by Department of the Army policy. In the meantime, a
superior version of the NIKE System has been developed and fielded which
can outspeed, outdistance, and outmaneuver the AJAX under any concelv-
able combat condition,

In 1ight of these developments, 1t would appear that the NIKE AJAX
is destined for a short career as an active air defense weapon. Indeed,
as early as May 1958, when the Army announced that it would soon begin
replacing the AJAX with a superior version of the NIKE System, newspaper
and magazine reporters immediately Jjumped to the conclusion that the AJAX
was hesded straight for the scrap heap—nalready obsolete. The very next
day after the first HERCULES Micsile %ook 1ts position on &n AJAY lsuncher;
one newswriter stgted: "The Army is providing new evidence for that
Pentagon adage: 'If it works, its cbsolete, 33

Is the NIKE AJAX reslly hesded for the scrap heﬁp? Eas it been
pushed into obsolegeeance by rapid scientific sdvancements of the past few
yearas? Or can it gtill do its Job as an effective alr defense weapon in
the face of these advancements.

In the words of Lt Colonel John E. Aber; chief of the NIKE AJAX
Division, Guided Missiles Department, Y. S. Army Air Defense School at
Fort Bliss, Texas-—

"In one respect; perhaps, you might say that the Nike
Ajax system is obsolescent—that is, to the extent that a

33, The Buntsville Times, 1 Jul 580. The occasion was Project AMMO—

" the "Army Missile Mobility Orientation” show designed to demonstrate
the Army's Misslile Age Firepower. Referring toc the AJAX and two
other Army missiles, the reporter commented: "...all performed their
missions...And all three are being shoved aside by 'second generation’
missiles..." (See Figure 48, page 205.)
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great improvement in the same Nike system, the Nike Hercules,
is in mass production and is now taking its place alongside
the Ajax at alr defense sites throughout the country. How-
ever, the Nike Ajax system 1s anything but obsolete insofar
as 1ts ebility to meet any current or near- future threat 1s
concerned...

"The Nike Ajax missile system 1z here today. It is not
just on somebody's drawing board or on the cover of some
magazine. It is not in & planning or test phase; it is fully
operaetional and doing the job 24 hours a day, 365 days a year
right now, as it has for about the past five years. Until
recently, when the firat Hercules sets went out on site, Ajax
was the only fully-operational, full-time surface-to-alr mis-
sile system defending the contimental United States. In other
words, if.../an enemy attack/ tonight consisted of the latest
high-flying, high-speed bombers—perhaps supersonic—there
would not be one single alrplane, or even guided missile other
than the Nike Ajax and a few Nike Hercules, that would have the
definite cepability of destroying such an attack...

Tt 1s my firm belief that the Nike system-—Ajax and
Hercules—represents not just the best, but the only truly
effective alr defense wegpon which stands between this nation
and an enemy attack from the air."

But why continue with the AJAX since HERCULES is such a great improve-
ment in the NIKE System? Colonel Aber's answer:

¥eeoIf you ovned a rifle and later bought a 12-gsuge shotgun,
you wouldn't throw away the rifle, would you? When the Army de-
veloped the 280 millimeter atomic cannon, it didn't do away with
its B-inch howitzers. ZEach has specific capabilities and specific
missions to perform. The saeme is true with the Ajax and Hergules.
Let me relterate—~the Nike Ajax 1s more than equal to any current
or near-future threat that may be presented, and as long as '
this holds true, it need only be augmented by Hecules- fsic), not

. replaced by 1t."34
. The NIKE AJAX obsolescent? Not yet. And not in the foreseesble
r " ﬁlture-

3k, Army Times, 20 Sep 58, pp. J and 47 (ARGMA Eist File).
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Figure 48

GUARDIAKS OF THE SKIES—The NIKE HERCULES and NIKE AJAX
Missiles demonstrate their capabi_lities at Project AMMO,
The mighty EERCULES mzakes an 'i.mpressive blast-cff and
heads for target intercept (left). The small but deadly
AJAX stresks from its lammcher and brings down the gB-1T
drone target (top right) in a lazy tumble of flames 15
niles away. (White Sands Missile Range, 1 July 1958)




A GIOSSARY OF
GUIDED MISSILE TEEMS

ACCELEROMETER -~ an instrument that measures one or more cmponents of the
sccelerations of a vehicle,

AFRODYNAMICS -~ that field of dynemics vhich treats of the motion of air
and other gaseous fluids and of the forces acting on solids in
motion ralative 1o such flulds.

AFTEREURNTNG - the proceas of fuel injection and conbnation in the exhaust
Jet of a turbojet engine (after the turbine), ) .

ATLERON ~ @ hinged or movable surface on an airframe, the priury function
of vhich is to induce a rolling moment on the a.irfrm. It ueually
is part of the trailing edge of a wing. ' .

.AIRFOIL - any object vhose geometric shape is such that when properly

~ positioned in an airstreem will produce a useful reaction.

ALTTMETER - an instrument that measures elevation above & given datum
plane.

AMPLIPIER - & device for increasing magnitude of the electrical or mechan-

ical output of & system, as in radic, electrical, poeumatic, audio
and hydraulic systems.

AWGLE OF ATTACK - the angle between a reference line fixed with respect to
an airframe and the apparent relative flow line of the air,

Aﬂm - a device-—1.8,, conductor, kern, dipole—for tnnmitting or
recelving redio waves, exclusive of the means of connecting its main
portion with the transmitting or receiving apparatus.

ARMIRG - as applied to fuzes, tha changing from a safe condition to a
state of resdiness. Generalliy a fuze is causded t0 arm by acceler-
ation, rotation, clock mechanism, or alr travel, or by cabmtionn
of thess,

ATR-BREATEING JET - a propulsion device which operates by taking in air
and then ejecting it as a high-speed jot.

ATTENUATOR = a devica designed to cause a 1ou in energy in a system with-
out introlducing apprecisble distortion in the desired frequencies.

ATTITUDE - the position of an aircraft as deterained by the inclination
of its axes %o some frans of reference,

AUDiO = pertaining to frequencies of audible sound wvaves between about
20 and 20,000 cycles per second.
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AUTOMATIC GAIN CONTROL {AGC) - a cireuit, also called the Automatic Volume
Control, which automatically varies the over-all amplification, in-
versely proportional to input signal strength changes, such that the
output volume of the receiver remains constant,

AUTOMATIC PILOT - an sutomatlic control mechanlsm for keeping an aircraft
in level flight and on & set course or for executing desired
maneuvers. Sometimes called gyropilot, mechanical pllot, robot
pilot, or auto pilot.

BALLISTIC MISSILE - a vehicle whose flight path from terminatidn of thrust
to impact has essentially zero 1lift. It is subject Yo gravitation

and drag, and may or may not perform maneuvere to modify or correct
the flight path.

BAND, FREQUENCY ~ in communicatlons and electronics, a continuous range
of frequencles extending between two limiting frequenciles.

BANDWIDTH - the difference in frequencies between the lowest and highest
-frequency parameters of a circuit, such as tuned circuit, modulated
radio signal, servo-mechanism, or radic station channel assignment.

BEACCN, RADAR - generally, a nondirectional radlating device, containing
an automatic radar receiver and transmitter, that receives pulses
("interrogation”) from a radar, and returns a similar pulse or set
of pulses ("response"), The beacon response may be on the same
frequency as the radar, or may be on a different frequency.

BOOSTER - an auxillary propulsion system which travels with the missile

and which may or may not geparate from the missile when itas impulse
has bteen delivered.

CANARD - a type of sirframe having the stabllizing and control surfaces
forward of the main supporting surfaces.

CENTER OF GRAVITY - the point st vhich all the mass of & body may be

regarded as being concentrated, s¢ far ss motion of traunslation is
concerned.

CHARNNEL - in radic communications, the band of frequencies within which
a radio transmitter or receiver must maintain its modulated carrier
~signal.

CLUTTER, RADAR - the visual evidence on the radar indicator screen of
gsea-return or ground return which tends to obscure the target
indicatien. '

COAXTAL LINE - a cable having conceniric conductors. Used as a trans-
mission line for audilo, radio, radar, and television signals.
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COMPUTER - & mechanism which performs mathematical operations.

CONICAL SCANNING - a radar scanning system vwhereiln & polnt on the radar
beam describes a circle at the base of a cone, and the axis is the
generatrix of the cone.

CONTROL, BANG-BANG - & control system used in guldance wherein the correc-
tive control applied to the miselle is always applied to the full
extent of the servo motion.

CONTROL, PROPORTIONAL - control in which the actlion to correct an error
is made proportional to that error.

DAMPING - the effect of friction or its egulvalent in reducing oscillsilon
. of a system.

DESTRUCTOR - an explosive or other device for intentlonally destroying a
missile, an alreraft, or a component thereof,

DIFFUSER - a duct of varylog crose section deslgned to convert a high-
speed gas flow into low-speed flow at an Ilncreased pressure.

DISH, ‘RADAR - the parabolic reflector which is part of certain radar
antennas.

DOPPLER EFFECT - the apparent change in frequency of & sound or radio
wave reaching an observer or a radio recelver; caused by a change
in distance or range between the source and the observer or the
receiver during the interval of reception.

DRAG - that component of the total air forces on & body, in excegs of the
forces owing to static pressure of the atmosphere, and parallel to
the relative gas stream but opposing the direcetion of motion. It
i1s composed of sgkin-friction, profile-, induced-, interference-,
parasite-, and base-drag components.

DUCTED PROPULSION - generslly refers to any propulsion system which passes
the surrounding atmosphere through a channel or duct while acceler-
ating the mass of air by & mechanlcal or thermal process.

GATE - {1) In radar or control terminology, an arrangement to receive
signals only in & small, .selected fraction of the principal time
interval. (2) Range of sir-fuel ratios in which combustion cen .be
initisted. (3) In computer terminology, & device used to control
passage of information through a circuit.

GIMBAL - & mechanical frame containing two mutually perpendicular inter-
secting axes of rotation (bearings and/or shafts).
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GUIDANCE - the entire process of determining the path of a missile and
maintaining the missile on the path,

GUIDANCE, BEAM RIDER - a guidance system in whichk equipment aboard the
misaile causes it to seek out and follow a path specified by a beam.

GUIDANCE, CELESTIAL NAVIGATION - navigation by means of ohservations of
celestial bodies. A system wherein a missile, sultably Instrumented
and containing all necessary guidance equipment, may follow a pre-
determined coursge in space with reference primasrily to the relative
positions of the missile and certain preselected celestial bodies.

GUIDANCE, COMMAND - a guidance system vherein intelligence transmitted to
the missile from an outside source causes the misaile to traverse a
directed path in space.

GUIDANCE, HOMING - a system in which g missile steers toward a target dy
means of radistion which the missile receives from the target,
either by reflection {radar or visidle light) or by emission from
the target {infra-red or acoustic energy).

GUIDANCE, BHOMING, ACTIVE - a form of guldance wherein both the source for
11luminating target and the recelver are carried within the missile,

GUIDANCE, HOMING, PASSIVE - a system of homing guldance wherein the re-
ceiver in the missile utilizes natural radiations from the target.

GUIDANCE, HOMING, SEMIACTIVE - s system of homing guidance wherein the
receiver in the missile utilizes radiations from the target which
has been 1lluminated from a scurce other than In the migsile.

GUIDAKCE, INERTIAL - a form of guidance in which all guldance components
sre located aboard the misgsile. These components include devices
to measure forces acting on the missile and generating from this

measurement the necessary commands to maintain the missile on a
desired path.

GUIDARCE, MIDCOURSE - the guldance applied to a misslile between the termi-

nation of the lasunching phase and the start of the terminal phase of
guldance,

GUIDANCE PRESET - a technigue of missile control wherein a predetermined
path is set into the control mechanism of the vehicle and cannot
be adjusted after launching.

GUIDANCE, RADIO RAVIGATION - a form of guidance in vwhich the path of the
missile is determined by a time measurement of radic signals.

GUIDANCE, TERMINAL ~ the gujdance applied to a mlssile between the termi-
nation of the midcourse guldance and impact with or detonation in
close proximity of the target.
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GUIDANCE, TERRESTRIAL REFERENCE - & technique of missile control wherein
the predetermined path set into the conirol system of a missile
can be followed by a device in the missile which reacts to some
property of the earth, such as magnetic or gravitaiional effects.

QUIDED MISSILE - an unmanned vehicle moving sbove the earth's surface,

vhose trajectory or flight path is capable of being altered by &
mechanism within the vehicle,

GYROSCOPE - a wheel or disc, mounted to spin rapidly about an axis and
also free to rotate gbout one or both of two axes perpendicular
to each other and to the axis of spin. A gyroscope exhibits the
property of rigidity in space.

HUNTING - a condition of instability resulting from over-correction by a
control device and resultant fluctuations in the quantity intended
to be kept constant.

EYPFERGOLIC - capable of igniting spontaneocusly upon contact.

ILLUMINATOR, TARGET - & trensmitiing device on a missile or off that is
used in guiding on the target.

INTERCONTINENTAL BALLISTIC MISSIIE (ICBM} - a ballistic missile which
has a renge of approximately 9000 nautical miles.

INTERMEDIATE RANGE BALLISTIC MISSILE (IRBM) - a ballistic missile which
hes a range of approximately 1500 nautical miles.

TONOSPHERE - that portion of the earih's atmosphere, beginning about 30
miles sbove the earth's surface, which consists of leyers of highly
ionized air capable of bending or reflecting certain radlo waves
back to the earth.

JAMMING - intentional transmission of r-f erergy, in such a way as to
interfere with reception of signais by another station.

JATO - an auxiliary rocket device for applying thrust to some structure
or apparatus. :

JET - an exhaust stream or rapid flow of fluid from a small opening or
nozzle,

JET FROPULSION - the force, motlon or thrust resulting from the ejection
of matter from within the propelled bedy.

IOBE - one of the three~dimensional portions of the radiation pattern of
& 4irectionel sntenne.
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MACH HUMBER - the ratio of the veloclity of a body to that of sound in the
nediwm being considered. At sea level in alr at the Standard U. S.
Atriozphere, a body moving at a Mach number of one {M-1) would have
a velocity of approximately 1116,2 feet per second, the speed of 'y
sound in air under those condltions.

MISSILE -~ a self-propelled unmanned vehicle which travels above the e
earth's surface.

NOZZIE - & duct of chonzing cross secticn in which the fluid velocity is
increased. Hozzles are usually converging-diverging, dbut may be
uniformly diverging or converglng. '

PHOTOTHECDOLITE « o dovice for measuring and recording the horizontal and
verticcl cnzles to a nlssile vhile photomraphing ite fiight.

PITCE - an enrular dicplecensnt about an axls parsllel to the lateral
axis of an airframe,

PROFELLANT - mmterial consisting of fuel and oxidizer; elther separate or
together in a mixture or compound which if sultably ignited changes
inte a larger volumz of hot gasss, capeble of propelling a rocket
or other projectile,

PULSE - a single disturbance of definite anplitude and time length, pro-
pagated as a wave or s=lectriec current.

RAMIET - a comprossorless Jet-propulsion device which depends for its

operation on il2 alr compression accomplished by the forward motion
of the unit. :

ROCKET ~ a ithrust-preducing system or e complete missile which derives its
thrust froa ejestion of hot goases generated from material carried
in the systen, not requiring intale of alr or water.

ROLL - en anvular displacerent ehout an axis parallel to the longitudinal
axis of an airfrooa,

>
SEEKER, TARGET - a receiving device on a missile that receives signals

emitted from or reflested off the target that is used in guilding on

the target. v

SIGNAL - zny wave or variation theresof with time serving to convey the
desired intelligence in coummmnication.

SONIC - velocity that is equal to the local speed of sound.
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SPECIFIC IMPULSE, FUEL - thrust developed by burning one pound of fuel
in one second, or the ratio of thrust to the fuel mass flow.

SPEED OF SOUND - the veloclty at which sound waves are transmitted through
a medium. Speed of sound in the alr varies as the square root of
the absolute temperature. {See "Mach Number.")

SQUIB - a small pyrotechnlc device which may be used to fire the igniter
in a rocket or for some aimilar purpose. Not to be confused with a
detonator which explodes.

SUBSONIC - a veloeity less than the local speed of sound, or than a Mach
number of one.

SUPERSONIC - & velocity that is greater than the local speed of sound.

SUSTAINER ~ & propulsion system which travels with and does not separate
from a missile, ususlly distinguished from an auxiliasry motor, or
booster.

TELEMETERING SYSTEM - the complete measuring, transmitting, and receiving
apparatus for remotely indicating, recording, and/or integrating
informetion.

TEECDOLITE - an optical instrument for measuring horizontal and vertical
angles with precision.

THROAT - in rocket and jet engines, the most restricted part of an exhaust
nozzle,

THRUST - the resultant forece in the direction of motion, owing to the com-
ponents of the pressure forces in excess of ambient atmospheric
pressure, acting on all inner surfaces of the vehicle parallel to
the direction of motion. Thrust less drag equals accelerating force.

TRANSONIC - the Intermedlate speed in which the flow patterns change from
the subsonic flow to supersonie, i.e. from Mach numbers of about .8
to 1.2, or vice versa.

TURBCJET - a Jet motor whose air is supplied by a turbine-driven com-
pressor; the turbine being activated by exhaust gases from the motor,

YAW - an angular displacement about an axis parallel to the "normal” axis
of en aircraft.
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GLOSSARY OF ABBREVIATIONS

-A-
Al wcnccaaa Antizireraft Artillery
AAFCS wmm=mw Antiaircreft Fire Control System
AAGM—mmn e Antisireraft Guided Missile

ARL-waw==== Allegany Ballistics Labcratory

AFB=cecem~- Air Force Base

AFFawom=a=a Army Fleld Forces

AMMQ-mmenun Army Missile Mobility Orientaticm
AQTLmmmwona Ay Ordnance Technical Liaison
APGeemumnnaw Abverdeen Proving Ground
AprXe——ennmn Approximate (~ly)

ARMACOM-=== Army Apntisircraft Command

ARADCOM--~~ Army Alr Defense Command

ARGMA ~==uea Army Rocket and Guided Missile Agency
ASFevameau- Army Service Forces
ASPecaccaas Annual Service Practice
Aggyescmna~- Assenbdbly
Aval-en---= Avallable
aBm

Bd—:qnnnﬂun- M
BRLenm--~=- Balllgtics Research Laboratory

BlL-ee—a——- Bell Telephcme Laboretories
e,
CBr=rmmm—eem Corps of Engineers

CGq-q-aﬂ-"- Cm'tﬂr Of Gﬂﬁtﬁf
Chap==mama= Chapter
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.
Cir=--m-m=-- Circular
COemmmmenn Camanding Officer
COmmmwonnau= Company
COFORD==a=~ Chief of Ordnance
Cod-cean=a Command
Comdttenenan Coomandex
Compl--m=n= Carplete {-tion)
CONARC = =w=n Continental Arxmy Commander
CONUS~eman= Continental United States
COrpaen=uaa Corporation
CPFFe~==n=n Cost Plus Fixed Fee
CDS=mmmnunn Cycles Per Seeond
CRecccacaan Cost Relmbursable
CYfemmunmnan Calendar Year

«Dw
3 N Department of the Army
DAC~mmeneaa Douglas Aireraft Company
DeVanmcnna=a Development
DFaceancana Dispositior Form
Divevemnan= Diviaion
DOFLe-=-- «- Diamond Ordnanece Fuze Laboratory

B~
BECM-nemman- Rlectronie Commtermeasures

Bquip-~a~=~= Equipment
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JHUmm e —a=—

J?L--ﬂqh---

LbGammanm-e
mb-'--“-‘-
Ltp-am-me=-

-F=
Facilities
Fleld
Fixed Price
Feet Per Second
G-

Guggenhelnm Aeronautical Iaboratory - California
Institute of Technology

Government Furnished Equirment
Guided Missile

-H-
Headquarters

-I-
International Business Machine

Intercept Ground-~-Station Optical Reeorder
Inelusive; Inclosure

Information

Installation

Tnhibited Red Fuming Nifric Acid
intercept Target Optical Recorder

i,
Jehns Hopkins University

Jet Propuwlsion Laboratory

.L-
Laboratory (-ies)

Powmds
Livraxy
Letter
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M-

Meeh-«=ve== Mechanizm

Mfge—mmmm—— Manufacture (-r; -ing)

Mil-ceew-m= Militaxy

Ml eem————— Millimeter

.32 CEEEE T Miles Pexr Howr

HEge——acwn= Message

MB8l--—mawcn Missile

MAO~ammema=w Hodiﬁeation Work Order
-N-

RAmcamuaana Kot Applieable

MMmmmmme o Nautical Miles

NYOD--=== ~~ New York Ordnance District
-0~

OC M= e e Ordnance Comittes Meating

5 o] o R Office, Chief of Ordnance

Ord--esme== Ordnance

T ename=a Ordnanse Technical Cmittee Mesting
~P- |

Pergeme=-a- FPersonnal

PITammnanwe= Performance Inprovenent Test
PPlreecna-a Predieted Point of Iniercapt

P8le-ca= === Pounds Per Square Inech

QtBemmmmm-=  Quarts
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-R-
BRiD=emewnw- Research and Development
ROATwme==n= Radio Controlled Aerdal Teargets
RCRCema==a= Red Canyon Range Cemp
Reerecnmcaa Regarding
Regpeenenac Responaible
RFfccncmecns Rapid-Fading
RFRA—-m=ee- Red Fuming Nitrie Acid
Rktemmmomw= Rocket
RSAwecnanca Redstone Arsenal

~S-
SEAmmmmnana Safety and Arming
Setrwmcacna Second
SLeneeam==n Sea Level
S /Namacaaan Serial Number
Subj--===a= Subject
SVemmcnnaaa Service

-

Tethraemena Technical

Telecon---- Telephone Conversation

Tlevceee—aee Teletype

-U-
Unauthenne- Unauthorized

W=
VECOm====na= Western Flectrice Company
USEGanm=an= Weapons System Evaluation Group
WSMR==wn~an White Sands Missile Range

WSPGm====== White Sands Proving Ground
-x-

XSAM-A---~- Experimental Surface-to-Air Missile ~ Army

217
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APPENDIX 1

TENTATIVE MILITARY CHARACTERISTICS
OF THE ANTIAIRCRAFT GUIDED MISSILE SYSTEM

1. MISSILE. The missile should incorporate the following features:
a. Belf-propulsion at high speeds.

b. Ability to destroy a large type bombardment alrplane when
detonated within sixty feet of the alrplane.

¢. Ability to operate effectively up to altitudes of £0, 000

fest and to slent ranges of 50,000 yards from the 1aunching gite.

d. A self-destroying feature to operate in case of & miss or
malfunction of the missile.

e. Time fuze and proximity fuze and continuously controllable
fuze.

n. CONTROL. Control of the missile should include the following
features:

s. Continuous control up to the moment of detonation and con-
tinuous control of detonation to override the time and proximity fuze
functlon.

b. Flexibility in control to provide internal, external, or
predetermined control of the cowrse.

c. Accuracy suffisient to bring the missile to within sixty
fest of & selected aerisl target.

d. The highest degree of security ageinst interference or
enemy countermeasures.

e, Abillity to control several missiles simultaneously against
the same target.

3. MISCELLANEOUS.

&. The highest practicable rate of launching misailes iz desired.

b. Launching equipment, control equipment, and all accessorles
should be transportable by motor vehicles.

c. The time réquired to assemble equipment for operation after
it has been transported should be as short as practicable. A period of
not more than three hours 1s deairable.

d. TFlash and smcke at the time of launching should be a minimum.
SOURCE: Ordnance Committee Meeting Item 29012, subject "Anti-Alrcraft

Guided Migsile for Ground to Air Firing - Initiation of a

Development Project, Recommended,” 13 September 1945.
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APPENDIX 2

DEPARTMENT OF THE ARMY
Office of the Chief of Ordnance
Washington 25, D. C.

In reply refer to: 26 June 1951
ORDTU
0.0. 682/159
SURJECT: Transfer of Research and Development Responsibility to Redstone
Arsenal
TO: Comzending Officer

Redstone Arsenal
Huntsville, Alabams

1. The responsibility for the conduct of certain guided missile
projects in the research aund development program will be transferred to
Redstone Arsenal. The rate at which projects are transferred to your
Arsenal must necepsarily be geared to your ability to effectively carry
them out without any delay or disruption to the projects.

2. a. The respongibvility for the conduct of the repesrch and de-
velopment program on the following proJjects will be transferred from the
Rocket Branch of this office o Redetone Arsenal effective on or about
16 August 1951:

Dept Army No. ord Yo. . Short Title
DAO 516-04-001 TU1=3000 NIKE
DAO 516-05-005 TUL-2 CORPORAL

: b. The transfer of the CORPORAL Project to your Arsepal does
not ineclude responsidility or Jjurisdiction of any other research and de-
velopment activities at the Jet Propulsion Laboratories being conducted
under the ORDCIT Contract {CAO 516-01-001, TUl-l1).

3. In general, the responsibilities transferred to the Arsenal will
cover the monitoring, coordinating, and conducting of the t{echnical aspects
of the assigned projects. Redstone will be the sole source of instruction
to the contractor. This office will retain general direction and render
decisions in the following matters:

Fis

a. Poliey, scope, and objectives of the project.

b. Original approtch and major changes in the design, perfor-
. mance and operation of the missile.

L, Thie division of responsibility nacessitetes that the closest
possible lialson be maintained between Redstone sand the ¢perating Branches
of this offica. This is particularly emphasized becavse of the semi~
vertical organizational structure for guided missiles within the Ordnance
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CO, REDSTONE ARSENAL
Subj: Transfer of R & D Responsibility to Redstone Arsemal

Corps resulting from the designation of Major General Quinton as alter

ego of the Chief of Ordnance for Guided Missiles. It is necessary there- v~
fore that ORDIU have more lmmediate access to Information concerning guided
missile projects than 1s required in any other fleld of research and '
development.,

5. In order to assist you in carrying out your responsibilities with v
respect to NIKE I and CORPORAL, this office will transfer its project kg
officers, Captaln John R. Grace and Major R. C. Mlles, to your Arsenal
effective 16 August 1951. Thege officers are assigned to their respective
Ordnance Districts with station at the contractor’s plant.

Name Project Location
Lt Col R. E. LeRoy NIXE I Bell Telephone labs, Whippany, N. J.
Major H. E. Whitmore NIKE I Douglas Alreraft Co, Santa Monica, Calif.
CORPORAL -
Major G. E. Parsons CORPORAL, Jet Propulsion lab, Pasadena, California

BY COMMAND OF MAJOR GENERAL FORD:

ce: /8/ Leslie E. Simon
FYOD /t/ LESLIE E. SIMON
LAOD Brigadier General, USA
ORDIM _ Chief, Ord Res & Dev Div
CRLFM

CRIHO
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APPENDIX 3

WAR DEPARTMENT
Office of the Chlef of Ordnance
Washington, D. C.

ORDTU 19 February 1953

SUBJECT: Assigmment of Responsibllity for Technical Supervision of
Develomments Related to the NIKE Project

TO: Commanding General
Redstone Arsenal
Huntsviile, Alabama

l. Reference is made to:

a. Letter, 0CO 00 682/159, 26 June 1951, subject: "Transfer
of Research and Development Responeibllity to Redstone Arsensl.”

b. Letter, Redstone Araenal, RSA 322/56, dated 23 October 1951,
subject: "Transfer to Redstone Arsenal of Technlcal Supervision on
Rocket and Guided Misslle Projeets,” with lst and 2nd Indorsements thereto.

¢. Letter, 0CO, 00 471.9/1238 dated 24 June 1952, subject:
"Pransfer to Redstone Arsenal of Technical Management of Certain Rockets
and Guided Missile Projects.”

d. Ordnance Corps Order, No. 43-52 dated 29 September 1952.

2. Reference l.a. transferred responsibllity for monitoring, co-
ordinating and conducting the technical aspects of subject, Project NIKE
Ordnance Number TU 1-3000.

3. The second indorsement of reference l.b. contained a Redstona
Arsenal request for assignment of responsibility to the Arsenal for
coordinating the development of all GFE components of the system. This
coordination responsibility must necessarily be retained by the OCO and
the other cognizant government agencies concerned. However, as was
projected in reference l.a., and to meeit the requirements of paragraph
4{3) of reference 1.4., responsibility is hereby transferred to Redstone
Arsenal for maintaining close technical lialson with other Government
field ingtaliations engaged in development projects related to the NIKE
missile system. Current related projects are:

Dept of Army Number Project Title Contractor.or
Regponsible Field
Agency
517=-10-021 Booster for NIKE Burean of Ordnance
Missile Dept of the Navy
517-10-027 Self-Destroyling G. L. Martin, Co.

Booster
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ORDTU
SUBJECT: Assignment of Responsibility for Technical Supervision of
Developments Related to the WIKE Project

516-16-002 Fragmentation - Picatinny Arsenal
Warheads for NIKE
Guided Missile

516-04-001 NIKE, Sup. Arming Frankford Arsenal
Device

505-06-00T Arming Mechsnism NBS
Safety T90

3-16-01-01% Study of SCEL
Susceptibility

of NIXE Control
Syatem to Counter-

measuresd.

3-18-03-043 GM Batteries SCEL
RB hO1/U .

3-18-03-08% Charger for BB 4O1/U SCEL

3-27-01-131 Battery Tester for SCEL
BB ko1/u

k. Because these parts of the NIXE project are with installations
under control of various hranches of the Research and Development Divi-
sion of OCO or with other agencies of the military, it 1s deslred that
recommendations be submitied through this office regarding changes,
improvements, cancellations or sccelerations that may be required to
maintair proper phasing with the basic NIKE project.

BY COMMAND OF MAJOR GENERAL FORD:

LESLIE E. SIMON
Major General, USA
Asslstant Chief of Ordnance
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LIST OF OCM'S RELATING TO NIKE PROJECT*

OCM ITEM SUBJECT
SECURITY CLASSTFICATION

33732 Guided Missile, XSAM-G-7 (NIKE)--Change in Security
Clessification from Secret to Confidential {C)

33840 Rules for Securlty Classification of Guided Missiles (U)

34619 Security Classification of the NIXE I and CORPORAL
Gulded Missiles and Associated Equipment (C)

34731  Security Classification of the NIKE T end CORPORAL
Guided Missiles and Associated Equipment {C) (This
meeting held to approve action of OCM Item 34619)

34906 NIKE and CORPORAL Guided Missile Systems--Downgrading
of Exterior Views to Unclassified (R)

34979 RNIKE 1 and CORPORAL Guided Missile Systems--Downgrad-
: ing of Certain Types of Information to Restricted (R)

35166 Rules for Security Classification of Guided Missiles--
Amendment of OCM 33840 (U) -

35348 NIXE I Surface-to-Air Guided Missile--Establishment of
Revised Security Classification Rules (C)

35398 NIKE I Surface-to-Air Gulded Missile--Establishment of
Revised Security Classification Rules, Action by AC of
FS, G-4 (0)

35465 NIKE I Surface-to-Alr Guided Missile--Amendment of
Security Rules Esteblished by OCM 35348 and 35398 (U)

35521 Detonator, Electric, T18E3--Establishment of Revised
Securlty Classification Rules {C)

35886 NIKE Antisircraft Guided Missile System--Authorization
for Modified Handling of Confidential Handbooks (U)

36037 Antiaircraft Guided Missile System--NIKE I--Recording
of Item Security Check Lists (U)

36507 NIKE AJAX Guided Missile System--DOA Project 516-0L-00L
(TU1-3000)--Revision in Security Classification (U)

36650 Guided Missile System, Antiaireraft (NIKE-AJAX)--
Revision in Security Check Lists (U)

T Jun

16 Aug

23 Apr

23 Apr
16 Jul
24 Sep
11 Feb

3 Jun

29 Jun
26 Aug
23 Sep
1 gl
15 Dec
11 Ap?

14 Nov

223

51
51

3

23

23

5T

* Securlty clessification of documents shown in parenthesis.
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OCM _TTEM

23905

24023

29012

292TT

33146

36203

34676
36504

32165

3396k

3590k

35992

APPENDIX L4 (Cont)
SUBJECT

INTTIATION OF DEVELOPMENT PROJECTS

Long-Range Rocket and Lawnching Equipment--Initiation of
Development Project, Recommended (S)

Long-Range Rocket and Lawmching Equipment--Initiation
of Development Project, Approved (S)

Anti-Alrcraft Guided Missile for Grownd to Alr Firing--
Initiation of a Development Project, Recommended (S)

Antil-Alrceraft Guided Missile for Ground to Alr Firing--
Initiation of a Development Project, Approved (9)

Anti-Alrcraft Guided Misslle for Ground-to-Air Firing
(NIXE)--Status of Prolect (8S)

Project TUL-3000, NIKE I,--Status of Project (C)

TRATLERS
Trailers for AAFCS M-33 and NIKE I Systems (R)

Dollies, Front and Rear, for Electronic Treilers (U)

NAMES FOR GUIDED MISSILES

System of Designation and Asslgnment of Popular Names
for Guided Missiles (R)

List of Ordnmance Corps Guided Misslle Prolects with
Type Designation and Popular Names (C)

Establishment of Policy for Identification of Guided
Missile Systems (U)

DEFINITION OF COMPONENTS

Gulded Missile, Antiaircraft, ML (NIKE I Inert)--
Definition of and List of Coamponents (U)

DATE

25 May 44

1 Jun 4k

13 Sep 45

4 Oct 45

5 Jan 50

10 May 56

26 Mar 53
11 Apr 57

29 Apr 48

25 Oct 51

28 Jul 55

20 Oct 55

)

1
Faa

]



OCM TTEM

34228

36325

31211
32542

33057
33hsk
33662
34199
34416

36129

36451

APPENDIX 4 (Comt)

SUBJECT

JATO
Jato, Self-Destroying, 2.5-DS-59000, Ti8; Jato, Self-
Destroying, 2.5-DS8-59000, Th9--Initiation of Develop-
ment {C)
Jato Unit, XM5 (For NIKE AAGMg--Temination of DA
Project 517-10-021 (Tuz2-2022) (C)

WARHEADS AND FUZES

Warheads for Pllotless Alrcraft and Guided Missiles--
Tnitiation of Development (C)

Department of the Army Guided Missile Program--Warheads

and Fuzes (S)

Fragmentation Warheads for Wesiern Electric Company,

Surface-to-Air Missile 3 NIXE (XSAM-G-7)--Initiation of

Development Project (S

Fragmentation Warhead for NIKE Guided Misslles: Warheads,

Frag., 130-1b., T9; 160-1b., T10; and 35-1b., Ti2--
Change in Military Characteristics (S)

Department of the Army Guided Missile Program--Revised
Projects, Quantities and Required Delivery Dates for
HE Warheads and Non-VT Fuzes (S)

Department of the Army Guided Missile Program--Revised

Projects, Quantities and Delivery Dates for HE Warheads

and Non-VT Fuzes (S)

Arming Mechanism, Safety, T90--Initiation of Develop-
ment {C)

Sefety and Arming Device, Guided Missile, M30 (T9OE3)--
Classified as Standard Type Safety and Arming
Device, Guided Misaile, M27 (T93 Type)--Classified as
Limited Standard Type (C)

Safety and Arming Device, Guided Missile, M30 (T9OE3)
Project No. TA2-6038 (505-06-007)--Termiration of {C)

DATE

8 May 52

L Qet 56

14 Nov k6

30 Dec 48

6 Qct L9

26 Oet 50

12 Apr 51

2k Apr 52

11 Sep 52

15 Mar 56

14 Feb 57
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OCM ITEM

36272

36394

34155

34h6h

34632

34775

34975

35057

35112

35311

35533

35591

35604

35810

35963

APPENDIX L4 (Cont)
SUBJECT

CODING SYSTEM

Modernization Coding System--Assigmment of Code to
Printipal Items (C)

Modernization Coding System--Assignment of Codes to
Major Secondary and Z2 Items (C)

ASSIGNMENT OF NCMENCLATURE

Assignment of Nomenclature to Major Components of the
NIXE Guided Missile System--First List (¢)

Servicer, Acid, Gulded Missile, XM2; Servicer, Fuel,
Gulded Migslle, XM3--Asslgnment of Nomenclature;
Servicer Missile Fuel and Oxidizer, XMl--Cancellation
of Romenclature (R) ‘

NIKE Guided Missile System--Assignment of Additlonal
Ncmenclature (C)

NIKE Guided Missile System--Assignment of Additlonal
Ncmenclature (C)

Trailer Van, Fire Control, M2L4El--Assignment of
Nomenclature (R)

NIKE Surface-to-Air Guided Missile--Assignment of
Nomenclature (R)

NIKE Guided Missile System--Assigrment of Additional
Nomenclature (U)

CORPCORAL and NIKE Guided Misslle Systems--Assigmment
of Additional Nomenclature (U)

NIKE I and CORPORAL Guided Missile Systems--Assignment
of Additional Nomenclature (U)

Projects NIKE, CORPORAL, and HONEST JOHN--Assignment of
Additional Nomenclature (U)

Rocket and Gulded Missile Materiel--Assignment of
Nomenclature (U)

NIKE I Gulded Missile System--Cancellation of Cexrtain
Nomenclature (U)

Establishment of "Y" Group for the Ordnance Book of
Standards (U)

DATE

9 Aug 56

13 Dee 56

27 Mar 52

23 Oct 52
26 Feb 53
21 May 53
10 Sep 53
5 Nov 53
17 Dec 53
6 vay 5
23 Sep 5k
L Nov 5k
18 Nov 54
5 Mey 55

22 Sep 55



OCM ITEM

36059

31055

33607

357H1

35829
36454

36476

33762

33972
34131
34722

3h7h
35067

APPRENDIX & (Cont)
SUBJECT

ASSIGNMENT OF: NOMENCLATURE (Cont)

NIXE Antialrcraft Guided Missile System--Assigument of
Namenclature (C)

ASSIGNMENT OF FRIORITY

War Department Priorities for Research and Development
Projects--Rocket and Guided Missile Materiel (C)

Rocket Branch Project--Assigmment of Priorities (S)

CLASSIFICATION AS STANDARD TYPE

Antiaircraft Guided Missile System (NIKE I)--
Classification as Standard Type (C)

Antisireraft Guided Missile System (NIKE I)--
Classification as Standsrd Type Approved by Research
and Development, 0CS (C)

Tool Set (Common), Organizaticnal Maintenance and
Ageembly, Guided Missile (NIKE)--Classification as
Standard Type (U)

Tool Set, Organization Mechanical Assembler, Guided
Missile (NIKE) Tool Set, Organization Electronie
Assembler, Guided Missile (NIKE) Tool Set, (Common),

Organization Maintenence, Launcher Loader, Guided
Misaile (NIKE)--Classification as Standard Types (U)

FROCUREMENT

FY 1951 OS&SA, P-120 Funds--Guided Missiles and
Assoclated Equipment--Procurement Authorization (38)

Guided Missile, XSAM-A-T7 (NIKE), Procurement of (S)
Guided Missile, XSAM-A-7 (NIKE), Procurement of (C)

Ordnance Support Company Equipment--Additiomal
Procurement of (S)

NIKE I, Ground Equiyment--Procurement of (S)

Training Equipment for NIKE I end CORPORAL-~Procure-
nent of (C)

227

DATE

5 Jan 56

26 Sep 46

15 Mar 51

T Apr 55

19 May 55

14 Fed 57

14 Mar 357

21 Jun 51
8 Nov 51

13 Mar S2

23 Apr 53

T May 53

13 Nov 53
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APPENDIX 4 (Cont)
OC¥ TTEM SUBJECT DATE

PROCUREMENT (Cont)

35106 FY 1954 NIKE Program--Procurement (C) 17 Dec 53
35324  FY 1954 NIKE Program--Additional Procurement of (C) 20 May 54
35420 NIKE--FY 1955 Procurement Program (C) 29 Jul 54
35549 Guided.Miasile, Surface-to-Alr, XM1--FY 1955 Procure-

ment of (C) 7 Oct 54
35561 Warhead Kit, Practice, Guided Missile XM63--FY 1955

Procurement of (C) 21 Oct 54
35576 Guided Missile, Surface-to-Alr, XM1--FY 1955 Procure-

ment of Approval By DEP 10G (U) 21 Oct Sh
35628 NIKE I Ground Equipment~-FY 1955 Procurement of 10

Additional Sets (C) 16 Dec Sh
35677 NIKE Miscellaneous Items--FY 1955 Procurement of (C) 27 Jan 55

35733 NIKE Ord 6 Test Equipment--FY 1955 Procurement for (C) 24 Mar 55

35735 NIKE--FY 1955 Procurement Program (C) 24 Mar 55
35762 NIKE Ground Guidance and Control Equipment--FY 1955
Procurcment for (C) : 21 Apr 55
35915 Guided Missile, Antiaircraft, M1 (NIKE) Inert--FY
1955 Procurement of (C) 11 Aug 55
3600k  NIKE Universal Program--FY '56 Procurement (C) 17 Nov 55
36071 NIXKE Missile and Missile Equipment--FY 1956 Procurement
of (C) 19 Jan 56
36227 Inert Training Components for NIKE I--FY 56 Procurement
of (C) 7 Jun 56
36313 EHigh Performance Tsrget Drones for NIKE AA Unit Train-
ing (8) 20 Sep 56
B
DEFICTIENCY FUNDING e
34207 Gulded Missiles, XGAM-A-7 (NIKE)--Deficiency Funding )
FY 1951 Missile Program, Project 1420 (P1430) (S) 24 Apr 52
1
345289 Guided Missile, XSAM-A-7 (NIXE I)--Deficiency Fund- -
ing (C) 5 Jun 52

TERMINATION OF DEVELOPMENT

36677 DOA Project 516-04-001 (TU1-3000) NIKE AJAX - Termina-
tion of Development (C) 9 Jan 58
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DATE /fTIME

RQUND MISSTLE

NUMBER RUMBER

TEST RESULTS

9-2h-46
1015 Hrs.

9-27-46
1000 Bra.

10-1-46
1029 Hrs.

10-8-46

10-11-h5
0950 Hrs.

10-15-k6:
1423 Ers.

10-18-46
1050 Hre.

A Lh6-A
B 46-B
c 46-c
1 462
2 -3 -
3 k6-5
4 h6-1

SUCCESSFUL--Launcher and booster performance satisfactory; missile aerodynamically
stable both before and after booster separation. End-of-Boost Velocity: 1,840 ft/sec.
Migsile coasted to altitude of 30,600 ft. Time of flight: 92 sec. IYmpact Distance
from lavncher: Missile 2.5 miles, Booster 8 miles.

SUCCESSFUL~-Performance esseﬁtia.'l.‘ly the same as Round A. End-of-Boost Velocity: 1,900
f£t/sec; Peak Altitude: 43,300 £%; Time of Flight: 98 sec; Impact Distance from
Launcher: Misaile 2.4 miles, Booster 0.6 miles.

SUCCESSFUL~-Performance essentially the same as Round A. End-of-Boost Veloeity: 1,900
t/sec; Peak Altitude: 52,150 £t; Time of Flight: 110.35 sec; Impact Distance from
Lammcher: Missile 0.4 miles, Booster 0.6 miles.

SUCCESSFUL--Lawmcher, booster, and motor performance satisfactory. End-of-Boost
Velocity: 1,900 £t/sec; Peak Altitude: between 130,000 and 150,000 f£t; 'l'imeuof Flight:
miles,

about 206 -sec; Impact Distance from Launcher: Missile 4.3 miles, Booster O.

PARTTALILY SOCCESSFUL--Poor separation of missile booster combination was observed, but
the 1iquid-fuel rocket motor perforwmed satisfactorily. Poor separation attributed to
explosicon of ane of the booster wnits early in boost phase. End-of-Boost Velocity:
1,850 ft/sec; Peak Altitude: about 110,000 feet; Time of Flight: 199.2 sec; Impact
Distance from Lawncher: Missile 17.1 miles, Booster 1.1 miles.

UNSTUCCESSFOL~--Erratic behavior of this round stemmed from power plant failure.
Sequence of events during boost rhagse indicated some irregularity of thrust, or non-
simmltaneous thrust toward the end of bhoost. Malfunction of power plant was sapparent-
1y caused by failwre of pressure regulator in the fuel feed system. Another possible
cause vas damnge of missile aft section and power plant by booster interference at
separation. End-of-Boost Velocity: 1,960 fi/sec; Pesk Altitude: 58,900 feet; Time of

Flight: 170.8 sec; Impact Distance from Launcher: Missile 8.2 miles, Booster 1.0 miles.

URSUCCESSFUL~--M1sslie failed to attein arming altitude due to engine trouble. At
separation, boostor struck migsile with sharp sideward blow and kmocked motor off.
Exd-of-Boost Velocity: betwesx 1,900 and 1,930 ft/sec; Peak Altitude: 35,500 £t; Time
of Flight: 96.8 sec (noie tims of £iight for dumy rouwnds without mbtorss; Impact
Lietance foom lawmcher: Mizaile 0.8 miles, Booster 0.4 miies.

ﬁ:gpen&;!.x

TAZIE J.
. 1Table 1

FIE-v, EOmMDOEMAL FIRINGS
5] A 3@
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DATE /TIME

ROUND MISSILE
NUMBER  NUMBER

TEST RESULTS

11-12-46
1433 Hrs.

11-15-46

143% Hrs.

1-10-47
1530 Hrs.

1-2h4-L7
1607 Hrs.

1-28-47
1405 Hrs.

5 46-6

© 1imited to 8.8 seconds.

UNSUCCESSFUL--Motor birvke away from missile at booster separation in the same manner
as Rowd 4. Examination of wmissile boattall sections showed mwarkings and bends
received from sidewlse blows of booster. End-of-Boost Velocity: 1,920 ft/sec; Peak
Altitude: between 32,700 and 34,200 £1; Time of Flight: about 95 seconds; Impact
Distance frox Launcher: Missile 0.5 miles, Booster 0.2 miles.

UNSUCCESSFUL--An explosion occurred as the missile was rising in the launcher.
Missile and booster were disintegrated and lsuncher rails badly damaged. Flight time

UNSUCCESSFUL--Ancther explosion occurred in the laumcher, destroying the missile and
booster, and again damaging the laumcher ralls. The Fastax Camera recorded three
explosions in the lawncher, the first cccurring after the missile had moved 3 or b
feet. Time of flight estimated at 7.5 seconds.

GERERALLY SUCCESSFUL--With certain changes to decrease changes of explosion, lawmching
of thies rownd was entirely successful. Seperation was good, the Eud-of-Boost Velocity
being computed as 1,915 f£1/sec. Power flight phase was also apparently nomual; how-
ever, after the end of thrust, fllght was far from vertical for wmknown reasons. When
last seen, the missile was about 2 miles away, still climbing fast and traveling in a
south-gouthwesterly direction. Its peak altitude was estimated at about 102,000 feet,
16 miles away. Although the missile was cbserved to cantinue in its southwesterly
flight, its impact—estimated to be over 25 miles awny--was not actually located. The
booster main assembly was found about 425 yards due east of lawnching site.

URSUCCESSFUL--Due to booster misfire, missile falled to leave lawuncher. When the fir-
ing irpulse was delivered, there was a flash and burst of emoke at the launcher, but
no appreciable movement of either the missile or bvooster. ILater inspection revealed
that only one of the four booster grains burned, and it at a greatly reduced pressure.

TARLE 1. (Cout)
Appendix 5

SOURCE: Report on the Field Test Program of the 1946 NIXE, DAC Report No. SM-13048, 8 Jul 47 (Teble 1)

(ARGMA Tech Lib,

R-14951) . 231

E,



-CONEIBENHAL

OBJECTIVE: To tezt the la.mich, booet, end separation phases of the flight using the single Allegany
booster and the single-rall launcher,

Round J 14 15 16 17
Missile Serial Number L7-R 47-17 4718 L7-11 h7-1h
| Type of Missile Dummy Powered Powered Powered Powered
Date of Firing 6-17-48 6-29-48 7-1-48 7-8-48 7-13-48
Time of Firing, MST 154 0930 0939 0930 0031
Launching Angle, Degrees North
from vertical 20 20 20 20 400
Velocity at End of Boost, ft/sec. 1600 1880 1885 1880 1900
Altitude at End of Boost,
feet above WSFG 1800# 3150 3230 3272 2100
Time at End of Boost, seconds 2.30% 3.24 Bendix | 3.19 Bendix | 3.19 Bendix 3.14% Bendix
Observations concerning Boost Excellent to | Slight disper- "
time of fin | sion to north
failure '
Observations concerning Separation -_ Satisfactory | Satisfactory  Satisfactory Satisfactory
Velocity at Missile Motor Burn-out,
£t /sec. 2200 2450 2200 2350
Time of Missile Motor Burn-out - 18.7 21,95 16.22 19.46
Observations concermning Flight — Normal #* Dispersion Normal Trajectory lower
; _ to NE than predicted
Altitude at top of Trajectory,
feet above WSPG - 96,000 _— 89,000 23,500
Time to top of Trajectory, seconds —_ 75 - 73 32
Time to Detonatlon, seconds — 152.70 23.85 136.35 55.15
Missile Impact Location from ILawncher { 1/2 Mi. NE | 5-1/2 Mi. W 2Mi. NE |6-3/4 Mi. N 18 Mi. N
Booster Impact Location from Launcher | 1/k Mi. SE 3/4 Mi. NE 1/% Mi. NW 1Mi. N h-1/2M1. N
Missile~Borme Camera Recovery None carried Recovered Recovered Recovered Not found
intact
Remarks Inst. film High lateral
Both filmse Both films | good. Helio- acceleration
Zood. good. Zraph camera during motor
did not rmm. burning.

#Booster finsg failed at 2.30 seconds.
of last booster flame 2.83 seconds.
*#0scillationg during descent.

Data listed corresponds to this time.

Flight abruptly terminated. Time

TABLE 2.

SQURCE:

1648 NWIKE FIELD TESTS—L48-0 TEST SERIES

Project NiKE Statos Koport, 1%, 14 Dew 48 (ARGMA Tech Lib, R-12083)

Appendix
{Tanle

3]
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A'-‘:_x:n'uul :
OBJECTIVE: To test the automatic roll-cont:fo:t-aya DY B

Round 18 19 20 21 22
Missile Serial Number _48-20 _4g-21 48-22 48-23 4824
Date of Firing T-16-48 T-29-08 T-30-48 8-17-48 9-9-43
| Time of Firing, MST _ 1040 1110 1610 1 1555
Launching Angle, Degrees North
from vertical 20 20 20 _ 20 20
launcher Number _ 2 2 1 2 1 (short rails)
Veloeity at End of Boost, ft/sec. —_ 1840 1860 1860
Altitude at End of Boost,
feet above WSPG —_ 2250 2230 2300
Time at End of Boost, seconds 2.30 2.20 2.20 _
Observations concerning Boost Satisfactory Satisfactory | Satisfactory Dispersion
to east
Obgervations come Separation Satisfactory Satisfactory | Satisfactory Satisfactory
Velocity at missile Motor Burn-out, g § = -
£t /sec. g g 8 2L00 —_ -
Time of Missile Motar Burn-out, seconds | . § 21.47 22.2 21.8 18.0
Altitude at top of Trajectory, g ke
feet above WSPG e ® 122,000 — 112,900 . ° 76,400
Time to top of Trajectory, secands g4 g 95 — 86 -
Time to detopation, seconds, by command | @ @ o 166.88 _187.35 166.85 129.29
Missile Jmpact Location from Launcher §~a % [ 33,000 £L. 30,600 ft. 3—8_L‘1, 35 £%. ] 112,100 f%.
at 100° at o° at 231° at 209°
Booster Tmpact Location from Leuncher 2,334 f£t. 3,160 ft. 3,500 ft. 4,000 ft
. at 210° at 73° | at 148° at 80°
Remarks cn Roll Stabllization Stabilized 2 Stabilized | Falled %o roll | Stabilized at
times out of 5 | only during [ stabilize duwr- | all commands ex-
commands be- first com- ing any por- cept where pro-
fore losing mand period. | tion of the gram interval
hydraulic pres- flight., was too short.
sure. (Rate gyro in-
stalled)
TABLE 3. 1948 NIKE FIELD TESTS—h8-1 TEST SERTES
Appendix
SOURCE: Project NIKE Status Repo:t, BT, 15 Dec L8 (ARGMA Tech Lib, R-12083) {Table 3




OBJECTIVE: To test the L8-1 version of the Aerojet cluster booster preliminary to using it on the
Rournd "Q" was also fired to test detonator system cilrcult response

48-1 1ive missiles.

to Bignals from the beacon coammand or fail-safe system.

Round I K L Q
Missile Serial Fumber 47T 47X L7-M 47-L
Date of Firing 6-15-48 6-24-k8 T7-1-48 9-14-48
Time of Firing, MST 1530 0936 1500 1036
Launching Angle, Degrees North

from vertical 2° 20 20 a°
Launcher Number 2 2 1 1
Velocity at End of Boost, ft/sec. 1750 1760 1760 1732
Altitude at End of Boost,

feet above WSPG 2ly70 2460 2460 2560
Time at End of Boost, seconds 2.58 2.53 2.62 2.66
Deviation at End of Boost Satisfactory Satisfactory Satigfactory Slightly Eastward
Observations concerning Boost Satisfactory Satisfactory Satisfactory Satisfactory
Obgervations concerning Separation Satisfactory Satigfactory Satisfactory Satiafactory
Obgerwations concerning Free Flight Satiefactory Satisfactory Satisfactory Oscillations for

: short time
after boost

Altitude at Top of Trajectory, '

feet above WSFG 34,160 34,200 32,720 34,000
Time to Top of Trajectory, seconds ftﬁ ft5 Ly 2
buration of Flight 96.13 ; 95.01 95.82 oL.0
Missile Tmpact lLocation from ILauncher| 4,590 ft. at 34° 16,550 £t. at 340° {11,673 £t. at 313° {10,800 £t. at 77°
Booster Impaet Location from Launcher| 2,320 ft.at 220° | 2,685 £4. at 335° | 3,006 ££. at 137° | 3,200 £%. at 29°
Detonation System Check

(powder explosion), Time, Seconds 45.1 Not detected 41.95 Satisfactory*

#Pelemetering Inoperative from 7.5 to 84.0 seconds. Detonation system was satisfactory during recorded time.

TABLE 3.

SOURCE: Project NIKR Status Repcst, BT, 15 Dec 48 (ARGMA Tech Lib, R-12083)

1948 NIXE FIELD TESTS—48-1 TEST SERIES (Cont)

Appendix 5
(Table 3)
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OBJECTIVES: Rowmds 24 & 25—To test the automatlc
programed coamvands for spin and stabilization.
yawv, and roll-contrel systems in a program of commands for specific pitch accelerations.

Ontrol system during a series of internally
Rounds 23 & 26—To test the pitch,

Misslle Tmpact Location rrcu
Launcher

Booster Impact lLocation from
Launcher

19,500 ft. at 255°
1,630 ft. at 164°

45,100 £t. at 83°

Round 23 24 25 26
Missile Serial Nm'ber 8-26 48-25 48-29 *.  hg-28
| Phase _II I I . IX
Date of Firing 9-25-45 9-17-438 9-21-43 9-30-48
Time of Firing, MST 1700 0932 1515 1515
1 Lawmehing Angle, Degrees North
from vertical 20 2 2° 20
Launcher Number _ _ 2 1 2 1
Veloeity at End of Boost, ft/sec. 1785 1825 1840 1795
{ Altitude at End of Boost,
feet above WSFG 2100 2310 2700 2460
Time at End of Boost, seconds ___2.30 2.k 2.60 2.50
Observations concerning Boost Batisfactory Batisfactory Satisfactory Satisfactory
| Observations -conceem_ing Separation Satisfactory Satiasfactory Satisfactory Satisfactory
Velocity at Missile Motor Burn- 2261 at 19.13 -
out, ft/sec. 1370 secs. 2400 1785
Time of Miseile Motor Burn-out, gec. 21.66 21.0 20.95 21.13
Altitude at Top of Trajectory, -
feet sbove WSFG 30,000 117,130 * 51,500
| Pime to Top of Trajectory, seconds 29.37 90 » 5o
[Time to Detonation, sec 29.31 (by command) [ 182.0 (on impact) ] 181.25 (on impact) | 108.95(by coamand)

83,500 £t. at 201°

3,960 £1. at 100°

4,000 £t. at 322°

3,300 £t. at 79°

2,800 £4. at 170°

Remarks on Control System Opera- Roll comtrol and Achieved fair Achieved roll sta- | Steering system
tion steering control roll stabiliza- bilization vhen- | instability evi-
Jargely wnsuccess- | tion during 3 of | ever commanded, at { dent. Better
ful. Instability {4 comnands. " | least for tele- behaved than Round
in steering metered part of 23.
system. flight (19-38
gsecondls, no record
of flight).

¥Date not obtained.

TABLE 3.

3048 NIKE FIEID TEOTS-—-U8-1 TEST SERIES {Cont)
SOURCE: ProJject NIKE Stetus Depoxt, WL, 15 Des 48 (ARGMA Tech Lib,

R-12083)

Appendix 5
(Tadle 3)

235



OBJECTIVE: Rounds 27 & 28—(a) To obtain aerodynamic a.nd missile dynamic information by means of step-function

pitch commands calling for specific fin deflecticns.
test piteh, yaw, and roll-control systems in a program of comands for specific piteh accelerations.

(b) To test roll comtrol.

Rounds 29 & 30-—To

Round 27 28 29 30
Phase Step fumetion Step function I II (modif. tra)}.)
Missile Serial Nomber 48-30 48-33 h3-27 48-31
Date of Firing 10-15-48 10-22-48 11-9-48 11-12-48
Time of Firing, MST 1121 Oghl 1003 1000
Launching Angle, Degrees North
from vertical 20 20 20 20
Launcher ¥umber 2 1 2 1
Velocity at End of Boost, ft/sec 1530 1795 1780 —_
Altitunde at Bnd of Boost,
feet above WIPG 2321 2520 2450 -
PTime at Bud of Boost, seconds 2.43 2.69 2.63 2.48
Observations concerming Boost Satisfactory Satisfactory Satisfectory Satisfactory
Observations conce Separation Satisfactory Satisfaectory Satisfactory - Satisfactory
Velocity at Misgile Motor Burm-out,
Tt /sec. 1800 2350 2120 2360
Time of Misslile Motor Bum-out,
geconds _ 8.09 21.4 20.6 19.8
Altitude at Top of Tralectory,
feet above WSPG k2 700 72,180 59,790 66,627
| Time to Top of Trajectory, seconds 48 55 ) 51 ___b7.8
Time to Detonation, secands 118.3 {command) Unknown 122.6 (command) 105.0 {coumand)
Missile Impact Location fram 108,300 £t. at
Launcher 4%,000 £t. at 322° 3380 - 83,200 . at 350°
Booster Impact Location from
|_launcher 5,200 ft. at 84 |3,100 fe.at 117° | 3,420 ££. at 1450 | 4,820 fi. at OL°
Remarks on Control System Opersticn { Planned itrajectory { Programmed tra- |[Steering Instabil- | Steering system
not attained Jectory was ity greatly re- successful as in
because of late satisfactory al- | duced over pre- Round 29. Changes
programming and though higher vious Phase II to roll-control
short motor burn- | than predicted. | rounds. systen also suc-
ing. cessful.
TABLE 3. 1948 NiKE FYELD TESIS—48-1 TEST SERIES {Cont)
. Appendix 5
SOURCE: Project NIKE Status Report, BTL, 15 Dec 48 (ARGMA Tech Lib, R-12083) (Table 3)
~OONMBBNTI =
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OBJECTIVE: To test the pitch, yaw, and roll contrel systems during a series of internally programmed
- piteh commands.

Rownd : ' 31 32 33
Missile Serial Number 48-19 £8-32 48.34
Date 5-13-49 5-17-49 5-20-59
Time of Firing, MST 1935 1033 1036
Launching Angle, Degrees -

North from vertical 20 20 20
Separation Time, seconds 2.61 2.78 2.63
Time of Missile Motor Burn-out,

seconds 20.94 21.9 20.8
Maximm Velocity, £t/sec 2100 1950 2235
Detonation Time, seconds 37.0 9.2 T7.6
Detonation Altitude, feet above

WSPG ST 65,200 6,500 55,100
Detonation Ground Range, feet 32,300 29,500 75,400
Detonation Azimuth from Launcher 50 fi30 3570
Missile Impact Range, miles 8 6.3 17.3
Missile Impact Azimuth 21° 410 40
Booster Impact Range, feet 2600 2100 3100
Booster Impact Azimuth 450 27° 1459

| Altitude of Missile Motor Burn-

out feet above WSPG 38,500 34,600 38,900
Maximm Altitude, feet above : _

WSPG 65,200 37,200 65,000

Remarks on Control

Blectro-mechanicasl faults
resulted in violent short
duration osclllation
early In flight and rapid
spinning later. Fault
cleared, misslile stabl-
lizing when detonated
prematurely.

Intermittent grouwnd cn
pitch rate gyro brush re-
sulted in viclent gyra-
tions and low speed
flight. Afforded good
datsa,

?.Ery satisfectory except
at maximm eltitude

roll oscillation occurr-
ed. {This concluded test
firings with the Aerojet
Cluster Booster. Single
Allegany booster used in
all subsequent firings.)

TABLE L.

SOURCE: Project NIKE Status Report, BIL, 15 Aug 49 (ARGMA Tech Lib, R-12084)

FIRING DATA—NIKE-48 ROUNDS 31, 32, AND 33

Appendix 5
(Table 4)
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OBJECTIVE: To test the 482 dummy missile for all phases of flight:

lawmch, boost, separation, and

ed because of

free flight, using the single Allegany booster and the single-rail lawmcher. The primary
purpose of Round "R" was to test the parachute recovery system.
Round M N P R
_Missile Serial Number 482-p Lg2-q 482-R 482-5
[ Date of Firing 8-10-48 8-19-48 8-20-48 g-27-48
Time of Firing, MST 0935 1430 0945 1615
Launching Angle, Degrees North
from vertical 20 20 20 20
Velocity at End of Boost, ft/sec. - 1730 1780 1676
Altitude at End of Boost,
feet above WSPG - 3700 3600 3282
Time at End of Boost, seconds ___3.20 3.50 3.49 . 3.358
Observations concerning Boost Satisfactory Satiafactory Satisfactory Satisfeatory
Observations concerning Separaticn Satisfactory Satisfactory Satisfactory Satisfactory
Observations concerning Free Flight Satisfactory Satisfactory Oscillations Satisfactory
during last 20 _
___ seconds of flight
Altitude at Top of Trajectory,
feet above WSPG 37,200 35,400 . 35,720
Time to Top of Trajectory, seconds _— 1,&8 fv]f k7.80
Duration of Flight, seconds — 98. 7% 98.21 __102.25
Missile Impact Location from Lawncher| Approx. 3 Mi. | 17,700 £t. at 3550 | 23,270 £t. at 2690 | 12,760 ft. at 3530 |
N. (not foumd) | (radar plots)
Booster Impact Location from Launcher| 1-1/2 Mi. N. 4,990 £%. at 3° 6,815 £t. at 337°! 3,295 £t. at 19°
Detonation System Operation Telemetering Coumand, satis. Camand, eatis. 85.70 seconds
(Telemetered) and Beacon not Fail-Safe, Fall-Safe, {by command)
Turned on. satis. unsat .
Remarks Emergency-fir- cg 134.5 cg 139.8 Parachute recovery

gystem satisfac-

premature tory except malin
flare ignition parachute release
cg 13%.5 mechaniem allowed
premature deploy-
ment, resulting in
failure in several
panels of para-
chute.
TABLE 5. 1S483 NIKE FIELD TESTS—48-2 TEST SERIES Appendix 5
(Teble 5)

SOURCE: PFroject NIXE flatus Repoit, RIT

15 Dec 48 (ARGMA Tech ILib, R-12083)
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APPENDTE S

combined pitch and yav commnds
wnd to test the geperal Toll &
stesring stability. Thls wvas
alog the firat field demom-
ptration of the NIXE monopulae
radar. Alse to determine
misplile coptrnl and serodynamic
charpaterigtics in roll {pitch

& yav finw mechaniscally locked}.
35 Sape as Round 35.

239
TASLE 5. RIXE kO34 PIFID TESTS

ound No.
Hesile Ho. Test Tbtectives Remarks
Date Fired

To determine the ability of the Good Toll transient responses imdicated by telemstaring, Frogrammed commasds
hBL-15 rvll system to stabilize the properly tranamitted by rader, received by bescon, and converted into ailercn
23 Jun 50 wiselle under conditiong of deflactions by yaw commnd circult.

Allerond went hazrd-over at X-3 secoodn and remained for eotire flight. Detonation
oocurred by fell-safe at 15.L secs,

Plteh tins driftsd to a positive hard.over position at approximately T secs. Aftér
agparation, the mipplle Toll stabillzed viih oormml transient behsavior. Rall
stabllization was good until T secs vhen small Toll dinturbances ook place. Iater

roll diaturbances were gulckly dam 20 cpe cacillations preesnt.
Foll stavilization ocourred sez after separatioo & vas maintained throughout Ilight
except two ghort periods.

Nearly all programmed commands in plich & yaw executed

eatisfnatorily. The 20 apa oaclllations pressnt. Missile trajectory closaly
followed the predicted flight path

AL & seca, pitch Iin moved from n oegative deflection te A bhard-over positive poaition.
Data indicates migAile roll stabilized {mmediately afier separaticn, and, sxcept for
minor disturbances, remained roll stabllized untll approximately 24 seca, st which time

large oscillations in plich meocelsration & roll began, 20 cpa oscillations preneat. |
Qpeillations ip pltch & yaw were present as in previcum firinga, but more speclalizeq
instrumentation gave clearer plcture of the gsslllations, No izdicatlon of fio or
alleron drift, vhich marred Lergs fAri exinted 1n thia firdl

fell stabilization wad satisfactory throughout moet af thé flight. Although modi-
ficatlons to thls mipsile included filters 1o the comtrol system shaplog networks in

an attempt 10 prevent the 20 cpa oscillations which exinted on the past rounds, the blgh
frequency oscillatlons were still present throughout the flight, In the latter pertien
of the flight, the minsile was gulded by mapual override towasd & pre-arranged impact
aren, & vas hemded toward that location io all coordinates when 1t became unatsble st

Silight oscillations during tooat; separation mormal. Megsile entered heavy clouds ai
60 mecs; however, autamatic radar tracking was malotsined %o impact & all compande were

received & executed. Misaile was mteered very close to dealpnated ground target point. |
Foll stanilization was good. A roughly cyclie (% cpsosﬁﬁ%hﬁiu—&*
present quring boost. Also, 3§ aps ozcillaticos 1o both piteh & yav were present
throughont F11ght.

ugh-38
%1 Jan 5C
Same me Round b,
W8h-3T7
2 Feb 50
n Same ap Round 3%,
hBh-39
g Feb 50
38 Same mp Round 30,
5850
14 Feb 50
39 Sams aa Round 34, Also to teat
Lah-b1 the WIKE portable launcher.
23 Fab 50
Seme as Hound 34, Also 10 beat
Lak-L2 todar perforeance through an
2 Mar 50 oversant, and radar tracking
&k guidance cloae to lopact at
tentative ground target
location.
62.5 mecs.
i Same ss Rogund 34 and Round 40,
[T )
14 Mar 5
= Same aa Round 35,
LBh-bs
21 Mar 50
3 Samt w# Round 3. Aldo, to ino-
LAk =Lk vestignte conirel pystem pers
23 Mar 50 ¢ in the tr ic s

Roll & atesring belavior were both good throughout the talemetersd porticn of fiight
except for low axplitude 3} cpa oscillationa & overdamped accelerluon tmnj'.ent.s.
Bogst bebavicr was cormal. Radar records shov the mispile reap d 1o all

in the Lrengonic swnd subsonle regions,

gubsenic regiona,
Zame as Hourd 3%, Also to test

Crerdaxped pocelerations & lov frequency, lov amplitude oscillations present. Roll
system vas stable until 45 sece when pacillationa began causlng tie misaile %o roll
completaly over at 50 seca. At 05 mecondm the milerens drifted to A bard-over negative
aition gaua. s high spin rate, bemcon fallure, & eventoally fail-safe= detonation.

Manual override commends given %o ¢htaln zero 11Tt asrodynamic data & to keep the miasfla
within radar range. Acceleration tranalents were gt1ll alightly overdesped. HRoll
stabilization good until 129.3 sec¢e when the allercos drifted to hard-over oegative
poﬂtinn uuuing hbigh ro].!. rater & eventuslly fail-safe detopation. Eycesaive polpe in
4 random fin wotion. Two ruptures found 1k motar cooling Jacket;
largey holes 'burned in wdlncent missile mEin,

Accelerytion iranaient behmvior impraved. Motion ¢f pitch fina erratie, changing from
trapeeoldal to sinuscldsl with changes in commands. Foll atabilization was excellent
until 95 secp when the velocity had decreased 1o less than 100 ft/sec; the zisslle

stalled then tumbled until detomation, launcher satisfactory but disconnect wms d nd.
Toll ntabiilzation vas extéllent hIoughout the TLight., Steeriug UELAVIOT ves good

axcept for hending oscillstione whish appeared up %0 11 seconda wad email amplitude
2 cps cecillations in fin & rate gyTo feedbacks during most of the flight, Maoual
commands in pitch were givex from 45.1 1o 53.5 sets & from 58.1 secs to detonation.
The launchér austhined the riring satisfastorily, The digconnact apssmbly vas

aliphtly damaged.

20 Apr 50

4BL.ET optration of w myatem by da-
28 Mar S0 lnying the start of misalle
motor until after s tion.

5 Seme ns Round 34. Also to test
48h-4E lightwelght launcher, not bolted
31 Mar 50 1o cantfete pad,

Sene a8 Round 34, Alsc to itsat
LBh-LA lightwelght launcher.
T Apr 50
5 Same 82 Round 5.
1335
11 Apr S0
35 Seme os Dound 34, Aleo, teat
L8h-bg delayed motor start oyAtem, an
1k Apr 50 angle of attack mater & the

lightwelght launcher; almo, to
demcnatrate the effect of ahift-

Filght vaa normal until 23 secs ¥hen the yaw fins went hard.over in the positive
direction. Contral was regained at 65 secs & held until the Tins vent hard-over in
a Degative direction at 80 eecy., The delayed motor start was succeasful. Althowgh
the shift of the center of gravify reducsd missile static stabllity, the response was
essentinlly the pome, The angle of mttack meter operated satiafactorily, The light-
weight lesuncher was not dassged,

T____.__NM-“-
) Same e Round 3. Alss, test

lightweight launcher & the
effect of ghifting the o 2
low. aft.

Steering bahavior wvas good except bending ascillations were evldept again in stesring
channels during motor burning. HRoll stabilization wma satisfactory throughout the
flight. &Shifting of center of Zravity 414 oot affect miagile behavior., Discounect

apsembly on launcher vas allghtly dadmped.




AFPENDIX, S 20
TABLE 7. WIKE LOoA PRQVING GROUND TESTS
Round No.
Hissile No. Femarke
Date Fired
TEST OBJECILYE: 'This serles of teats was it provide lucressed perf and facilitate production by

testing varicus chasnges made on the 484 Mlasile. The most imgortant of these changes ware ms follows:
{1} Btarting the susiainer motor after separation (2} Moving the ceuter of vity closer to the dynamic
balance point {3) Separstion of the recelving and transmitting aotennas (4} Better packaging of the
electronice (5} Easing of manufeciuring tolerances <m the hydraclic ¢outrol valves {6} A change in fin

[ conmtruction (7} Experinsntal use of bladder tanks in two of the 490 Serias Mianiles.
5

oll wtabiliration st separation good, Pitch & yaw fina (and rate] somevhat os-
¢illatory through flight, Roll stabilizaiion not solid under rolling momects imposed
by caclliating steering fina A by flshtall commands ot 45,000 £t {tr'.'%n roill}.
Diffieulty in roll primarily cauvsed by decreased Tolling momant of inertia & lean
sstisfactory valve phape characteristics as coaparsd to NIKE 454,

Fio changss weré oade tc the coairol system configuration for this round in order 1o
obhtain additional comparstive data regarding the roll stebllicstion. wystem. The

It wad believed that the steering oscillations could ba corrected by a alzple rate
Zyro patverk change. Therefore, w pev conirol system configuraticn changed only the
réll networks, Agubling the roll rate coatritution, This round had noreml duration
of motor burning and ves found to be the only round in which oxidizer wvan not leat

Auring boost ;d.ue to bursting of the oxidizer liné disphrags under Doest acoelentlon!.
In Rpunds 53 the behavior in roll was such batter with s maximm rell unier fiah-

141l comopands of 135" at 51,000 ft. ‘These mispiles provided the first indication that

the gecillmtions in ateering were noi sioply underdamped translents.

Another configuration change was = in the misaile, The change being sn increase in
the piteh & yav rate gmro fesdbacks to provide mire damping. Howsver, a shorted contrel
battery lead ocourring at 1ift off ceused fail-safe detorstion st 7.0 seca. Round was

tg have been the firet flight test of bladder tlF propellant tamrvw.
A Tepested tast of the changed configurktion of Found 55, Steering oscillaticns vers
31111l present, With the lov damping explaratioun no longer tenable, resulting iovesti-

gntions showed that flight servo gain vas down 10 to 20 db over grousd test results.
Tow stearing servo gain was docubled oo Rounds 5T & zaking wrother configuration
change, The pteering csclllationm wera cansiderably Teduted ip thepe two rounds. This
elasile vas equipped with bladder typs propellant tacks, & the short moter Yurming
(15,6 secs) wms attributed to faulty functioning of the oxidizer Yladder. The first
apotting chargs test vas alao made on this round. Evidence showed that the spotiing

charge burst at B5.5 a=cs was  high order dstongtion.

Eound terainated In an exploslon at 27.35 seca, This sxplosion, traced to the
pover plant, im believed to have basn ceused by damage resulting from & preomturs
fetonation of the spotting charge st 25.25 secs and waa premmably followed by the

The reduced ateeriog oseillaticns in Founds 3T & 50,together with further hangar testa
on the valve,wss consldersd pe proof “that the velve oon-linearities wers the agurea of
the trouble. In the meantime, soalysis had shown that & slightly better syatem congdd
te sbtalned by Increasing the guin st the ceriticsl frequencles ihrough use 0f an inter-
stage lead oetwork rather than an amplifier gain change. This waa dona in & cenfigu-
ration change teated in Round 59, & 444 not exhibit any isprovement aver ihe last
configurstion change. In factypitch & yev oscillatipns of about t!l.‘:I were axperisnced,
Such behavior wam possidly dueto differences between valves and,since only one minsile
of this configereticn wee flown, oo definits conclusions could be dravn.

Satiafactory - The trajectory wns approximately as predicted. The wiessile potor burn-
ing vas normel with & total tumning tims of 21.2 assa, The bulldup of the chaaber
presourt wns very rapid Tether than slow s ip the previows NINE 490 firings, and

Batisfactory - lataraml accelerometars Tacordsd an accelermticon 1o Doth the plich & yav
planes nt separation. Thia "kick" resulted in a higher trwjectory than expected. The
duration of moter burning vas 20.7 seca. The motor chamber pressure had s very rapld
bulldup & rutoff; 1t fluctusted for approximately 1.4 wecs at the start of actor

burning tut remained very cloee to 315 psi out the burning time,

Malfunction - A high frequency osacillation Gegan in the pitch & yww steering channels
petween 4 & 5 ascs. The oscillations eaused the main fins to be loaded beyond thair
structural 1imit & =8 & result both piteh main fina & one yav zaln fin separated from
the misgile at sbout 10 secm. The Eispile motor sontinued to opernte satinfectorily
during all tha gacillations exe for pome sporadic burni uat before burnout.

Mmlfunction - Power plant aystem explosion during starting phase, Separation wma
completed wt 3,29 secs. The misalle experlenced s lateral accaleration begloning at
separation & bullding up to 3g In pitch & 5.5 1o yaw ot 3.6 seca. Camers recorls
shawed &o objact leaving the miessile at 3.6 secs & Iater frames indicated that a

function - oreuryed bafore meparation which resultad in erronrous command mooeler-
stion levels & also & pospible large loam in galn of the yav maplifier. Moter burning

Falfunction - The launching phase wne normml from the atandpoint of booster & powver
plant cperation; however, a malfunction occurred in the misaile which reeultied in an

400-57
17 Oet 50
51
b9d-59
24 tet results of Round %0 ware duplicated.
Same an Round 51.
Lgt-60
27 Get 50
a1
L9061
2 Now 50
5k .
49053
Rar 50
H
L9067
16 Ko 50
j33
450.62
20 Hor S0
i
hg0-69
4 Dec 50
]
bgo-63
T Dec 50
fail-safe prizmcord detonation at 35.1 sees.
59
45064
11l Dec 50
AFFENDIX 5
TAELE 8. RYKE LoOA SUFPLEMENTARY FIELD TESTS
[:5] To tast the acid-aniline pouer
Lgn-65 plant systetr to ensure full
12 hpr SL duration of motor burning. Also
taat the Frankford arming device remaiced stesdy through burasut.
& the gpotting charge.
bY Same as Rousd o0,
LoG.66
10 May 51
2 T test the control nstuork
Ugo-Ta revisiona & to test the acld-
7 Jun 51 anilipe pover plant systea
under mmneuvering conditions.
&1 e tent the acid-gasoline pover
50-68 plant systes in flight. Aleo,
15 Jun 5% testing Prunkfort mming device.
portion of the adasile aft and was misdsing.
[ To test ¢ontrol aetvork re-
550.T1 visions & changes iz propellsnt
28 Jun 51 burst Aiaphregna of scid-apiline  durwtion vas wbout 18 eeca,
er plant sysiem.
[ Same a8 Round 5.
Loo-Ta
1h Jui 51

unbalance of the control aignal. Mptor burning duration wes 19.8 secs.
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EVOLUTION OF THE NIKE MISSILE
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MISSILES
Model Over-all Length | Cylinder Section Over-all Main Over-all Control | Gross Weight
in Inches Diameter in Inches | Fin Span in Inches | Fin Span in Inches] in Pounds
AAGM 228 12 52 37.8 1,000
TS 235 12 52 23.0 1,000
7 233 12 52 24,5 1,001
481 236 12 52 24.5 1,033
482 255 12 L 24,7 1,158
484 247 12 52 24,7 1,215
490 251 i2 52 24.6 1,115
491 1,129
BOOSTER MISSILE-BOOSTER COMBINATION
Model Rated Vacuum Burning Time | Gross Welght Model Over-all length| Gross Welght
Thrust in Pounds in Seconds in Pounds in Feet in Pounds
AAGM 93,000 1.8 2,020 AAGM 20 1/4 3,020
Cluster 88,000 2.5 2,268 to 2,Lk24* | 46-Cluster 20 1/3 3,628
Single 49,760 3.5 1,520 to 1,592% ! L7-Cluster 20 4/5 3,425
47-Single 31 1/8 2,621
481-Cluster 21 1/8 3,449
482-Single 32 1/2 2,684
484-Single 32 1/4 2,807
*yariance due to changes in thrust structure and 490-Single 31 1/2 2,684
in stabilizing fins. 491 -Single 2,698
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APPENDIX 7

NIXE R&D SYSTEM TESTS
15 November 1951 - 24 April 19052

Round 67 ~ Fired 15 Nov 51 - Type Target: Grownd

SUCCESSFUL -~ NO COMPONENT MALFUNCTIONS. This was the first firing of a NIXE
Missile with 2ll ground control equipment {exclusive of scquisition). Round
was directed at a ground radar reflector target located about 15 miles north
of launcher and 18 miles north of radar station. '

Round 68 - Fired 16 Nov 51 - Type Target: Growmd

UNSUCCESSFUL - MISSILE COMPONENT FAILURE. Flight was incomplete due to com-
ponent malfimetion (not of a design nature) which caused loss of beacon signal
at about 12.75 seconds, followed by fall-safe detonation at 18.25 seconds.

Rowmd 69 - Fired 27 Nov 51 - Type Target: QB-17G

SUCCESSFUL - NO COMPONENT MALFUNCTIORS. This was the first firing of a NIKE
against an airborne nonemaneuvering target at a specific intercept point,
Time of flight, 37.5 seconds; performance of entire system wes excellent.

Rownd 7O - Fired 4 Dec 51 -~ Type Target: @B-17G

PARTTALLY SUCCESSFUL - COMPONENT MALFUNCTIOR. Missile falled to respond to
cormands during lsst 5 seconds of flight. Telemetering records also showed
that burst command was executed 2 seconds late. Almost impediately after
nissile spotting charge burst, the drone went out of control and crasbed——
gll camers records in drone lost. Missile was definitely not the causz of
this accldent.

Round 71 - Fired 1] Dec 51 - Type Target: QB-17G

PARTTALLY SUCCESSFUL -~ COMPONENT MALFURCTION. Missile performance same &s
in Round TO.

Round 72 = Fired 11 Dec 51 ~ Type Target: QB-17G

UNSUCCESSFUL - MISSILE COMPONENT FAILURE. Almost immediately after take-off,
the beacon response disappeared and the control voltages in missile began to
exhibit extremely erratic behavior. Both conditions persisted wmtil fali-
safe detonation about 8 seconds after lift-off.

Round 73 - Fired 18 Dec 51 - Type Target: Ground

SUCCESSFUL - NO COMPONENT MALFUNCTIONS. This round was fired at a growmd
target due to melfimetioning of drone equipment. Missile successfully
lmunched and guided to target by computer and missile radar.

Round Th - Fired 22 Jan 52 - Type Target: QB-17C

UNSUCCESSFUL - MISSILE COMPONENT FAILURE. Missile falled to respond to
steering commands and scme observers reported that the missile rolled con-
tinuously throughout flight. Since this missile was thoroughly checked
before take-off, the implication is that some part was damaged by shocks

sustained during boost.




NIKE R&D SYSTEM TESTS (Cont)
Rourd 75 - Fired 29 Jan 52 - Type Target: QB-17G
SUCCESSFUL. Roll stabilization and receipt and execution of orders excellent
throughout £light. About one second affer burst of spotting charge, flight

wvas unexpectedly terminated by detonation of missile destructor charge—-
cauged by umexplained operation of the primacord destructor mechaniem.

Romd 76 - Fired 29 Jan 52 - Type Target: QB-17G

SUCCESSFUL. There was no spotting charge burst for this round because the
burst eircuit was inoperative——a fact known before round was fired. Shortly
after take-off, the S-volt instrumentation channel voltage dropped to zero
for 3 seconds then returned to normal. Thereafter, missile cperated well.

Round 77 - Fired 5 Feb 52 - Type Target: QB-17G

SUCCESSFUL. Thils was the eighth miseile to bhe fired against a drone air-
craft, the fourth highly succeesful drone shol, and the FIRST to make &

ract hit on the target drone. Tmmediately afiter burst, the missile struck
tka tail assembly of the drome, causing serious damage. Controliability of
the drone was so marginal thereafier that the drone was landed as quickiy as
po32ible. Both ground and target camera records were excellent.

Roumd 78 - Fired 7 Feb 52 -~ Type Target: QB-17G

FARTIALLY SUCCESSFUL - COMPONENT MALFUNCTIOR. ©Study of the azimuth orders
Zererated by the computer showed that orders were exceedingly rough; periodic
“wo mil jumps detected. Large azimuth error attributed to a faulty resistor
i3 the ecmputer.

Rowmd 79 - Fired 7 Feb 52 - Type Target: QB-17G

UNSUCCESSFUL -~ COMPONENT FAILURE AT LAUNCH. Misslle exhibited such erratic
behavior, fluttering of fins, that it could not be controlled. It was
cummd-aest;'oyed at 55.5 seconds.

Roaad 80 =~ Fired 19 Feb 52 - Type Target: QB-17G

TNSGSCESSFUL - MISSILE COMPONENT FAILURE. Missile susiainer motor did not
sperate and both roll stabilization and steering were ccmpletely inoperative.
Tesubla diagrnosed by inspection of wreckage: Safetly wire on air regulator
valve ralease lanyard was wedged into the valve plunger lanyard hole, ren-
Jering the air regulator valve inoperative. Pressurization of the sustalaer
nuxtor, steering and stabilization systems never occurred. Missile flew a
baxlistic trajectory of a dummy round wntil cormand destroyed.

Rourd 82 - Fired 29 Feb 52 - Type Target: §B-17G

UNSUCCESSFUL - MISSILE COMPONENT FATLURE. Missile beacon signal received by
mizaile radar became progressively worse after launch; at 31 seconds the radar
lost automatic tracking. Fail-safe destruction was ordered at 41 ‘seconds, but
the destructor system failed to operate, presumably because cocumand channels
were f£1lled with noise even after the radar transmitter was shut off. The
miszile crashed into the mowntain side sbout 15 miles from laumcher at 72.45
seconds. This was the £ifth failure of about the same type among the 16
gystem test rounds fired since 15 Nov 51. '

QRNRERAL+




APPENDIX 7
NIKE R&D SYSTEM TESTS (Cont)

Round 83 - Fired 4 Mar 52 - Type Target: QB-17G

SUCCESSFUL - KO COMPONENT FATLURES. This was the second round to score a
direct hit on drone. At the time of firing, weather conditions were wm-
favorable and the drone haed to be operated below 20,000 feet, The drone
was instrimented to perform evasive maneuvers dbefore and after intercept;
however, this could not be done because of a radio receiver failure in
the drone. For the same reason, the drone cameras did not operate during
interception. Missile penetrated fuselage of drone, entering the walst
gunner?'s window and emerging near the tall wheel, Misslle beacon and
telemetry signals falled at contact as did the drone beacon. The mother
ship tried to land the damaged drome but failed. It crashed and burned,
a total loss,

Round 86 - Fired 28 Mar 52 - Type Target: (B-17G

UNSUCCESSFUL - MISSILE COMPONENT FAILURE. Round experienced a power plant
fallure at separation, causing an explosion which disrupted missile oper~
ation. Telemetering stopped at & seconds.

Rownd 87 = Fired 28 Mar 52 - Type Target: GB=-17G

UNSUCCESSFUL - MISSILE COMPONENT FAIILURE. The pltch-rate gyro did not
function, causing two main fins to tear off at ebout 8.5 seconds. Pitch
oscillations increased after separation wntil both the roll and steering
systems were inoperable at 7 seconds. Beacon signals received wmtil 40
gzzonds, at which time the spotting charge Durst was ordered by computer.
Mizsile radar was twaed off at 43 seconds; self-destruction followed at
L9 seconds.

Round 83 - Fired 2 Apr 52 - Type Target: QB-17G

PARTIALLY SUCCESSFUL - COMPONENT MALFUNCTION. This round was the firast

to carry a live warhead. Large azimith error attributed to computexr com~
ponent failure. In spite of the large miss dlstance, the warhead caused
ruzh “C® ki1l damage.®# Some 168 holes were found in drone. A dvmmy, used
%o similate the bombardier, was considered killed, as was the "navigator.”
The "co-pilot" was injured; hydraulic system put out of operation; bom=
tardierts compartment badly damsged; and same damage to electrical equip-
mznt of the drone. Reccrds showed that missile was execubling proper
coumtering maneuvers at intarcept. Camera records plus drone damage ine
dicated that the three warhead sections all detonated. Control of the
drone was maintained after warhead burst; and despite the fact that frag-
ments had cut hydraulic lines controlling flaps and dbrekes, a successful
landing was made,

Round 89 - Fired 10 Apr 52 - Type Target: GB-17G

UNSUCCESSFUL - MISSILE COMPONENT FAILURE. 'The sustainer motor did not
operate, nor did missile follow commands. Apparently, no air was re-
leased t0 the motor and steering systems to pressurize them.

¥
* "C" K111 i3 defined as damege s 0{ ent the plane or its
crevw from completing a successful mission.
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NIKE R&D SYSTEM TESTS (Cont)

Round 90 - Fired 10 Apr 52 - Type Target: gB-~17G

SUCCESSFUL -~ NO COMPONENT MALFUNCTIONS. This round, the third to be fired
with 8 live warhead, produced & close burst which destroyed the drone
essentially at point and instant of burst—a "KK" kill. Immediately after
burst, the drone fuselage broke in two aft the wing, and there were several
firea. later f£ilm showed the two main parts of the wreckage falling earth-
ward, engines breaking away from the spinning wing.

Round 91 - Fired 2k Apr 52 - Type Target: {B-17G

UNSGCCESSFUL - MISSILE COMPONENT FAILURE. Missile beacon ceased operating
at sbout 28 seconds after lawnch. The reason for bescon fallure will
probably never be known because the warhead rounds did not carry telemeter-
ing equipment,.

Rownd 92 - Fired 2% Apr 52 - Type Target: GB-1TG

SUCCESSFUL -~ NO COMPONENT MALFUNCTIONS. Round intercepted drone at 30,000
yards; 50 seconds flight time. Burst occurred just wnder the right wing
of drone and caused 1t to disintegrate at once. Camera records phowed
raging fires ignited by burst; right wing and elevator mangled. The drone
fell rapidly with engines and other large parts breaking loose during the
descent.

NOTE: Rownds 81, 84, and 85 were Modsl 1249, NIKE I Missiles (see first
three rounds listed in Appendix 11).

SURCE: Project NIKE Progress Report, BTL, 1 June 1952 (ARGMA Tech
Lib - R-16772).

S1ed VRN O
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APPENDIX 8
ORDNANCE COMMITTEE U-308
ITEM 32165 1

READ FOR RECORD - 29 AFR 48

SYSTEM OF DESIGNATION AND ASSIGNMENT OF POFPULAR NAMES FOR GUIDED MISSILES

Previous Action: None

Efayer/ebr/72241
19 April 1948

MEMORAKDUM FOR Secretary of the Ordnance Technical Commlttee

.Subject: System of Deslgnation and Assigmment of Popular Names for
Guided Misslles

_ 1. It i1s requested the following directive and assignment of
designations for Ordnance Gulded Misslles be recorded into the minutes
of the Ordnance Technical Commlttee:

DEPARTMENT OF THE ARMY
General Staff United States Army
'~ Washington 25, D. C.

CSGSE/F3 334 Aero BA
(25 Feb 48)

12 April 1948

MEMORANDUM FOR:; Chief Army Fleld Forces

Chief of Ordnance

Chief Signal Officer

Chief of Englneers

Quartermaster General

Chief Chemical Corps

Surgeon General

Chief of Transportation

Chief Army Security Agency

SUBJECT: System of Designation and Assignment of Popular Names for
Guided Missiles

l. The attached system of deaignation and asaigmment of popular
naemes for guided missiles, as proposed by the Aeronautical Board and
adopted for use within the Departments of the Navy and Alr Forces, has
been concurred in and adopted by the Department of the Army.

2. This system will be employed in all inter and intra departmental
guided missile designations by all agencles of the Department of the Army.
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BY ORDER OF THE SECRETARY OF THE ARMY:

/8/ A. C. McAuliffe )
/t/ A. C. McAULIFFE

1 Incl Major General GSC ‘-
GM System of Designation Deputy Director for Research N
and Assignment of Popular and Development ]
Nemes Logistics Divislon

Copies furnished: '
Joint Chiefs of Staff
Research and Development Board
Alr Coordinating Committee
Chief of Naval Operations
Chief of Staff, U.S. Alr Force
The Aeronautical Board
Washington Deputy Devel Sec, AFF

GUIDED MISSILES
SYSTEM OF DESIGNATION AND ASSIGNMENT OF POFPULAR NAMES
1. The following system of designating guided missiles, approved by the
Aeronautical Board on 25 February 1948 is promulgated for Joint Army,

Navy and Air Force use.

&. Baslc Designation

The basic designation shall be a two-letter combination of the
three letters A{Air), S{Surface), U(Underwater) in which the
first letter designates the origin of the missile and the second
letter designates the cbjlective. Thia combination of two
letters shall be followed by the letter "M' indicating "missile®.
Examples:

AAM - Air-to-Air Misslle

ASM - Air-to-Surface Migsile : i
AUM - Air-to-Underwater Missile y
SAM - Surface-to-Air Mlssile

SSM - Surface-to-Surface Misslle :
SUM - Surface-to-Underwvater Missile

UAM - Underwvater-to-Alr Missile )
USM - Underwater-to-Surface Misaile H

b, Service Letter, Model Number and Modification letier g

Each basic designation shall be followed by & service letter, "A"
Alr Force, "G" Army, "N' Navy and a model number which, in turn,
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shall be followed by s modification letter, for example, in
the Air Force:

35M-A-3b is Surface-to-Surface Mlssile, Air Forece, Third
* Model, Second Modification.

NOTE: After approval for Joint use, the Service letter shall be
" dropped and the designation preceded by ANG.

¢. Prefix Letters

To designate the statua of development of a missile, the follow-
ing prefix letters shall be used:

X - Experimental
Y - Service Test
Z = Ohsalete

2. When conventional alrcraft are employed as missiles, the standard or
basic aircraft designation shall be prefixed by the letter "M' to
indicate "missile aircraft.”

3. When conventional aircraft are modified to serve as controlling or
directing aircraft for gulded missiles or missile-aircrafi, the
standard or basic aircraft designation shall be prefixed by the letter
D" to indicate "Director-aircraft."

4, When a gulded missile 1s used as a test vehicle, it shall be desig-
nated by "TV', followed by service letier, model, and modiflcation
letter with the following prefix letters Indicating the type of
teating:

C
P
L
R

Control

Propulaion

Launching .

Research {includes high altitude sounding rockets)

For exsmple: CTV-A-la 1s Control Test Vehicle, Alr Force,
Flirst Model, First Modiflcation.

q 5. Popular Names

. a. A popular nasme may be assigned to a gulded missile when the
missile enters the development phase, Before the popular neme
is assigned, the proposed name shall be cleared with the

' Aercnautical Board.

2. In accordance with the foregoing directive, gulided mlssiles projects
of the Rocket Branch, Ordnance Research and Development Division, with
their popular nemes, have been assigned the following designations:
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Popular Names

WAC Corporal
Corporal "E"
Hermes TI
Hermes A-1
Bumpex
Hermes B-1
Rike

Hermes A-3

Hermes B-2

Item 32165 Continued

Designation
Guided Missile, RIV-G-1

Gulded Misslle, RIV-G-2
Guided Missile, RIV-G-3

Guided Missile, CTV-G-5
Guided Missile, RTV-G-4
Guided Missile RTV-G-6

Guided Missile, XSAM-G-T
Guided Missile, XSSM-G-8

Guided Missile, XSSM-G-9

/8/ H. K. Toftoy
/t/ H. N. TOFTOY
Col, Ord Dept
Chief, Rocket Branch

Action by: Ordnance Research and Development Division
Field Service Division

Industrial Division

Personnel and Training Division

READ FCR RECORD BEFORE ORDNANCE COMMITTEE

29 AIR 48
/8/ A. W. HAMILTON

It Col, Ord Dept

Secretary
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AFFENDIX 9 2%
ORDNANCE COMMITTEE U-405a
ITEM 33964 1
READ FOR RECORD
25 OCT 1951

DEFARTMENT OF THE ARMY
Office of the Chief of Ordnance

Efayer/MHawkins/sk/72041
READ FOR RECORD

" 21 March 1951

Revised 25 Sep 51
MEMORANDUM FOR: Secretary, Ordnance Technical Committee

SUBJECT: LIST OF ORDNANCE CORPS GUIDED MISSILE PROJECTS WITH TYFE
DESIGNATION AND POPULAR RAMES

1. REFERENCES:

a. OCM 32165 dated 29 April 1948, "System of Designation and Assign-
ment of popular Names to Guided Missiles".

b, Minutes of the Aircraft Committee, Munitions Boaxd, 1k April 1949,
"Policy for the Assignment of Fopular Names to Guided Missiles",

¢, Minutes of the 33rd Meeting of the Committee on Guided Missiles,
7-8 June 1951.

d. Minutes of the Executive Subcommittee Committee on Guid=d
Miesiles, RDB, 12 July 1951.

2. DISCUSSION:

a. Reference la recorded a system established by_thé Aerongsutical
Board and approved by the Department of the Army for type designation and
essignment of popular names to guided missiles.,

b. Resaponsibility for the assignment of type designations and popular
names was subsequently transferred from the Aeronautical Board to the Air.
craft Committee, Munitions Board. In reference lb, the Alrceraft Commitize
established a policy for the assignment of popular names to gulded missiles
vhich stated that names in general should conform to the following: ;

Air-to-Air Missiles - Winged Creatures {except birds of prey or
game birds)

Alr-to-Surface Migglles - Birds of prey

Surface~to-Alr Missiles - Mythological Terms
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*Surface-to-Surface Missiles - Astronomical Terms or Bodles
Targets - Game Birds or Hunting Terms

¢. As indicated in reference lec, the responsibility for the sssign-
ment of type designations and popular names for guided missiles was
transferred to the Committee on Guided Misalles, RDB. At its 33rd
meeting the Committee on Guided Misslles, RDB established the following

policy for the assignment of popular names to guided missiles and target
dronea:

"1, Missiles, target drones and major test vehicles may be given
any appropriate popular name, or type of name, not in conflict with those
used for existing vehicles, including vehicles other than guided missiles
and target drones., Minor test vehicles should not be popularly named
because of their transient nature.

"1l.1 Specifically, this shall include avoiding names, or types
of nsmes, in vhich airecraft companies are generally considered to have
prior rights by ussge and custom.

"2, Request for approval of popular names shall be forwarded to
the Commlttee on Guided Missiles. The Secretariat of the Committee on
Gulded Missiles ia charged witk the responsibility of determining con-
flicting names as defined in paragraph 1 above and for issulng approval
of the popular designation.

"3, This policy is effective 1 July 1951 and is not retro-
active."

d. In the past the assignment of popular names to gulded missiles
has been generally in accordance with policy established by the Munitions
Board Alrcraft Committee (ref 1b). In the future whatever names are
deemed appropriate will be assigned by the Department of the Army,

e. At s meeting held 12 July 1951 {ref 1d) The Executive Sub-
comnittee, Committee on Guided Missiles, RDB concluded "that no
requirement exists for interdepartmenisl standardization of type
designations for guided missiles, test vehicles and target drones and
that accordingly such type designations will be applied by the cognizant
departments and forwarded tc the Committee on Guided Missiles for
information."

3. The following is the Department of the Army system for the assignment
of type designations to guided missiles:

a, Tactical Weapons

*Yherever a name occurs in both astronomy and mythology, the
astrononical application will be used.
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The type designation shall consist of symbole indicating status,
tactical functlons, developing agency, and design nunber as follows:

(1) The letter "X' shall be used for a missile in the experi-
mental or development stege. After a missile has undergone successful
service tests and has become & production item, the "X' shall be dropped
and no other gymbol used in its place.

{2} Two letters shall be used to indicate tactical functions:

SA Surface-to-Air
S8 Surface-to-Surface

{3) The letter "M' shall be used to indicate a guided missile,

(4) The letter "A" shall be used to indicate Army as the
developing agency. A dash shall be Inserted between the symbols
representing puided migsile and the developing agency.

(5) A digit or digits shall be used to indicate the design
number. A dash shall be inserted between the symbols representing the
developing agency and the design number.

b. Research and Training Vehicles

The type designation for Research and Training vehi:zles shall
consist of symbols indicating type of vehicle, developing agen:y, design
curmber as follows:

(1) Two letters shall be used to indicate the type:

RV Research and test vehicle
™ Training vehicle

{2} The balance of the type designation will be aaéigned as
stated in paragraph 3a(3) {(4) and (5) above.

k., The type designations and popular names of guided missiles (both
active and complete) under cognizance of the Rocket Branch, Research and

Development Ddvislion, Ordnance Corps, Department of the Army are as
follows:

Project TUl-2 (516-05-005)

CORPORAL
TUl-2  XSSM-A-17 CORPORAL Formerly designated RV-A-2
— | (516-15-001), Corporal E.
RV-A-1 WAC CORPORAL Completed
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Project TUL-2000 {516-05-001)

HERMES
TU1-2000A  RV-A-k BUMPER Completed
XSSM-A-9 HERMES B2 Completad .
XSSM-A-16 HEERMES Formerly EERMES A-3B
RV-A-B HERMES A3A Test missile for HERMES
T1-2000D  XSSM-A-13 HERMES A2 ‘"
RV-A-5 HERMES Al Test missile for HERMES A2 .
(formerly designated ”
XSSM-A-15)
RV-A-10 Test missile for HERMES A2 )

formerly known ss SERGEANT

Project TUL-2020 (51-05-002 )

LACROSSE
TiFl-2020A  XSSM-A-12 LACROSSE

Project TU1-2030 (516-05-004)

TU1-2030 XSSM-A-1k Formerly HERMES Cl
Project TU1-3000 (516-04-001)
NIKE
Toi-3C00A  XSAM-A-T NIKE I
Project TU1-3010 (516-04-002)
HAWK
TU1-3010 XSAM-A-18 HAWK

Project TU1-3020 {516-04-003)
: Anti-Misslle Missglle

THL-3020 XSAM-A-1 Anti-Migsile Missile

Project TU1-7000 {516-15-003)
Ordnance Guided Misaile Center

TU1-TOOOA  RV-A-3 Formerly HERMES IT i \
TUL-7000B RV-A-H Formerly HERMES Bl >

' S
5., The Navy TERRIER Missile being procured by Ordnance for training and
tactical use is designated by Department of the Navy nomenclature XSAM-
N-7, {516-04-005), (TU1-3040). ¥

L1t
s
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6. It is requested that this information be recorded in the mimutes
of the Ordnance Technical Commitiee,
/8/ B. N. Toftoy
/t/ H. N. TOFTOY
Col, Ord Coryps
Action by: Rocket Br. READ FOR RECORD BEFORE ORDNANCE COMMITTEE
Ord Res & Dev Div 25 OCT 1951
/8/ Joseph F. Peters, Jr.
Distribution: General Major, Ord Corps

Acting Secretary

o5l
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APPENDIX 10

ORDNANCE COMMITTEE
ITEM 35904 U676
READ FOR RECORD - 28 JUL 55 1

DEPARTMENT OF THE ARMY
QOffice of the Chief of Ordnance

READ FOR RECORD MAHewkins/jae/54C91

13 June 1955
Reference: OCM 33964

MEMORANDUM FOR: Secretary, Ordnance Technical Committee

SUBJECT: Establishment of Policy for Identification of Guided Missile
Systems

1. The purpose of this reed for record is to rescind the system of
designation for guided missiles established by OCM 33964 and to record
the new policy for identifying guided missile systems.

2. The policy of identifying a guided missile system as XSSM-A-1T
or XSAM-A-T has been discontinued. In the future;, guided missile systems
will be identified by theilr code name; i1.e. LACROSSE, DART, NiKE B, ete.
Individual items of equipment used within a system are assigned nomen-
Clature in accordance with procedures established by the Federal
Catgloging program.

3. Also, the policy of identlfying = guided missile system as
surface-to-alr or surface-to-surface has been discontinued in favor of a
system which more clearly indicates the function of the guided missile
system. This new method of identification Is reflected in the following
list,

FROJECT NUMBER CODE NAME PROJECT TITLE

DOA 516-05-005 CORPORAL Fleld Artillery Gulded Missile Systenm
TG1-1

DOA 516-05-002 LACROSSE Field Artiliery Guided Missile Syatex
TU1-2020

516-05-004 REDSTONE Pield Artillery Guided Misslle System
TU1-2030

516-05-006 DART Antitank Guided Migsile System
TU1-2050

516-05-009 SERGEANT Field Artillery Guided Missile Systenm
TU1-2080

516-04-001 NIKE I Antiaircraft Guided Missile System

TU1-3000
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SUBJECT: Establishment of Policy for Identification of Guided Missile

Systems

PROJECT NUMBER CODE NAME PROJECT TITLE

516-04-002 FLATO Antiairceraft Guided Missile Systenm
TU1-3020

516-0%-006 HAWK I Antisircraft Guided Missile System
TU1-3050

516-04-008 NIXE B Antiaireraft Guided Missile System
TUL- 3070

516-0%-007 NIKE II Antiaireraft Guided Missile Systen
TU1-3060

4, This security classification of this memorandum is UNCIASSIFIED.

5. It is requested that this information be recorded in the
minutes of the Ordnance Technicgl Committies.

Edward Hayer
for  CHARLES W. EIFLER
Col; Ord Corps

Action By: Rocket Br; Ord Res & Dev Div
Info copies to: ORDIM, ORDID-E; ORDFA; ORDFQ,
ORDFT, ORDFM; ORDFI, ORDHO, CONARC

READ FOR RECORD BEFORE ORDNANCE COMMITTEE
28 JUL 55
/s/ IESLIE L. MOTZ
Lt Col, Ord Corps
Azting Secretary
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NIKE AJAX (NIKE I) R&D TESTS
Februvary 1952 - September 1957

Migsile Identification

Model 1249 - Prototype missiles hand-built on temporary tooling.

Model 12494 - Combination production and band-made missiles—built on
production tooling but assembled on model shop basis.

Model 1249B - Production missiles—mmbered coneecutively beginning

with S/N 1249B-1001.

Source of Information

Romd Nimbers

81, 8%, 85, 93-102, 105, 10Teccass
193, 104, 106, 108-143.0cesscsccss
1#’4’"1820oocooooo--acocooooooccoooo
183"210-oooo-oooooo.ocaooooo-oaooo
211-23s-.o-oocoooooccooooooocoooco
239"263..coooooo-aooc-o-ooocoooooo
26""“!269-.oooaoo-oocoaoo.catlo.ooa.
270-300, 350-353.............ococ.
35‘*-38&'.'0ooooooacoo.tanoocao-oaao
385"“'12.otaloon-loooo-ccaconoonoo.
hl3-!‘3hcoo0000-.00.00.00....0.0...
!1'35“14‘65100oaooo-oooootco--.ocooo-o
}'i'66-h'80-oc.l.aoooocoo'ooalooc.tt-o
1"81-hgrltnc-oooo.c.oooiooc.bocl0lo
ll'%"ssooooaooooaoooootoo.oono.ooo-
531-53300000oooc..ctctoc-cnocc.oto
538, 539, 5&3"‘5h?0..0..l...00.0..‘
534-537, 540-542, 548-550, 552-554
551, 555=556, 560-562, 564=566. ...
56T, 572, STHecvscccessnseescncces

5 3 595............‘......'.‘....

> sssssssdssvsnosrsnnsssenaias

Title and Date of Repoxc#

Project NIKE Progress Report, 1 Szp
Project NWIKE Progress Repori, 1 De2

Project NIKE Progress Report, 1 Ms>
Project WIKE Progress Report, 1l Jwm

Project NIXE Progress Report, 1 Sep
KIKE I Progress Report, 1 Jan Sh

RIKE I Progress Report,
NIKE I Progress Report,

NIKE I Progress Report, 1 Oct Sk
‘NIKE I Progress Repert, 1 Jau 55
NIKE I Progress Report, 1 Apr 55
KIKE I Progress Report, 1 Jul 53
NIXE I Progress Report, 1 Oct 55
KIKE I Progress Report, 1 Jan 56
NIXE I Progress Report, 1 Apr 56

NIXE I Progress Repert, 1 Jul 56
NIXE T Progress Report,
NIKE B Progress Report,
NIKE AJAX Progress Report, 1 Jan 57
KIKE AJAX Progress Report, 1 Apr 57
NIKE AJAX Progress Report, ) Jul 57
NIKE AJAX Progress Report, 1 Oet 57

# A1l reports published by BTL; all filed iIn ARGMA Technical Library o

Iglcoo Annex,

257

s
52
53
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AFFEEDIX 11
Round Mo,

Miawile Wa. Test objectivan Remarks
Tate Firsd
BY To cbiain date on ihe acid- Launcher & booster porformmnce satisfsctory; duration of motor burning was abdut 3 secs
1244-100 sasoline power plant systos. sbort; thrust higher than normai. FPeak aitifude was ebout 11,000 £t lower then expacted.
25 Fabh 52 Pus %o an inoperativs NIXE Arming Necheo{zm, the missils was 2ot detonated and contimued

to impact as & unit.

E Tame a5 Round Bl. Tauncher, LOORLET & poWNT PIART Performad BA&LLATAcLOYily. DuImbion of EIBSIIE m‘
1249-101 about 0.5 secs short. Detanaticn of the aiseils by = circuit conaisting of a Flext{nony
5 Mar 52 T, an ioert ¥XE Arming Mechanizs, and an K-1 fure dcourred wary close to the

ctead tima.
25 Sams g& Round 4l. Round fived vithout incident. Misslle BOTOr Sgitick wis & Dit Jatar Ihan usual, tut
1249-95 pover Dlant performed sxcellsntly. Duratiom of motor buroing was about 0.8 secs short.
25 Mar 52 Datonation occurred about § secs later than expected.
a3 To tast opersticn end Tariy portion of the flight was satisfsctory; miasile followved the pradicted trajedtory
12202 stabllity of complets Model Yery sccurataly until 35 asce, st vhich time the Risxile was at an altitude of 55,000 ft.
2 Wy 52 1243 cantrol sywiem. Ic raspobss 1o ComMARY, the Risslls achieved n Iarge angle of stiack, Degan %o tumble,

ot coptinued uttil fall-safe was ordered at about 15,000 fi. Commnd noiss which wes
L li1) b, ated the situstion cauaing spurious fin motion.
Saos a8 Round 93. Launchk, 3t & SopATAtion werw satisfactory; sarly portioh of the flight wes Bormel,
17h9.10% Trajectory attaiond & saximm altituls of sbout 80,000 £t, with "fish ta1l" commards be-
16 May 52 ing lptroduced neer the pesk altitude ta provide & atudy of roll system baharior at high
altitudas. Miseile &id 2ot feepond to commandt ani Degan ta famdle at 35.5 seos. Bescon
sigoal had fatled completely by 39 sace. Missile destruction decurred by fatl-safe
detonation st sbout M macs.

G5 Gomw &8 Round Gi. Taunch, GGOFT & SEpATETION WATH SELIATACLoTy; MISBILe ITEA[OGIAG DOrRRIly to &1l COMMMNGE

12hg-20% until about My secs. Missile successfully peesed through the series of "fiwh tail”

20 ay 52 comuansie, whers the praviocus two rounds tuwbled. A positive 5% command ip both planes
was givan &%t &3 sece, at vhich tioe the missile weot cut ¢f control and tubled. Bescon
» failed ut 73 pagt. Puil-safe detonation 50 sacs.

B Game a8 Round 93. Found G5—the Tirst it & Serles of four Counds %0 use ihw lighivelght 3-fio tactical
1259-105 PoORtAr—=wes & CORplata fallure dusr to the loss of bescot sigasl immedintely aftar 1ift-
12 Jun 52 off witk resuliant fail-safe detonation of t.‘m nissile sbortly thereaftar. Boostar

vurping aypeared to have bwen #p tc. B howed miasiie sxplosion ut 5.6 sacs,
_&DW—

+= fame &8 Round §3. launch, ot & separation wera normal, misails respooded properly to kil commands until
12445306 about 7.5 sace, at which time misalila mmy have tuabled. Fear altitude of 77,500 It wes
1B Jun 52 resched wt sbout 57 secs {about 15,000 rt higher then expected}. ALl oblectives of the

. fisaht vere achiwved.
23 Sams aw Round 93, Roumd was & Suplication of the fallurs in Round 5. Poth of those faiiures weow
2hg-107 balieved 4c be the resuit of sever® booster ignition shocks, apparently unique to the

25 Jun 32 nev booater,

99 Hama a2 RounE 53, The uso of taw 2,500-59,000 X ZIGAZ B s temporarily suppended in favor of the

1249-108 - mors_relisble but lower performance IDE-47,000 Booster. ALY phases of Rount 99 were

22 Jul 52 satisfactory until 37.5 wecw, wvhen command poies Dacans evident end stopped all commands
sent 1o the missile. Nofse continued from 37.5 %o 76 saca, the tims both bemcon signal
and telwmetry feiled. Time of miseile destruction s oot known. At lift-off, the 428
Yolt steering pover shorted cut momentarily, cavsing the stearing fins ani silsrons ta
g0 hard over for about ¥ sec.
Same ar Round 93. A shocK sbaorbar for use betweel tha missile and the ocster was dwreloped for teating
12ug-311 with the nww lightweight tacticol bocster, The use of this shock absorber vas to reduce
IT Jui 521} tha boostar abock by about one half. Launch & Boost phake vil pormsl except for pericds
of no visible flams during booster burning. This 413 not seem o wffact the duration of
boost. Initiml turn-over command at 5 swes, and roll position ves good. Misaile motor
chaxler Dressurs vas lov, and motor burning wes about 1 see short. Mlesile flight was
terminated st 23.8 sece due %o an unkpows cause. Missile destruction may hare Tasulted
from & power plant explosion or & prewsturs fafl-safe detonatlon.

101 Tast against & ground target First of four rounds iioi, 152, 105, J07) Using the first NILE I production missiles,

124%9B-2002 located mbout 15 miles porth Tue launther used was et up aa n eupleu tactical installation. Susesspful--jaesing

22 Jul 52 of redar, 35 ft from the 8 Burst vas i ittad xt W7.7T mecs, 00 token burst
Sbaarved.

o2 Bame as Round 101. Syatem operation generaily satisfactory. Mlssile passed 35 £t from the target,

1249B-10G2 Indication ¢f toker burst st h3.235 sacs.

20 Ju) 52

103 Obtain serodynanic informaticn Pitch and yav gccrlezaticns Degad st Lift-off and contitnued during the flight cavaing

1259-10% Yy means of fip deflypction the miesile to take a nortiwvesterly ruthar than the theorstloml portherly besdlog. A

31 Jul %2 toputs to the missile. dipturbancs wvas alse noted io the rell syetem at approximately 3.5 wecs. The missile'a
roll in addition to its motion in the combined plags probably caused it to tumble at
Aboul PO aera. .

[1o% First ucdel 1245 plesile to The Target wAS & QD170 OTone sircrafi, The ILiight was gensrally satisfestory until
1z49.-112 be fired at & target alreraft. 52.2 aecs vhan & shart securred 1D the 200 volt stesring pover supply. Just pricr fo
8 aug 52 4 innion of 4 burst it sppeared that the destryctor syatem primacord ring

datonated, broaking the missils, The fact that the plecss of the mioeile passsd vithin
200 £t of the drong indicated that the syotem was functiocming pormally up to the time of
malfunction.

105 Test against & non-maneuvar- Lauoch, Goost h sepaTation vers Lovmal. Periocd of roll iodiceted at ©.2 secs 0 13 esce. i
1249B-2003 ing QR-1TG target. Bascon failed &%t 20.9 secs and contact with misalle loat at 24.3 secs. Exnmimation of
B Aug 52 wreckege revenled the primesord detooated. Computer, redar snd drona target functicned

satiafpctortily,
100 Bae &4 Round 10%. foce ageil sgain the flight wves satisfactory until the end gams when exceswively large rute
12kg-113 responsas occurTed. At 48,3 secs the waxe 200 volt malfunction oecurred. Detonxtion
35 Aug 52 A1d not occur untid 69.55 wecE, wlmost 20 secs wfter the last recorded disturbance.
207 Eans a3 Round 10%. WM sepATRtion, the miss started & ampoth turtt to thy sast
1249B-200k inw e nor the drone target mireraft. Bamcon signal vas normal,
15 Aug 52 with the redar remainiog in sutamatlc track until fail-safe was ordered st 15.5 ewca.

Misalle actor operation appesred hotwm! Tor af long wg records ave svaliisble.
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Found Ma.
Mipstls No. Test Thjectives Remarks
Data Fired £ Fd
108 Sam: aF Round 10%. Taunch pod bogat wTe satisfactory, but the rilght vaos maTred by spoyadic LERCOR Opers-
124G-11% tiom. A weries of beacon Arcp-oute during the flight caused the computer to ilnsert large
19 Aug 52 spuriocs commands. The missile tTol sYstem DD 1 in g 1 to o ponding
satisfectorily vhen agein & X0 voli malfunction o¢murred. Telemetry Aropped out, and &
remature etoosticn of the fail-safe system occurTed at 45.25 aecy.

05 Semst as Hound 103. % teimtTy Tecords for this round fail to show any cperation of the roll rate gyro

12h9-110 aftar an initial Jump at 11ft-off. At about 36 sace the missile rolled to & positicn of

21 Aug 52 -6 degroes, with oo attempt on tha part of the allorcns at correction, Just after
ioitiation ¢f the firat command, ao uoexplsined yaw mcceleraticon transient ccourred,
without fin movewsnt. At about 10,3 swcs & dlsturbance occurred in staering and roll.
Disturbances folloving the same patiarn continued to recur throughout the flight. A
marual piteb-up comeand var transitted at 39.5 swcn i an attempt to avoid impact, which
wvea Imminent; neveriheless, impaet ooturred at about %3.8 sege.

110 To Cest Lhe cparation apd ach, Hoost & separntion mppeared noreal. The pitch, yuv & 50C records soov & two-

12he-11k stability ¢f tha conkrol cyole ovolllation, The Intas started shoving exztessive responses during the end-gane.

11 Sap 52 system &p & whole by guiding Tha 200 volt sbhort noted ont previous rounds 4id not cceur oo this round.

the xissile tovard & selwatad
iut in space.
Mﬁmk. Taunch, COOet, JOpArSiich, & MLFIL1® TOBICNLA verw DOTEAL until Just prior o 25.5 mecs.
Why-117 Upan recorery of toe mlasile the eondition of the mispsile parts indicated a atructural
16 Bep %2 feilure. It vas dwtarmined that n 200 voli short caused & hard over fin conditicn
resulting it an ifg accelerstion. The roll servo behavior vas not as expected for such
& case in that it secmad to be attewpting to correct for & large extarmal moment rather
than recover: from g 200 volt short.

112 Same ad Round LlU. Thw TLight Wi WAIRITAted T 5.565 HACE DY &G CneApisined detoostion of the miasile

1255-126 destructor systam. Launch, boost & separation appencel oorwel, as did motor burning

2% Bep 52 prior to the time of detocation, PBescon signal returc wes good until detonstion, and
after detoraticn the i reccyerad, »o that the beacon wes trmcked to t.

3 Tirat Model ).259& firing. Ia the interset of an inveatigation into the cmuss Yor unerpleined premature detonations
12hoA-120 Iacpched b puided at a oom- of the misalils Zesiructor system, and to lomure agaiost duplication of the Round 112
25 Sap 52 misuvering QB-17T0 drone malfunction, tha primscord oormally detooated by the fall-gafe system wal Sonnscted 5O

target. =8 to be wxpladed by the 4 burst signal xt intsrcept. A large fraction of a
second bafore Turst was ordersd by the computear, & premature detonation saploded the
nisaily, The recovered parts of the missile sboved clsarly that a primacord detooation
_bal cut the misaile fs half.
114 Bangy a8 Round 110. Tha ¢chirol system DESwork was Metwork I modified »lightly so as to provide tighter
12k5A-118 tolarances G the #taericg systes rate gyr¢ input bhetwork and matintain satisfactory
30 Bap 52 sYatem damping. The Risslle Aeefiuctor systenm vas rovartad to that of the L90A type of

=missile using ¥-35 detonators and Ban-plastic primscord. The bemcon failed at 1ift-off,

and the missile radar ves unsble to irack the missile. The fail-safs 414 not operats.
b1 Samar as Round 110, Hound 173 appoaTsito Tave Doen & ﬂplcuﬁ sutcesslul round. The mipsiie responded

12494-122 properly to el commands.
2 Det 32

Sana a8 Round 110 " Launch, boost, & separaticn appesred norwei., The Deacon falisd 835 secs initisting
12hpR- 121 fail-epfe datanation, vbhieh cocurred at 50.5 ssca. Previcus rounds using the Bame con-
3 Oet %2 ol systesm natwork and mblected to thess same coomands, failed to survive the and game

sctivity, vhersas this round, although stroogly wxhiditing the satesring system lack of

survived dus to the placement of the ¢.g. -138.8,
iy Aane a8 Round LG As E g{;\iﬂ m [ e-r]? portion of the ?uﬁt was noraal with the excepticn of &

12%9A-12% voltage fatlure a% lift-off. Inadvertantly, progremmr cooirel wves not started, and the

3 Dot 52 wlesile flew under computar sontrol ooly. Bebavicr of this missile was considered =
substantiaticn of the laproved performance obtained with the C-1 netveri, approaching the
deaired stadility aoptrol charmotaristics. The last 3ignel wae received by the missile

&% ant fail-safe mizslle destructicn occurzed at 42.6 secs.

pEI Sant 43 Round 120, Appe %0 havy bGesd & succassful round. Witk exteptich of B RCDERIAry POVEr SURRLY
1okgA-123 faflure at 1ift-off, the beacon sigoel wvas goliZ throughout the f1ight. The missile

T Oct 52 Tespanded well to all commands, with very good accelerstion trauwslent dawping and no

lar, 4% of attack ramult dur: the flight.

5] Tane &8 Roumd L0, Tha aigsile t0OL & DOTILMASTATLY BARding pproXimately Al separaticn mod Sontloued on
12k9A-126 that eourse wotll xissils dwatiuction wes orderwd by Proving dround contrel for reasons
T Got 32 af range safety. Beacon tranamiszsion failed at cos second, aftar being gquita noisy up

o that tims. The beasos Sigoal vee restorwd at thres seconds with two minor Sutages to
five sacs, after which it apparently operated quite porsmily until 25 sscs, vhen the
radar ves sbut off to inftiste fall-safe missile destruction.

Game md Round 110. The Teallts of this rous Bubstantinied the fmproved mitalle performance resulting from
L2hoA~127 oiilization of the C-) cootrcl systam oetwork. Btasring mcceleration translents ware
9 0ct B2 Tory oearly ¢ritically daoped threughout the flight. The eonly yaw rate @yro bottoming
socurzed at &1 sece, end po pitch rata bottoming wves recorded. Tohe command burst order
vas Soat at Ml.h yecs, and IGOR photogeaphs verify & ¢f tha spotting charge a%t
that time, Migeile Jeatruction wmp 12.1 [T "
Gamt a8 Round 120, From the reacords avaiisble, Round reauite appeared to duplicats those of Feund 120,
12kga-128 Tow spotting chargs blast apparantly caused severy disturbances in the Riseile, and the
10 det 52 use of & lessar charge Va8 congifered.
Saws as Round 121 with 'n:a puwrpese of the alant lagech was to determine vhethar the 0-1 network woult provide f’
13RGX-12G Riseile in & alant 1 Tl quats stabiiity margin with reaponss to xisslle structure bending xt high stxgnatics
10 Cet 52 postticn. The ¥ ¢bjactive of the round vas 0 provide Information om the usa of . 7
vj.ndml" spotiing chargss to better snable the target radar to record the burst on flim, .
Toe prissry cbjsctive was xchisved. The secondary cbjeciive of the tesi ves oot achisved '
as &3 uncommanded spott burat otcurred outside the target radar baam. 1
12% Bame & Round 12X AT approxioetely 13.5 #8ch & CUO-TOLE [owe? Supply MElfunciioh TesGlted in & DATS Over
13h9h-1 30 £in respoossy, and structural feilure of the missile followed sbortly therwafter. Missila
17 Gt 52 flight had besn normal up to the time of melfunction. The desired high dyramic presaurss +P

wars not ebiained prior ta the serly termination of the 21ight,

$ e |:-.\.-;_l,w(_'..€3



AFFEVDTY. 13 260
Reund Bo.
Migdile MO, Tast Oojlactives Pamarks
Dute Fired
i=h Hound was Tired at & nod- The tasl wvms succemsful, with the misaila being 1aunched and gulded ta the target 1o
12h9A-131 mansvrerlng OR-170 drons the wrual miovér.
21 Dat %2 target.
125 fazs ms Aound J2L. Teat vas & dupllcation of the previcus oof. OTound spoed of ihe drona GAd decreased to
1209a-132 about 1458 mph, wod cimtral wwe ASEfloult, but in genersl the Flight patiers spproxicated
21 Oet 52 tie standard courss. Syotting cherge detonation vas slightly dalaysd, produsing s burst
xies distance of approximately 125 ft.
128 To guide the misalls tsvald & Tound VBB tATRiOned, belors low AyGADlc pressurs could ba reachad dus to the complete
12hoA-133 svlucted polnt in sphse with 108s of beason sigoal by the reder st 24 ascs vhich resultsd in fall-safe detooation at
2l Ot 52 sEvery and game ordefa at about 27 asos. Commands weTe ooixy throughout the flight.
lovar dymsmin predsuros.
127 Tadt CoDAlLiens warw the Mizalle reapoces 1o Camadded acceleratione wan sxcellent, Bul rate gyro boltomlng
1okgA-13% sams A8 Round . ooturred in both stewriog planes during the snd gams. Duplatfion of the byirmulic oll
2 dct 52 evpply neourrsd at X7 wecs chupitg & lack of roll stability. Fail-safe vas initiated at |
about 7 s¢ad, and primecord dstopatiom cacnrred at 61,74 socs, :
126 EaMa a8 Round 130 Teal cbjecilve was sabhlwvaed. a ¥ cpe roll oacilletion ooted 1R previous roubds Au*1Ag
12kaa-13% the tura-over comsand wed barely discernible b thet time in Round 130; bowwwer, dimilay
28 Oct 52 oecillations were vary srident during the panusl 3g dovn commnd given from A3 to 62
. gece, The Tlight vae tarmirated by delibarata fall=safe dsstructlon st 50.5 seca.
179 Same a8 Roucd 126, sxcept At 32.% eece; udl an in steerind te voltages drove
12hgA-1365 the Tange to intercept vas ing m wtsady stats spin of sbout 8 rps. Tiar tie misslly 314 not resch the intended
28 Oct 52 1nerasesd to 23 miles. spaca point dus to the madfusction, vhich apprecisbly rwiuced misaile valocity. It 1s
possible thet, becsuss of the reluced vilosity, snd game wes ezacute] wt dyoenic jres-
sirel ae Jow wi thoss 1htanded,
130 Zamn as Roupd 135, sicept the "Totercapt’ on Round 130 wea dasignated 1o oomur av me sltiteds of B5,000 Tt HEL and =t
12h0A-135 misnile =.g: locaticn vas w rmoge of 17 miles from the yadars. Tn Tespouss to the lest programsed and gome come
30 Ogt 52 moved frow Sta. 139.0 to 131.8. pand;, Round 130 devalopsd angles of atiack sufficisat to cause loat of control moment,
and the miseils tumhled.
131 Baxa ae Roubd 1&, aeApt tae The Miasils execuied end gamn comemnds 1o intercept, and vas then flovn under meousl
12hgAu 13T altitude wma raissd to 0,000 ctmire]l to an altitde &f 15,000 f&, vhars missils destruotion wwe loltlmted,
30 Qat 22 f+ MEL.
132 Round fired at & NOD-DMD4TAY- Tow tc u failluse of tha roll amgunt gra to uncage, the missile 414 dot follov toe
12bGA-133 ing GB-1T73 drona target. intanded courss Eut heated off range. The miaslls vas dvatroyed for range aafety par-
6 mev 52 posaE.
133 Gomé as fownd 132 Tha SLTITA EYwiam porformsd nonmlly, snd the minsile possed under ihe left wing tip of
13UQA-150 the dropd. The closest c.g. mpproach wes 50 Ft, and the misa Afstance at turst wves T&
& Nov 52 L.
13% Buxet a8 Hound 132, extept c.f. BYAlem DATTOrmANCE wha bovial. The olossat c.g. spproach of the misslls to the Arcna wvas
1okga-1h1 looution vas again at St B% rt; nowerer, tharewerwan indicatisas of spottlog charge detonatlon. IQOR rescrds

1255A-143
13 Hovr 52

indicated s miss Aiptance of lews thas 100 £t

& May 52 139.0.
35 Baoe ur Round 1312,

& seleciad point in spacs
with severs 4hd game orders
at lov dyoamic pressurs.

1

Hisslle pasesd wimoat diracily under thw droos. The clossst appromcd Vas BS rt, anA Ow
misa Aistancs st burst wes O7 £t. Fail-safe misnile desatruction, initieted At About %0
smod, 414 wot occur, and the missile flev dntact ta t.
spcondury GBJEOLLYS O v test wed t5s provide iatermmtlon am
apotiing chergea for target radar cvservatiicm. The primary cbjective of thia st vas
snceassful, Fowevar, dus %o an srror in the smrmel svitching procsdurs, the Mlssils vas
not unier computer comtrol in ite approach 10 the socond apace point, aod the secabdery
chjsotive of tha teset wmn nat sst.

ight was suacesaful, and boih prissmry [TT]

Jurtlvas whiw achlsved. Tha

L2hoA= 104 grammed coomhmsts wvere linlted apotting charge vad detomated and satisfactorily resorded.
13 Rav 5@ o .

Tant conditions similar to Winsiis parformed Dorsally until mbout W3 S#cs vhen & bescom 0olis started to mesk the
1249A=-119 Rounds 136 & 137, intepdsd tranaaitted comands sol caossd altarmating bard-grer flo deflacticos. Thess
18 Fer 52 resulted in the Tuild-up of & large angle of actask, dscreasing missile velocity to

aubaonic spesdis shortly mfter the missile od the first spmoce point.
1319 Samn ms Round 136, szsapt ihe ALl phasea o were matisfactory up to aois, Approximate ance pefore
1240A-14T apotting charge spads polnt tha spotting charge detonaticm. At this tims the bescon ooles diatorted ihe reacelved
18 New 52 vay lowersd 3,000 ft. Alsg +nd-gume commnds i such 4 Banner that the tést vas Dot cobduciad wodey the ssvers and-
comands vers liaited to 234 game conditions lotended.

10 gaee to iatercept
1o Round Tired at m oon-ssadinver- Tisvlie performance LRroughmit the TLIght was quits petlafactory, and ihe TRthEr Bevers
12434 -105 ing QB-1T0 drone targét. el ~EREs mabéuvers were wuccensfully exmcuted. Mips distaccs vas approximatsly 100 ft
20 Nav 52 in froph of the drone.

LY Bams a8 Nownd 140 Migaile parformmnce vas astisiactory broughoul the FLIGHT, With sucewsalul executlon of
1MgA-146 the rather severs and-gess orders. Toe misslle pessid about 175 £4 below mod to the rear
0 Ney &2 of the drvone.
iz Tirst hound %o be fired st a Tom spaciflé obJeative of this round was to check the abllity of the system to intercept
Lzloa-14kB pon-mansuvering QF=00 drema & high spesd target at near miniwwm rungs and at high azimuth rates. The tast obJective
26 Ror 52 target. was not accomplisbed. Thare vas no fodisation of motor stary or burning, and missils

valooity sppiured to have becols subsonic by 10 meas.
153 Zane ¢ Aouna 143, The syebas, paTfoTRAncE GppeRred t0 have bean satisfactory thronghimt the Tlight. MHiss
12hGA-109 Aistance yas +AtjmAtad to be less than 100 Ft &t the time of spotting charcge 11lumica-
26 Nov tiom, with the misslle %o the rear and south of the deooe.
1 To gu. @ misslils toward a progrusesd] 4Dd-gaDe ComTALdl VA FUTIHEE sIeTated mod roll performmick vis good
12h9A-15% aslactsd point in space with throughout the flight. bowsver, wamll ceslllations were prwcant 1n the sontral syutid.
3 Den 52 sovere &bd.gams ordars ab low

dynamic prossurs.

LS Eace a8 Aourd LWL Ar 1n Round 1#%F, Aoud 115 wea sucoessfully flown through the first space point, acd

12LgR-103T ppotiing charge burst vas obssrved. The programed comwnds wvers partially masked by

3 Dec 52 noiss, and the Missile pasesd about 5,000 £t abova the sIcond apece point. No ecmtral
systam oncillutione worw dissarnible in the talasstry regerds for thia yound.

pL Ty Rourd fired nt & bah- ALl comBumkids were oblitsrmted '5: deiss From abouk Ef aftar launch vatil sbout U9

12L0K-120 mafiguraring RB=17 Arook secE. An & rasult, the miswile f#11l far short of the target drone. Fall-

k Dwg B2 target. ordsrod Irved at about 76 sace.




Round Bo. N P
Missile Ko. Test ObJectives Remaris
mte Fired
T Same wa Rouznd LG, Although the miseile ¢id peas about JOO It below and Lo the right of the 4rone, AGlse ob
12kgA-153 the commend chacnels oblitarnted the snd-gess comvends aod prevented spotting charge
L Dec 52 detonation. The boostar fine wera lost mfter se tion, rendering the boomter unstable,

Bame a2 Round 1hé. The hyiraulic system aE apparently incperative. The missile did zot roll atablijze and
12hGA-15k the fins 414 not respond ta the ived turn-ovar comsends. Tall-safs otcurred At
b Deg 52 mbout secs at an altitods of 12k, 000 £t MSL.

LT-] Saae a8 Round 146, The roll awcuct Dyro fallsd 1o uncegs st 1ift-off. The flight was ternioated for range

124581043 safety purposss bY fall-safs detonatioon at wbout 21 ewce.

b Dec

150 Z Round fired at & non- Mivsile perifornance vas axcellent through intercept. Compands wers fres of oolse, and

12Loa-1% mansuverizg Q-5 drone the miszails follovel coeputer orders ¢losely. Buret securrsd 173 £t bebicd wod slightly

9 Dac 52 target. nbove tha drona. The flight vas tarminated by an ubcommended fall-safs detooptlon
pegwTing O0.h ssca nfter the epottng charge detonatiom.

151 Test atructurnl bending st The insdvertact inslusion of an inproper resistor lo the siaping network resulted in yoll

12L5k-1351 high stagnation pressures. instabllity. The miseile &xperienced largas oscillatoTy motlons after the turn-over

11 Dec 52 command wvne fajtisted. Thoa motor abhut dova at about T asce, and misaile failsd
structurally at sbout 7.8 seca.

Bownd was & rader inter- Dua to fallurs of the lmuon dlaphrage st the fuel tank outlst, the motor 4l not
Lakga-155 fervace chenk. operate. Thearefors, the Missils neither entersd the target radsr bean nor reached the
11 _Des 52 intended spece point.

153 Sans an Found 152. Both guldanca control mnd mdssile responss wers good o the polot of lntsrcept. The
12h9a-150 talesttaryl misslle coommnds vere nolse Ires. The control systea portion of the test
16 Det bacams Very noisy nod wvad not comploted .
158 Test comtral fin deflection All colectives for the round wers sachieved, demorstrating the fexaibility of computer-
12Lok-152 coxzands . programear type flights for uas in Asrodynamic Stap-Fin Roundn. The refar vas turned off
[ 17 Dee 52 2 sacs to initlate fail-safe detonstion, which accurred ebout 6.5 secs leter.
159 Test structursl bending at The roll rate gy¥ro motor vas apparently not soergized during this flight, and the normal
1249A-157 nigh stAgnaticn pressures. servo daaping effoct furnished by the gyro was not presect. Coosequently, divergent
1T Dec 52 eacillations ocaurywd in both steeripg and roll, rsaviting in complate lose of cantrol
followed by miswile structural failure at sbout 3 sacs, No fail-safs detonsation octurred,
1 Test againet & BON-Renwuyer- Syatsm cperation appearwd uttoncmr;r with tha sxception of large maplitude 5 H apa
12hgA-150 ing QB-17 4rvos &t near staering and rell oscillstions during turn-over and o & sevare roll distorbance betvesn
19 Dug 5& mcimm radar TROgE. 5% & 59 swes. Purat cccurzed 58 4 almost directly telov the drome's right wing tip.
Tow flight vas taraisetel by cormel fall-safe detonation about 83.9 wecs.
id Sans as Found 155, Tus to failure of the FaNge Safety plolving boaTd, toe Range Safaty Officer termipsted
1259A-15% the flight about 36 mece by fail-safe datcoation.
19 Dac

Test against Qb-17 drooe. Tound succasafil, but be mids dlsience wea Tatlier Large, Lbw missile being 230 £t Gabind
12haA-181 the tall of the drobe st Durst. This Jarge sdss distance mny bave beeo 3he result of a
§ Jan 53 severs roll sydtom malfunctios whieh occurred from 54.5 to 60.5 secs, but 1t was mora

obtably caussd by the statistice of systen ratlon.
199 Eame a# Round 158. Beacon signel vas lost ona sac befors Intercept, initisting feil-safe dstonation, which
12h5A-163 ocourted et abdut &1 sacs. Although & miss distance of sorts vas mchievsd, and & burst
§ Jan 33 conmand was sant to the missile, there ves oo sapotilng charge detovmticz and the misslle
vas mot controlled, both dus to the beacon malfuncticnm.
160 Fractical flight demonatra- Firet fiald test of & Warhead Missile under the NINE 1245 PARD Frografi. Test COiectilven
124oa-18T tion of the warbesd systam. were sbtainsd. Bystem perforcance wvas satisfactory, the missile paszed through the
13 Jan 53 designoated inteycept point, and the warhead burat ocourred as planped. FPhotographilc
racords indicate; that all thres wverbeads detonated.
161 Aerodynamic Tast preparsd o Reund can b considerwd & Tul cns 1 h a8 drag and pressurs data vere obtained
12hGA-15kh a drag Rissile. during the major portlon of the flight.
12 Jan 53
2 Ayatam tast sgalnet & QF-00 System behavior was genarally satisfactory. A monentary -100 volt short cccurred at 22.3
12h9A-1T6 drome. st} tharw ves & very abort pariod of stesrlng retes bottoaing during the end-game; and
1% Jan 53 from about 25 secs on the malmuth and elevetlon error sigoals were plightly holmy. Fall-
safe detongtion vas initiated at %1.1 secs, but 414 pot ooour.
163 Tonditions and co)actives K though ¥ystem JeTIOTIANCE WaS Eenarally sxcellent and the mimplis Succeasfully Teatbed
12534-173 ware the sams a3 for Round the desigzinted Fpace point, the wrheads Talled 0 dstonate.
16 Jan 53 150,

Eyatas tast agaipst & QF-00 System oparaticn ves gensrally satisfactory, and the aissile passed about GO ft in froot
12598-1T4 . of the drons. largs smplituds 5 cps cacillaticns werw 7 t io roll thréughtut most of
20 Jun %3 the turt-over pariod, Soas misslle redar perturbaticons wers noted toward the scd of the

flight, maatly in elavation.
5% Teet against & QB-10 drooe- Keaile was ;3 Tt below ttw right wing of the Aroow &t Durat. A 5 Cps OsCLLIAtlon vas
12h0A-1TL conditicns sams wa Round 16%. pravent In botk stsering and Toll chaonels during turk-over, diverging very slovly except
22 Jan 53 for the last 1.5 seca, vhen s tendency 1o comvergs was pressnt, Also, just preceding and
Just following turn-cver, s low Zrequency, low waplitude oseillation wvas pressnt in ysw
byt not in pitch.
156 Same &# Round 155, Wisalle waa 20 [t Delow ihm Leit ving of Lhe Aroos AL furst. A 5 P8 CACLLIALION waA
1ohga-170 presant agaio. Large Tluctuaticos ware present 10 ateering and roll just at the tims of
22 Jan command burst, &t wvhich point the missile = I upderwent a severe dlsturbance.

Tast structural bending at Successful In that dynamic pressures s high as I%o 1bs per og 7t wers obtained witheut
12%an-1TT high stagoation DIessures. the developmont ¢f vnetable oscillaticns. Mlssile destruction wms exasgted by buret
23 Jan 53 comeand gt 20.1h swis.

Practical flight demonstraticm Wissile vas suscasafully guiled to the dwalgoated space polnt. THe GurAl comoand wos
Lohym-1073 of the warbesd system tranamitted at the proper tike, Tollowsd by shut dovn of the redar tranemitter to

Jan %3 inftiate rmil.safe ration; hwwar: warhen) 414 not d.etanqte until EECL

Fans aa Rownd 160, Bonditions and the results of thy test werw tha same &8 taat round 168,

L2byB-10T%

Jun
1Te Teat ngainst & QF-00 drona, Tus to & 90GTrol problem with the dyona, the eiTereft vis on & SOF approsch (App head.cn)
12MGA=1TS st the tima o missils lagnch and cootinued 8o 10 Intercept. System performance yndsr
29 Jan 53 the oonditions deseribed vas satisfactory. Lov frequencr oseillations were again evideat

in both amrﬁ and roll channels during turn-over.
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Hisnile Fo. Teat Cblectives Nemarks
Date Fired
171 heck oc the Sea larel Cperation of the Ei#8lle WWAT 9uDtrel Of the loternal progzammer vas satlsfactory. The
12554291 fiight temt. mivsile was programmsd through ita fntanded trajectory, schleaving dynamic prossuras
G Tab 53 Ereater than thome 10 be sncountersd by the tactical mismile Ysunched at any aliituds
witheut any eviflenca of bending. A 5 aps cecillation dismappusrsd vhen the twrm-over
ordars vers removed.
172 Tast against s QR-17 drcas. Mipsile rosponse was hormab duricg the turn-over period, with no evidescw of low
1269A-383 fraquaney oseillation. Howerer, aftar 23 secs, the pitch stasring cheanel 4id not
12 Fab 53 functict, and the missile did not wpproach the target.

BFE] Controd round to check low Nissile performante sppeared 1o have Deeh satisfactory In ihat the Ectuml Trajectory
12454182 fyequancy oscillaticue, clooely followed the predicted. We firm concluslona rogarding the objective of the round
13 Yebr 53 conld be mads, however, fus %0 m telemetry mmlfunctiomn.

ITh Test structural bending at Unce again, high dynanlé pressices were obtalzed without develspeant of bending
12k9A-185 bigh stagnation pressures. tostability. The miswile ves destroyed Dy buret cammand #% 30.5 secs.

13} Feb 53

175 Aerodynamic round to check Actual trajectory wal abdut &8 predicted,” and the round yitlded uselul serodynanic date
12hon-166 allercn deflecticn, oo sileron affectiveness mod roll darpibg ss & funotion of Mach mumber.

17 Feb 53

116 Practical T1igbt demoowtraiion  MiWsile pasaed LBrough the designated intercept point, aOd WAThend DUTet occurred at

1249R-2100 of the warhesd systam. that point.

17 Fed 53

T Tamo &4 Hound 175, FEaaile pasacd Through Lhe @pace poiot, DOt &1LEOUED the LUrst comnand uss Lraoaatited

124951090 at the proper timd, followsd by ahut—dovn of the radar transmittier to fnitiate fall-safe

17 Feb 53 operation, ths warbeads €1Z pat detonate untll impast.

ki Contrel round to check low Low frequency ceclllations ware present vhen predicted during the flight, f.a, anly dur-

1259280 frequenty oscllinticos. ing paricds vhen certain steering order coobinations wers being tranamitted ta the

17 ¥eb 53 45 mdified control system. .

FYE] AeTodynamic Tewt prepared wé AccalsTaticns of ayout 3 § it Ppitch and B g in yaw througbout flight caused thia misslle

12MGk-35 & dreg =ivsile. to follow a trafectory having & pesr aitltude about 50,000 £1 lower than predictsd. All

25 Fet: 53 TresfUre gauges Temalnsd at lostromest limit throughout the flight, sbd drag dete were
unreiisble dus ta the missila's motlon.

1:9) Control Tound o st roll Thers was no indication of roil ossillation during the period of programmed compands.

L24gA-155 atability. Toe demcnstration of the Mertin frangidle boostar in its sxperimsntel state vas sstls-

27 Feb 5% factory, slthough the snd of boost veloslty wvas sbout 300 ftfaec (15%) lass than thet
normelly cbtained with the 2.5DS-53,000 x 216A2 boostar.

104 Tast fin stel defisctics Trajectory was approxizately as predicted, oY of coOOLTOL VA® Achiorod &t L pro-

12hga-162 missiles. Par time, comeands were tranemitted mnd recelved until sbout B0 seca, sbout 15 seca befom

7 Feb 53 the end of tho ProgTasmer sequence, AL this tiae the bescon signal wes lost, and fatl-
snfe detonation was initikted.

02 Sana a4 Bound 181, Tound was terminated at APproaimmtely SiX peconds. by unexpixined detonationm.

12hgp-156

27 Fob 53

3 Control round to tast roll Dasired irajectory vas cbtained, the programmed COmmaAnds Vers properly tranmaitted,

1259A-155 stadbility at bigh altitude received, and oxscubed. A.5 aps steering and roll oseillations were prasent during the

3 mmr 53 with induced Tell-with 50C, turn-ovar period. Although fail-safe wes inttizted at 92,7 secs, the primgcord
deatructor ying ves not detonated until <t &t abount 120 secs.

1% Tame ws Rowd 103, “Desired trajectiory ves obtalned, and LRe DrOATABGEE COGEANIS WeIt praperly tranamitted,
i2%oa-2168 recejved, and . The hy 1ic o1l supply was spparently exbaustad at about 1 sec
3 mr 53 beforw the #nd of the prograbéer stquence. Oscillations werw present the swee as in

round 163. Io both rounds the boomter igalticn shock with the new shockless igniter wes
fndead much lesw thap the previously uesd Mark 156 Mod, O stacderd igniter.
05 Sap lavel tast at high Suecessful round. Ro instability dus to coupling of the missils structurxl charactar-
1245A-192 dynaais pressurs. isties intg the missile ¢ontrol systof vaw presant,
g Har 51
Eystes test high wmccelorstion Misaile perfGImAnct wAs DOImAL, 600 Lhe test procesdcd esaentially 44 plamned. Due to mn
12hya-1T5 maseuTars by & target. ioadvertent sisatjvatasnt of the computer mensuver acalie, the spparent target maoeuver
5 War 53 was 1.5 rather thas 3g. The miasile succabbfully executed these ouders aod proceedsd to
{atercapt. Durst occurred st approximately Lb.4 secs, and the miss dfstance vas 123 f1.
157 Same us Round 1B%, ﬁccen& round. 1The duretlon of mOtor purnibg was unaccOuntably shor%, and the
éaug.\-z.aa intercalily timed fail-pafe operation 414 ast opcur, The flight vas terminated by Lwpact.
Moz 53
pL Control system test at bigh A3 the Tesult of & wiring erzor io vhich the command buret circult was strapped to the
12h9A-159 aititude and with <omplex fail-safe aiycuit, the missile vas detongted gt intercept, mod the programmed end-gane
10 Mer 53 stearing orders. Test was not webieved. Missily performance prior to interdept was satisfactory. The apeclel
wianderd ABL fgnitars. boostar ignition ahock instrumentation indicated that thesw ptandard igniters vere ¢on-
siderably more savers than thy specinl abockless cmes, giving shocks as large ac big as
well mw 8 grester nember of #hock cycles.

155 Bystom tast ageinst & ground Hiseila performance was satisfactory, spd & miss distance of 103 £O at burst wvas
12bGa-g00 target at nesr minimm Tange. achisved. The flight vas terminated by ispact. The stralc gauge and displacemant
12 Wer 51 inwtoments ybowed this ignitiom te be the roughest yei chasrred.

190 Control system test ut high Although It vasbalieved that the mlsalls parformed as expected in this round, little

A249A-1T2 altitude eod with complex useful dats were cbtained wi the resclt of & talemstry msifunctiok.

1z Mar stear criers.

191 Byston tost Lo intercept a Thy severast &.9 Cps ateering and roll cscillations cbeerved to date were experlenced

124GA-201 receling target &t mavimme &uring tarm-over. At 15,25 secs & smoky aissily motor wvake wis obmerved, aod at 16.95

1T W 53 TRRES, sate & BOtAT turn-ihrough ctcurred. At 1T7.03 secs the positive roll aileron valre
aharted, ceuaing ihe fizs and aileroms to move bard over in & positive divection, Tail-
wafa destruction wes at 0.3 seca.

152 Same a5 round I9i. MLaslle [erfCImeice wes ATSSOLIstly eatlsfectory, sod a mias distande of 1485 It &t burst

12hGA-2T8 wvas achieved, A k.5 ops osciliation was again poted wé well as & lov axplitude oseil-

17 war 33 iation at 2.) cps. The misslls detonated fall-sufo nt 75 seck.




SGEMNDENTIE 5

- BRI o4 si Remarka

Toils aiesils Toll stadilired, aod the hydraciic system vk properly nctuted &t Rissile-
voostar ssparstion. Howaver, the misaile &id not respond to the dive order, tut zom-
tiousd upward, belog tresked to A0 eltitode of 150,000 £t M3L. The radar vas turned off
to fnitiste fail-safe st 50.3 secs, and the characteristic sacke puff was recorded by

IGOR camarns. Eovever, the sase FUOtOgTAphs 4le0 gave evidence that the missils failed
2 Break and continued to eiimb aa zoted abovs.

Rounds 195 & 195 marked the first RAD flight tests of the sew TS3IEJ Arming Mechanisas

ful detonstion of the warhead systar wvxs achieved., FHow-
47Sr, Lekton COnNLACt W 108t m%t lift-off, and the verhesds cperated by fall-safe ag

Missile wea succesafully gulded bY the programuer to the designated space point and &
successful varhead burst wvas schieved. Mlwsile performance was satlafsctory with radar

Butcassful warbesd detooation ves achisved. An ubexplsinsd mpalfubciion caused the
miggile to head wvest and also to ¢liab shortly after Iifi-off, Mapusl corTactive orders
wvare given beginoing at 1% secs with no affect. Warhead burst was sxscuted st 35.1 saecs.

Tha missile vas succasalfuily guided to the designated intercept point and the warhead

ALl jhaaes of mirdlle performance ware normal £or Hounds 199 and 159,

Feaulis of #ea leval fiight tests Ipdicatsd t2aT performance was satisfactory under szs

Round wea stccessful since good data on misalle ¢Onircl pystem Sransient DehAvioY wars
obtained. Actuml trajectory of the missile corTelatad very closely with the thetTatical.
Formal fall-safe missjile detcnation occurrsd at about 101.5 eecs.

This £light vas oply partizlly successful. Tbe duration of aotor burning wes slightly
less than normal apd the Tecoversd mctor ahowed that & burm-through occurred. Due to a
runge gating osciilstion the ordera began to increase in asvarity &t sbout 19 sacs,
closely Teseabling sevars sni-gams orders from about G1 seca until fntercwpt at 7246
aece. Thus, the conditfony wers Dot representative of = normal flight.

Miasile performance in this round was generally satlsfactory. A augcasaful intercept
with the super-slevatod drane imsge wvme achieved, and systea performance at bigh altitude
vas good, The =5 cps osclilimtions wvare not present during turni-over. A burat order vas
sant et intercept, but there varno svideoce of spotting charge detopation. Noiae was
prasent in the beaton retuwrns and ccomand channels st thie tioe whd probebly moasked the

flight wvas marred Oy s cumber of malfunctions, most serioud of woich wves the deplation of

tha hydrnulio oil supply #% sbout 68,7 secs, 5.5 oecs bafors intercept. Thres pericds of
Toll dfsturbance wers ooted durlng the flight. Spottipg charge detonstion oodurted mbout
0.9 secs after thae burst opder wav tranemitted. Tracking by tot missile radar vas con-
tinucusly sutomatic, Tut wvas roughensd consldersbly by lov frequency varisations in the

This missile vas flown cader gromr sontrol, and the programmed orders tranamittad

+ Migsile performance during this round wks satisfactory.
Thy misaile muccesnfully ¢ompletsd the prograamed acéelerntion staps et 43 sege. Shortly
therwalter acotrcl was lost dus to low misaile velgoity, ma predlctad, and tumbling

Tox stap aceslerntion profras w4 not acommpliished dus to missile malfunction, and ihis
round was not sucowasful. The fiight can bw divided fnto three phapes] erratic behavior
during boost; large oscillatioms during turn-cver; and feilure after turn-over. Recovery
inddcated that vhile fail-safs detoomntion 414 occur, the missile remainsd in ona plece
antll lwpact, probably tecauss of the lov dyoami< loads <z the missile at toe tiza of

his round, salthough affected by a sub-normal wolor performance mad srratic progracmed
operation, provided the necassary data for completionm of the studies on the effect of
¢.g, locaticn &t lov dynamic pressurss, for contlnuation of S0C evalustion studies,

After a normml DOONt, soparation, and roll atabllizstion, sod upon spplication of tha -5g
dive commards 1o pitch and yew, the zlssile polied countar-clockvise sbout 90 deagrees and
ansumed an saaterly hesding. For renge safety purposes, fasl-cafe vas ioitlated ot 20.6

and acbieved at 26,35 awcs.

Is bebavissr vas normal until bydraclic ofl vas ted at about 57 secs, after
whish, tha fins falled to Teapond and the mizsile began %o rell st & 0.2 cps rete. From
» REAC atudy point of viev, the flight wes successful in that &1l applicable programeed

ateps vare cowpleted before depletlion of the hydraulie oil supply.
Hound was partl successful. CFressure and dreg informstion wes cbtaloed for the
ebtire fiight, but Aakazia covsrage wea adequate only for the first 28.%5 sece. The

flight LTeja<toTy né asan by skin tracking redar was close o the theorstical. Missile
destruction took place at 82.22 swcs.

This round was samentiaily suceessful, although as & result of diepersion at the end of
vopat which caused an inftis) vestarly besding of sbout 129, the miasile 314 zmot paAss
through the space point. The four inert amcunt gyroe operated throughout the flight,

AFFERDIX 11
Round Xc.
Minaila No. Test Jojeciiven
Duta Firad
153 Tast at long racge and high
12boa-158 altitude without BOC
26 Y 53 aiTgulitry.
195 Practica) flight demopstia-
L2kgB-1104 tion of the wvarhead mysten vith THE] detoaators. A
3 ar 53 iz the LokyB,
7-39 neck.
35 Eane a3 Round 19%.
12hye-1i02
_%gnr 53 norwml .
Tema as Rouod 19%.
124981282
2 Apr 33
LIgT Eama &% Found 194,
; 12h9B-1183 burst vas mchisved.
2 Apr 33
19 Ban level teat st high
12494-197 dynamic prassurs.
2 Apy 53
9 Bame a8 Hound 108,
12h0h-196 level lsunch conditicos.
3 Apr 53
200 Test flight under control
12hgA-168 fin mocelarations.
1 Apr %3
21 Tast st lang Teoge and bigh
1245A-199 altitude without 80C aira
1% Apr 53 cuitry.
| 202 Samt as Round 2C1.
12LGA-203
16 Apr 53
urst order,
203 Systen tast 1o intercept s
22UGA-202 raceding target st maximm
16 Apr 53 TAngs,
Abswnce of patiern nodulation.
204 Control rousd to test low
12hga -20% fraquenty cdciliations of wers the samk a3 for Round 1T
¥ Apr 53 tha miszslle steering snd
%1l wystema.
resultad.
%5 Tast Tlight undar contreld
12504 -209 1in step nocelersticns.
¥ apr 53
detomation.
Fo) Test c.f. location st low
i2kgp-1178 &ynamio pressure acd can-
5 May 53 plex steeTing orders,
Without S50C.
2GT Tewt Tilght under coptrol fin
1245R-2179 stap deflectionn.
1% wey 53
”
208 Test control of missiies
12%gh.281 egquipped with half haight
19 My %3 tunnele.
T obiain 1245 missiie arag
12468-218¢ cosfficlents,
19 May 33
240 Bystem tast against a
124gB-1151 specified space polnt, and
28 my 53 10 tast the gYTOR.
211 System tast against a ground
1249R-1153 target st Dear minfwus TAnge.
2 Juzn 53

The thres molified o rated gatisfactorily.
Round wvas mccels?\x’E Trunched AL guided to the grownd LATget. Misalle performance vas

marginat fn that the bessoh Mignal vas 1ost from 1ift-off %o 5.5 ewos, Nolsa wmm preva-
lunt until 25 secs, slight zotsa until 27 ssca, 2o nolse was evident untll burst 37.5
swca, almost simulitanecus with impagt. Wo spotting chargs detonation was observed. The
Martin T-b8 booster porformed satisfactorily uhtil shortly aftsr separstion, when the

fins wers lost aod the boostar tumbled.

v




AFPENDIX. 11 m 264
Bound Mo.
Marile No. Tent (ojectives Remmrka
Tuta Fired
B Tysiaa test At ainimum Dange Buccessful Yound. Mesile paswed through the space point, wid irportant information oo
L2hgB-1106 and o tast, ETo parformance vas osbtained. Btesring commads wers properly tranumitted, Dwoalved,
2 Jun 53 and executad, il missiie
EY ¢ tast for cootrol Launch, boost, mod the porticn of the TLight vere Yer, |
12498-1192 fin step deflaction. &G cycle power from the computer roam to the misslle rwdar van Il- loast. The progremmer
4 Jun 53 bad started pormeily but stopped vhan the pover fajlure ccourred. Tall-safe detonatlon
ocrred at 81.&2 BOLE.
Hystan tasl 8% minismus renge, Success = ez . ¢ xipsila approachad the Bpaos
12LoR-1058 LTe tast, bocater shook test. poiot, and steering commepds vers pouperly tﬂn-itud, ragelved, aod sxecuied. The
4% Jun 53 icert amounct gyTos vers Aguio aatisfactory. The igmition shosk instrumantation ipdicated
& wlow moceleration rise.
2 Aarodynamic t4et ubder control Tue to & aelfunatian in the ywv shannel ¢f the stesricg order demcdulator, ths misslla
12h98-112h aystam in stap sccelerstiions, hapled oorthepst. For ressoos of runge safety, mizelle destruotion was initisted at 35,9
1l Juc $3 44cd. The igpition phock ingtrowentatisn indicatsd n mazimwm shocek of .
218 Control system round, mais &8 AdL ight were wntil 3 aaca, &t vhich time ihe hydraulie oil
1249A-18k round 215. Supply wes exhausted. For the remsinger of the rlight, nll dootrol suwfaoss vers fres-
11 Juo 53 sirenning, and the missile wvar rolling mlowly.
217 Asrodynamic teost flown oo eon- Round cousideared succawsful. Missils wxperianced scowlarstions of sbout:3y in pitob aod
LEhyBe1134 trol fio atap deflwotion 2z in yaw, fram meparatioo until ioitiation of the tarm-cver command, A amell paplitode
16 Jva 53 trajestary. 5 apm oaolllation was pressnt 1o the alevation tracking error during the flight. Fall-
) safe vas at 91.% wecs.
218 Control round at high dyoasic Found wes Succasaful G mhoving the wifect which moving the bending code forward 3.5
12k5R-1135 pressure., ioobes to etation 64,5 had an the bending margin. Therevss svidencs of & slight secunt
156 Jun 53 of banding at the initistion of the twm-over dommand. i
219 Test an asTisl target at low Round ves uoguGcOSh dua 1o B cticn during 4t which remiltad in & prematurs
12hyB-1127 altitule and teet Martio nissile Notor start.
|22 Jun 33 bodeter.
22 Teat an aerinl targat at Llow Bucceastul, The misaile Had an initiel eastvard dispersicn of soout 109, bwt Im w11
12hgp-12113 altitede aod test booster other resposts the migsile f1ight wvas normal. Ehortly aftar burst the I.l.llu.l paswrd
26 Juz 53 whock. threugh the left wviag of the drone about st the cuthoard sngine nacelle, causlng the
wireruft to purst ints flams and ormsh. %o evidence of the 5 ops osmcillation. Tha
Stathan wocelertoetar indicated o marimm ahook of 33g.
E2S Obtain data on mlasile drng Succeasgful. Telemetry records Indicate that good pressurs and dreg informmtlon was
1abgp-1121 with NIXE 490B booster. obtained for the sotire flight perlod. Complets Askenia soversge and radar dial data
2% Jun 53 wvere also cbtainad. Thers vars 0o mpprecisble socelsratlons indicatsd sither in pitch or
yav at pe tioo.
Systaz teat against paximum This round, s round 219, was ansucoassful becsuse of index pin failurs during boost.
12498-2217 Tenge apd to tast Mertin This fallure redultsd in premeturs wiesile motor burning and subsequent missile
2% Jun Tooster. dastruction.
223 - the Jesd zooa bounds ucosanul - Taat gblactives vere ashisved. Maalls behavisr vas gool, Comusde veTs
128GB-120% aries and test the Maxman racaived and axacuisd clsarly, and at 0o time was thers any indicaticn of & ateeriog-roll

osaillatiag,
Tawucoess:

A mise Aistanve of

£t vas recorded at V3,775 seou.
= &k divargent T cpa ose tion appesared in tha stoering and roll system at

L2hgba120T ox ahock and Aisplacemmnt. 1%.5 secs and resulted in stFuctursl failuwrw of the miseile.
| 20 Jun 33
245 Bames af Round 222, sxcapt a Bucossaful - With scoa degres of rassrvation, since the miss distance at closest approach
12LgB-1203 Fadford booster wea ursd. was about 130 ft. The 5 cps escillation in the missile yeiar elevatlon tracking error,
9 Jul 53 for which corractira msmsurés bal preavicusly bean taken, were agaio noted betwesn 13 end
32 weos.
= Dane nd Nounl 221, aXcept B Sucoasful - Complaté dArmg sid pressure informetion wes cbtained, and Askenis velocity
12bgp-1219 NIXKE I boostasr was used. data wers also complats.
Jul 53
—%{ Asrodyramic tast flowa an ful - Pexf Va4 DoTEal through launch, beost, aod separaticn; proper roll
124gm-1211 control fio stap daflection atabilication e schieved; acd pover plant oparation wes satisfactory. Compoitsr command
14 Jul 53 trajectary, remylted ic & pltah fin deflestion. Colnofdent with these acoelsruilons, ome of the aain
fibs falled structurally, Ghortly thearaafter, two more main fins ware lost, aod the mis-
sils broke 1o two at §.34% sece. The booster shock instrumentstion indicated n maximem
shock of
Fast wn meriel target at low . t vaa tarminatad a% L.Z secs By mSssile Jtructurml Tallare causel GY LSetrical
12hgp.1231 altituda. mplfunctiocs within the misells.
17 Jut 53
=] Bratan teat sgainoat aaximmo ahut.ﬂ". of the round was cbtajned, mlibough exdessive tracking zdlae durisg the end-
1249B-1239 range snd to test Martin sams gave risw to an wuoduly large miss distance of IB1 £t. The initlal phases of the
17 Jul 53 booatar. flight were satisfactory, anod the alssils ves guided towmrd the terget wvithout Aiffizulty
until 10 seos befors uput Grovnd reflactiooa caused s divergent ossillatlom in
slsvation tracking.
230 Eystas fest at maxximum range Bugcessfil - Miseile trajactory wad apparectly normal, and the simeriog onderd, which
1249R-1227 and test Maxson amgunt gyros. vere fres of ndise &5 transmitied, wvere properly received and szscuted. Al four ipert
23 Jul 23 Haxacn L] rated Ly thr t the flight.
231 Syatem tast at suimm range. 1ght v tarminatied impedistaly aftar lift ¥ & prmmiture detonation of the
12kgm=1209 primacord destructor ring.

23 Jul
z%é Tyatem Teat Al maximm rucge.

Wissile parTOTEALCS WA Wssdntislly Satiafwctory. Hovevar, SpOLLing CHATES Burst wws
delaywd for 610 millissoonds by an r.m.s. Dolse of 1.25g's that wes present do both
commard chanrolé.

Miaxlle parformnce vas sstiafactory. FRadar wes turned off at 03.5 sacs, and telemstry
enled ot 856.5 sece, indicating normal fall-safe oparation.

12hgn-1221

| 28 Ju 33

233 Atrodynamis test flown om
12458-1201 ocontrol fin stap deflection

3 tralectory.
£l Syatam teat at maximme range.

12h98.-1215

11 ang 53

Suceesatul - Misalla trajectory vas apparantly pormal, snd the command wns properly

1w Tacuted. Command burst was ardersd at 57.5 secs, but due o
heaxy m nmrqn an avident failurs of the spotting chargs break-mvay vire at
separntion, 1t is oot kno\-‘n vhathey the- ‘I‘mrlt Wad properly sxacutsd. Pell-aafe cocurred
50.T9 secw.




~SONRNDENTIAL 25

AFFERDIX 11 -

Round ¥o. - TN g

Wenile #5. Test Oblectives bt Ban ok Remnrks

Duts Fired

3% To intarcept o raceding target To ful due to an op itoal arror. The bydraulie arming lanyard vas oot feptensd

124901299 at coar mexisum rangs. to the launcher, and thus the Internal bydraulio o4) systen vap bever sctuated.

1

T&gﬂ' Sems a3 RZound 238 and to tast largely aucmla'u.l, alm Tow aies dlatance at Durst whe 209 It. Blewring commanis

Lahgm-1237 MAXAON EITUS. wars proparly tranmmitted, recaived, and sxacuted, and vers Mtlatively fraa of nolse. At

13 Aug 53 the tima of burst ocamend, the nLolse Aoted 1n swveral previous rounde VRS &gein spcoun-
tarsd. All four of Maxson s Behaved normally.,

¥ Aarolyrani tast T1OWD oo eoh-  Ubsgucassaful in that tos desired Teo Roment o5 oLl dato VOre Basied by thw

1akge-1233 trol fin atep deflagticn sffecte of 2olss during sll step deflections of the allerona wftear 17 secs.

1 5% trajactory.

3 To track and intarcept = bigh= Ful = A mise diptance of about 50 £t vas achieved, da ways praparly trmns-

12hkgn-1245 spewd target st madium raoge. aitted, regelved, and axpcuted, and exsept for tve briel perlcds, during taii-conx effect

20 hug 53 and once agmin at the time of mmugti the command channals were free of nolse.

239 “Ubtain sarodyoamic data o toe gceasful - Tw Y, y abd T d Tevords were cobiained for the eatire

1phgn-12%3 BRI type miesile. fltght, Miesile vas deatroyesd by noraml fail-eafe mctlon st approwismately 100 eacs.

JBep M Ralar tracking was satlsfagiory except for thres brief pariods of #light reughness

Test parforsmncs st a bhigh
altitude and long range.

attributadly to “tail-cony” interfereDcs.
B Tul - Fect WEB DO through burst, which was schileved without abnormal
delay io spits of noiss thet sppearsd in both piteh and yav when burst vas omiered.
Nurst ococurred st about 50 secs. Mies dlstance 77 ft.

Zwna as Round 240,

Buccasaful - Conditions asms as Round 255, vith mias distafice being 70 % and burst
oogurring &t 59,5 ssce, Tha tima of flight to intercept vae greater thao predicted in
both rounde.

T

Sama &% Roupd 240.

Buscessful zround, all obiectives wers atisined. With the exceptisn of noise on the
command channels at the tima of intearcept, missile performancs was ocormal throughout.
The missils raspondsd succeasfully to the similated marsuver of the long range bigh
altitale target, and oo bdottoming of the comtrol instrusents coourred. Miss disteace vas
ST] ft. Fiight time to intercapt vas sbout 3.5 secs longer than predicted.

Tha primary chjisativa waas iaved, slthcough the miss distance at wurst vae rather largs,
being 212 ft. The time of flight to intercept wvas 6.8 secs gremter than predictsd,

Connidered succesafil despiis the largs ciss distasow at Burst of 149 ft. Time of flight
to intaroept vas B.0% sece longer than yreficoted. The misalls bahavior was normal aXcept
ricds 4 whiah gemtrul Iifier mlfundticns affected the miawile's £11

was puctasgful in that dets vere obtaliped for the oomparison of flight tast
transients vith theory.

Tusuzceselicl - Agtlon of he pitch fih WS #ITAVLC, ATLIting fram 5° Bt Lift-oil %o %9

degrees st peparstion. The pitch rate gyro bottomed st 3.37 aece, k0l st 3.4 pece the

elayntior excesded 7.95. This bhigh sccelerntion caused a main Hin failure at
The pitad Peston return si was volsy throughout tha rlight.

fuccesrsful - Burat vie approximately at 52.9 ssea about 130 f1 qhort of the target, Miss
distancs at turet vas 135 r't, and ¢losest approach vas 61 £t, Tiow of flight to tnter-

capt vme 3.13 sace longer than predieted.

Buocemaful - At 1ift-off, s momantary #+20C volt short caused the comeand input 1o the
atearing and ailervn amplifiers to satursts, and the fins and ailerome bottomed. By
separation however, nll aaplifiers wers functiocing noramily. Burst was at 40.6 seca,
8% £t short of the target. Miss dlstance wne 56 £t, mod closest spproach wee 41 ft.

Satisfaatory Tiight, miedily vas properily guided Lo LE% Epace paint. Durst ordered at
65,91 weas and mcbinved st 65.02% sece, mise distance was 150 Tt. Plight time vas 6,1

BeCE atar than tha tar jetlom.
l.uo.nt"m n nu:couﬂﬁml % Motor start occourred wbout 15 sacs late 1o this round,

Tut mator burning itself was spparsutly hormal. Blesring commanda were propacly trwas-

12hgp-1279
1% Got

12bgn-1263
15 Cot 53

12hgB-1233
10 sep 83
243 To Antercept m mADauYering
12kgp-12%% serinl target at DAAT mAXIoWE
l! Bep 33 FRnge,
¥ Sams as Bouod #43.
13478-1249
1 3 tar two
2 To study the eomeand liatting
12hgB-125% problux.
2h Bap 5%
To intercept ab sarial targst
12598-12%7 at naar Smximge radar rengé.
1 oat 93
L Fana as Round 4B,
1okgh-1267
1 Qot 53
F1:] Zame 85 Round 240,
12vgp-1264
1 Oot 53
245 Test pariormanaw sgainst a
124kgn- 1279 Euaurering thrget st sedium
B oat %) altitode snd long renge.
[5G Frizary chjactive same o
13hG8-1271 Round 249,
__Ez Oet 53
L 73 Frimayy objeotive sema a»
12byn-1201 Round 249,

15 Qat aryer at burat wvas -12% ft in spite of the excessive burst delay.
5;5 hﬁr_y momu [T Bucoasatul = Prasring ?ﬁ. VeIe nolse fres and vers properly iranamitited, raceived,

Round 205 and to test WD
VRThead pyatem.

mitted, reswived, wnd sxecutad, and the sissile was guided to intercept point,
B ful - Demcdnlsted stearing cTders wars Rolss f7es sod vere properly transoittad,
Teceived, and exeouted. Purst wes ordered at 61,702 sece and achieved st 63.803 sace,

and exscutal, Purst command ves sebt about Ghod secs, apd succassful wvarhead detooatiom
DocurTed after normal da 57 m1llineconds), rror #t burst wes <160 1.
succepaful - Hisells
malfunstion pocurred either in the pitch stesring amplifier or in the stesriog ordsr de-
aduletor, and thereaftsr the aissile failled to Tespond to pitch oprders given by the com-
puter in order ta correct 40 essterly duviation in the missile's trajectary, However,
suggeseful detomation of the warheads vae achioved,

EXN
L2hg0-185%
0 0ot 53

Tast parforamice agalinet an
asrial txrget near mzimm
raige and to tast Ball metor.

Juctlves vere aved. uneh , t, and separation wers o » SteeTing ¢ .
vere proparly trazemitted, received, and sxacuted, sod vare free of nolse, Opersticn of
the Ball sustalner motcr vas mormal, with mooth start, burnisg, and shut-Sown. Mlas

| 253
124981277
20 Cet %3

Evaluats parf against
& mnauUrering target cear
maximm range and test Martin
2-48 bocstar.

distacos ven estimated at 143 ft, closest wpproash ves shout 37 f1.
jactives vers eved. Except for & BOMsLIAYY ¥olt short wt 1ift-off, launch,
boost and separation were oormal. Bisesring comsands vers properly tranamitted, recelved,

and sxpcuted, and wars fTes of nolse. Rangs error was =3 Tt. A % volt short Scourred
again nt tha initiation of the burst criar. Recoverad boostar fregasnots indiceted

(2%
1akge.1289
22 Dat 53

amunmfﬁ.

satigfectory self-destryction of tha Mertin booster.

Conaidersd wuccassful, since, ssseotially, all of the test objectivet vare chtained.
Iaupch, boost, and ssparsticn were normal, and polse-free dtecring commands ware proparly
transmitted, Tecsived, and sxavuted uatil 3%.% swce. Electrical melfunction then oceur-
red in the dantrol system, After 35.% 390, stewring command parlormance war agsain
normsl, Oparation of the Bell sustainer motor wvas good, with smocoth start, burning, and
sbut-dewn, Duration of thrust was 21 secs.

T e Bl
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Found No. i

1 Missile ®o, Test Ublectivas Femarks
Date Fired .
237 Systen test agalnet long Objectives ware oot Cbtained. Lavoch, boost, wod separstion were noymal; motor start vas
12458-1252 range target and z cold test satisfectory; mod the turn-cver oommand was properly transeitted, received, and exscuted.
&2 et 53 of 1798 misaile and booster. At T.9 peco alectrical malfunction cavasd a disturbasce in all control channels and pinor

fluctustions of the stagrnation prapsvre voltags. At 8.8 secs, second malfunction
ocourTed, followed by control surface deflections 4o cause missile break-up.

-."2_55 Test against an awrial target All oblsctives of round were obtaiped. Launeh, boost, and Esparatian vere normal.
124981087 LEAT BREIEUE TRIEE. Staering coomands weTe proparly transmitted, recelved, and sascuted, and were nolas-fres,
27 Oct 53 Miss dfstance wmp 150 £4, and closest mppromch wms 59 ft.

299 Tost merodynapics and to Ubjectivas ware mot ¢htalned, Lxcessive acowlerntions were achleved §n both pitch and

12KgE-120% corTelats With other Lests yaw it reaponss to the turn-cver ¢ommand; & missile loat in #iacess of 1ig developed,

3 For 53 and atudies. and £11x showed loas of one mein fin at 6.1% secs, fo}.}.um by loss of the remsining Tins
and structural fallure of the misaile.

EE Test against lobg renge tar- Gbjectives vers achieved. Launch, boost, and -epuauon vire Dormal, and voOAter fregs

12kgB-1261 g+t mnd tast Bell motor and Fentation sfter separation sppearel to have besn satisfactory. Pover plant performance

% Xov 53 Martin T-48 booster. var satisfactory. Duration of thrust wee about 20.4 secs. Burst wma 70.7 ases.

1 Sypten test agoinst long Cbjectives were achloved. Launch, boost, anid separtlion weré normal; stcering fommends
1249B-1273 range target and st mod- were properly tranamitted, recefved, and exscuted; snd misaile was guided correcily to
Rovr 1fied XIE wurhead. target, Warhead turst was achieved auccesafully.
% Tane as Round 261, Objectivea were achieved same resulis as Round %1.
12h9p-125%
Nov 53

. 263 Eyatan test agalnstlong range Cansiderad successful aithough power piant perforumfice Vas abuormsl. launch, boost, and

1 1obgn.1293 target and a cold test of sparation vers satisfactory, and potor ignition cocurred &t ths moraal time. The

13 Eor 53 12kon aivsile and boostar and durstion of sotor burning, however, vas aaly 17.51 secs, and motor chaghber prassurs ves

. to tast Bell moter-. only 250 pet.

ES Syaten taat at long range Qbjestives were achieved, Launch, boost, and separation vere normal as the misaile was
124gB-230T and high altitude, emphasic- gulded to the targat, The cveral) system and individusl component performance sppearsd 1ol
2 Fab 54 fng guidances section bave been satlsfsctory throughout the flight. This was the firat RAD round to have

{G316T25). intercept at mavimum and nltitude.

5 Flight test the guldance Teat pbjectives were not attained due to an elsctrical maifunction at lift-off which
1249R-1309 section (GS1ETE5). cauped the primacord destructor ring to detomate.

10 Feb Sk

5 Evaluate 3ystem performance Qver-all system and Individusl componsnt perforzance sppearsd (o have Deen satlafagtory
1249R-131% exphanising guidance (G16725% throughout the fiight. ILaunch, boodt, snd separation were normsl, with meaximis angles of
3 Mar SGL aleo to test Schwilen Model B atisck gbout 10 degrees. Sehwlen gyroa cperated satiasfectorily with macimm dispersion

£fros. of abwut 3°.

EYl Aamey a8 Round ooG. Cver-all system aod individual camponent PeTformance APpeaTed to bave been satislactory.
12498-1113 Bistuibance in the ¢omtTol rell sodunt gyroe during boost caused the atiercns o deflact:

5 wnr b 0%, Boll aysiem performed catisfactorily ant the 4 gyroa abowsd no disturbance during
booat. The input t0 the steering applifiers wes noisy after detonation, being equivn.unt
to about 3a's. This cavsed fic deflections oo the order of 10°,

| 250 ‘Tent at long Tange the pro- cmpleu tactica?l launchisg and guidanca equipment instailation for R&D rounds was in .
124581285 duction-typs launching and operation for this round, first to be flown with the nsv aquipment. Grer-all systex pers ;
iT Mer 54 guldance equipment with Beil formance ¢f ground squipment and missile appesred satisfectory. Cperatios of Bell motor

Motor ., WAk satisfactory. Dive arder vaa indfeated 7.5 sec afier 2ift-off rather than the

intended 5.3 sacs, D14 not sdverssly affact aysten parformance.

| 269 Tame =a Round 260, Tut usiog Over-all system perf of ground eaquipment end missile appenred to Lave been .
12&93-1235 Aerciet General motor. patisfactory throughout the flight, !

Mar Il

270 System tept At long Tange and Round aiec Ieprasented the FAirst T1ight test of modified shaped <¢obmand limiting set

124gp-1319 high altitude uslog gutdence into the computer. FRound was unsuccesaful due to 4 pover plant fatlure shorily after

7T Apr 5% section {G316725) and Bell separstion. Motor exploded at 3,73 secs folloved by motor shut-dewn and oxiditer blow-

motar. down 0.37 sece later.

71 Eyptex test under ssvers Unatccessful - Tom flight appoAred DOTHAL LhTOUgh motor atart, It Wattlen beileved toat

1245B-1299 intercept cemditlions. A ccid an explosicon cocurred iu the hydvselic scoumulator, pessibly we £ resnli of dfeselizstion,

5 Apr % test uring Bell sotor, which puptursd the nope sectlon. Mo correlstion ould be seen between the failure of the
round and the low tesperature tests,

FSE Systes test under severw GeneTully sucteasful. Competsd position difference mt nomfnal intercapt was ©9.7 yds.

1249R-1715 intercept ¢onditiotis. Uslog End~game camsards vers less severe thig observed iz previcus NIXE I rounds.

1% A 4 idance section (GET25).

k) Eystam test undelr severs lo- Unsuccewsful - Guidancs section failure ceused tie alpsile AGG %o drop out &t Jift-off

12%9B-131T7 tercept condliticss. and the missile tracking radar to lose track. Fail-safe took place at 3.26 mecs,

14 Apr 54

2T System teat for compariscn Suacensful - The mlas diatance &t burst was §3 £ wvith the fligrt Lerminailng by groond

12hGE-1321 of miss distance dnta. impact wt TO.67 aecs.

28 Apr Sb

i Some ms Hount 274 but using & SBuccesaful - Mips distance of 35 ft. Performance of both miapfle and grount guldance

124551323 6516725 guidance #ection and equipment vaa notmal except for {1) a large step in clizb orders developed at "CH TRA-

28 Apr 4% Bell motors JECTORY" and decaysd sxponestlelly within a few accs, (2) at lift-off, the silertos
defloctad 5 dey —

TG Same as Round 27h. Succapaful test of the NIXE I systam. HMias distance from IGOR camers loetrumsntation was

124gBa2163 58 ft, Operation of the misaile and ground guidance aquipment was normal except for one

28 A L irregularity: 1-24 sec svitching occurred bsfore “ON TRAJECTORY.”

Same ms Round F7K. Fuccesaful in that intercspt was reached; however, the Eiss distance of 1ZL It vas ¢on-
12LgB-129T sldered somewhat larger then normal st i-2 seca, the camputer was ordering positive 5g
_5_? g4 commnds in both piteh and yaw,

Eqt Tent the newly developed The Pre-inock Freguency Divider installatics in the radar functloned properily although

124o4-187 "Hisslle Fre-koock Prequency range tracking was very rough betwesn the rapgea of 74,000 and 87,000 siact yls frow tha

5 Mey Sk Tivider Cireutt.” vadar, A brief perlod of nolse was noted st 67,000 yde alsc, Autamatic tracking vas

279
12h9R-1325
L5 vy 5l

SAme a8 Round Z7%.

g aful - Misa disteoce & determioed frar JGOR film wma 55 %,

N



APFERDIX 11

267
Round No.
Wieaila WO, Teat Objectivew A TR T Renarks
Dnte Fired
=80 Gars &% Aound 2%, SICept & Tuccassiul - Miss Aistance L0 ft. 7ThaTe vers two malfunctions which cecurred durirg the
12458-2199 Bell motor was used. f1ight but nelther affectod system performance.
54
_;B'?I Sams A4 Round Z7h. Succasalul - Miss dietance 58 ft. Ecwaver, talemetry reconds indicated m loadlog of the
12hgR-220T #15 volt supply wiih ko urbalugee for 0.3 sec at 1%.0 saca. No control aystes resctlicn
12 Sh oo ed.
Same a3 Round 276, Succasaful - Migs distance 34 ft.
12498-1305
22 by U
203 Sane a3 Hound 274, slio Unsucceanful = Misslla appearnd to be approaching tbe target with normal performance un-
1249B-217T cold test round uslog & t11 about 28 secs mt which time a mAlTunction occurrad loafing the cootrol yoltage. At
12 May 54 12498 missila and booatar. about 34 zacs, large nccelsration and roll angles wers esen and at 37-5 pecs the migslle
feiled atrugturalliy.
266 Sana as Round 275%. Facceaslul - Misw distanca 50 feat.
12492249
12 5h
205 Sansx A Aound Z74. BSucceasful - Misw distance TO ft.
224981345
i 54
FE Syntem test under severe Succeasful - End-gAms qrdars were satisfactorily exscuted in the prepence of the modified
124981415 intercept condltions using camand 1ipdt, PFoil-asfe detonaticn occurted at 20,44 secs. GyTo peTformance waa
b3 4 Macson - astinfactory.
237 Same A& Found 274 and using An 1ntercept vas achisved; hovever, the mias dlstance was congldersd to be exoessive. |
12Ug9A-193 Martic THOEZ booster. TGOR filzn racord miss distance as 129 ft. TLEES (UM-1h) bocster functioned noymally.
26 May Sh
L Sage a8 Round 2704 mod eold THd not achleve an intercept. Flight vas terminated Dy a structural bresk-up At sbomt
1249B-1301 test of 12458 misdile and 24 pecs., At 23.7 sacs the yavw cootrol firs vere deflected barde-over by an urknown
! 26 May S5b Dbooater, uslng Bell moter. malfunetion.

Same &= Round 2T4 and uaing Intercapt wos schieved, Mlas distance vas considsred to be excessive—1s2 1. Detosa-

12494-190 & Martin T4HEZ boomter ticn of the Bboostar wme mbout seven seconds premature; however, deatructian

26 may 54 appeared ¢ be complete and no large fr. nts vera observed. -
2 Samo o¢ Round 2704 and using a Intercept was mchieved. Miss dlstance wam 230 ft, Detonation wed about 1 eec premature, |
124GB-140% Martin T4HE2 vooster. sccurriog At §.2 secs. Fragoentatlon was not camplate, bocater cylinder remalned intact '
2 Jun Sk fyom sbout the head-plate aft. _
291 Sams xa Aouod 27h. Intercept was Achisved. Miss distancs wvan 52 ft. :
124gB-1423
3 Jun Sh
292 Same ab Aound 7% and using Iutercopt was achieved, Mlso dlstance wwa 31 fr. Detocatlon was about i eee prematurs,
1249P-1303 & Martin TWHEZ voostar. occurzing ot 8.25 seca. Apparently colpeident with or shortly after separatlon partial
3 Jun 54 ‘boast Tailure oecurred.
293 Sena as Round 274. Intercept waa mchleved. Mips distance wap 67 fi.
12498-1913
3 Jun 54 ,
29 WD firing mgeiopt aerist Unsuccessful - Beacon-radar contact vas lost at Zift-off and the flight wves termirated at -
12hgR-22g1 targst at long rangs and med. & sace by fallesafe destruction. (This 1a an abnormslly leng fail-safs delay). !
9 Jun 5% altitude for syAtm ACCUTATY.
255 Santé &a Round 295 nod uelng Cbjective vos obtained. Telematry dmah reccrds fndlcgted normal performance throughout -
12hgBalk2l Maxsan Gyros. the Ilight, mies distance at intercept vas 112 ft. :

Jun 54 \
2 Teet nerodynamics of longli- Found wn# witbhout valua becanas of seversl malfuacticns. High roll rates were experi- -
124981043 tudinal stability derivatives. enced during boost. MNisdaile austainer motor did oot atart; telesetry vasm loat at 4.25 -
¢ Jun 54 sece. Roll control wae last at 12 saeca, miapile began a corkacrew path, loat velocity
and tumbled.

297 Syotem tegt to pProve accurady Objectives vers antisfectorily attained. Telemetry dash records indicate normal per-
12hgB-23h1 and relisbility in normal SA forvance throughout flight. Mises distance vam 241 rt.
16 Jun 54 mode ot operstion.

Same xm Round 297 and with Tosinmentation, specisily prapared %o outline separatlics characteristica, appsaved
1.2'-&93-23?'3 specinl instrumentation. to have Junctlaned properly. Objectives were satisfactorily attained. Mics distance waz
16 Jun 5 122 ft.

299 Snms a8 Round 297. Objostivas wers antisfactorily wttaised., Miss distance wvas 91 4.

12hgm-2311

16 Jun Sk

300 Saze ms Round 29k, Objectives vere atiained, Misslle flight appeared t0 have ean satlsfactory with inter-
1242387 capt being achleved, Miws distance was 101 It

23 Jun 54

350 Bans a¢ Round Z9% Bnd udlbg Ubjectives vere attained. Missils [ilght sppeared 0 have been satisfactory with inter-
12kop-2299 Moxson gyToE. cept belng achieved, Partial date Indicate n misa in sxceas of 200 ft. The & losrt

23 Jun Sh gyros performed setisfactorily, macisus dispersion being whout 20,

351 Fame n# Round 2904, ObJectives vere attained. Miswlls f1ight appeared to heve been satisfastory with inter-
LohgR-2L1s capt belng mchieved.

23 Jun Sb

352 System teot of mlasile Mimpile parf: in the pr of ralsed and modified comrand limit was aatisfactory
L2a9R-2405 stablilty and contrel under and coly brisf pariode of rate e bottoalng occurTed. Maxioum diepersion betwwesn

30 Jun 54 two different intercapt Maxson gyTos vas 4 dsgressw, The Aifference Getween the lvert and cootrol gyros vas & )

condAltions. degraan dur the pro ] dive after intarcspt. 1
353 Same ne Round 352. Wizaslle parforsance In the prasence of ralsed and medified command limit wme eatiafmctory |
12498-239% and cnly brief paviods of rate gro bottoming coourred. j

Jun 54 1
A5 Fegs na Rund 29 AL extreme Satisfactory, Echieving an intarcept with a mliee distance of 6 It. !
124981355 Tange and environmantal cold
T Jul Sk tast round. J
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Agurd Fo.
Miseile ¥o. Test BMjactives Remmris
Data Fired

355 Game as Aoumd 29 Achieved wn IntarceDt ALthough the Biss A AGATCE wis trcessive—zZl 1%, Rough LIACKing
12%58-243T vas evidant throughout most of the flight, with indications of faulty missile bemcon per-
7 Jul Sk formance. Speclal instrumentation for testing the pettern of miasiie-boostar relative

rotation funoticoed properly.

Taat of the " HKissile Pre- Divider Circult functioced properly. Computer successfully engaged the loog range Layget
12458-2%39 Knock Praquency Divider und an intarcept was mchiaved at 184 sec. Hovaver, & secs befors intercept the misaile's
28 Jul $% fireutt? installed to sxtend hytraulic ¢il supply wvas depleted. Toe dive commend averuged sbout -1.75g ratber thzn

ta 100,000 yie. ~2g bacause of an initial turp engle and & smeli yoll errer,

Test modifisd coomand limit Two iosrt gyrov and the £on T parformed satisfactorily with & saximm differspoe
1249B-256T and to test Schvien snd batweon the thres of ihres degrees. The exd-gamae criers wire satlsfactorily sxscuted in
28 Jul Sh Mpxdan YT, the prossncs of the reviasd commnd 1limit.

35 Testnt mocimm rangs and voedsful = Traaking was 00t Affeoted by ground reflecticus. Miss distance wvas 127 ft,
124t 3hks low attituds reglon.

b Aug 5b — -

359 Eame =8 Round 358. Tl - Wies &lisw. waa 132 %, MNipsite POTting TALL was found 1 the raimed
1akgn.-2hky powition after firings as iz R3IST.
A bl

Sans z# Round 35'5. Buccawsful - Miss dfstance was 110 ft. Hissile transporting rall wvas again in the rafaed

1349E-2K55 posttion after firings zs in R's 357 and 359.
& sug Sh

5 Eystem test using = modified Unaucoeswlul - Misslle fuiled structurmlily et 7.7 sece &+ 4 Tepull Of oxcessive
12bgp-2527 comeand limit. sccalarutian, Telemiry indicated pericds of non-linear yaw f4n response az vell aa & 3
11 5 ayele oacillatory sondition Just prior to initdaticom of the dive command.

R System toawt agalnet B-17 Intercept ves cot schleved. Arcing in the misalle radar ttiog wvave gulide caused
1ekgm-2LES target at medlum sltitula loss of missile-rwdar contzct at 35 secs. Paill-safe missile destyyction occurred 3 secs
15 Au, and long rTange. latar,

3 Sama a8 Round . Fiight was inated vhen al fallure odturred wt wbout 23 secs. A miaplle
1245B-20aT sustaicer motor burn-through caused urbaianced laterkl mdments apd viricg damege with
15 Aug Sk sybgaquant control wystem malfunctiisns whieh in turn resuited in strucbursl frilure,

Teating of the mxliffed Succensful system mccuracy tesi. Mizs diatance vma sbout L0 fi. Four TGIRE GAA

2akGR-251T THEEZ boostar. Testing of mechepimms armed and detonmted properly. The TUBEZ booster parformmnce sppesred normni.

25 Aug 5% the TYARS Bafety M Arming
Machanisms, Test agnipst B-17
at md. altitude and iptermad-

ints N
355 Sama w# Round 35%, excapt 3565 Succeasful Lokt of the BOALTINE oampiter commend 1imit end epd-geme comands were Sati-
12h9R-2521 was launched and guided agairat  iefactorily szscuted.. Telamatry indicated that ooe of the TIPS Ghi mechaniazs iz the

25 hug & apsce polnt using & modified fell-safe cireuit 4id not srm. The TLOEZ booster detomated normally st 7.96 aecs.
Sommand Limit.
Oystem test against & B-17 Trom data aveilable tha f1ight appeared to be normal throughout, Miss distance was 115 1t.
12LgB-2549 type target at mediue adtstude Performance of the ThEE2 booster through boost end asparation sppearedtc have been
1 Bep 5% & inptarandinte range, Also, normal, Toe ink tracings verified z straight separstion.
test THEPD booster.
BT Sema ar Round 3B, From dsts availsole the flight appeared to Lo DOIWAl, Miss Alstance vas 180 fi.
124982529
1 Sep Sk
Fystem tewl agmiust & B-ii0 Although Tound succensfully achisved iotercept Vith WD SCCHDLADLe Miss distance of 135
124gR.-2725 target at molium Altitude & fi, the following wyetem charactaristics werw moted: (1} Tracking of the QB-170 divoe was
1 Bap Sk intermsdiate rangs. Alio wtooapesied Yy o wander of wbout 0.3 cpx; (2} Computer orderw refisct sama frequency dur-
tast of TIPS ShA devicas. ing the last 10 secs. Telsmetiry dash racords indicate the four T9IBG ShA davices srmed
properly mid detonated as Sntended.
] Systex teat round usiog & At 1ift-0f7 all control eurfaces wera daflectsd momentarily, A% gbout 3 ascs & 200 volt
124gR-2513 modified command limit. Cold short ocouwrred cousing largs deflecticns of the roll ailerons wod yaw fins. Eitessive
2 Bap S& tant of 1249B mingile and sccelerationy and structural fallurs occurred 4t 3.5 decs.
booster.
4] Tost agniost & B-1T7 targel at Unguccessful ~ FIight WS termirated Juat pricr 1o O8 4eed by alspllic breskup. TRLIS wad
12igB-262% medtux wltitods & intersedinta dus to = wustalner motor burn-through st sbout 22.75 secs followsd by slectrical mal-
8 Sep 5k range. Test of TUZER hooster &  fumetions vhich d 1ve sccelerations. Two of the TYIEE SAR devices performed
_TIIRE SAA devices. properly, but the two eovirombentally tested units did not arm.
mn Bame aw Round 3IT0. Appeared o have boen & Lormal T1ight; the miss distance vas 100 ft. The four T93E5
124gm-FT5 BAA devices opersted sotlsfsctorily with the exceptlion that me of the envircomentaily
8 54 tested units 314 not arm until wbout 6.5 secs after 1ift-off.
72 Test ot extreme range & high Round was to gain experienca in the use of & radar pra-koddk count.down panel and to
124gR-2563 altitade (wen discussion). investigate NIXE I spctting charge visidility 4t extrsme range. Although the missile
8 Sap 54 hydrantic oil supply ves depleted at 170 secs, 2.5 secs befors intarcept, the tort ves
suscasaful, Seversl periods of oolsy cammands vere poted colncident with the loss of
trwek. Spotting charge ves Tisible,

273 Hyatan taat using & modified Unsucoedaful - Thld wa# due 0 & BoLor burp-throught &t 23.5 secs. At -55.? seca, ths
124oP-251T commnpd 1imit. Adsc cold test missile lost velocity rapidly due to the large angies of atiacy. Miasile vas tracked to
8 Be

p S5 2f 12098 missile & booster. the ground by radar.
3T Tast against a B-17 targst a% The yaw thannel of the steoTing orler demcdulator wes inoperative after about 33 sacs,
1249B-2533 & mdium altitude & intermed- and the mizaile failed to Iwspoed to corrTegtive orders balng isausd by the cowpuoter,
15 Bep 54 lute rangs. Als0, Wt Miss Aisthnoe vas 350 ft.

ThBE2 boowter.

375 Dont &8 Round 3[4, ALSD %0 Appeared G De & DOTEAL fiight throughout. Mise distance was 162 ft, Recovary of the
12kgB-2795 tast THARS Bhh dvrices. Jato indlégted the presence of ralative roll during separsticn. The four S&A devices
15 Sep Sk wrmed And Aptonated iy,
Exi Boms ax Hound 375. Radar-beacon ccntact waw 2t at 3 seca; fail-safe nisaile destmoetion occurred at 5.9
12458-2515 swcs. The four SAA devices prmsd proparly.

1_2{ Bap 54

Gyatam test against & B-LT APpeared to be & mormal FAIight vhrough intarcept. Hiss Glatance was 63 FC, Fail-safe
125982531 target 4% & madium sltitude & delay vas adout 12 sece instead of the axpected 2-3 sacs.
15 Bep 5b ur lotermedists range,




[Found Ho.
Waerile Ho. Test CbJectives Fazaria
Tmta Flrsd —
T Test wgainat a B-17 target at Appearsed to have Geéen & QortAl fiight.” Miss distance was 115 ft. Spotting charge
12LyB-2685 a pediv altitulde & an inter- detonation ccéurTed at about T7.5 weca; fail-safe aiseile destruction at aboyt Bl secs.
22 Sap T medinte b long reunga. Teat A8 visually and photographically observed, boost and ssparation appeared to De normal oo
the TWOE2 hooster. the Jatos.
79 Eans as Round Appearsd %o have Smen u normal flight, MNiss dfstance vas G4 ft, Spotting charge
izhop-2815 detonaticn about b2.6 secs; fell-safy sbout b5.9 secs.
22 Sep 5%
Test ngainst a B-17 target st Colnefdent with the tranafer from exteroal to ioternel pover, the DemCOn Tospense, AS
1abgn-2T9T a medium altituds & an inter- mbovn by miwvsils AQC recoris, atarted to decressw, By lift-off, 1k sechs later, bescon
23 sap Sh contast bed bean loat. Pall-safe missile dedtruction ocourTsd at sbout % wecs. Each of
_ﬁ__mnﬁ%%m._ﬂﬁiwmm
1 Spma a» Round . Appharsd to be a oormel flight. Mies distances vas 79 ft. Spotting chbarge detonation
12a5R-2715 ocrurred at about WOk secs; feil-safe nt sbout b wecs. Each of the b SkA devices armed
22 Bap Sh and dotonated proparly.
3 System test round using & Duo to an operaiicnal arror, roucds were flovn usder normal command lixiting., Flights
12byp-284T sodifisd command limiting, appearsd to have been normal throughout. Spotting charge detonation cocurred at 62.3
29 3ep 54 {nue dlscussiom). Test swce, and fall-safs wbout £5.7 swca. Booster flight DarforTance wms Gormal; however, the |
TLEE2 booater. booster 4134 mot fragment.
383 Same n# Round B2, ¥light appeared to have bean ooTmal. Spotting charge detonetlon occurTed st Sl sacs, and
12k9B-25T3 fajl-safe at 54.2 secs. Fragoentation complate.
Sap %4
Systam teat round using & Talexatry vas THry poor 1o this round, From the data presantly available, henevar, the
Lehom-270T Mo ified command limit. Aleo, round appenrsd to bava Deen normal throughout.. Spotting charge detonation ocoarred st
29 Sep % to tost m 12058 missile & 46,2 sxes and faill.safe oocurred at k9.5 secs.
Tocater st lov texperaturs |
+25%7. |

EiE Gyeten tast wgainst n target Bucceaaful = Miss distance wvas 111 ft. A G5 17120 guidsnce section was used, :
1249p-3101 at » med/ult & int/rangs. '
13 Jok 54 1

Syetam taat agninat e target Successful - TRrget wvas m space point with no data applicable on the migs dlstanze. :
12498-2783 wt bfelt & intfrangs. Cold Guidance section 17120 wvas uswd. il
13 oot Sk tost at +25°F UBing = revised

computer command limit, —
El:Ti Eazs ny Fourd 395. Vooucoesafi) - Mipgils control fios kard-ocver at separation, presumadbly dus to eo
124gB-2987 electrical disturbencs followed Dy missile bresk-up at b.b secs.
20 Dot 5S4

i System test againat a target Buccesaful - Direct bit of the QB-173 drobe., A DALLast varbesd and Gb 15660 guldance
1245B-24h] at med/nlt & tnt/range vith sectios ware used.
20 Qet Sh sacond dwrivative mcdificatico

Lo computer, |

E:S Hystem tast sgainit m target Buccesatal - Miss distance B9 It Gf the QB-17C dronw. A& GB 17120 guidAnce Bection wab
12Lgk-255T at mad/alt & int/ranges, Cold waed.

27 Oct 54 teot at 125°F. ]
EEX Syatsm test agaloet » target Succassful - Wise distance 43 ft of the QB-17G drone. GS 17120 guidance mection was I
1249B-2T99 at med/ult & int/range, Celd used. !
| 27 _Oct Sk tost et 2507, !
334 Bame &8 Hound 255. Succereful - Miss Qiwtance 176 It Of the QR-L(( drobe. 49 17120 guldanch saction vme |
124gB-2904 umed. ;
£T Oct S t
192 Fyatem tedt agAlnet & target At  Juccensful - %o applicable daia on miss dfstance. G5 17120 guidance a¢ction was Uped.
12k5B-270% b/elt & Lirangs. Cold test at

3 Moy 54 +159F using & revised computer

commnd 1imit.

(393 Tame w4 RoUDA 392. Also, W Unwuccesnful - Sustainer motor burn-thrcugh at about 2F aecs with structural fallurs
12kgB-2B17  obtaip information on miasile-  following. |
10 For 54 Laoster # tlon, i

5 Same as Hound 393; bowaver The misaila flight wam satisfactory. At {-5 pece, booater severed & Bigh volisge lins af
12hgp-2811 not & cold test round, impact. C staticn and all telemetry recelving statlions became incperative due to the

10 Nov Sh pover loss.

395 Gane o4 Round 393 witk Spotting chaTge fnilure, Ioatr tion malfunctions which precluded the receipt of
12homa 2969 temparature at +25°7. useful {n-flight data. G5 17120 guldanca secticn wvks used.

10 Moy Sh o

T System tadt sgainet & target ¥iaslle bGewcoD TEilurs at 1ift-off. Fail-aafe detonation at &.10 aeca. Guldance section
124gB-2535 at bfelt & Lfrenge using » 84 17120 wvas used.

17 Moy 54 revized o ter command limit.

Cold test round at +15YF at Mise disisnce O3 ft. Opotiing charge fallure. Avrupt roll and intfrunentation fatlure

1z2kg8-1327 hfuit & int/range. ut 25 sece. Roll recovery at 26 saca, Guidance aection GA 15660 wvas ussd.

17 Bov Sk

E] tam teot mgoinat a target Ficcesstul - Wiam distance 12 £t OF tho GB-170 &robe. Guldance secilon G5 17120 vas
12L58-2995 st bfwlt & int/range. used.

1T Now Sk

9 “Coid test round st $250F at dpatting charge failure. Miss distanca % It of the QE-170+ drooe, Guidance smction
1obgR-3001 b/alt & iut/renge. 68 17120 wvas ussd.

17 Wov Sk

&00 Breten tent agninst a target Bpotting charge failure. Miss distance 73 £t of the WB-11d drone. Guidance section
1205B-2939 st hfalt & int/runge. 05 17120 vas used.

1T For 54 . :
ML {old test round ai +15°F at Iostrumentation salfuncticns at 15 secs. Erratic AGC, decreased valociiy and tumbling at
12k53-3095 lowfelt & int/range. 3B sace.

2k Nov Sh —

Eysten tent sgainst s target Succasefal - Misw diptance 133 It of Whe GB~17Q drooes. Guidance secilon G2 17120 wms

12498-3019 at low/alt & Lot/range. uwsd .
2b Wor &b

s



APFOIE 11 -, 70
Rount ¥o.

Misnile No, Fest Objectlves Fammrk s

Dmte Fired

1«-_03 Tol2 best round at #15°F at Approximately 0.4 secs mfter separation, booster loat fine and tuabled, Miar dlatance
12h9R-2095 medfalt and int/Tenge. Alao, 68 1t of the QB-17C &rone,

2% ¥ov Sh to test mispile-booster sep-

aration.

40h Systen test agalost a target Successful - Mizs distance 51 T4 of the QB-17G drome. Guidmnow zection (8 17120 was
1249B.28)5 st 2edfalt and iot/range. Aleo  used.

2 Row 5% tent winnile-booster separation,

5 System test ngainat a taTget
124583075 ot med/zlt and {nt/range.
1 Dec Sk Also, tast booster and flight

Tucceanlul - Miss dlstance G0 It of Lhe FoF dGroms, Purst CiTculla were disavied for
extanted Might Informmtion.

tent gﬁ ShA devicen.
Syeten test wgaingt a target
124583089 at med/alt and iot/renge.
1 Dec Sb

Succesaful - Miam dlatance 33 It Of the JGF &rone.

Cold teat round at 325°F at
124982109 bfalt and L/range using a re-

Miag diatance inptrumentation malfuncticn. Delayed switch %o loternal mispile powver.

1 Pec Sh vised compuler command limit,
Same ap Rownd .

124gB-2525
1 Dee Sk

Spotting charge feilure, Oscillation of yav fin during dive. PRough motor shut-down.

Cold test round at +15°F at
12498-2959 med/nit and intfrange.
8 Dec S

Preaature atart (during booat] of sustsiner motor. Rough target tracking in elevation.
Hiss distance 92 It.

10 System tant against a target
12498 - 3059 at nedfalt apd int/ronge.

Steering mod Toll optillation until 11 aecs when misalle becaps unatable. PFril-safe
at 13 secs.

8 Dec 54 Also, o tewt YIRS Shh devicesm
1) Coid tept round at O°F mé hialt
124op-3847 asd 1/range using a reviaed

15 Dec Sk computer command 1imit.
12 Systen test agalost & target at

Preasure regulator malfunction. Sustainer motor did oot start. Guidance sectlom
G5 16725 vaa used.

1249B.3032 bfalt ard 1/range uming & re-

Renge safehy | Lold' wwitch operated at 69.5 secs., Only limitsed Jata obtalned. Inpact
at 144 wecs, hydraulic oil mupply wvas not depleted, Guldance section 55 15T25 was used.

15 Dee Sk viesd computer command limft.
13 Syatem taat pgninat & target

1ohgn-3091 at Bfalt nod 3frange. Also,

Structural failure—canssd by divergsot pltch syetem cscillation wilch developed
following separation. Oacillatfon produced acceleration over-loads resulting in misells

1245B-3000 at bfult amd 1frange. Also,

& Jan 55 tepting the ground guldance structarsl break-up stout 8 secs, The THIES Skh devices armed properly.
and hydvaulse oil.
1! Same as Round 513, Mipaile perf apptarsd to have been satisfactory. Pound achleved intergept. Mas
12L9B-3088 distance wvan 128 £, Loaf cell and hydravlic ofl pasge 3ata were obtalnes,
& Jan 55
315 Syaten test mgninst a target Migslls achievad intercept ai the space polnt. HMiss diptance 73 ft. Misalle performmace

wne satisfmetory. Load c¢ell and hydraulic oll usege data wers obtained.

& Jan 55 to test hydravdic oil usage.
Systexm teat againat target at

124GE-1006 bfslt and 1frange. Alpo,

Achieved apace point fatercept. Mlas dietance wms 51 ft. The radar tranamitter vas
cut off at 130 secs with no indicatlon of hydrawlic oil depletion at that time.

18 Jao 55 teating the ground guidance
eguipment,

5% Same ga Found %1b. Unsuccessfil - Roll aystem mmlfucciion resuitsd io loae of roll control. It wms not
12498.3102 understood why during turnover a & ops oscillation was evident tn all 3 control syatems.
18 Jan 55 Qo @ﬁ S&A davice 414 not arm until 6.5 secs, ALl unita detonnted at burst.

118 Same as Round 416. Round achisved Apace polipnt intercept. Miss distance was 152 ft, The hydraulic oll

12hoB- 30k Aupply wos depleted, at 145 secs, oo entering the ballistic trajectory.

18 Jan 55

115 Systex tast againat target at Round succeanfully schieved inwercept vitk the FOF Grons, Miss dlstance vaa 45 It.
124983098 ned/alt and mn int/range. At intercept a low opder apotting charge detonation occurred.

5 Feb 55 Also, teoting ground guidance

! and hydrauldc oll supply.

20 Systea Test agalnst target ab
12498.2950 low/alt and intfrange. Alpc,
15 Teb teat the pround guidance.

Round uhauccessfol - Round unauccessful because of loss of aisaile-radsr contact at
1ift-off, due Lo beacan receiver maifunction. Fail-safe otcurred at 3.85 pecs, Cast
main fin attmch fivty ed satiafactory. Second objective data wvas obtained.

1 Same a8 Round . Found successfully achieved intércept with FOF droos target. Miss distance wvao U1 i,
1245B-30T4 Launching reil F-148, which hat been painted, ahowed no affects from the boosier blast
16 Feb S5 vut the rmil had beepn sors clean the complete length of %he rafl by the hooster lpg,

=3 Tame as Found G20 - vith oo Found succenBiully achieved Intercept with the TGF drone, altiough the Bpotilng chaTge
12498-L20e aecondary objectives. detonation 1d ot cecur. Miss distance waa 121 f£%. A boonter fin waa lost following
16 Fab 55 separstion.
LE3 Same &8 Round 520, Hound Euccessfuily achieved AOLErcept witn the FOF Arong Larget. Mios dlstance was
22h9B-L197 43 1. Plignt performance sppearsd antigfuctory on this unipstrumented round, A low
16 Pad 35 order wpotting charge detonation cecurred at burst. The booater blast hald no apparent
effact op rall Fa153 bot the rall wes serapad to bare mefal the width of the bearing
surface on the bocster lugs ant the ful) lepgth of the Tail,
[ T2% Eyéten teat inat target at Although this round schieved intercept with toe pim:lated high speed paneuvering target,
12493.3105 hf:lt and int/runge uaing & & large miss occutTed becsuss of reduced mipstle maneuverability resylting fram a
16 Feb 55 reviasd computer ccomand limit.,  pator burning durwifcn of only sboud 10 asca, As a resultymsch nunher at intercept wvas

about 1.2 foatead of E.QJreducing miasile maneuversbility by & factor of & %o 1. At
intercept; & lov order spotiing charge detopation owduyred.

5 Sane a8 Round L2k, elso test-
12bgs-La1g ing thermml hemting blanket.

Found successfully mchieved intercept. Misa distance wms &1 faet, The misalie and
beating bianket lotated on the side rails at the mmber 1 checkout poaition during this
lsunching showed no effect of $he bocater higst.

%‘Feb 55

Syaten tesi agaloet target at
L349E -2G80 bfalt and 1/Tenge uoing m re-
21 Feb 55 viped coRputer ¢ommand limit,

Round succesafully schieved intercept., Miss distance wvas 107 £3, Mlaxile was programeed
after intercept until 159 seca when the xigsile radar tranmmitier vas turned off to
inftinte fall-ssfe deptruction. TheTe was no evidence of loss of control dus to

depletion of the hydraulie oil supply.




AFPENDTY 11

Round Ho.
Fimslle Ho, Test bjectives
Dntse Fired

Remarks

Syaten teast inst target at
124982997 hfslt aod int/rasge uelng a
23 Peb 55 nolifisd command limit. Alsoy

Bound succeasfully achleved intarcept, Miss distacce was 95 ft. Durirg the flight no
alverse affecis of the lov isoperatire pre-flight snvirontent were cbasrved. At time
of fall-safe, 130 sece, hylrmulic oll supply had not been depleted.

low _t rature tast -107F,
e Eame as Round LET with
1243R-2L57 tezperature at -5°F.
23 Peb 55

Unsaccessful - A power plant malfunction termipated the uasful portion of satisimctory
f11ght, ne other components appeared o have beeg sffested adveraely by the low
temperature conditicting. There was oo avidence of motor atart until 8.1 secs. During
ithe boowt phase of the flight the booster chazber pressure gauge wma ingperative,

L5 Came as Round 527 with
L4 B- 3097 temperature Bt =25°F,
F Mar 5%

Unsuccesaful « The prograzmer wms iosdvertantly started at the Tire Bignel TAThar than
at the burat signal. Thia Tesulted in a 7§ turn order being lesusd to the mianile abeut
1 sec, Toe pteering fins boticmed in reap to thinm and initisted @ tranalent
wvhich cauand excespive acceleratlons and resultsd in misgile structural fallure at 2.8
seed.  Miswlle and booster cted a fow hundred 5 behind laupcher,

Rourd completaly sucessaful snd all %eat objectives were met. Only Tange misa distance
wvae available because clouwds preventel optical meafurement of the arimuth amd =levaticn
wiss. The urgency of the lov temperature aspect of the test necessitated firing ucder
eloudy condlticons. Flight vae terminated at 135 secp by fadl-aafe, Both Lnertls
Evitches armed.

Unsuccessful - The missile sustainer motor d1d not start., A a result, miceile velocity
var very lov and the mimalls wvea incapable of executlng computer ordera,

L3 Sane an Reund 429, Also,
12h98-301% teating two 8165444 inertia
g ¥ax 55 switches,

31 Same as Round k29, Also,
12bgR-2596 with second Aerivative

16 Mar 55 modification %o gomputer,
33 Seow am Round L3L,
15458303

16 Mar 55

This roucd was satliefmctory in all respacts. Bowaver, a polld cloud ¢ovar aoscured
intercept, thus preveating letermingtion of mips distance. Flight was terminated Ty
normal faill-safe mispile deptruction at 132 secs with no indicetion of hydraulie oll

depleticn,

33 Same as Round #3l, ALso,
12h9B-3026 teatirg two BLE54LL inertia

Sucqeaslul - Spotting charge burst was gt 42 agca, The flight vas terminated by noroml
fail-safe miaplle destructicn at lbl secw. Telemetry lodlcated proper arwing of the
inertia svitches. Tie palnted guide rmil ahowed no effect of boost blast mfter launch

but minor damege due to scraping of the Wooster lugs vas evi{dent,

Unsuccessful - Miasile sustainer motor did not start. Mesultant low veloeity caused
losa of aispile control prior to ilntercept. Telemetry records and examination of the
wreckage indicabed that, although the air regulator relsase mechaniam had actuated the
inertia arm ic the afir, regulator failed to operate. Control wvas esspntially lost at
L. mecs; sootting charge burst vas at 63 seco; fall-smafe at 04.5 mecs,

Satizfactory in all temt reapects. Miep distence wma 53 4. After irntercept miseile
WS program costrolled untll 164 aecs when the radar transmittar waa turhed off.

Sattiafmetory in all teat reapects. Miss diatance was 07 £, Afier inteTcept migsile
WRS PTOEFAD coatrolled until redar-beacon contact vas lost at 1i2.6 secs. fao damage to
the misaile heatlnp blanket inntalled on the mizaile vas evident after launch.

23 Mar 55 mritches.
3 Sams am Rourd 431
La4gE-h213
23 Mar 55
L35 Systen teat Inat target at
Lakgn-bhasa 4/wlt aod int/rasge. Also,
b Apr S5 tenting the ground guidance.
135 Same as Round 535,
L2bgE-LiLa
6 Apr o5
37 Syatea test inst target at

é.zhga-hesé hfalt and iatfeangs uslng a
A

Eatisfmctory in mll test reapects. Mias distance wmp 150 ft. Misslle was progran
controlled until 14% secs whea the rmdar traramitier vas btmmed off.

pr 55 revizsd comauter copmmnd limit,
Same a8 Hound U3,

3
LebgB-baza

Satlatactory - Bowever, no misa distance was availahle {n azimath or elevation becaise
of poor guality of the target boreslght fllm at the time of buret. All test Teapecia
wers satlsfactory.

8 Apr 55

39 Systen teot 1nst target at
12598 -4723 b/alt and int/range. Also,
13 Apr 55 teating the ground guldance.

Mlgo distance vas 65 £t. Ao unexplsined disturtmces in the target tracking modulator
imput valtages at 2.6 oeca cauped large stesring error perturbations, These in LT,
cauged premature "on trajectory” switching and the entire flight was under control of the
steering computer. Neverthaleas, the steering problem was solved satisfactorlly and
lntercept wap achieved., The missile wan flown past Intercept with a total fiight tize
of sbout 103 gece with no evidence of losm of hydraulic oil. There was no appareat

Seme a8 Round L33.
1akgB-l151
13 Apr 55

damage to the heating blanket ipatalled on the lomding rack,

Misa dietance was L1 ft. Susataiosr motor performance on tols round wae abnoreal, At 5.9
acca regulated air preapure ptartad dropplng, about B secs pressure started rising. Fol-
lowing this timé thers wvan & gradual decreass in preseurs until motor burngut at 29 sees,
Motor chamber pressure showed aimilar Fluctuatlons. Loes of control at 109 mscp indloated

depletion of the hydraulie o4l supply.

1158 Eame as Found 433,
1Z6gB-4is51
13 Apr 55

Unsuccesaful becauss of a sustainsr aotor malfuncetion which repulted in low missile
welaclty and loms of control at About LO aetp. This missile was uninatrumentsd, Flams
wak visible until 4.6 msce, st vhich time as explosion cccurred, Goptrel vas regained
acd mlssile procesded to interczept the targst, however, at L) secs control wae loat and
the misgile timbled,

uha Seme as Round B39.
12hgB-L335
13 Apr 55

Satisfactory in all test reapects, Miss distance wvag 39 ft. Tuls missile vag programeed
after intercept with a flight time of wbout 137 seca before the radar transmitter sms
turned off. During the programeed left turn the control system d1d not oscillate. This
was as expected with the G8 16725 guidence package,

153 Seoe nn Round &35,
1243B-b189
13 Apr 55

Satiafwctory in all test reapecta. Miss distance was 107 It. Thls round wvas progrwmed
after Intercept with & total flight time of 166 seca, The trajectory Indicated that the
hydraulic all aupply ves depleted at about 135 secs. During the programmed turn the

R an Game AF Found 439,
124584290
13 Apr 35

missila AGC trace ahowed & decidedly cscillatory characteristic.

Satisfactory in all test respects, Miss distance waa ol ft. Total Flight time about
14 sece. Indication of lopa of hydraulie oil, as evidenced by fallure to respond to
orders and losa of roll control, at S58.5 secs. During left turm, a b.5 cps oseillation
daveloped. Control wvas maintalned but Ateering fin deflections were about +10 degrees
and the missile rolled na far asz from the stabilization polnt.

3| Systen test Tnpt target at

1aboB-holh Balt mrd 1nt/range uaing =

13 Apr 55 revissd computey command
limit,

sfac =~ Hha c® wAS DOE AvVE ® Lacawupe ibe PPOLLING CTLAYEE o
detonate, Telemetiry rTecords indicated that the spottiog charge ivertia swlteh did mot
cperate at lift-off. Total flight tima wma 147 secs with oo (sdication of loss of
bydrauiic oll. Thia missile contained a G5 16725 guldance package with the reoripnted
rate Zrras and dld not oecllliate during the programmed turn after interceapt ms vas

expacted.

o -




APPRIX 11 m m
Round Ha.

Mianile Ho. Test Tbojectives Rezarks

Tate Fired

s Same a3 Round W05. Satisfectory 1o ail teat respects, Misa distanca was 139 ft, launcher dellection data
12498-5T43 were obtained, As in Round bkS, the launching rail used showed only minor acratches oo
1E Apr 55 the paipted gurfuce a8 & rewult of the seraping of the booster lugzs.

T Sars as hound 485. Satiafactory - Miss distance waa 217 ft. At 39.4 ssca there wvaa & momentary loss of
12hgm-L34T begcon return sigoal acccapanied by & loss of sutcmatie tracking, According to the
13 Apr 55 records this 418 not obwiously affect the system performasee, it Say have coutrilbuted

tc the large mias diatance.

Systen test inat target at Higs dlatance was 43 It, At LG secs, b 2acs after intercapt, the mlsails AGC record
1249B-LTTO hfalt aod intiTargs. Also, dropped about 20db; then continued to decay. Ab 63 secs tha bemcon return signal vaa
IE Apr 5 testing the pround gnidsnce. lopt wnd the rader went tut of autazmtic track.

=] Same w8 Ronnd . Satisfactory - Misa dietancs wma 91 ft. Missile radar comtact was lost about 140 wech.
124985754 The operating pattern medulator on the migeile radar vas cbecured becauise of the blased
13 Apr 55 trajectory and sibsequent mipsile tumbling., There was no evidence of loss of hydranlic

ell.
450 Sape we Rourd &4hd. Satigfectory in mll teat respacts. Miss d{atance was 30 fi. Total flight time of 123
12498-1291 seca with ne indlcaticn of losa of bydraulie eil,
19 Apr 55

51 Same a8 Found 445, Also, Satisfactory in all test respecin. Mias distance wma &2 ft. The Trasgible booamter,
1245B-2202 testing the TFIET S&4 device THIE3, performance v satinfactory in 411 respects, The end.of-boast valosity vas 20L0
19 Apr 53 ard TUOEZ booster. feat per mec. At 125 secs the hydraulie oll supply wvas depleted. Minsile banegver vas

accomplished aven in the pressnce of & 5 cps ocacillation. A1l THIET ShA devices armed
ard datonnted properly.

52 Sama an Round 451, Unsuccesafiu) - Mimsile roll control wmo abuormal both during the roll stabilizstion
1algn-Llga tranaient following meparaticn and during the last 2 peca prior to lntercept. Steering
19 Apr 55 and roll control were lost completely immediately following intercept.

53 System test ngalnst target at tisfactory - Mise distance was pot available at the firat intercept becauae the spot-
124gB-UL3T bfalt and 1/range. ting charge 41d not detomate, Telematry indiceted that the spotting charge inertia
25 May 55 avitch 41d not arm at lift-off, Total flight time was 217 meca. The oil supply waa not

depileted at this time indicating thet the reduction ar the butz voltage accozplished 1ta
purpose. Telemetry iodicated that the booster cable browe before the asparation relay

operated,
| Sams us Found W51, Setinfactory - lMias distance was 123] f1, Intercept was achleved al both lofercept péinta,
12498-b438 1osa of missile control at 171 secs lodicated depleticn of the hydreulle oll supply-
25 May 3%
5 Soe a8 hound 553, Satiafactory = Miag distance was not availabls, becauss of the poor quality of the film,
12494688 A satipfactory second intercept wvam not mchisved because the hydraulie oil supply wvas
2 55 depleted mt 132 pecd —about & seco bafore intercept,

Syatem teat agalust target at Satisfactory - Mias distance wvam DU ft. Data were obtaine=d at the second intercept polat
12U9B~LE5E medfalt wnd Lot /range ynder for use in evaluating miassile stability wod control at velocitiss cloge to a Mach number
15 Jun 55 low mach numbers. of 1.0. Tae hydraulic oll supply wms ezhausted at 989.5 seca, leas thas one ses after the

zecond intercept. The palnt on the test launching rail vms bedly scraped af launch,

Same a8 Round 455. Satisfactory - Misa diptance wma &1 ft. There ware asveral slight noise pericds 1ln tha
10hgB-LEET coaputer operation. Stability mnd control data vers obtained on the second intercepta.
15 Jup 535

Sase a4 Round 456, Satiafuctory -~ Miss diatance was 7G ft. The mscond {ntercept was not achisved success-
12hoB-4T0b fully because the hydraulic oll supply vas depleted at 1-h {111 seca). The tufted
15 Jun 55 tooater fin ipatrumentatlon contlnued to show m reverse Ilow phenomenon across the

hooater fin, Post firing cbasrvation shoved that the paint oo the . launehing rail wma
badly scraped by the bogster lugs during lauoch.
L39 Sanw As Round W54, Satiafectory - Misa distance waa ft. Although the 3scond intercept was achleved,
12498. 3025 ptanility and comtrcl data were not obtalned because telemetry transmisalon cessed at
12 Jun 55 63 ##ca, The palnt on the teat lmynching rail waa badly scra at launch.

Syatel teat at hispeed, hialt Satiefactory - Misps dietance was not avallable, heacaugs of & lov order spotting charge
12hoB- 4695 ard 1/rmnge. Alao, to test the detonation. Test objeatives for the pecond intercept were pot wehieved bacsusa the
22 Jua 33 in-flight opematlons of track- hydraulic oil supply was depleted wt L20 secs. The pyrotechnic flars vas not vieible

ing flare sand to evaluata 1t as  ao the boresight Iilm

in ald to boresight trecking

aata.
kel To tast for system accuracy Satisfactory - Miss distance was ©5 ft. Hissile radar tracking perturbaticne were
124g8-5243 againat hfapead, h,l'n.lt target oboerTed about 2 Aecs bBefore intercept sccompanied by s drop in beacon recsiver sigoal
22 Jun 55 at frange. strength of phout 20db but systen performance 414 not appear to be affectsd. During the

glide portiem of the flight n lov arplitude 2 ¢pa oscillatico exiated io the yaw Byatsam,
At 167 sece tbe hopdraulie oil supply was exhauated.
L& Saze pp Round bol. Satiefactory - Miss distance vas 33 £+, The secopd intercept waa not succesalul because
12498~ 4443 the bydraulic 0il supply vaa depleted at 11T secs.
%g Jus 59
E] Saze ad Found 451, Satiafactory - cecond inteycept provided valuable control data, Iavnching rail and
124598-5211 launcher lead cell data were cbtalned together with Fastax pletures of the booster hlast.
27 Jun 55 The modified launching rail front support functloned cormally. Bowever, the aprings of
the pavl have noticeably fatigued with each additional lmunchlag.
Lol Sape mo Round 561, Satisfactory - Mlae distance was ft. Second intercept was executed providing
1249B-5255 yaluable sontrol deta,
Jun 59
5 Same ad Round 461, Satisfastory y Mles distance vme 191 ft. Satisfactory data vere not achieved at the
. 12h5R-biho seeondary intercept point. The hydraulic oll supply was Aspleted at 125 seca (before the
29 Jun 55 intercept was attained). PFost firing examination revenled only slight ecruping of the
jnted lavnching Tail.
Lob Investignted the Beemingly Satiafactary - Miss diatance vaa 33 ft, Notning wan noted thaf could be correlated with
12455-1566 mbpormal iocidence of mal- the Rad Canyon Fange Camp flight test results.
13 Jul 55 functions withio m group of

miasiles being flowo mt Hed Canyon
FRange Camp.

’




) 213

Remarke

Satigfactory - Mlsa distance wwd b5 ft. Thers were tvo sinor diaturbanzes during this
flight that could bave caused flight termioation if their severlty bed been of greater
magnitude, At 17.5 saca & momentary 200 volt ehort octurred. Beacon contact wvas
ioterntttent during the four secs. lsmedlately prior ta interceprt. Thup, theee could
be indications of the caure of sowme flight fallurea at Fed Canyon. The painted
launching reil suffered only Migor Jsmnge from the scraping of the tooster lugs,

bed not bottomed even though intercept bad almost been achieved.

Unpucceapful -~ Thip wms profitable, however, In that & malfunciion waich could be
correlated with those sxperienced at Red Canyon ocourred duriog the end gaoe. At

49,6 aece (1-2.3 aece), a -100 Yolt short octurrsd. Thia preduced hardover control
surfaces and the respltact excessive angle of attack cevaed mipaile structural failure
and loss of beacon sigral at 20 peca. Friov to the time of the Dmlfunctlion the commande

Satisfactory intarcept with a Systam Teat Set jeneratsd Targst {with large tracking
noise pdded}. Nothing ubusunl vas noted during the flight.

Upsucceantul - Maifunction, eimliiar to that observed in Rournd oo, caused loss of beacon
contact and missile coptrol Just prior. to intercept. At 47.5 seca to 18,3 mecs intar-
mittent -100 wolt shorts ocowrred. Informative eiamioetion of the recoversd guidance

exction wen impopaible because of 1te damaged condition.

Satisfactory - Miap distances wvers Tt and 51 ft respectivaly. Prior ta 1ift-off,
s nolsy vibrator wme evident. A low amplitude 2 cps oaciilation existed in the pitch
systen during the glide portion of the flight.

Satipfactory - Misa digtance was 143 It an) 210 't yespectively. During the end-game
preceding e¢ach iptercept, nomentary fin signal ahorts gccurred producing hardovey control
surfaces and missile acceleration pertwrbatione which may have contrituted to the larger
fthan normai popitliop 2ifference vhen coopared with the other RCRC rounds fired by the
sentractors.

Satisfactary - Miss dlatanzes 107 £t and 152 Tt respactively. The hydraulic oil supply
wvan depleted at 85 seca lzmedlately following the mecond intercept.

Suctessful - An aboormal tmjiectory ves followed in achieving intercept. ' On-trajectory’
awltching occurred early causing alsmile to Fench m peak altitede about 10,000 ft higher
thasn the normal tralectory to the iotercept and the fllght path acgle st intercept was
-35° rather than 207, Although the second intercept was satisfactorily achieved at

125 mecs, no data were obialned betaust telecetry tranemiesico wap tetminated at 60 secs,
ahout 15 Beca befors the fipat intercept. At 1ift-off the bhydraulic btayonet did not
latch dowg dus to a broken spring cable. HNo demage to the bayonet waa sustained. The
TSIET 5&A device atmed satinfactorily but detonstion was not obsarved due to losa of
telamatcy at 60 a=co.

Suesessful - The switching transient due to target simelater operation was mlsc evident
oo thie round, However, the switching A1d aot occur wntil 25,5 peca when the computar
was in the "ateering phase” and the resultant perturbaticons hat only a small effect

oo _the orders. The second intercept was not achisved.

Succesaful - No misp dietance pveailaBle hecanne of inaufficient IGOR covarmge dus 4
intermittent cloud cover. “Om-trajectory” switching agaln octurred early., Effzmet on
trajectory wvas very similar. Second lntercept was not schieved because of loga of
miagile-radar contact.

Unsmecesaful - Misalle control was lost at abowt 35 peca from lift-off preventing the
mipsile from engnglng elther target in & normm) manner and from exscutlog the pro-
grameed commande. Good load cell data and photographic coverage of the blast area wers
TepoTted,

Unsucceasful - Due to a structural failure induced by control syetem iloetablllty during
booat. At MUfi-off the 6 cpa etructural bending oscillation cbserved on moet rounds
vag axcitel to a much largar amplitude than ooted on previcus rounda. This round waa
launched with & blast deflector (WG 3591222) installed. Photogrephic coverage showved
that the blaat vas deflected upward along the Looster and mispile with an appreciatle
velocity (eatimated ma high as 500 £t per pec). It appearsd that the mode of control
aysten opeTation waa ungtable at sonic velocities. Seorching of paint and wire hundles
on the launcher substantiated the sffect of the blaat deflector.

Sgccesaful - Mine diptance st the first intercept was TO ft. Satiafactory pressure data
were chtaiped for eveluating the fixed probe accuracy as a function of mach number and
1z of attack. The four SAA devizes armed and detocated erly.

Unsucceas - The eustainer motor did pot operate. Miosile control wae lost at sbout
L5 mecp. The shock and wvibratioo.op this round,as s wvhole, vmp not represenitative of a
wormal reund, but the deta could be_coneldersd reprepentative of pormal flight
anviromment after motor shut dewm.,

Estisfactory, bolh intercepta, Preasurs data wers ovtained for the evaluetiog of the
fixed probe. The TOOED SiA devices armed and detonated properly. The frangibhle
hooster appeered to operate patisfactorily, Detonmtion occurred about T sece after
separation.

AFPERDTX 11
und Fa.
Mipeile Ho, Teat Cbjectiven
Tate Fired
T Same o Bound Lbb,
12558-197h
13 Jul 55
LEE Sape aa Round 456,
1245B-1714
13 Jul 55
459 Same ad Round 456,
12kgB.1972
_%LM ]
1o Same ax Round BGA.
12:4B-1698
13 Jul 55
155 Same am Round LHG.
12498.1982
22 Jul 55
wr2 Same a8 Round WEA.
12498 -1864
22 Jul 55
473 Sona g Round LbG,
12kg8-1751
27 Jul 55
47k Cbtaln system mecuracy data
12LgE-5121 ainst target at med/alt and
3 Aug 55 1/range.
5 Samr an Aound G74,
12hgB-5231
3 hug 55
%) Bama as Round 474
12458 k732
3 Aug 55
ST (btaln Bystem sccuracy data
L249B-5123 sgninst bfapeed hfalt target
10 Aug 55 at 1/range.
Lr8 Tbtaln systep acouracy Sate
1akgh- 5124 against hfspesd, hialt target
31 aug 55 at 1/range. Almo to obtaln
shock and vihratioun informme
tion.
LLTQ Safe me Rourd B17.
12498-5126
1h Sep 55
Same a3 Found K75,
12L5B-5136
28 Sep 55
4H) Syeten necuracy test ut
12h9B-5161 b/epeed, o/wlt and 1/range
5 det 55 using a P #30 boaster,
TOUER Shi devicw and &
TifE2 Jato
T8z Teet for system accuracy
1245E-5034 egalost the two targets &
5 Qot 55 determine the effect of command
limit ou ayatem agcuracy.
to test the ground sguipment.
3 Obtain system moouracy dmta
12kgB- 5237 ioat med/alt target at
15 Cet 55 range using a UMP #33 booater
& To0F3 SEA derice.

Satisfastory, Dotk intercepts. Satlsfactory regults were obtained in the breek-avey
cable test. COme of the TOOE2 ShA devicesyvhich had been aubjected to transpartstion
vibration,armed gbout O,] sec late. All of the néchaniems detonated properly.

Unsucceasfiyl - The sustalner motor did not operate. Fower plant lpetrumentation dats
and recovery evidence indicated that the overboard air dump on the air pressure
regulator valve remined open. The vperatlon of the frangible boostey and TOOE2 SkA
devica was satisfaciory.

-nu‘a“

-



APPENDIX 1L " “ Fr0)
[¥ourd No.
Misaile Fao. Test Cujectives Fematin
Date Firsd
Thtain sysLam Sccuracy JAGE Batistactory - Wor TOUE: BLA Javice wrmad and Astooated pruperly. Ezcept for short
124585217 v_mn aedfult target at periodn of nolse, 1t appearsd that good sboek and vibration rwcorde wers obtained,
15 Oet 55 Tange. Also, cbtain shouk
apd vivratian information.
Eamn as . Gatisfactory an first interceph. The second intarcept was Bot achleved in m normml
12k9B-517h warrar dua to transisnts apsccinted with switching to the mecond target, The operation
19 Get 55 of the frangibls boostsr vms satisfectory, Detoration ogcurred sbout T ssce aftar
e tion,

& “Tttaln sysien accuracy data Unm!_}uc-u Y - AC about T2 soce [1-J on ths [iret intarcept] It appearsd tEat slther |

12kgE~5208 against bfapeed, ‘int/alt the hydraulis cil supply ves deplated or that pressurs ves pot balog applied 4o the

26 Ot 45 target ot 1/range ualeg = pyitem, thus osither intercept wma achieved In n satisfactary mannsr,

miasile at tampersture
gura of - f

58T as Round 400 tut with [ Tul - Hies diatance vea 32 Th. Agein large spurious transisnt ordara wers 1ssued

124985651 temperature at 007, by the ¢owputer at 22 and 2T.5 sece a8 & result of errors In tha deta system of the

2 Kov %55 ground guldance equipment. Tha two intarcepts celled for in this tost appearsd to be
incompatible in that ao appreclable olisb in Fequited between tha two lotarcepts. As w
result of this clisb, the miswile velocity decrwased t0 such an artent that control vas
lost prior to the second intercapt, st about 123 eecn, The two TOOER Bhi devices armed
ht:{.wm-_m_

Obtalo ahbock and wibration Hatlsfus + both Intercapts - Mius dlgtance wes bot arallable se there vas wo spat-
1249B-5141 informstion & data Tor opils ting charge sboard the missile, Kacept for short pericds of colss, the FX-FM vibratlea
9 Kov 55 nication of command limit. deta appesred good. Orders vers nolsy during the end-game for the 08 17189 Amplifier

Also, eTaluste the G3 171685 Ducoder. At 57 satm, the computar issusd spuricus orders similar to those obasrved on

Amplifier decoder. pravicus rounds, The four TOCE! BhA devices wraed with tolersnce, but did pot detooste

untll the second iptercept.

05 Tada an Mownd M5. function on firs cApL—wecond lntortept mchisved.  ALLLough 1088 of tankral at
12458- %652 {=5 sece precluded sttaimsent of tha first intercept, control wes later regained aod
16 Hov 55 data Teceived at the second intercwpt. At about T1 eeca & «200 volt loading ocourred,

protucing hardever control eurface deflesticas. Aftar the voltage fluctustlons dis-
appesrsd, the minsile’ mthieved the second intarcept and contimued to respond to the
14ft prder until 1TH sece.
L) Cotals shock wod wibrsticn Batiafastory, roth murgpt--ﬁﬂﬁ Tecords weare chtained far use in Lhe mhotk ol
12495-5193 Aata. Also, tast n DAC-fesigmed vibratiom wod fized prebe stolles. The three T90E2 BAA devices armsd properly ut
16 For 55 Tized probe. apparently the soriroomoctally sxposed unit failsd to dwtonats, This cannot be sub-
stantinted na the pecond intersept was wgainst & ground targst, rendering racovery
imposaible.
%51 Y3LeR RECUTRCY LEST MEALDEL BatisTactory—Achioved lolercapt Vith The UZA drane LArget. Mies dlstaccs ves %0 i
112;5‘5-702" & high performunce target. Hyntew performance appearsd normal. A varbead buret vas ardersi and sxscuted about
How 59 51.2 wecs.
g2 Syptem accuracy test sguinst a Satlafaziory, bath intercepta—Hiss distance for the first {atercept was 7o I, Un~
1akga-5168 bigh spesd target at intfalt explained high-frequency omeillations wera chbesrved in the gontrol syatas, beglonlog
23 Hov 55 ant 1/range at -25°F. Also, to  at 13% sece and contiouing until the hydreulic oil wupply was depleted at 140 secs,
obtain data for optimizatlion
of the command limit.
s Round B Hatisfactory lotercept with both the System Tost Sei Cenerated Target and the Gpace Folpt

12h9B-5151 Target.
1 Dee 53 —

O Zame a1 Round 454, Tatiafaciory « Achisved Iniarcept vith tha simulated high spasd target, Miss Jistance
12h95-5184 was incomplate because tha target Poresight camers ¢id pot oparate. -

Dac %5

G5 Tame ni Nound %92 WIGH Satlafuctory = FITet and mecond intercepis vare achleved, bot daplotion of The hydraulie
12498 - 5860 tamparatire at +15°7. oll wupply st 7T secs precluded sttaimmant of the third interespt,
14 Dec 95

Byntem pecuracy Lest agaioet Gatisfactorily achiwved Iotercept with the Q2A drons target, Mias distance ves 50 0f,
124g5- 5860 s high porformance target, A varhesd burst wes ordsred and szecutsd about 42,9 esce. The drone waa Bit by fragnenta
1k Dae 55 ant ast afire) it emtered sn uneontrallable T dive wlmont imaedintely.

System accuracy test mpainst Satisfactory - Intercept conditicns were achieved with both the glaalated EIEE--p_eH
1249p-6139 h/upeed target st bfalt and 1/  mansuvering targst and the apmce paint target, Mies diwtence was 10k £t at the first
16 Deo 55 Tange. Alsc, to obtalo data intercept. Ferformance of tha b inert ¥estarn Flectric gpres wes sstlsfactory,

for the optimizaticn af the Dispernicn mmong the gyTos; after copletion of the two intarcepta, ves lsss thas 2.

commard 1imit and to tast b :

Western Xlegtrie roll amount

TYTON.

LT Syetam accuracy test againat s Batisfaciory - Iatarcaph was achisred vith the QE-1] target, Miss distance wa §5 £,

1abgB.T0Y3 target st Yfrange, Also, to Oparation of the slevator and platform was mpparectly norsm) during mnd subsequast to

1l Jan tost the design sfequacy of the  the firing from the Underground Miesils Structurs Typs “B", The rear sstape hatch hlew
undsrground missile storage off during sach of the flring saguances,

Structura Type “B*. )

T’E Zame an Roupd 150, Hatlstactory - Wiue distance wma 51 €%, No maifunction pocurred in the oparation
12hon-Teat lsunching.

11 Jan .

Eywtem accurmey tast at =15, Fatisfactory - Intarcept wiih the Y0O-Kool sLmilated LATEGL vas Achleved v1Gh & miss
124G 500G Alwo, t0 comparw the Mod VI & distancs of sbout 155 £, Rydranlic oll mupply wes depletal at 70 ascs. The T50E2
1L Jan 56 ¥l IT target sccelemation BAA devican armed late.

eircuita in the computer con-

£1; tion.

1 Tane 18 Found 500 vith Temper—  Gatisfactory - Misw dlatance wad 51 Tt, TS TOOE: OLA doviced armed Iate—at 6.7
mhgn-se:‘gh ature mt =229, snd 5.b4 sece after 1ift-off., ALl devices detonatsd properly.
11 Jan
302 Obtalt sbock ard vibraiion data. 1413 - ettlvan o ] ¢ [} ATAP
124985154 Alsa, % tast n DAC-demigoed lows of flrsd probe pressurs data, (e of the TOOE2 BAA devices wrmed lata at b.83
|11 Jan 56 fized probe.

anca; % ﬁi detonated iﬁrly.
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AFFERDIX 11
Round Bo,
Mawile Ro, Tast Objectives Femarks
Pats
3 . Eywtem accuracy teet ageitist Gatiefactory - Successfully achisved intercept with target aliSough toara vas oo .
1245845179 b/epasd tprget at 227, Alse, spotting charge detonktion im reaponse to the burpt commnd, Command 1imit dats wmn
18 Jan 56 to obtaln dmta for the opti- obtained ou second mnd third iatercepta. The spotting charge 434 not detonste st the
mization of the commend limik. ascond intercept. Miss distacce at s=c intereapt vas 34 4.
. Sntinfactory - Although en intércept vas achlaved, ho spotting charge Astopation was
1249B-6561 photogmphically obaerved and accurats niss dintance informetion wam not smilable.
18 Jan 56 Early phases of the flight appeartd to have been normal. The missile responded
satinfactoridy to tranacitied crders nntil it becams subponic at about 149 weca,
2] famt as Fouod E?'B. Satiefwstory - Iotercept wvam achieoved with the GR-L7G target, Miss distance was rt.
12498-6972
18 Jao 56
Same ws Round 502. Satisfwctory - Intercept vith a ploulmted 050-knot target ard a Tixed ground target
124985155 ~is matlnfactorily caspleted.  Shoek and vibration dats for ewaluaticn of the effectsl
26 Jan %6 of Night sovironment, wpon control instrusests vere obbeioed,
Syatem ascurney teet against Satisfastory - Intercept with the 450-keot Q2A drons targat was satisfactorily
LabgB-6062 a high-performnce target. accomplished; however, sormal optical determination of the mlss distance wnk nok
25 Jan 56 Algo, ta iest the design ade- posaihle, Tols was the Fifth firing from the Underground Misvile Storage Stewcture Type
quacy of the Underground and vas acesaplished without fncident,
Misalle atarage Structurs
Type "B",
508 System mzcuracy test againet Satisfuctory ~ Colocident with the first iptercept, roll contrdl was Jost for sbout
1LohgR- 5250 bfapesd target mt -319, Also, b wecs followed bty mo mdditional 2 secs of parginal yew control; e dasped 3-b cpe
25 Jun 4o cbtadn data For the opti- oncillgtion vas presunt 1o the yaw wystem during this pericd.
migation of the command 1imdt.
%% Sam0 A% Round 503 With temper- Satisfuctory - A L0 e#ce & mamentery wiscirical diwfurbences of UDknown OFLGLn ceused
12bg0. 52kh atury at =359, hardaver deflection of the threw sets of control murfaces. This was during the pros
1 Feb 56 grummed portion of ths f1ight betweon the first and second intercept and had 1iitle
gffect ¢u the ovar-all results of the test. A1l three iotercepts ware satisfactory.
LG Same A Round 503, Malfunetion - Flight test vap, i3 effect, terminmted about 2] secs by & plus 200-wolt
12hgp-5252 loading wvhich caustd bardaver deflectiocn of all control murfaces and subssquent loss of
1 Feb 56 eontrol. In s pericd of 2 secs surrounding the plus 20Q-volt losding the plus volt
pply, the 4.5 volt hatlery cutpub, sod several $-volt instmuwent outpots were wlsp
lialed.
T Saxt s Rourd 506, Satisfactory - Beth lnteccepts were suécersfully wccomplished and good abock and
124gn-5156 vibration date snd fixed probe dets vers chisined, Missile performance and groupd
1 ren 56 guldance were normml throughout the f1l{aht,
512 Sanst an Rewnd 503 with tampare Satisfectory 2nd and 3rd intércepts - At 1-11 pazs, 200 wolt aod 15 volt lowdings produced)
12h98-5950 ature at -189, & high roll rate and the mlmpile stopped respanding to orders; 5 volt and b.5 wvolt
8 rab 56 leadings were wlso prement during this pericd. The losdings wera removed about 1-4% acce
tut insufficlent timé resmined to correct Lhe errors wbich had daveloped wnd & XT6 £ nlli‘
distance resulted, Pollowing this, wissile achisved 2nd acd 3 intercept.
3 Goms 4N Round 503 with tampers Satistaciory - All threw iotercepin wvere satliafactorlly achisved and the round fhew
uhgn-saﬁgo ature at 269, secs witbout depleting ita hydrauwlic oil wupply.
15 Peb
51 Sapa as Round 502. Satisfastory ~ Both intercepts wore satlsfactorily mcconplisted, and gond abock wod
126985224 ribration dwts from the TH.FM talmmatry records wers cbialioed.
15 Feb 56
515 To 1zvestigate the affect of ¥alfunetion - To ths sxtant that the alesile respondsd normally to L8 large siep ©
12%0B-8T1T sdverss control eysiem com- at bigh dyvemic pressurs serly in flight, the tent objective vas partly atteined; but the
15 Feb 56 penent tolermaces oo eontrel teet waa Iargsly inccapleté bacauss prior to intercept tbe misaile vas destroyed by
syrten rtability. urdyternizned causes which miy or may pot hars besn related to the ppecific test comditiors)
The flight sppearsd t0 be pormel from LIft-off until 25,5 ssciyat which tixe the apat-
ting charge detooated for wnexplained causes. Following thia, large scale control and
instnmentation voltage disturbances oceurred, Flight wes tarminated et 25.9 seca by o
rtruetoral fallurs. )
I3 Dyetes accuracy test mgalnst Satisfectory - This wvas the first lannching from the satellite launcher, ALT con-
12‘#9‘5-6?&!0 & bigheperformmnce tArget, taminaticn and sourd level measuremests were taken for AFF Bowrd &,
20 T4k
5% System atcuracy tont mgainat Satisfectory ~ Mlan distance wes 111 Tt.
1abgR-TOR2 8 high-performance tarzet.
20 Fab 56
:)  Hyrtem acturkcy tost agaipnst Unpugcassful - Intercept was not achieved tecanps the misells sustainer motor d14 nat
12bgp.-£188 bfepes) target wt -43°, Alwo, vtart. Telmmatry showed this to be dus %o the fellure of the overboard dunp port to
21 Yk 56 ta obtaln data for the optla clows, altbough the inartls arm appearsd to have opsrated properly st 1ift-off, Ome
mization of the commnd limit of the TOOE2 S&A dwrices armed late st 5.97 secy after lift-off; the other 4id not wem
aod tast the TI0E? S&A devica. or detonsie.
3T Cbtaln In-Tlight dhock aod Satiefnctory - Shodk and vibration datm were obtsined, and botb intercepts vers
1ebgn-A152 vibration data. Alse, to achieved. The flight ves satisfactary through impsct.
23 Feb flight t#at & DAC fived prohes
atem aicuracy test against Satisfectory - Mike divtance for tha Tirst intercept wvak 103 Tt, No malfunctions vers
124985687 b/upasd target, Aluo, ta ob- indicated and mismils flight vas terminetad by pormel fail-safe action,
23 reb 56 tain data for the cptimiration
of the comsand limit,
521 Fyateom sccuracy tadt agairat Unsuscesiiol = This vis an univs{rumented ballast warhead round, Haday boresignt films
A24B 5966 Ligh-performance target flown indicated & mianilé break-up wbout 3 sscs (1-3 on the primary intercept).
Teb froes a eatellite laanchar.
28 System accursey test sgainat Setisfactory - Misa distance at first intercept was D5 It.
12L5B-5158 high-performance target.
2] Fob 56
£3 Semo &b Aound 521, Satinfactory « Mise dlotanca at first intercent wap 30 ft. Toe fitat iCtercept wke ot
LahyB-6370 '42.6 seca. The missile treckiog radar trenecitter vay turned off at 126,7 secs, eod
2T Feb 56 thw ﬂiQt termisated by normel fail-safe action,

¥
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Mpalle Ko, Tast Tbjectives Rematke
Date Fired
T35 Sama we Doubd 53, Batisfactory - FATaL intercepl vas Wbaul L3 secs, dpatting chargs dstonaticn 4id not
120586971 escur, Freiiminary miss distance at the tiow of ilotendsd Duret wves 74 rt. Beacm
Z7 Tab 56 contact bacame {ntermittent st 65 esce And o complete loas of bescco return wftar
0 sacs.

525 Dama a8 Round G52 &Y B Tange. SatisfactoTy - Kles Listance wt Tizet ILEATCept vas G0 ft,
124985221
28 Peb
5 Bane ma Round 522, SetiaTectory - Miss Alstance wt firat Intercopt wes 123 It. After the firai intercept,
124985743 missile beacon return level began %o fade slovly until complets loas of heacon raturn.
28 Feb 56 Fall-gafe occurred after normal delay.

System socuracy test agalost Bighly satisfoctory - Miss distance was 69 fi. Imzediately following detouation of toe
124985470 high-performance targat wt -18°9, spottihg charpe, the miamile schioved physicay contect with the drooe. Both migsila
28 Feb 56 Alno, Hyfraulic Adr Tank & il  and drone were destruyed by the impact.

wdrures telamatersd.
(3 Eyetem stcuracy tast agajnst Satisfactory - Miss distance &t rirat intercept was E_ ft.

124gB-5273 h/speed targat. Alwo, to
29 Feb 56 obtain dats for ths opti-

mization of the command limit.
529 Eme a» Round 526, Alse, to Satisfactory sall intercepts - Mios distance at first intarcept wvas '§B ft.
12h9B-ET10 investigate the effect of range
29 reb 56 on recelred algoal strengid at

the piesile & to tast G 17155

1ifier Dacoder.

530 Investignte the affect of nd- Tnsuccessful « To the sxtent tiai the mipsile recponded oormally io & progtammed sbep

12498-5725 Terae trol syatem i} t d at the inpitimtion of the diva, the objective vas partly sttained; but the tast

29 Fab 5% tolerances on control aystem was largely iomlldetsd dus to the sustainer motor stut down after cnly 3 secm of
atability. operution. The high mach moaber was not experienced, dus to tha mmiperformancs of tha

propuleion aystém. With the aboorsally lov missils velocity the incomipg eyuthetic
fargel wam iptartepted at & range of 28,000 yis. The miss dlstance was 35 ff. Miesile
valoelty ves t0o0 lov to wehieve the second intercept. KNormal fell-enfe acticn vas et

10h wecs.
531 Frototype tont at Med/alt for ObJective of the round wvas achisved even though flight was terminated early because of
12%08-5265 & mEigpile-Lorme prograsmar u delaysd sumisiner motor start. The low welocity resulted in a tighter turp than bad
2 Wy 56 Adesigned for use in NIKE B, been axpected during the progremssd dive with ground impact otsurring st 87 wecsyabout

20 sece sarlisr than predicted. Nitety par cent of the program bad bawd exscutsd befors
ground impact. 9Jpecial misaile propasuticn for this round included = DAC designed
interoal prograsmer [#8524121) which wma located on the aft ballset plate and wns
sctivated by the separation switch. Frogrammer operwtion duricg the paricd vas satie-

factory and ihe prograsmer has been deemed suitable for use in NIKE B flights,
532 Provide a flight demon- Euccass: - Flight performance vas satlafactory. Although the motor shamber LItesurs
124988951 stration after lov-tespersture  gage 414 not operats, the time of flight and power plant alr pressure inetrumantatisn
b dun 56 exposure b0, indicated norsal sustainer motor operation, Losding of tha &.5 volt battery indicated
poawible mcld lenks, sinta lanormtory tests have shown that pura vatar canoot causs
auch loade.
Sane an Hound 532 with temper- i fol = At wep on, the misslle roll stabilized at m -555 sttitude Ior about
LOUGB-THNE ature at -40°. 2 recy, then restabilized to normal position at the start of the dive phase. A &7 cps
22 Jun % oscillation of nll coatrol surfetas cccurred ozs-half sac after start of the dive phase,

continuing until the depletion of the hydrauclie oil supply st 22.3 eecs. MHisslle control
vad nubsequently lost apd the flight wus terminatsd by normal fail-safs sctloo at

95.4% gecs.
Sah Bystem test round for svalu- Unsuccessful = A circultey error in tha "missile trecked” elreult of the atssila
22L9R-5220 atlon of the ¥DE B in the NIXE  tracking radar permifted dropping cut of the "miesile tracked” ralay, causing n Te-
25 Jul 5 I mle of cparatiom. eyeling of the computer gbout 14 wecs vhes the tail cona effect produced sttamustion of

the Deacon retwrno slgnal. With the computer in the pre-lavach coundition, the miseils
followed a Balliati¢ trejectory belog trmcked but oot guided by the MTR until fail-safe
vou accomplished at 8 rangs of 55,000 yds.

(535 Tamc a1 Round 513, Also, to Tosuctessful - Pallure of the Motor to STAFt on tuds rousd praveoted sohlevemsnt of Inter-
12498-5238 test = mplit type wieel RAD capt. Bescon slgnal was lost at 45 mecs, followed by normal Feil-safe. GCround guldance
25 Jul bimst deflestor. rformancsa vas satisfactory thr t the fight,

5 Seme 48 Round 53%. BuccenssPil = Miss Alatance was 37 ft. with « posltion differance.

124585771

1
Same a2 Found 534 st hislt. Unaucceasful - F1ight wma terminated wt Abaut 2 NSEs vien the misstle Tmiled
1260P-3013 atmycturally. Exsmination of thw impact vieckage rwrealed that & motor burm-through

LR waz_the probable cause of failure.

Frovide a flight 4 tration R ful - Achieved intercept. Hias diptancs wvaa 109 £t with & position dkdferwnce.

12498500 of NIKE misaila at -30°F, Codncidant with intercept, an unexplained 70§ loading of the 4200 volt circult pocurred

Aug 56 : and miseile comtrol vma lost. )
539 Investigate the effect of in- Succesnful - Telemetersd TSUE] device F1 armed late st 5,220 s8cH, Cpecifisd arming
1249B-T531 #1ight anoviroohont oo the time im 3.7 +D.% antd for thaks devicas.

9 Ag 55 output of an mirborne cscllle- -

graph in an affort to devalep
an ingtrmantation pmckage
for use af BORC.
L) Sene 48 Round 534, Succesafiu) - Misa distance was 10 £t with & poslticn difference.
gkga-s‘na
1 Tane a8 Round 53% at bjait. Partlally successful = This vound way partially ful in thet good data was
124gn-6343 obtained for the evaluation of the NIXE P wystem. Bowsver, an spparent incorrect
16 Aug S5 minrile beading resultsd in an abzormally large mias distance. Launcher orient

resolver eonhied ﬁai atl error rewulting 1o presset error in missile roll smount gyro. |

- gl
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Bound Ha, '
Miesile Ko, Tent Cbjectivap Famarica
Date Fireld
Same a8 Found 534 At B/alt. FiGouaslvul = At LOLarcept TRAAT data SDOWS] & miss d1siance of |5 ft. Toe DOONt [EASE
12hB-6978 saparation and power plant opertion wvere soraal., At sbout 75,0 ssce & toxen buret
16 waa ordered azd exseuted.
3 [ temper- Partially succesaful - Some performance data under 1ov temperiture sxposurs vas obtaioed.
12hgE-525h ature at =357, Hoverer, at sbout 25.5 me¢s trunsmitted plich commands wers oo longer damdulsied in
2 the ca section. Am a result an sbno: large mias occurted at intetcent.
Frovide in=-flight eontrol Buccensful - Niaalle flight vas norsal until éepletion of the hydraulic o1l supply at
12498 1966 syatem perforsance data from T2 natw, wbout § wecs bafors expected intercept. The oll depletion vas conwisient
5 Sep 56 misalle q;\:ypod with high gain with the pre-flight leakege rate aoelysis. Followiog separaticn o booster fic vas lost.
ulie valves.
3 Somn Ly ﬁ 530wt ~3007. Partially successful - Dus to malfunction of the roll amount gyro or the asacclated
12hgs.7938 eircuitry to the roll smplifier and telemetry isolaticn network, the missile did oot
12 Sep 55 roll stabilire. Thus, ths missile saseatially followed & ballistic tralectory, although
tolewttry records show that the mimsile sieering system responss %0 Commands ves normal.
The new air regelstor valve operated satisfactorily.
55 Hemt ay Roupd 535 mt ~20°T. Successiul - Misa dimtacce vas 12 Zt.
L2kgR.-5TT3
26 Sep
TSRT Samo &8 Round S4h. fuccessful - Tant cblectives wers acccoplished although & Progrosmer malfunction pre-
12kgB-TTET vented & oorsal intercept with the simulated target. The achlaved 4ympmic presgured
26 Sep 55 were s high as expected, Satisfactary contrsl sarve opermtion vam observed through-
gut tha flight.
ohe Tame aa Rownd 53%, Also, 0 Guccessfl - Hiam Glatance wap 57 ft. There ¥erv oo malfunctions lodicated durlng
12h9B-TC25 tent & NIXE I warhead. flight. ALl phases of the f1ight wers pormal. The end game performence spresrsd to
26 Sep 56 havey basn antirely normal.
550 Sm u naw. 538, Also, to Tnsuccessful - An intercept ¥as woil achieved, The rlight appearsd o be noTeml until
124gR-gha1 the perfocrmmncs of 3 about 15 sece st vhich time the miesils d ing to plieh dw wod continued
3 Det 56 typn B.IFHT}.I’U batterien, oh an erImtic trajectory, Misslle vas d.eatmytd b:f oormal fail-safa action. Dus to an
ingtrumentation fallure, the Fiight tent of the BA-UT3/U Datteriss vas sot complete but
considersd ganermlly muctesdful in that wetivation apd the firet fev sacopds of opersticn
were satiafasto:
B3 To provide a flight demon- Successtul - Flsslle performance vas entirely satisfactory aod the specified intercept
12&91!-75529 stratico st -43°T, conditions wers met. The miss distance wvem 45 ft.
11 Oct
K Tama a8 found 53%.  ALwo, test  Succeseful - TDe mise dimtence of ihe QB-17 target wma 54 £t, The round provided &
1L24gB-90h6 of Fhlit-typa alumirim blast typleal flight sovircumant £or an &ir-boroe cecillegraph which vas recoverwd in good
11 Gkt 56 deflactors & flight tast of econdition. The records Irom the os¢illograph were good, and telsmeiry records
missile-barne onci for Inom of data.
ErE) Seme a3 Roundt 53k, Suceons - Hisg distarce vas U5 £t. The boost phase and separation were normal. Tha
uhgn-'rgz} ;mt!.m and exscuticn of the snd gape ataeriog orders appearsd to have besn entirely
1 Dot
T Damé as Round 534, m um Tntercapt vith the GB-17 target vas bormal vith s miss distance of 16 ft,
124gB-Thi0 All phases of the round appearsd to be normal. The flight vas taraipated at 62.9 mecs
El Oct E E normal rnﬂ-ufe aotion.
S [ at - . CoREE salla perforpancs vea entirely satisfactary and The specified lutercept
1a4gR-8601 copditione were met, The mlads distance wes 93 I't.
et
5 To ionvestigata the affact of Fartially succesaful in that dats with regard to control system stabllity at high
L24gB-THET sdverss coptral syetem Com- Aynamde pressurs vers vbtained otil 27 sece, At that tise o +200 yolt short ramalted
T Nor 56 potent tolarnncep on cootrol in sxcesglivs control surface derlecticons, high angle of atiack, and missile structural
myitem stability, failure,
) ~To provide s flight demon- Successful - Masile perfosmance wvas entirely satisfactory and the specifisd intercept
12h3R-T530 .tnt!.oon; of a 12498 minsile conditinm wvare met. The miss distance was 93 fi. The boost phase and separktion wers
21 Mav [ S
551 = Fama an Round 550 With temper- mcecum D14 not achievs intercapt bechuss the sustalier molor ¢id 0ot start, Dus
12beD-EohT ature at -439F, to an Operntlodal 4rTor, the miseile was fired with the temperaturs of the sir regulstor
29 New 56 yelssst mechanizm about 157 colder than sllovebls. Other than the air regulator mal-
function, missile perforvance vas satisfactory until the walocity wes about LOO £t per
weo and control vas lost. A tcken burst command was iswued at 125.5 mecs to ioltiste
rail-safe missils destruction vhich ocourred at 130.5 asce.
Tema a8 ROUDd 560 with vomper- Tosuccansful - Flight was tarminated whout 5 secs af the retult of loading of the 200 A
12hghag20) sturs at -BA°F. volt circuite vhich caumed hard-over ecntrol surface deflections, exczsslve angles of
12 Dec 55 ° sttack, ant misgile structural fmilure. The miseils suptairer motor atart goourred
proparly Just prior to miesile fatiure, indizating satiefactory functioping of the sir
regulator Yeive.
To provide a filght damon- Tasuccanaful = Dus %0 & Missile maifunction which rewulted in Joss of roll pomition
12kGB. 50003 itration of sarly Charlotta, contrel, s normml intercept wha not achieved, The flight appesrsd pormel uotil 58 ssca '
1h Dea 56 N:C. produtticn aleniles. vban o)l positics wed lost. This vas an uoinstoumected mistile, and the ceuss Top -
loss of rell control cannot be Jetermined.
Sama a» Round 564, Buccansful - Hissile parforimoes vas entiTely matisfactory and u suecessful intercept
1260850004 vas achieved. Miep digtance ves 41 f+. The boost poase, maparaticn, and power plant » '
1% Dee 56 operation ytre normal. The and-game parformence sppeared Dorpel.
To test an earth emplaced Successful - Although aarred by missile tracking difficullies, thin vas & successful .
12468~51T0 1auncoer with & blast de- roud., The deairsd lagnch, misgsile perf » &od gr guitanca mystem performance
19 Dec %6 flector us part of the tle- dnta wers obtalned. Except for ocoamional rnu.u'n sigoal drop-outs, the syatem +
dovia. Also, to taat the G3 parformancs wppearsd normml atd the end-game respondd VRS satirely satinfactory.
1811k filter mntennas.
T To provide a Plight demen- Tuccasaful - MiPsile performmnce vl tatirTely satisfactory and the apeeified intercept
124gB-TgT0 stration of a 1249F misnile at canditions wers mat. Misp diptance ves 111 Ft, The requirted data vers obtainef in
16 Jar 57 -50%7. Alse, to determine the support of the ptudy to detsrmine the effect of ground reflecticos oo the tracking r
sffect of ground refektion on Rinrs.
the error characteristics of M’ -
the_tragking radara, it ) »
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Remarks

Succesnful = The first part of the flight wwa satinfactoly and oormal. At 65.5 meca
there var a mmentery losading of the 200 volt serve azplifisr plate supply which

resulted 1o a ahort dursticn but violent misaile maneuver, A o result, the miasile
414 pot sdequately counter the targed pavsuver,

Unsucceanful - Pecaus+ of 4 Misnils malfunctlon, possibly due ta mcid leakage in the
Ticinity of the propellant valve, the specified intercept comditiona were pot met. The
btoost phase and separation were normal, At Th esce, s loading of tha POO wolt aupply
oocurred. As a result, the comirol surfaces apaumed a bard-over podition; the mispile
achieved a high roll rate; and a ballistic trajectory wvas followed until fall-safe
destTuction. Throughout the flight, a high aaplitude 1-2 ¢pa oacillation exlated In

tmsucceseful =« Dats for svalumtion of power plant perfordance wvad attajned. Mlaelle
performance wap marTed by a roll syatem diaturbance at 16,5 secs and flonlly berd-over
steering fin deflecticna, coupled with & large allercn deflectlion at 26 secs, which
caused the missile to roll viclently. Ceontrol vas lost and missile fall-safe deatruction
1

Unmccepsaful - Misnile performance and aystem objectives wire not attained; the mipafle
vas deptroyed as & comasquenct of an electrical malfuncilon about 25 asca after 1ift-off.

d o

The sustaining motor opsration Wme normal.
Unanccsngful - Round did not achieve iptercept. The Riealle perfoTmance mnd system
objectivens were not attaloed., The pustalmer motor started duriog boost at 2.5 seco. ]

APPENDTX 11
Round M.
Mimaile Ho. Twat Objectives
- Data Fired
{572 GSame & Fownd 567 vilh tempar-
{ LeWsB-STT5 ature at -4a°F.
. & Pav 57
’57" Sama ws Round 557 with tampar-
12LGH-TII5 ature wt =52°F,
20 Peb ST
the yaw oyetem.
hol Evmiuate power plant perfor=
50041 mance under large steering
22 May 5T acceleraticn during tha early
phase of motor bwmning.
wae ordered.
K3 Zamt a8 Fowad 5%, Succeasful,
sonh2
22 T
Yerification of the revised
124gBaT56 Arctic uperating procsdures
21 at_-25°F.
Boe Sepé ms Round 600 at -17VF.
124gB-5685
[ 11 Zep 57

Ihe early potor start appenred to have been s mechanical diserepancy.

OMISSTON OF CONTRACTOR TEST ROUNDS — Rounds OLP thyu LGP uvern sxpended by the contractor in 4 series of tepta at WSFC uaing the

first prototype Bodel of the NINE I Batteyy Equipment. These L9 rounds were fired {Jan - May 53) agaiost actual end simlated targets

to provide s linited evalustion of equipment performance and thus assure the contpsctor that the design inteat had been satisfisd, Upon

complation of these contractor evaluatiocn teatsa, 15 May 1993, the equipment was tranaferred to Ordnance Corpa coantrol at WSHG.

CMISEION OF RAD FIRTMGES —- The following FAD Founda are cmitted from this firisg table for remschis iodicated:

Rounda B48, 557 thew 559; 563; S6H thru ST1; 573 ST5 thru 593; 505 thru 599; and 601: Thees pystem teat rounds were fired durisg the

period November 1956 to Septexber 1557 to evaluate the NIKE HERCULES System iz the KINE AJAX mods of operaticn.
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CHROMOLOGICAE LIST OF CONTRACTS EXECUTED UWDER THE NIXE AJAX PROJECT
RESEARCH & DEVELORMENT CONTRACTS
TELIVERY TUTAL
CONTRACTOR CORTRACT NUMRER DATE EXECUTED  TYFE TTEM FERLOD CONTRACT AMRIT
Western Electric Co., Ine. H-30-069-0RDr-3182 3C May 45 Cost Flus Design of the RIXE Sys T Fab 55 $ T3,622,458.37
Fixsd TFee
Dougias Afrcraft Co., Inc. DA-O4-L95-0RD-11 30 Jun 5O CEFF Depigo & Dev of Optical 31 Jul %2 495, 821,26
Sys for Evaluation of
Migs Distance
Glenn L. Martin DA-365-03k0RD=93 zh Jan 51 CPFF Self-Deatroying RIKE 30 Apr 55 1,250,171,00
JATO's
Raymond Fngineering leb. DAT-49-186-502-CRD-{P)=-80 12 May S2 CEFF Self-Deatroying BIXE 30 Jun Sb 131,61%.00
JATO a T90 Arming Mach
Western Electric Oo., Ine, DA~ 30-069-0RD- 859 I Jun 52 CFeF low Altitule Defease 30 Sep 55 211, 520,00
Universal Moulded Produets Corp.  DA-01-021l-0RD-3502% L Aug S2 CEFF Fiberglass-plastic 31 Aug Sb 252,990, 9%
FLE JATC
Chepberiain Corp. DAI-28-01T-502-CRD-{F}-837 30 Jan 53 CEFF Fragasmtistion Warhead 15 Aug 53 149,501.00
Esatman Kodsk Co. DAT-30-115-501-0R0={ P1=b05 13 May 53 CFFF Dev & Design of BIKE 15 May 55 89, 154,00
Harhesad Fuzes
Western Elscirie 0o,, Iac, DA-30-009-0RD-20824 30 Jun 53 CPFF Deatgn of an Extended 30 Sep 55 101,339, 197.00
Range Missile System
Raymond Enginesring Lav, DAT.4G-106-502-0RD-{F)-243 & Jul 5k CFEF 790 Arming Mechanisms 30 Jun 55 2%,995.00
Raymond Enginesring Lab. DAT-LG-2186-502-0RD-{Pl-2bk & Jul Sk CEFF T9O Arming Mechaniams 3¢ Jum 55 115,000.00
Uoiversal Moulded Froducts Corp. DA-01-021 -0RD= 4823 23 Dec Sk CFFF Floerglass JATO 1 ¥ay 57 922,219.13
Yniverasl Moulded Products Corp. DA-01-021-ORD-354 25 Sep 56 LFFF Fiverglass JATO 10 Jul 58 61,028.6‘]’
TOTAL $279,266,075.37
FACILITIES CONTRACTS
Goodyear Alrcraft Corp. DA-33-019-0RD-545 13 Sep 51 Cost Feim- Fac Mfg. of JATO XM5  Jan $2-Dec 55 2,482,277, 16
‘burasbhle Metal Paris & Freser-
ration & Storage af
Equipment
Western Electric Co. DA-30-069.0RD-552 18 Mar 52 CR Fac for Production of Jan 54 12,901,161.00
FIXE Syatex
Western Electric Ca, DA-30-089=0RD=-187 T Jun 52 Cost Facilities Fo%t Avsilable 8, 580,000.00
Universal Moulded Products Corp. DA=02-021-0RD-h82L 23 Dec §% Cost Pac for Fiberglass JATO & 0ot B 2,700,00
Douglas Alreraft Corp. DA-36-03%-0RD-1798 3 Feb 55 Cost Faciltties Fot Aval, 15,435, 560.00
Borg Warmer Corp. DA-11-022-0RD-1814 19 Apr 55 Coat Faeilities for Mfg. of Hot Aval. 48,458 o0
JATO & Igoiter Metal Parts
Chrysler Corp. DA-DL-4g5-ORD-E33 & May 55 Cost Fac for Production of Kone 179,890,595
Reim. EIEE Systex
Whittsker Gyre, Ine. DA-0L -495-0RD-5663 25 Nov 55 Coet Fpoilities Hot Aval. 8,211.00
Bendix Aviation Corp. T~ -b95-0RD-TTT 19 Mar %6 Cost Pacilities Hot Aval, 130,000,00
Douglas Adreraft Corp. DA-Ql-k35-CRD-T8Y 14 Jun 56 Fixed Factlities Fot Aval. 119,075.00
Price
Rhesm Mfg. Co. DA-Ob-495-0RD-662 20 Jun 56 Cost Facilities Hot Aval. 185,183.00
TOTAL $ 39,121,531.12

*Coptracts ORD-1082 & ORD-3502 include both the AJAX & HERCULES Systems; the contracts were initislly AJAX.

At the Tequest of O00, & lerge yart of the =ffort on Contract ORD-I902 waa for “developnent of & non-frangible
upnit and development of new techniquea and materials,”

(Ref:

comtingtion steel-fiterglass

Record of telephone conversstion betwesn Mr. L. J. Casey, ORDTU, CCO, and
Mr. J. B. Gellowsy, Rt Dev Lava, RSk, on 20 Apr S7-—=ARGMA Hiat File,}

. -
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CERONOLOGICAL LIST OF CORTRACTS EXBCWIED UNDEN TEE RIME ATAX PROJECT

INPUSTRIAL CORTRACTS

TATE DELIVERY TOTAL
CONTRACTOR COFTRACT NMUMBER _EXECUTED _ TYPR ITEM = TOTAL QUANTTTY PERIOD CONTRADT AMOUXT
Wegtarn Electric Co,  DA-30-069-CRD-3182 O Feb 45 Cost Flum  Performance of Project NIKE Feb 55 $ 69,009,395.37
Flred Fee
Hercules Poneler Ca. W-11+173-0R0-37 11 Apr &9 CFFT Toading M5 JATO - 15,651 Feb 53-Sep 57 13,867,491.00
Wentern Elsctric Co.  DA-30-069-CRD-36 29 Jun 50  CFFF NIKE Prototype founds - 149 Jun 53 €,767,700.00

Western Llectric Co. DA=30-059-0RD-125 1% Feb 51 Fixad RIKE AJAY Sym & Amnocloted Materiels

Price &0 Sete Ground Equip - 1,000 Mjasiles Feb S2«Apr Sh 181,784,518.91

M, §. Fhodes, Inc. DA-19-059-0FD-335 B Aug 51 FP Arming Mechanlema - L4 Dec 51 70,996.27

Goodyenr Adreraft Corp. DA-30-065-ORD-54h 13 Sep 51 CPFP JhT0 DO & Bedenign of 0 - b,060 hpr SE-Aug Sk 8,399, 781.95

Cussberlain Corp. DA-2R-0L7-0RD-1821 11 Jaa 52 FP ¥Yaricue Hetal Parts for Warhead Feb 52-May 54 588,538,048

5. D. Hicke & Son Co.  DA=19-020-0RD-1354 23 Jan 52 FP Boomter = 53 Jun 52-5ep 52 226,310.00

¥. 3. Rnodes, Ing. DA-36-035-0RD-3530 12 Mar 52 FP & CR  Arming Mechanisma for KIKE Guided Apr So-Oct Sh 236, 518.00
Wispiles - 1,529

Weatern Elpctric Co. DA=3=069-0RD-55L Apr 52 TP Field Englueering Service Jun 58 £23,117.0%

Heskin Can Ca, DA-33-008-CRD-393 & May 52 FP Contaiver Igniter ML - 3,670 Jun 52-Sep 52 3,585.67

A. L. Snith Iron Co. DA-19-020-CHD-1923 21 May 52 FP Re-uaable Metal JATO Shipplng Jup 33-Sep 53 1,331,382.10
Containers - 2,200

Chazbarleln Corp. DA~2B-0LT-ORD-1938 5 Jun 52 FP Various Metal Parts for Cord Asaembly Jul 52 4,621,581

Western Electric Co. DA-10-069-CRD=THE & Jun 58 FP NINE XSAM-A=T Mimsile & Associated Dec S2-Jan 56 B3,667,005.10
Haterials - 5,150

Cols lab., Ine, Tk~ 30-060-0RD-006 6 Jun 52 FP Starting Kixtura = 3,400 Jul %3-pug 53 19, 400,00

Continental Cac 4. DA=30=069=0RD=THO 11 Jun 52 FP Plxture Guge = 1 Koy S2 24,638.58

East Side Machipae GA=33-019=CRD-518 12 Jun 52 PP Gages = Quan. mot Avel. Aug 52 3120

Producte Ca.

Cols lab., Imc. DA-30-069-CRD-858 16 Jun 52 FP Acld W/Dra - 3,355 Jun 53-Sep Sk I7h,593. b4

Dullow Mfg. Corp. DA~33-015-0RD-91% 1T Jun 52 PP Gages - Quan, not Awel. May 53 209,50

Ooodysar Rireraft Corp. DA-33-019-CRD-1003 16 Jun 52 CPFFF Flame-maetic Costing of JATO M5 & MSE1l  Sep 52-Sep 58 1,033,292.35
Metal Parte - 22,303

Eammond Mfg. Co. DA~04-495-0RD-358 23 Jun 52 P Re-yasble Fetad Shipping Containera Jul 55-Her 53 1,261,503.37
fTor Missiles - Quan, not Avel.

ity Tank CoTp. DA=30-069-0RD~B82 24 Jun §2 PP Fe-usable Metal Shipping Containerd for det 52-Feb Sb 368,080.00
Hisallen = 2,250 (Fins), 121 {Body) &
121 {Raoae)

Richoond Engr. Co. DA=3E-034-(RD-1050 24 Jun 52 CFIT Phage IT Studses JATO M5 Jun 5T é29,707.00
Mission Appllsnce LGA-36-034-CRD-315 2T Jun 52 FP J;;e Cartridge Spizsl Wrapped 1050 - Dee 53 3,900.228.00
Too, 000
Willtam Drewer DA-28-017-0RD-202% 1k Aug 52 FE Metal Parts for Detonating Cord Assem-  Sep 52-Jul 53 7,B80.87

Machine Co. tly - 26 Units

Chamberlain Corp. TA=-2B-017T-ORD-2125 27 Cct 52 e Yaricus Metal Parts for Narbead Apr ShaSep Sk 525,316.06
B, C, Ames Co. DA-19=020-CRD=24T0 30 Dwe 52 Fp Guges = 1 Dec 52-Feb 53 210,00
Western Elactric Co.  DBA-30-069-GRD-1039 23 Jan 53 FP NINE AJAT Sys & Asmsocisted Materfal - 51 Apr Sh-Mar 55 B2,025,597.T7
Undervood Corp. DA-36-048-0RD-15436 2 Jun 53 FP Artdng Mechanimms - Qumn. 2ot Avel. Jan Si-Feb Sb 223,699.17
Wewtern Electric Go.  DA-30-069-ORD-1065# 30 Jun 53 FP Fleld Englneering Services Jun 59 1%,653,441,55

stontract ORD-1085 coversd both AJAX & FERCULES; aatimated AJAX amount 55%; total cootract ascunt $17,23%,343.00,

» ovbRURRINELS
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CHRONOLOGICAL LIST OF CORTRACTS EXECUTED UNTIZR TRE NIKE AJAX FROJECT

INDUSTRIAL CORTRACTS

TTE TELIVERY TOTAL
CORTRACTCR CONTRACT MUMESR  EXSCUTED TYPE ITEM - TOPAL QUANTITY FERICD COUTRACT AMISINT
Weatarn Elestric Co. DA-30-069-0RD-1162 30 Jun 53  CF¥¥ Quality Assurance Pro) for NIXE AJAX R Jun 55 $§ Bz 880,00
Weptarn Electrie Co.  DR-30-069-0FD-1020 10 Sep 53 FP Kiscellaneous Job Orders Sep Sl-May 59 17,851,190.10
¥. E. Hnodes, Ine, DA-19-059-ORD-2666 17 Rov S3 FP Arming Mechanles - 1,192 Fut Si-Far 54 137,455, 4
Weqtarn Elestrie Co. Di-30-06-0HD-1235 19 Feb 54 P FIKE AJAX Ground Equipment & ¥ar 55-Fev 55 130,717,593, 36
hpaccistad Material - 82
Srivania Elestric DA~-19-020-0RD-3384 22 Mar 54 P Varintors = Guan. mot Aval. Mar Sh-May Sk 216.00
Products, Inc.
Goodyear AtToraft Corp. DA-33-01G-CRD-18L 6 Apr Sb P JATO Metn) Parts W/Igniter - 3,426 Aug Fu-Jul 55 3,528, 500.26
Western Blectric Co. DA-30-069-CRI-2205 2L May 5% CHFF Engloeering Services Bep 55 24, 864 ,238.00
Benson M. Co. BA-0L.021-0RE-4T59 21 Jum Sk FF Drums Metal 21.2 Gals ¥M2 - 3,085 ot SheJus 55 160,574.25
E. B. Buggle, Inc. PA-33-019-CRB-1382 22 Juo 54 PP Retl & Cadle Asgembly - 2 Sets Hax §5-Dec §5 82,682.98
Okonite Co. D= 30-0Fg-0RD=1346 28 Jun 54 P Reel & Cable Assembly ~ 4,365 Jon 55 1,544, 733.97
Herculen Fowlder Co. TA-0L-021-RE-4TE0 25 Jun 54 e Ritric Aeida - 1,264,450 1be. Ot S4-Sep 55 53,506.20
West Point Mfg. Co. DA-Q1-021-ORD-4T62 29 Jun 54 FP ¥ood Crates for JATC Metad Prris- 2,760 Jul Sh-May 55 189,119.39
Cole Lab., Inc. BA-OL-GZLORD-ATES 2T Jul Sh | ¢4 Starting Mizture - 2,808 gts, Xav 5h-Sep 55 13,275.5%
Atlas Fowver Co. m§-28-017-501~can- 1 Sep Sk P Detonator £lsctrie TIBE3 - 21,400 Sep Sh-Dec 5k 20,330.00
{P}-2523
Underveod Corp. Th=19-055-0RD-2051 20 Sep 54 P Amm, Mechaniem T-93B6 = About 1,402 Fot Available 85,479.9%
Western Elestric Co.  DA-3O-O63-ORD-1373 29 Sep Sk FP FIKE AJAX Systems - 86 Far S6-Dec 56 T7,166,081.06
Western Blectric Co.) DA-30-065-0mD-1388Y 29 sep 53} PR} K¥IKE AJAX Missile) Jun 55-May S8
- T,500 127,943, 649,74
estarn Electric Co.)  DA-30-069-CRD-1367] 30 Sep 54) PP FIXE AJAX Misstle) Far 56-dun 58
Goodysar Alreratt Corp. DA-33-019-DRD-1533 30 Sep 54 FP JATO XMS & Izniter Apay DERLAY - 4,524 Jun 55-Avg 56 3,906,6T1.62
Rhesm Mfg. Co. BA-36-D34-0RD-1T28 2 Oct 54 FP Re-uasble Metal Mianile Shipping Jan 55-Sep 55 1,583,246, 71
Containers - 2,750
Rheem MfE. Co. DA-36-034-0RD-253% & Rovr 54 FP fie-ussble Hatal Missile Shipping Apr Sh-Jan 55 1,351,291.85
Containers - Quan, not Avel,
Willtam Brever TAI-28-017-501-QRD~ 12 Nov Sk 44 Varicus Metal Farts for Detomatiog Dec Sh-Mar 55 4,508,43
Machine Co. {P)-1628 Cord Asasmbly
Allen B. Dumont lab. DA~ 30-069-CRD-1431 26 Novr S% FP Oscilivacopes - 141 Feb S5«fun 55 105,85%.67
Chazberlain Corp. TAT-28-01T-501- 19 Dec Sk PP Yarious Meta) Parts for Warbead Mg 55-Feb 56 50,997.92
ORD-(P) -2576
Atlaptic Seabosrd BAE-28-01T -CRD- 3 Feb 5% P Various Metal Parts for Detonmting Mar 55-May 55 4,593.50
Intuatries (F)-1708 Cord
Food Machinery & BA-OL-200-CRD-358 10 Fed 55 b Missile Container - 4,200 Sep 55-Sep 56 1,975,119.09
Chemicsl Co.
Weatarn Electric Co. Th~30-065-CFD-1687 1 Mar S5 P Alr Force Requirement ¥FIXE I dround Sep 55-Fov 55 1,593,729.92
- Guidance - 3
Rovg-wWarner Corp. DA-1L-022-0RD-1813 29 Apr 55 P JATO IM5 Meta) Farts W/lgniter - 991 Jan 55-Fev 57 763,250,00
i B, H. Buggie, Inc. RA-33-019-CRD-1880 AT May 55 FP flerl and Cable Aasexhly - 85 Sets Peb ShaNov 56 85,597,008
Y, 8. FRubber Co, BA-30-064-0RD-1522 19 May S5 FP Reel and Cadle Aspembly - 3,698 Feb 56-Dec 56 1,507,455.15
’ Okonite Co. Dh-30-059-0RD-1523 19 May 55 FE Varisus Reel and Cable Assenblies Jan 57 1,536,064.32
Federal Telephone & FO-30-069-41-55 25 May 55 P Transforaers - 86 ¥ar 55 393.02

Eadio Compeny

Montracts ORD-1362 & ORD-1387=Total {uantity, & Total Contract Amount are Camdbined.
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CHROBULOGICAL LIST OF COMTRACTS EXECUTED UNDER THE FIKE ASAX PROJECT
IADUSTRIAL CORTRACTS
DATE “TELIVERY ToTAL
CONTRACTOR CONTRACT MUMBER  EXECUTED TP ITEM - TOTAL QUANYTTY PERIOD CONTRACT AMDUNT
¥. I. DuPomt, Inc. DAOL-021-0KD-4B19 26 ey 55 F? Rivric Aclds - B9L,TTO lne. Oy 33-Now 6 4 68,280.30
MeDowell Mfg. Ca. DA-U1-021-0RD-4E20 2T May 55 rP Aeid Druma - 5,227 Sep 55-tet %6 198,206, 35
McDovell Mfg. Co. DA-01-021-0RD-bB21 1 Jun 5% e Acid Tnume » 602 Jul 55-Aug §5 21,732.20
Western Blectric Co.  DA-30-065-0FD-15W4 17 Jun 55 rP ¥arious Spare Parta & Components for AAX  Aug 5T 3,750,290.3%
Mizaeapolis-Boserwell —DA-23-U72-0RD-930 20 Jun 55 4 ¥arious Spare Parta Apr 55-Sep 55 b, 37504
Regulator
Courtlund Iabs. DA-0L-021-0F-3833 22 Jun 55 e Rocket Engine Fuel = 1,305 qta. Jul 55-Aug 55 5,024.25
Western Electric Co. DA-20-065-070-155 27 Jun 55 PP Procurement of Manuscript Freparation Jun 5§ 22,205,000.00
for FINE AJAX
Touglas Asreraft Co. DA-Qb-bF5-ORD-659 28 Jua 55 rF Checkout Nita For NIKE AJAX Mizsils - Sep 5% 12,284, 00
GQuan. not Avel.
Courtland Iabs, Corp. DA-Ob-4oS-ORD-682 29 Jun 55 ” Startiog Mirture - Quan. oot Aval, Jul 55-Nov 55 47,5660
Goodyear Alreraft Corp TA-01-DZ21-ORD-#812 29 Jun 5% TP Igniter Metal Farts - 1,010 Dez 55-Jul 56 21,964.00
Gourtland Iabs. Corp. DA-0L-D21-0AD=47B¢ 26 Jul 5§ FF Starting Mirtura = Quan, not Aml. oct 55-Feb 56 64,396.80
Weatarn Electric o. DA-30-069-0RD-153% 30 Jul 55 ‘rP ATAX Batteries b Apspeinted Materinl- 58 Apr SS-Apr 58 59,995,168, 55
E. 8, C. Corp. DA-30-063-0RD-1602 29 hug 55 CPFP Derign Fabricaticn & Draving of Tupped Apr 59 8,467,550
Delay lines
Richard D, Erev & Co.  DA-15-000-GRD-36T2 30 Aug 5% CPTP Tapped Delay Lices for RINE Dec 55 24,470.65
Wastarn Elactrie Co. DA=30-009-0RDw1536 2 Dec 55 TP Tracking Antenns Slesve & Equipment Apr 56 5B, LG4, 00
Enclosure = 224
fheem Mfg. Co. DAQU-DGS-0RD-THO 29 Dwe 55 P Relenign of Container for RFIKE AJAX Apr 55 18,767.50
U, 3. Rubber Co. DA-30-069-0RD-134% 28 Tan 56 TP Resl & Cable Assexbly = 3,695 Mar 55-Feb 56 1,601,563, 24
Goodyear AlTerart Corp. DA-33-019.0RD-20Th 29 Feb 56 43 ga:gsm & MSEL Igniter M24AL Parte— Aug 56-8ep 5T 2,739,469. %0
-
Hart Metal Products DA-UL-021-ORD-4929 24 Apr 56 P Drum, Matal TSX 6006.90-10049 = 3,761  Oct 56-Aug 57 14g,588,63
Ballentine Tabe, Inc. DA=35-063-0FD-1790 ¢ May 56 e ::d;i 3012'; Tlectronie Yecuum Tube Yolt Sep 5 1B, 565.00
Wewtern Electric Co. DA-30~0A3-0RD=-1T39 18 May 56  CFIT Services & Material to Copvert 3 NDCE My ST 576,816,000
Miwslle Trackiog Radar Systexs
Westarn Electiriz Co. Dh=30=060-CRD-1813 2% May 56 P Varicus Compormnts of FIKE MHissile Oot 56 1%, 000.00
Courtland labs. DA-0L-CRL-GRD-U3%6 5 a6 PP Starting Fluld - &,5%3 lbe. dug 6-Jul 5T 66,619,580
Ckonite Co, DA-30-069-0RD-1803 7 Jun 56 TP Cable - 130 Aug 5T 45,500, 00
wWastern Elostric €0, DA-30-D69-CRD-1856 27 Jun 56 ”w FDX AJAX Manual = 1,500 vet 56 24,075.00
Plocesr Labs,, Ine. DA-C1-021-0RD-5027 29 Jun 56 re Starting Fluid - 4,254 ibe, Fab ST 50,154.66
Ckoalte Co. TA-0L-021-0RD-5029 20 Jun 56 P FDE Cable Agwemnly - W46 Aug 57 314, 964.00
Eart Metal Products DA-QL-CR1.0RD-5033 29 Jun 56 ”w Meotal Truse - 2,452 Aug %6-Sep %6 97,785.76
Geoern), Chemieal Div. DA-01-021.0RD-5038 30 Jun 56 rE Ritric Acid - 955,900 low. Oct 5T 66,061.,50
Allled Cremical Tye Corp.
Igoa Metal Produsts DA-0L-021-0R0-5081 7 Sep 56 P Cabinet Spars Parts - €1 Dot S6-Aug 5T 61,980 .50
Plooeer Chemtcal Co.  DA-OL-OZ1-ORD-5254 23 Jan %7 re Starting Flutd - 7,459 lbs. vay ST T4,860.02
General Chemical Corp. DA-OL-D21-ORD-49%L 25 Apr 57 s 4 Ritric Actd - 3,759 ¥or 56-0ct 5T 70, 324.23
Feldwn Bearrel & Irm Ta,  DA-30-11%5-CFD-817 3 Jad 57 r Fefurbishing Oaed Metal Drums - 120 Jul 5f=hug 57 T,650.00
veatern Elestsia €0,  DA-30-063-0R0-2127 29 Nav 57 re FIEE AJAX Antenna & Sreund Haat - 1 Jun 58 b, 580,
TOTAL $947,689,810.71

ENSONPIDENTIAL
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HEADQUARTERS
U. S. ARMY ORDNANCE MISSILE COMMAND
Redstone Arsenal, Alabama

ORDXR-F 4#71.9 b Jun 1958

SUBJECT: Explosion of Ordnance Materiel, 526 AA Missile Battalion

TO: Chief of Ordnance
Department of the Army
Washington 25, D. C.

1, The purpose of this correspondence is to provide you with a
resume of sctions taken to date by this command in connection with the
subject incident and to recommend further action required in this matter.

2, Resume of Actlion Taken:

8. A team of techniclans from this command were dispatched to
the scerne of the accident the first of which arrived at approximately
1800 hours 22 May.

b. Conclusions of this team which were concerned primarily
with the technical aspects were:

(1) Cause or causes of the exploaion were unknown.,

(2) Unrelated activitlies were being conducted within
the ares by Ordnance and the user.

(3) An excessive number of personnel were unnecessarily
exposed to a hazardous operation.

(4) Quantity distance tables were not adhered to.

{5) Subsequent to the accident the area was overrun with
spectators, investigators and non-responsible personnel who probably
unknowingly destroyed or cbliterated valuable evidence which may have
been ugeful in determining the cause of the explosion.

¢, Application of MAO Y2 W20 at site location was dlscontinued
by T™WX from this command 23 May (Tab A). Application was continued at
depot level and the installation of the M 30 Arming Mechanism was
continued in production.
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ORDXR-F b Jun 1958
SUBJECT: Explosion of Ordnance Materiel, 526 AA Missile Battalion

d. This command conducted s detalled test application of
MIO Y2 W20 to determine safety and technical accuracy. Results of the
test indicate technical and safety adequacy but recognized that gross
safety precautions should be "spelled cut" in addition to referencing
these precautions from other D/A publications (Tab B).

e, All Modifieation Werk Orders involving hazardous operations
are belng reviewed and physically rechecked in our Maintenance Procedures
Shop with the objective of insuring that safety instructions are incapable
of misunderstanding, In additlion the requirement that such operations
ve under the direct supervision of a competent explosive expert will be
gdded. Results of these actions will appesr as changes to existing MWO's
and will be forwarded progressively as completed.

£. In response to numerous querles from the fleld concerning
cther assembly and disassembly operations of the Nike missile, a teletype
to malor commands wes digpatched 3 June which provided authority to
continue assembly and disassembly operations provided adequate safety
precautions were taken (Tab ).

g. TWA's were dispatched to your office and to CG, First Army
requesting copies of reports on the lncident be provided this command in
order that final astion could be recommended {Tadb D).

h. A follow up telephone call was made to the Ordnance Officer,
First Army 3 June 58, who indicated that a board of officers convened by
ARADCCM was 1In process of investigsting the incldent and would probably
conclude approximately 16 June. He further indicated that G-1, First
Army was rendering an accident report in accordance with AR 385-40. It
was gathered from the conversatlon that this report would ineclude a
winimm of technical details and that such details would appear in
report of the Board of Inveatigation being conducted by ARADCOM.

3. Recommendad Action:

That MWO Y2 W20 continue to be suspended pending final sube
nigsion and approval of Report of Investigatling Board now convened,
Upon receipt of this report and after comparison with the technical data
developed by this command (Taeb B) recommendation concerning future
application of MWO Y2 W20 will be forwarded to your office with the least
practicable delay.

[/s/ J. B. Medaris

b Inel J. B, MEDARIS
1. Tab A Major General, USA
2, Tabk B Commsnding
3. Tab C
L, Tab D
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UNCLASSIFIED

CC #70-66
PRIORITY X DA

CG ARGMA REDSTONE ARSENAL ATABAMA

CG FIRST US ARMY GOVERNORS ISLAND NEW YORK L4 NEW YORK

CG SECOND US ARMY FORT GEORGE G MEADE MARYLAND

CG THIRD US ARMY FORT MCOPHRRSON GEORGIA

CG FOURTH US ARMY FORT SAM HOUSTON TEXAS

CG FIFFPH US ARMY 1660 EAST HYDE PARK BIVD CHICAGO 15 ILL

Ce SIXTH US ARMY FPRESIDIO OF SAN FRANCISCO CALIFORNIA

CG SEVENTH US ARMY APO 46 NEW YORK NEW YORK

€G US ARMY AIR DEFENSE COMMAND ENT AIR FORCE BASE COLO
SPRINGS COLO

COMMANDER IN CHIEF US ARMY EUROFE APO 403 NEW YORK NEW YORK

COMMANDER IN CHIEF US ARMY PACIFIC APO 958 SAN FRANCISCO
CALIFORNTA

FROM ORDXR-FMN 1184 NAPPER
Appl of DAMAO Y2-W20 will be, rpt, will be disc immed pending

further instr from this agency.

CLEAR COFY:

Application of Department of the Army Modiflication Work Order
Y2-W20 will be, repeat, wlll be discontinued immediately pending
further instructions from this agency.

23
ORDXR-FMN MAY 1958
Mr. Saile/nc : /s/ FRANK E. NAPPER
Lt Col, Ord Corps
5481 1 1 Chief, Fld Sve Div
UNCLASSIFIED

TAB A
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SUBJECT: Evaluation of MIO Y2-W20
ABSTRACT

A trial application of MWO Y2-W20 was performed on a Nlke-Ajax
missile, serial number 4384, to determine if the safety requirements
governing the application of this M{O are adequate,

Test results Iindicate the safety precautions required In MIO Y2-W20
are adequate; however, this modification should be changed as recommended

to make these precautions more understandable.

TAB B
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INTRODUCTION

This report presents an evaluation of MWO Y2-W20 as determined by the

application of this change to a Nike-Ajax Missile.
OBJECTIVES

The objectives of this test are:

8. To determine if the safety requirements geverning the application
of MHO Y2-W20 are adequate.

b. To determine if, technically, the modification procedures are
accurate.

¢. To make any recommendations which, as indicated by the appllcation
of this modification, would improve the safety or technicsl aspects of
this MO,

DESCRIPTION OF MAO

This work order provides instructions for inatﬁlling new brackets
and plate assexblies for mounting the_nao or M30AL safety and arming
device. The MHO kit consists of two brackets (8529276) and two plate
assemblies (7542B840), with the necessary attaching hardware, for the M30
or M30Al safety end arming device, as well as two nameplates for the
nissile. ERA

DESCRIPTION OF TEST

An unmodified Nike-Ajax Missile, serial number 4384, was disassembled
to the extent required in M4OQ }2-“26. This procedure states "Remove two
safety and arming devices M2T{T93), center warhead M3, and gll expiosive
harnegs leads as outlined in TM 9-5001-19, Chapter 3, Section III". The
above disassembly procedure allows the propellant system to remain filled

and the poneumatic system to remaln présaurized. However, as quantity
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distance regulations would neither allow the missile to be pressurized

nor fueled, the center warhead cover was removed and the nose warhead

section removed (required to remove lead 2 of the explosive harness ¢
assembly). 7»
The modification was performed by experienced shop personnel {two *

men) using the MJC bulletin and ™ 9-5001-19 as the only references.

This modification consgists of, in brief; removing two safety and
arming mechanism brackets used t¢ support the M2V safety and arming device
and plugging the holes used to mount these brackets with the screws, nuts,
and washers removed from the brackets. Three of the 16 rivets which are
used to attach the viewing window supperts (one on each side of missile)
are drilled out to accommodate the sorews, nuts and washers used 1o
assemble the mounting bracket supperis for the M30 and M30A1 safety and
araing device. Twoe olips used to support the M24 explosive harness assenmbly
vhizh are not compatible with the M45 harness asssembly used with the M30
or M3IOAl devices sra remaved by drilling two rivets from the clip on the
left side and one rivet from the <lip on the right side. Attaching the new
vrackats, with plate asgemdlies, In the holes drilled in the vliewing window
supports by four sirews, nuts, and washera for eazh of the two safety and

arming device brackets; and replacing two sirew-attached nameplates

completss the modification. . Y

RESULTS OF TESTS

Inventory and Inspection

Inventory of the modification work order kit revealed ail items e
listed in the MWO bulletin were present and properly packaged. EHowever,
attaching hardware is, in some instances, identified in the bulletin by

2
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Ordnance part nuxbers and in the applicable hardwere package by AN numbers,
which can cause confusion unless cross-reference information isjavaildble.
Application Procedure.

The drill (no. 30) specified for use in drilling out the two clips
used to retain the M4 explosive harness assembly is not large enough to
facilitate assembly of the serews (AN 509-8R6) provided to plug these
holes.

The MWO bulletin specifies that the two plate assemblies 7542840 are
%o be attached to the brackets 8529276 and the brackets installed in the
boles drilled in the viewing window supports. This procedure would not
work since, when these two components were attached, the electrical con-
tacts on plate assemblies 7542840 would not clear the warhead mounting
support. It was therefore necessary to elther very loosely attach the
plate assemblies to the brackets and install the brackets in this condition
after which tkhe plateslcculd be tightened, or to install the brackets in‘
the missile and then sttach the plates. Both procedures worked equally velio

| SAFETY PREGAUTIONS

The safety precautions liéted in MWO Y2-W20 are aﬁequgte for perform-
ing the cperation. However; the instructiona.are poorly worded and rather
than spegifying the exact safety precautions required for this modification
the MO references two technical maruals, TM 9-1903 and TM 9-5001-15; the
latter one being classified Confidential. Normal security regﬁlations
placed on the handling of classified maféfial limits the use of such
documents in fleld operations.

The intent of MHO Y2-ﬁ20 1s to allow the modification to be performed

on missiles with all explosives removed except the aft {Mi) warhead. These
3
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minimum safety requirements are specified In the work order as follows:

“Warning: This modification may be applied to armed, pressurized,
and fueled missiles that are on the launcher and above ground, in
accordanze with quantity distance requirements of TM 9-1903;, or in the
tarricaded fueling-defueling area.

Note: Use procedures outlined in b through q below to modify
unarmed missiles.

a. Remcove two safety and arming devices M2T{T93), center warhead
M3, and all expleosive harness leads as outlined in TM 9-5001-19;, chapter
3, seaticn III."

™ 9-1303 rzquires a geparaticn of 190 feet between each misgile
teing molifi=d, »as2d on 910 pounds of Jlass 10 explosive, ani other
losaticonz where mizsiles are being azsexbled, fueled and/ar explosive
zempanents are %welng instglled. A33itlsnzlly, this regulaiion requires
a geparation of 1,020 feet from the operation 1o the nearest inhabited
building, 610 feet 4o the nsarest public railway and 310 feet to the
nearest highway,

The MH0O doesd not spexify the malor prezsautions whieh must te
cbgerved in Awmmunition hanmdling: (1} That of limiting the number of
personnel exposed to as small a numbter and the hazardous mﬁterial handled
o a8 small a quantity as is prasticsble and (2) Ammmition will be
kandled under the direct supervision of a competent person who understands
thoroughly the hazards and risks involved.

CONCLUSIONS
It 1a concluded that: ,
a. The techniecal instructions contzined in MWO YQ-WES are adequate.

4
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b. Toole sppecified are, in some cases, inadequate and, in one case,
an assembly procedure reqpireé revision,

¢. Safety requirements are adequate; however, referencing other
publications for specific instructions tends to minimize the importance
of following the required precautions and introduces possible errors in
interpretatlon.

RECOMMENDATTIONS

It is recommended that:

a. Application of MWO Y2-W20 in the field be suspended until the
bulletin can be rewritten.

b. The specific size tools and assembly procedure required to per-
form this change be incorporated in the MO,

c. That specific safety requirements; including the separation
required between operations, inhabited bulldings, highways, and rallways,
as well as personnel and explosive limits be listed in the MWO, Reference
may be made to applicable technical manuals for detailed instructions.

d. A test application be performed on all MiOs before being released
for publication.

REFERENCES
MWO Y2-W20
™M 9-1903
™ 9-5001-19
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UNCLASSIFIED

Cost Center Nr: TO0-61

PRIORITY )
X DA ORIG UNCL

G ARGMA REDSTONE ARSENAL ATLABAMA
C3 US ARMY ONE GOVERNOR IS NY
CG USARADCOM ENT AFB COLO SFRINGS COLO
CG US ARMY TWO FT GECRGE G. MEADE MD
CG US ARMY THREE FT MCPHERSON GEORGIA
CG US ARMY FOUR FT SAM HOUSTON TEXAS
CG US ARMY FIVE CHICAGO 15 ILL
¢G US ARMY SIX FRESIDIO OF SAN FRANCISCO CALIF
CG US ARMY SEVEN VATHINGEN GERMANY
CEIEF MDW WASHDC _
CINCUSAREUR HEIDELBERG GERMARY
FROM GRDXR-FM 1296-NAPPER
REFERENCE MESSAGE ORDXR-FMN 1184, Suspension Placed on MIO Y2-W20
does not affect other normal operations of assembly-disassembly of Nike-
Alsx missiles providing proper safety precautlons as outlined below are
adhered to:
1. Limit personnel exposed to as small a number and hazardous
material %o as small a quantity as is practicable.
2. Operations Involving ammnition must be conducted under the
direst supervision of a competent person who understands thoroughly the
hazards and risks involved. )
3. Required quantity dlstance regulations must be observed during « 3P

all operations.

: ¢
Specific safety regulations governing the handling of explosive

sompenents are listed in TM 9-1903 and TM 9-1970-2. 0313362
ORDXR-FM JUNE 1958

MrArney/Col Napper/et /s/ FRANK E. NAPPER
5505 1l 1l Lt ‘Col, Ord Corps

TAB C UNGLASSIFIED Chief, Fld Sve Div
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D
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UNCLASSIFIED

CC#70-51
PRIORITY X

CG USAOMC, REDSTONE ARSENAL, ALA
COFORD DA WASHDC
FROM ORDXR-F 46 MEDARIS

Ref is made %o the acdt at NIKE-AJAX Site NY-53.

In order for this Comd to fulfill its resp under the prov of AR 385-
40, it 18 req that a copy of the rept resulting from your inves be furn
this Hq.
ORDXR-G
Mr, Ferranti/el
5206-5727 1 1

UNCLASSIFIED

UNCLASSIFIED

P  PRIORITY CC#T0-51

CG USAOMC REDSTONE ARSENAL A}{A

CG FIRST USA GOVERNORS ISLAND NEW YORK 4 NEW YORK

FROM ORDXR-F 47 MEDARIS

Ref is made to the acdt at NIKE-AJAX Site NY-53.

In order for thig Comd to fulfill its resp under the prov of AR 385~
Lo, it is req that a rept of the acdt be furn at the epd.
ORDXR-F
Mr. Perranti/el

5206 - 5727 1 1
UNCLASSIFIED

TAB D
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Aber, LTC John E., 203-204

Aberdeen Proving Ground, Maryland, 9, 23, 29, 63

Aerojet-General Corporation, 8n. See alsc Aerojet Engineering
Corporation.

Aerojet Englneerlng Corporation, 8, 19, 24, 31, 32, 150

Aerojet Manufacturing Company. See Aerojet Engineering Cerporation.

Air Force, Department of, 117, 130, 164, See also Army Air Corps.

'Airplanes
B-26, 65 )
B-29, 3

Flying Fortress, 104
Shooting Star, 104- io-
See algo Targets, Aerial. '
Alaska, 202
Allegany Ballistics Laboratory {ABL}, 9 53, 150, 152
Altitude of NIKE AJAX, 85
demenstrated, 38-39, 47, 59
required, 4, 17, 130, 181
America. See United States of America.
Ammunition Branch, Office, Chief of Ordnance, 126
Antiaircraft Artillery Board, 7 )
Antiaircraft fire control system. See Fire control system.
AAGM Report" (Antiaircraft Guided Missile), 4
Armed Forces Day, 193
Armed Forces, United States, 125
Army Air Corps, 3, 7. See also Air Force, Department of.
Army Air Defense Command (ARADCOM), 196-198
Army Air Defense Schocl, 203
Army Antiaircraft Command (ARAACOM), 182, 183, 186
Army, Department of, & '
and deployment sites, 188, 190-193, 19%4n ~
and NIKE AJAX explosion, 194
and NIKE HERCULES missile, 195n, 203
requirements for NIKE AJAX, 130, 156n, 182
and TERRIER missile, 152n
and testing program, 117, 141, 172-174
Army Field Forces, 85, 130 174. See also Continental Army Command.
Army Ground Forces, 1
Army Rocket and Guided Missile Agency (ARGMA) , 202. See also
Redstone Arsenal, Alabama.
Army Service Forces, 1, 3
Assistant Chief of Staff, G-4, Department of the Army, 128

B-26 bomber, 65 . - °
B-2% bomber,. 3
Ballistics Research Laboratory (BRL), 9, 23-24, 87, 89, 113
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3rd, 5lst Artillery, 200 :
36th Antiaircraft Missile, 175 LS
526th Antialrcraft Missile, 194 B
Bell Telephone Laboratories (BTL), 127, 130, 148, 163n, 187, 187n
and antiaircraft missile feasibility studies, 3-6
and missile development, 7-10, 24, 129, 132, 133, 137, 183
and mlSSlle testing, 141, 160, 1?2 173, 175 177.
See also Western Electric Cowmpany (WECO).
Booster, S, 14 21, 25, 29, 97, 128n, 156n, 192-193
¢luster rockets, 8, 17, 41, 86-87, 200
Aerojet, 24, 30-31, 33, 37-39, 45, 47, 48, 53, 60
JATO 2.5KS$-18000C-2 (2.5A8-18000C-2), 54, 54n »*
T=-10EL, 24, 30, 35
single rockets (Allegany), 53, 55, 57, 69, 75, 79, 82, 84, 85,
86-87, 142-143, 151, 195
JATO 2.5 DA 59000 X 21642, 150
JATO 2.5-DS-59000 X 216A2, 152
JATO 2.5-DS-59000 X MS (M5 JATO), 9, 152-133
JATO 3-DS~47000 X201A3, 152
JATO T39 2.6DS-51000 (3HC-47000), 54, 54n
JATO T~39-3DS-47000, 86-87
Bowen-Knapp camera, 105
Brigades
47th Antiaircraft Artillery, 192
52nd Antiaircraft Artillery, 187
56th Antiaircraft Artillery, 187
Brooklyn, New York, 182
BUMBIEBEE missile, 53 -
Bureau of Ordnance (Navy), 9
Burlington, North Carclina, 128, 137

"C" Station, White Sands Proving Ground, 92, 101
California Institute of Technology, 8, 29-30
Cameras, 40, 74, 104, 105-106, 115 ’
Charlotte Ordnance Missile Plant, 179

Chief of Ordmance, 3, 9, 127

Chief of Staff, United States Army, 127

China Lake, California, 165

Chrysler Corporation, 125

Cinetheddolite, See Theodolites. De
Classification. See Type classification. Y-
Commanding General, Army Air Defense Command, 197 X )
Commanding General, Redstone Arsenal, 152n, 176 ')
Computer, 4, 9, 14, 41, 64, 67, 101, 111 'Y )

components of
data receiver, 66
data transmitter, 66, 93 s ' -
oscilloscope, 52, 73, 107 S
plotting board, 52, 97, 97n, 106
TL4ELl, 65
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Computer (continued}

» compenents of (continued) -
- programmer, 52, 60, 65

Computer~Analyzer, 27-23

functions of, 6, 18, 28-29, 85, 95, 97-100, 103, 106, 107

problems, 43-44, 116, 120, 164

testing, 64, 66, 74, 137.

See also Guidance and control system and Radar.

Computer-Analyzer, 27-28. See also Computer.
Configuration of antiaircraft guided missile

NIKE AJAX, 17, 22-23

NIKE-46, 30, 33

NIKE-47, &44-46 :
NIKE-48 (484), 63, 69

e NIKE-49 (490), 74-76, 77, 82, 84-85, 131

NIKE-1249 (tactical), 131, 143 P

NIKE KERCULES, 200
Continental Army Command (CONARC), 198. See also Army Field Forces.
Continental United States, 183, 197, 198-199, 202, 204
o Contracts
e for feasibility studies, 2, 3

: for production, 128, 179-180

for research and development, 7-9, 128, 129
CORPORAL missile, 2

. Corps of Engineers, 10, 138, 183, 187
NI Crane, LTC Glann, 187n

DPay, BG Francis M., 192
Delivery of missiles, 122, 127, 128, 132
Deployment
NIKE AJAX, 200, 202
first firing unit, 181, 183
sites for, 181, 187-188, 190-153
NIKE HERCULES, 195, 200, 202-204
Diamond Ordnance Fuze Laboratory, 9 -~
Director of Guided Missiles, DOD, 125, 128
District of Columbia. See Washington, D. C.
Dona Ana Camp, White Sands Proving Ground, 65
" Douglas Aircraft Company (DAC)
and missile development
aerodynamics study, 8, 19, 22, 71
ground support equipment design, 132, 138
propulsion system development, 8, 10, 31, 32, 37, 57
testing, 172, 176-177
and missile production, 129, 179
Drones. See Targets, Aerial,
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Eastern Antiaircraft Command, 187 o
Eastman Kodak Ccmpany, 65, 156
Eglin Air Force Base, Florida, 202



Ent Air Force Base, Colorado Springs, Colorado, 176n
Enzian Project {German}), 5n

Europe, 1, 202

European Command, 198-199, 202

Par Rast, 202
Fire control system, 20, 133, 133n, 137
lst Region, U. S. Army Air Defense Command, Fort Totten, New York, 196
Y Flying Fortress bomber, 104
' Fort Bliss, Texas, 162n, 176n, 203
Fort Churchill, Canada, 172
Fort Dix, New Jersey, 199
Fort MacArthur, California, 192 s
Fort Meade, Maryland, 181, 186-187, 187n, 1%4n
Fort Tilden, New York, 200
Fort Totten, New York, 196 . L
Frankford Arsenal, Pennsylvania, 9, 77-78, 90, 156- 15? e
Funding of NIKE AJAX program, 127- 128 165, 180 .
Fuzing system, 5, 115 v
arming devices, 77, 78, 197 .
M30, 164, 195 -
¥M3041, 195
* T93 {(M27), 77, 78, 80, 156n, 157, 158, 164, 195
T93EL, 155-158
T9383, 158, 159
detonators, 59, 60 w0
T-18E1, 157 : <
T-18E3, 158
T-18E4, 158 . RS

G. M. Giannini and Cowmpany, 71
Germany, 1-2, 5n
Ghent, LTC Daniel T., 199
Greenland, 202
Ground support eguipment, 159, 161, 143
battery control equipment, 134, 182, 188
launcher, 7-8, 14, 21, 27, 43, 66, 132, 137-138, 141-142, 141n,
143, 146, 164, 165, 188, 200, 203
pmultiple rail, 17, 35-36, 48
gingle rail, S$4-55, 57, 90

L3

mobile, 55, 68, 71 ©
underground, 10, 182-183, 186, 187n e
launching control equipment, 132, 138 ©
production and delivery of, 128, 138, 141, 179 " e
GS-15385 Guidance Unit, 146, 148. See also Guidance and control ©
system.
GS-16725 Guidance Section, 176. See also Guidance and control
system. 5 -

Guidance and control system, 188
arrangement in missile, 24, 33-34, 867, 146
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Guidance and control system {continued)

components
accelerometer, 22, 40, 69, 85
gyroscope, 22, 44, 61-62, 69, 85, 97, 148-149, 161
heliograph, 40
pressure gauge, 40, 67 .

development and preduction, 128-129, 131, 133n, 148n
modifications, 57, 71, 77, 80, 120, 149

GS-15385 Guidance Unit, 146, 148

GS-16725 Guidance Section, 176

299

studies and tests, 12, 18, 48, 51, 60, 69, 72, 78-80, 81, 130,

155, 161
of TERRIER missile, 152, 152n. !
See also Computer, Radar, and Trackers,

Hawthorne, California, 148 PO

Intercept Ground-Station Optical Recorder (IGOR) camera, 106,

Intercept Target Optical Recorder (ITOR) camwera, 106, 115
International Business Machines Corporation, &7

Jet Propulsion Laboratory (JPL), 8, 53
Johns Hopkins University, 53

Keller, K. T., 125, 130n

"Keller Papers,' 125

Knowland, Senator William F., 191

Korean War, 125

RKuchel, Senator Thomas F., 191 -

launcher. See Ground Support Equipment.

Leonardo, New Jersey, 194, 195n

LeRoy, LTC Robert E., 133n, 157, 157n

letterkenny Army Depot, Peunsylvania, 198

Lorton, Virginia, 186, 186un, 187n L~
los Angeles, Califormia, 191

Los Angeles International Airport, 191

M=2 40mm Antiaircraft gun carriage, 55
M2 Optical Tracker, 65

115

M33 Antiaircraft Fire Control System. See Fire control system.

M. H. Rhodes Company, 157
Marine Corps, 152n
Middletown, New Jersey, 194, 199

Military characteristics of NIKE AJAX, 7, 130. See also Altitude
of NIKE AJAX; Range of antiaireraft g gulded missile,

NIKE AJAX; and Velocity of antlalrcraft guided
missile, NIKE .AJAX.

Modification Work Order (MWC) ¥2-W20, 195, 197

Motor. See Propulsion system.

Murray Hill Laboratories, BTL, 137
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National Defence Research Council, 3

Naval Ordnmance Test Station, China Lake, Ca
Navy, Department of, 9, 117, 130, 152, 152n
New York City, New York, 194, 195n

New York Defense Area, 194

New York District Cerps of Engineers, 187

lifornia, 165

NIKE AJAX Division, Guided Missiles Department, U. S. Army Air

. Defense School, 203
NIRE HERCULES missile, 177, 186
deployment, 195, 200, 203, 204
development, 122n, 164-165
production, 179, 204
North Carolina, 176, 179

Qffice, Chief of Ordnance. See Chief of Ordnance.
Office, Chief of Ordnance Safety Office, 182 oo

"nQperation Fix-It," 198
Ordnance Corps, 126n, 130, 162, 195, 19%7
and program management, 126

and system development, 132, 138, 142, 148, 152n

booster rocket, 152
fuzing system, 156
and testing program, 172-174.
See also Ordnance Department.
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Ordnance Department, 125, 126n

and early antiaircraft guided missile research, 1, 3

and missile development, 9, 130, 130n
and program management, 6-7, 11.
See also Ordnance Corps.
Ordnance Guided Missile School, 202

Qrdnance Liaison Officer, Bell Telephone Lzboratories, 156, 187n

Ordnance Support Readiness Date, 183
Ordnance Technical Committee, 1, 7, 11

Paulson, Norris, 191
Pentagon, Washington, D. C., 203
Phototheodolite. See Theodolites.

Picatinny Arsenal, New Jersey, 9, 89, 155, 156, 158
Prime contractors. See Bell Telephone Laboratories and Western

Electric Company.
Production
NIKE AJAX, 75, 81, 108, 122, 123, 123n,
162, 173, 181
acceleration of, 125
arming devices, 156-158
curtailment of, 179
facilities for, 126, 179-180
guidance equipment, 148-149, 148n
launcher, 141
NIKE HERCULES, 179, 204

127-129, 130n, 131-133,
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Project AMMO (Army Missile Mobility Orientation), 203n
Propellant, 17, 24, 59
liquid, 5, 8, 17, 68, 75, 76
aniline-alcohol-red fuming nitrie acid, 32, 84
analine-~red fuming nitric acid, 17, 46, 77, 77n, 78, 150
gasoline-red fuming nitric ac1d (JP-B), 77, 79, 150
JP-4, 151, 1S1n
kerosene-red fuming nitric acid, 194
solid, 5, 8, 17, 30, 31, 53, 86, 151, 200
AK=14, 45 :
potassium perchlorate-paraplex P-10-tertiary-butyl hydrogen
peroxide (aK-6) (PF-6), 31, 45
tanks, 33, 46, 59, 68, 75, 76 )
valves, 151
Propulsion system, 200
fuel feed system, 41, 46, 77, 154
motor, 5, 8, 14, 24-25, 39 53n, 59, 60, 62, 68, 8& 1&1 150
regeneratively cooled, sustainer, 17, 32, 69, 69n, 75-76, 77,
78-79
Model X21A1-2600, 32, 46
uncooled, 77n, 150.7°
See also Booster.
Pueblo Army Depot “Colorado, 198

QB-17, QB17G, QF6F, & QF~80 dromes. See Targets.

Radar, 4-5, 8, 14, 29, 41, 81, 90, 132, 191-192
components
antenna, 26-27, 42-43, 51, 65, 73, 75, 84, 92, 134
GS-15398, 146
beacon responder, 20-21, 34, 37, 39, 43, 59, 65, 69, 71, 107, 148
function
acquisition, 27, 131, 133-13&4, 148, 187
tracking, 6, 17, 19-21, 42, 66, 76, 86, 90, 95, 103, 106, 187
missile, 18, 20-21, 26, 39, 43, 51-32, 65-66, 69, 72-74,
92-93, 102-103, 107, 134, 146, 148, 161-162, 177, 188
target, 18, 26, 73-74, 92-93, 134
problems, 43-44, 115-116, 120 '
SCR-345, 26, 52
S8CR-584, &3
tests, 65-66, 73, 102, 134, 161-162, 163-164,
See also Computer, and Guidance and control system
Range of antiaircraft guided missile, &
NIKE AJAX
'~ demonstrated, 38, 112, 117
required, 17, 75, 130, 181
NIKE HERCULES, 200
Red Canyon Range Camp, New Mexico, 175, 176, 177, 202
Redstone Arsenal, Alabama, 10-11, 202
Redstone Ordnance Officer, Bell Telephone Laboratories, 133n
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Rheintochter Project (German), S5n .
Rocket Branch, Office, Chief of Ordnance, 10
Rome Air Force Rase, New York, 202

St. Paul, Minnesota, 129
Salton Sea Test Base, California, 172 ]
Santa Monica, California, 37, 64, 179 : \
Savanna Army Depot, Illinois, 198 ' -
Schmetterling Project (German), 5n
SCR-545 Radar, 26, 52.-. See also Radar.
SCR-584 Radar, 43. See also Radar.
‘Secretary of the Air Force, 191
Secretary of the Army, 163, 191 4
Secretary of Commerce, 191
Secretary of Defense, 125
Secretary of the Navy, 191
Seneca Army Depot, New York, 198
Shooting Star fighter, 104
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- Command, 187n

Staff Judge Advocate, Fort Dix, New Jersey, 199
Surface-to-Air Missile Section, Armmunition Branch, Office, Chief of -

Ordnance, 126 '
System Test Committee, 101

T33 Antiaircraft Fire Control System. See Fire control system.
Tactical missile, 11, 13, 73, 109, 120, 122n, 123, 175
booster, 151, 153 .
deployment sites, 181, 187-183
ground equipment, 90, 93, 101, 131
military requirements, 120, 130-131
production, 122, 123, 130n, 131, 132
1249 series, 36n, 123, 123n, 131, 143
1249A series, 123n, 131
12498 series, 123, 123n
Targets, 107, 177
aerial, 3, 103-104, 108, 111, 112, 115
QB-17 drone, 81, 104, 116, 180, 161
QB-17G drone, 104

QF6F drone, 160 be
QF-80 drone, 104 . . ©

ground, 102-103, 111 : o Do
Telemetry system ©

-data from, 59, 61, 65, 69, 77, 106, 161 » @
developuent of, 34, 40, 67 |

Termination of NIKE AJAX program, 165, 180

TERRIER missile (Navy), 152, 152n LRI *
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firing, 172, 183, 188
annual service practice, 175, 177
contractor evaluation program, 157, 159-162, 163, 174
Round 301P, 160, 174n
Round 349P, 160
engineer-user program, 172-174, 177
Rounds 1E - 4E, 173, 173n N
Round 13E, 173
performance improvement test (PIT) program, 176, 176n
R&D program, 8, 12, 34, 64, 67-68, 87, 138, 149, 157, 163, 17/n
NIKE-46, 14, 25, 29, 31, 36, 38, 40, 41
Round 1, 37
Round 4, 47 *
Round D, 37
Round 10, 37 _
NIKE-&47, 14, 47, 51, 54, 55 o
Rounds E - I, 46
Rounds 12, 13, 15 & 16, 46
NIKE-48, 14, 55, 59
48-0 series
Round J, 57
Rounds 14 - 17, 57
48-1 series, 59-62
Rounds 18 - 33, 60-62 .
48-2 serles (484 missile), 63, 65, 69, 71, 72, 74, 76, 87
Round 43, 71
NIKE-49 (490)
490A series, 75-80, 150
Rounds 59 ~ 65, 76, 78, 79
490B series, 103-104, 109
Rounds 66 - 67, 79, 81, 111
Rounds 69 - 71, 112, 115
Round 73, 111
Rounds 75 - 78, 112, 115
Round 81, 156n ~
Round 83, 112, I15
491 series
Rounds 88 - 92, 81, 112, 115-117, 119
NIKE 1249 (tactical)
1249, 131-132, 143, 151, 158
1249a, 131-132
12498, 123, 159
training program, 175, 177
ground
ground guidance, 159
computer, 64, 66, 74, 137
radar, 73, 134
motor, 32, 37, 68, 150-
warhead, 154-155, 159, 165
wind tunnel, 12, 23, 29, 63, 67, 71
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Theodolites, 65
cinetheodolite, 40
phototheodolite, 105, 106
Thrust ‘ :
of booster, 17, 30-31, 35, 39, 45, 53, 82, 86, 151, 153, 153n
of missile, 17, 59, 60, 68, 84
X21A1-2600 motor, 32, 46
Toftoy, MG H. N., 152n
Trackers. See Cameras, M2 Optical Tracker, Radar, Telemetry system,
o _and Theodolites. B
Training, 13, 128, 133, 174-175
‘Trajectory of NIKE AJAX, 40, 44, 5%, 86, 105, 106, 149
Type classification, 163 :
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Umatilla Army Depot, Oregon, 198
United States of America, 1, 123, 181, 186 P
‘United States Government, 127, 128, 128n, 129, 132, 172, 199

Velocity of antlaircraft guided missile -?i};
NIKE AJAX, 18, 38, 85, 86, 99, 150, 153, 156n
NIKE HERCULES, 200 -

. WAC CORPORAL missile, 24
Warhead, 14, 34, 63, 78, 100, 128n, 198-199, 198n
atomic, 195n, 200
fragwentation, 9, 18, 23, 24-25, 33, 82, 87, 89-90, 100n, 103,
150, 153-155, 157-158, 194n, 195
cluster-type, 164-165
T22, 155 .
testing of, 81, 90, 106, 116-117, 154-155, 161
Washington-Baltimore Defense Area, 181
Washington, D. €., 130, 186n, 191, 194
Wasserfall Project {(German}, 5n
Weapons System Evaluation Group, 163
Weight
of booster, 17, 82, 151, 153, 153n
of missile, 17, 23, 24, 37, 82, 84, 149-150, 153
of propellant, 32, 37, 84 A
of warhead, 87, 89, 150, 154, 155
Western Electric Company (WECO), 65
and AAGM feasibility study, 3
and guidance equipment, 148, 148n
and missile development, 7, 128-129, 137.
See also Bell Telephone Laboratories (BTL).
Whippany, New Jersey, 42, 52, 64, 65, 73, 74, 137, 159, 187n
White Sands Missile Range (WSMR), 24n, 17Zn, 202
planning conferences at, 183
testing at, 172, 174, 176, 186, 1838. s "
See also White Sands Proving Ground.




White Sands Proving Ground (WSPG), 159, 162, 162n

planning conferences held at, 41, 64, 71

at, 143, 149, 151, 172

launcher, 138, 141

NIKE-46, 14, 29, 31, 32, 35, 36, 40
NIKE-47, 43, 52

NIKE-48, 57

NIKE-49, 74, 75, 111, 150
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See also White Sands Missile Range.
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