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ABSTRACT 

The Bomarc weapon system is being developed for the defense of large 
areas against attacks by bombers and cruise-type missiles. The program has 
advanced to the point where the IM-99A, having a 300-lb warhead capacity is 
being developed from the prototype model, and the advanced Bomarc IM-99( ) 
interceptor, with a 600-lb warhead capacity, is in the preliminary design 
stage. * This report is a feasibility and design study of warheads suitable 
primarily for the IM-99( ), although recommendations are also presented for 

the IM-99A. 

A "frame-of-reference" section establishes the general background and 
assumptions necessary for the design and evaluation of the various warheads 

considered. 

New preliminary designs are presented for the following warhead types: 
continuous rod, multiple-jet shaped charge, spin stabilized, rocket-propelled 
submissile (cluster type), and a guided, rocket-propelled submissile (cluster 
type). These are evaluated in comparison with each other, with fragmentation 
warheads, and with the T-bk cluster warhead (unstabilized, unpropelled, spigot- 

ejected submissiles). 

Existing fuzing systems, such as the T-3010 and the T-3016 types, are 

compared with proposed infrared fuzing system^. 

Recommended warhead-fuze combinations for both the IM-99( ) and the 

IM-99A interceptors are as follows: 

The first recommendation is for a continuous-rod warhead with a modified 
T-3010 conical-skirt fuze. This combination is selected because of the high 
lethality associated with large root-mean-square guidance errors, the apparent 
reliability of the system, and the economy of production, after the warhead 

has been developed. 

A multiple-jet, shaped-charge warhead with a modified T-3010 fuze system 
is recommended as second choice on the basis of lethality estimates, reliability, 

and economy of production. 

It is believed that development time and costs would be lowest for the 
T-Mi cluster type, since the background and experience gained by Aircraft 
Armaments, Incorporated, could be utilized. 

Page Lx 
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I, INTRODUCTION 

The Bomarc weapon system is being developed for the defense of large 

areas against attacks by bombers and cruise-type missiles. The Bomarc program 

has advanced to the point where the IM-99A, with limited Service capabilities, 

is being developed from the experimental model configuration and has provisions 

for a 300-lb warhead. «íarhead types currently under development lor this 

interceptor includes 

T-33 fragmentation warhead 

T-hU cluster warhead 

Multiple-jet shaped-charge warhead 

The advanced Bomarc IM-99( ) interceptor is in the preliminary design and 

soecification stage. This interceptor is the model planned for eventual 

production and Service use. The advanced IM-99( ) interceptor is expected 

to become operational during the period of i960 to 1962. The time scale 

for the development of a suitable warhead for this interceptor is important 

because the configuration and design details must be frozen early enough 

to ensure compatibility with tae interceptor. Since the Service llfe *or 

the advanced IM-99( ) interceptor extends well beyond the 1962 date, the 

target aircraft against which it may be employed are mostly conjectural. 

In addition oo high-performance manned bombers, potential targets will 

include cruise-type guided missiles. The obvious unavailability of informa¬ 

tion on actual target vulnerability precludes accurate or confident comparisons 

of warhead types, except in terms of present-day available aircraft targets. 

Hence, qualitative considerations are important, particularly where they 

relate to materials and/or structural configurations which might be expected 

in future targets. 

A. OBJECTIVES 

1, This feasibility and design study of warheads suitable for 

the advanced Bomarc 01-99( ) and for the interim tactical Bomarc IH-99A has 

been conducted under Army Ordnance Contract No. DA-Oli-ii95-ORD-6i7 m accordance 

with technical directives fron the Ballistic Research Laboratories, Aberdeen 

Proving Ground. The basic objectives of this study program may be summarized 

as follows: 

a. The establishment of a comparative framework involving 

technical and tactical considerations for the evaluation of amament systems 

for Bomarc interceptors, employing as much quantitative data as is available 

or may be justifiably presumed. 

b. An investigation of the significant relationships 

between the design requirements of the interceptors and their components, and 

the requirements of an armement system, including fuze and warhead, to yield 

maximum lethality. 
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c » A study and analysis of the design mechanisms and 
the kinematics of achieving damage to aircraft targets, including^the terminal 
ballistic effects of present, developmental, and new or unconventional types 

of armament systems, 

d. The preparation of a summary of the feasibility and 
analysis study in the form of recommendations for the development of one or 
m0re armament systems which the evaluation studies show are the most promising, 

2. The accomplishment of these objectives is modified by the 
interpretation of, and data in, a letter from the Ballistic Research laboratories 
(Reference 1). This directive notes that the advanced Bomarc, IM-99Í ), inter- 
ceotor is an improved, higher-perfomance version of the IM-99A interceptor 
now being developed. This feasibility study, in accordance with the desire 
of the Air Force, is concerned primarily with the study and recommendations 
of armament systems which are optimal for the advanced Bomarc. The study 
is conducted in such terms, however, that recommendations of armamen- systems 
for the interim, or tactical, IM-99A Bomarc may be also made. 

B. SCOPE 

1. This feasibility and design study is concerned with the 
armament system, which includes the warhead, the fuze, and the safety and 
arming system (S and A). While the primary emphasis is on the warhead 
design and the effectiveness of the warhead and fuze against curren^ and 
possible future targets, and the selection of a compatible fuzing system, 
the study is also concerned with the armament system's relation to, ana 
integration with, the remainder of the Bomarc interceptor. Considerations 
affecting the warhead designs are functional and physical. compatibility with 
the Bomarc interceptor, ground handling and support requirements, reliability, 
development requirements, availability and production potential, and c°st* 
The following warhead types are considered in this investigation: fragmenta¬ 
tion, external blast, cluster, shaped charge, and continuous rod. 

C , 
These concepts are presented in the following sections 

AEMAMEMT SYSTEM, FRAME OF REFERENCE — This section presents the overall 
philosophy of the study and shows most of the data and assumptions used. 

WARHEAD DESIGN AND LETHALITY ESTIMATES - Preliminary designs for the 
continuous-rod and shaped-charge warheads, and lethality estimates these 
as well as the cluster and fragmentation warheads are presented m this section 

WARHEAD FUZING-SYSTEM STUDIES — This section considers the effectiveness 
of the' T-3010, T-3016, and infrared types of fuzing, and in addition discusses 
the effects of the terminal encounter-kinematics on the fuzing problems. 

SUMMARY AND RECOMMENDATIONS - The conclusions of the study are presented 
in this section, and warhead types are recommended for the IM-99( ) and the 

IM-99A interceptors. 

Page 2 
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II, ARMAMENT SYSTEM, FRAME OF REFERENCE 

A. INTRODUCTION 

The following "frame of reference" discussion serves two purposes; 

first, to define the overall philosophy of the design study, and second, to 

show those data and assumptions regarding the interceptor and target charac¬ 

teristics which are required as input data for the design ana feasibility 

study. The objectives of this study may be itemized as follows: 

1, Development of the design principles for the warhead, 

which shall reflect the operational and tactical requirements of the Bomarc 

weapon system, as well as physical and functional compatibility with the 

interceptor « 

2. Establishment of the warhead lethality requirements, includ¬ 

ing the criteria for kill. 

3 , Discussion of the capabilities of both the interceptor 

and the expected aircraft targets, 

B# DESIGN PRINCIPLES 

1. The design of the 11-99( ) interceptor warhead should 

consider the following factors: 

a. 

,actical situations. 

Optimization of kill probability for all expected 

b. The capability of functioning under peripheral or 

xtremely difficult conditions. 

c. Continuing growth or improvement potential. 

d. Functional independence of the armament system from 

he guidance system and other components of the interceptor. 

2 The limited number of expected encounters against an enemy 

igijjp nuclear‘weapons diminishes the reliability of elaborate statistical 

ethods of evaluation. Therefore, the design of the armament system must 

.ndicate success under those conditions normally considered as a statistic 

linority. 

3 No feature of the design should be so limited or established 

-hat continuing advances in the state of the art will cause obsolescence and 

'equire complete redesign of the entire system in order to improve performance 

Page 3 
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lio Functional compatibility is desirable, and is dependent on 

the following aspects of the weapons system: 

Airframe performance 

Target seeker performance 

Interceptor and target tracking capability 

Interceptor command control capability 

5, The tactical considerations determine the spatial distribution 

of attack directions and miss distances, and thereby contribute-to the evalua¬ 

tion of the effectiveness of the warhead, Optimum warheads for ¿11-around, 

tail-only, or head-on-only directions of approaching the target may be con¬ 

siderably different « Furthermore, the direction of approach may greatly afreet 

the design and performance of the required fuze. The scope of the present 

study does not oermit a detailed tactical analysis* Therefore, it is assume 

that the warhead shall be designed for attacking the target from any direction. 

C. WARHEAD LETHALITY ESTIMATES 

1, The USAF directive to 0C0 to conduct this study specified 

that the warhead for the advanced Bomarc IM-99( ) interceptor is to have a 

K-kill probability of between 0.5 and 0.9, assuming a normal distribution 
of miss distances with a dispersion of = 60 ft in any one dimension normal 

to the trajectory, 

2. Since the earliest anticipated operational date for the 

) ¿g i960, it is reasonable to exclude from the likely targets all 
hostile aircraft types which may be presumed obsolescent by^this time or 

shortly thereafter. By that time, the employment of such.aircraft as the 

B-29 and the B-50, with their low speeds and limited ceilings, for inter- 

continental attacks is improbable, tihile aircraft of these slow types cannot 

be entirely omitted from consideration, the emphasis. should be placed upon 

high-speed targets which may be considered likely, either from available 

intelligence data or on the basis of American development planning. In other 

words, the warhead for the IM-99( ) should be designed for best effectiveness 

in achieving K-kills of known or anticipated aircraft types which may be in 

service after i960. However, the absence of quantitative lethality estimates 

on advanced targets precludes complete adherence to this approach. Nevertheless, 

the capability of a warhead to successfully attack advanced structural designs 

and materials will be stressed in the subsequent evaluation. 

3 # The criteria for evaluation of a K-kill has been the subject 

of considerable controversy. Reference 19 defines a "K-kill'* as^»Immediate 

kill of the aircraft, but not KK.* Sometimes defined as 'the aircraft falls 

or poes out of control within thirty seconds.'" It is universally agreed that 

the infliction of structural damage is a kill when the damage is so severe that 

the aircraft breaks up, or that sufficient wing or tail surface is removed so 

ítet Sol ol thB aircraft is irrevocably lost. The following factors that 

have the possibility of producing a K-kill have beer, excluded from the presen» 

evaluation as a result of the conference of 17 January 1955 at BRL: 

-:¾¾ _ Immediate disintegration of the aircraft (e.g., the kill required to 

stop a Kamikaze-type attack) Page ¡4 
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a. The loss of all engines without specifically assessing 

associated structural damage. This might be assumed sufficient to constitute 

a K-kill; however, the 17 January conference imposed the requirement that a 

simultaneous structural kill be obtained. Therefore, engine K-kills are 

considered only from a nbonus” viewpoint • 

b. The effective loss of the flight crew by killing or 

incapacitation. As directed by the 17 January conference, this is also 

considered only from a nbonusn viewpoint, 

c„ Possible detonation of the target*s payload* 

D. INTERCEPTOR CAPABILITIES 

1 The capabilities of the IM-99( ) affecting the warhead 

design are tentatively specified in Reference 2, A summary of the missile 

performance objectives for the IM-99A and the 11-99( ) is given m the 

following tablet 

Parameter 

IM-99A 
Objectives 

11-99( ) 
Objectives 

Missile range 

Missile speed 

Missile altitude 

Target altitude 

Target speed 

Target maneuverability 

12$ nautical miles 

Up to Mach 2,7 

60*000 ft 

5000 to 60*000 ft 

Up to Mach 1.3 

Up to 2.0 g lift 

250 nautical miles 

Up to Mach 2.7 

80,000 ft 

0 to 80,000 ft 

Up to Mach 2,5 

Up to 2.0 g lift 

2. The AN/t)PN-3ii pulse-type radar seeker is being considered 

as one radar type for use in the IM-99A interceptor. Ath this radar, the 

presence of ground clutter may limit the acquisition range of the seeker 

to a value less than the missile altitude above the terrain, errors in 

altitude detemination and in range-gating may also limit the minimum altitude 

capability of the system. The pulse-type radar range-gating method may oe 

refined in the future to reduce the minimum altitude limitation. 

Doppler or continuous-wave types of radar, which are currently under.develop¬ 

ment may ultimately eliminate such a limitation by velocity discrimination. 

Since the terminal-phase navigation depends only upon the rate of anpl±r 

rotation of (he odosile-to-tjget sight line, redar seekers of this type are 

satisfactory for homing. These advanced radar systems will be unable to 

furnish rung© infomâlion for fuzing* 

3 The estimated root-mean-square miss-distance dispersions 

are 3^ ft for a non-maneuvering target and 60 ft for an effectively maneiu ring 

L'hí-.’.h-ioafí'- ft, /P hv^'.^v-r t- ^ 

Page 5 



II Armament System, Frame of Reference, D (cont.) Report No, 991 

target capable of 2 g maximum acceleration. The effect of electronic counter¬ 
measures which would increase the rms miss distance will be neglected in 
quantitative discussions in this study. However, the effectiveness of the 
warhead as the rms miss distance increases will be a primary parameter in 
the investigation of the performance of the armament system. 

li. The angle of dive of the missile trajectory at the moment 
of interception of the target is influenced by the missile speed and the time 
of initiation of dive, the target speed and altitude, the missile dive doctrine 
used, and, to some extent, by the geographical framework in which the inter¬ 
ception may take place. These variables, in different combinations, ana 
with the assumption of a maneuvering target, result in random missile-to- 
target aporoach angles. It is considered reasonable to assume for the 
present that all approach angles in the upper hemisphere of the target are 
eoually likely. Attacks from below are conceivable, but improbable. A 
typical plot of altitude and Mach number vs time for the terminal-dive phase 
is shown in Figure 1« This information may be converted into interceptor 
speed vs altitude, as shown in Figure 2. In view of the fact that the 
variables of the attack cannot be uniquely resolved, at least within the 
scope of this study, the following assumption is made: The Bomarc Ik-991 
missile can fly at any speed between 1000 ft/sec and 2^00 ft/sec aw any 
altitude from sea level to 80,000 ft, so long as the maximum flight angle 

of attack is not exceeded* 

) 

5. The angle of attack vs altitude for a 7-g maneuver is shown 

in Figure 3, based upon estnnated data informally supplied by the Boeing 
Airplane Company. The flight angle of attack can vary from about 1.6 to 25 . 
This may have some effect on the fuzing and ternirai kinematics of certain 
types of warheads, such as the cluster and shaped-charge types. 

E. AIRCRAFT TARGET CAPABILITIES AND VULNERABILITY 

1. The target speed, altitude, and maneuvering capabilities 
upon which the warhead for the IM-99( ) missile is based are shown in Figure u. 

2, Potential targets which should be considered include high- 
altitude, fast bombers with decoys, and also a range of smaller guided 
missiles such as the Snark-type missiles and other high-performance Navajo- 

type missiles to be subsequently developed, 

3 . The terminal-ballistic performance of the ’warhead for the 
advanced Bomarc is dependent upon the interaction of a subprojectile of some 
type with the target aircraft, since the interceptor guidance errors are 
sufficiently large so that the possibility of a collision is small. Tills 
generalized subprojectile may be a solid fragment, a continuous rod, or a 
small, unguided, cased and fuzed, high-explosive charge, possibly with its 

individual propulsion system. 
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ii. Although vulnerability data are quite meager, even for 
American bombers which may become operational by I960, and must be assumed 
for current hostile aircraft, as well as for both American and hostile air¬ 
craft to be used after I960, certain principles are fundamental to the 
design of high-performance, high-speed aircraft. For example, the swept- 
wing design imposes high torque loads on the wing, which dictates the use 
of a thick-skin box structure. In order to conserve weight, a high-strengtn 
alloy must be used. Therefore, it is reasonable to assume that materials 
such as 707S-T aluminum in rather thick sections will be encountered for some 
time to come. It is also conceivable that other structural materials, 
possibly titanium, may come into common use in the perio>. alter 19' . 

5. Accordingly, it is believed that the warhead evaluation 
should take into account the ability of a warhead type to attack successfully 
such structural designs and materials as may be expected for the neriod after 
I960. However, it is not always possible to present such an evaluation 
statistically by assigning a value of kill probability. 

F* SPECIFICATION OF DESIGN R^UIREMENTS 

1 Physical and general functional compatibility of the advanced 

warhead and the Service model of the 111-99( ) are assured if the following 
overall design requirements and limitations are adopted: 

a. The maximum weight allowable for the 11-99( ) warhead 

assembly, including the fhze computer, arming and safetying devices, and 
booste/and auxiliary separators shall not exceed 6OO lb. This limitation 
is in accordance with the preliminary design specifications of the 11-9A ; 
project group of the Boeing Airplane Company, as approved bytheHRL ana 
the USAF. For the IM-99A, the maximum weight shall not exceed duu id. 

b* The maximum diameter of a unit warhead assembly shall 

be less than 35 in. by the minimum amount required to provide clearance for 
the aircraft structure through the warhead compartment. It is plannea to 
formulate the preliminary design studies on the basis of a 30-in. maximum 
diameter of the warhead assembly, thus providing a 2.5-in. annular space 

for structural clearance and attachments. 

c. The maximum length of a unit warhead assembly shall 

not exceed 35 in. This maximum length is based upon estimated size data f°r 
an alternative warhead which may be provided for certain interceptors. The 
Boein* Airplane Company considers it desirable to reduce this maximum length 
to 30°in. for the IM-99( ) if possible. For the IM-99A, the maximum length 

shall not exceed 17 in.* 

^Information as of June 1955. It is possible that the space allowed for the 
warhead in the IM-99A may change as the design progresses. 
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d. Variable input data for determination of the warhead 

firing instant in the fuze computer shall be limited to, but not necessarily 

employ, the following: 

(1) The instantaneous altitude of the Bomarc, with 

an error of not more than about 5000 or 6000 ft, 

(2) The instantaneous airspeed of the Bomarc, with 

an error of not more than 5 to 10)¾. (This may be provided in terms of an 

expected average speed for a measured altitude.) 

(3) Target-to-missile range closure rate, available 

for Bomarc seekers but with some susceptibility to electronic countermeasures. 

(li) Target-to-missile range, available only from 

early seeker types with a high susceptibility to electronic countermeasures. 

If the target speed and altitude are even approximately known, fuze computers 

utilizing these data preset into the computer at launching may be considered 

if, by bracketing these data into a small group of selectable computer channels, 

the effectiveness of fuzing increases significantly. 

2. The warhead assembly, less fuze detector and computer devices, 

is considered to be a complete high-explosive subassembly for which the special 

safety rules for manufacturing, shipping, stowage, and handling of ordnance 

materiel are applicable. 

3. For unit warhead assemblies, the warhead compartment of 

IM-99 interceptors capable of carrying the advanced warhead resulting from 

this study shall be assumed to have an access or loading hatch on one side 

of the aircraft sufficiently large to permit installation of the warhead 

assembly as a unit. 

li. The arming and safetying provisions required for an accept¬ 

able advanced warhead are dependent upon the type of warhead which is selected. 

Compliance with all pertinent requirements of Army Ordnance shall be mandatory. 

5. The warheads considered for the Bomarc IM-99( ) ^nd IM-99A 

shall be designed for installation between the tank and electronics compart¬ 

ments. ;/arheads requiring jettisoning or removal of the electronics com¬ 

partment are specifically excluded, 

6. Warheads involving circumferential bias of fragment or 

cluster patterns shall not be considered. This type of warhead requires 

biasing of the main seeker-autopilot system and would result in a^net 

increase of the miss distance. The biased warhead would, in addition, 

impose limitations on the seeker-autopilot system capabilities. 
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III, WARH3AI3 DSS IGM AtO LETHALITY ESTIMATES 

This section of the report presents methods of achieving damage, 

discusses the knovm warhead types which are considered applicable to the 

Bomarc, presents design proposals of specific warheads considered feasible 

for the IM-99( ) and the BÍ-99A, and finally, discusses the lethality 

estimates associated with each warhead considered, 

A. METHODS OF ACHIEVING DAMAGE 

Preliminary to a discussion of warhead designs, it is considered 

desirable to consider basic damage mechanisms. These mechanisms are as follows 

Fragmentation 

External Blast 

Internal Blast 
Shaped Charge (including Misznay-Schardin) 

Continuous Rod 

1* Fragmentation 

The fragmentation warhead produces many individual ballistic 

missiles which strike the target in a somewhat random pattern, achieving 

damage by three basic methods! First, individual perforations of the target_ 

skin or structure; second, a local deformation of target structure and material 

in the fragment path; and third, the impacts may be accompanied by brillian 

flashes which have been described as uhe "vaporific" effect and whic. may oe 

capable of igniting fuel or detonating a high-explosive payload. Target 

components particularly vulnerable to fragment damage include the iuel cells 

and fuel lines, the crew, the miscellaneous electronic gear, engine an 

engine accessories, and the aircraft payload. Of these, the fuel system is 

perhaps the most vulnerable to fragment kill, through the initia cion of a 

fire, whereas the basic airframe is relatively invulnerable to destruction 

by fragment damage. 

2. External Blast 

A second method of destroying aircraft structures is the _ ^ 

iternal-blast mechanism wherein relatively large quantities of high explosives 

re detonated in the proximity of the aircraft. External blasts create an 

verstressed condition, causing deformation and even breaking of target skin 

nd structure. This phenomenon occurs over an area, rather tnan at a point_ 

S in the case of a fragment Impact). A secondary effect is the aerodynamic 

tress incurred as the blast wave passes the aircraft. This can be compared 

o flying through an extremely severe gust. large fragmentation warheads are 

ccomoanied by external-blast effects which closely follow the fragment 

mpacts and thus compound and increase the damage caused by the already 

erforated structure. 

d) rcfTP 
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3 • Internal Blast 

Internal or mined blasts are those in which the high explosive 
is detonated within the target structure • Since the blast occurs in a confined 
volume, thereby increasing the ability to deform structure, significant damage 
can be obtained from comparatively small amounts of explosives as compared 
with the quantities generally required for comparable external-blast damage • 

h. Shaped Charge (Including Misznay-Schardin) 

The shaped-charge damage mechanism is characterized by a 
high concentration of high-speed fragment impacts resulting in severe damage 
to aircraft structure lying in its path. The localized damage is primarily a 
kinetic-energy transfer phenomenon, but because of the extremely higi velocity 
of impact, the target material usually disintegrates and burns so that the 
damaged area is expanded by an apparent blast effect. The Misznay-Schardin 
type of warhead, as considered here, is a limiting form of the shaped charge 
and its damage effects are similar to those described. 

5. Continuous Rod 

The continuous rod damages the aircraft target primarily 

by cutting through the skin and structure. The entire airframe appears to 

be vulnerable to the cutting action of the continuous rod. Because^of high 

impact velocity, components such as payload, fuel cells, etc.are quite 

vulnerable to continuous-rod impact; however, the basic airframe appears to 

be the largest single vulnerable component. 

B. CONTINUOUS-ROD WARHEAD 

1* General Discussion 

a. The continuous-rod warhead, upon which research is 

being conducted at the New Mexico Institute of Mining and Technology under 

sponsorship of the Navy Bureau of Ordnance, offers considerable promise as a 

device for obtaining structural kills with a fragment-like warhead. Its 

effectiveness results from direct cutting of aircraft structures by an 

expanding steel rod moving at a velocity of several thousand feet per 

second relative to the target. The early testing against obsolete aircraft 

types has shown considerable promise, and is being supplemented with more 

recent data to permit the formulation of reliable quantitative estimates of 

lethality against modern and future aircraft types. 

b. As a result oí a recent survey (Spring 1955) of 
explosive-ordnance research, it has become apparent that the "cleanest'1 and 

surest structural damage results from the continuous-rod warhead, .’/here such 

evidences of K-lethality as the almost cora; Vete severance of.a fuselage or 

the complete chord-^wise cutting of a sectio.. of B-h? wing skin (0.375-in. 

7075-T6 aluminum alloy) liave been observed. The continuous-rod system 
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combines the best features of the cluster and shaped-charge types, in that 
the fuzing problem for the continuous-rod warhead is greatly simplified oy 
the high ejection velocity, and the probability of hitting the target is . 
essentially equivalent to that for an infinite number of sub-missiles ejected 

at high speed in a flat expanding circle. 

c. Since the continuous-rod warhead concept has not been 
widely discussed in any but the most recent literature, the following descrip¬ 

tion of the principle is presented: 

(1) The continuous-rod warhead principle involves 
the high-speed ejection of a collapsed ring of welded steel rods in a rapidly- 
expanding ring, in a manner than can probably be best likened to the stretching 
of a metallic expansion-type watch band. The outward expansion, however, is 
accomplished by means of high explosive, while forward motion is imparted by 
the motion of the primary missile. Prior to detonation, the warhead case 
is in the form of an annular shell of tightly packed, square rod segments, 
attached to each other in such a way as to permit expansion into a full circle 
(actually a many-sided polygon) or continuous-rod hoop with a maximum.circum¬ 
ference approximately equal to that of the sum of the lengths of the individual 
segments. The continuous-rod principle employs low C/M ratios.(in the range 
from 0.3 to 0.8), yielding initial velocities of radial expansion of about 
iiOOO to 6000 ft/sec. Under the influence of the forward motion of the 
primary missile, the expanding rod describes a large-angle conical path 
permitting one or more parts of the ring to intercept the target structure. 

(2) The rod segments comprising the head are usually 

square in cross section for efficient packing, and the rods are tightly nested 
about the periphery of the warhead in the form of two concentric shells^ of 
an equal number of rods each. The forward end of each rod segment in the 
outer ring is hinged by a weldment to the forward end of the rod segment 
lying just below it in the inner ring. The after end of each rod segment 
in the outer ring is welded to the inner row segment next adjacent to the 
one immediately below it, so that all rods are connected, thus describing 
a single continuous and endless path throughout the nest of rods. 

(3) «fríen the warhead explosive is detonated, the 
propelling action of the explosive gas products causes the nest of rods to 
first expand radially and then to flatten into a large multi-sided polygon. 
The welded end attachments first shear partly through, then.twist as the rods 
orient themselves into the polygon. The successful design is that which will 
permit the shearing and twisting action in each rod segment to take place 
without breaking the continuity of the hoop until almost full diameter has 

been attained. 

(It) After the full diameter is reached, which,, 
depend-nr on design efficiency, may be from 60 to 95¾ or more of theoretical 
maximum diameter, the hoop usually breaks up into segments approximately 10 
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ft long which continue to travel as submissiles in the original expanding 
cone. The potential killing power does not suddenly drop, however, but 
attenuates as the separation becomes greater and as the rod segmenta con¬ 
tinue to decelerate. Strikes on an aircraft structure by segments of the 
hoop continue to be highly lethal, provided the segment is properly oriented 
in respect to the target under attack. Oblique attacks as.high as / have 
demonstrated K-killing power on heavy aircraft skins. Strikes at higher 
obliquities still inflict damage which might result in K-kill loss ol the 
aircraft if the strikes are made on air-loaded and stressed structures. 
In addition, the continuous rod is capable of readily exploding fuel and bomb 

payloads in target aircraft (Reference 38). 

d. Current ordnance research activity at M£MT has 
recently been extended (Spring 1955) to include an examination of several 
sizes and types of rod warheads other than that employed m the original ¿4-m. 
Talos warhead (Reference 39). Table I lists the sizes and certain performance 
characteristics, where available, of the various charges under current investi¬ 
gation. Some of the data have been computed on the basis of recent discussions 
with NMIMT personnel (Reference 5k) and their assumptions regarding the warhead 
configurations. The data shown, however, are considered to.be reasonably 
accurate and representative. For example, theoretical opening diameters are 
based on the total cumulative length of rods, less 3 in. per rod to allow for 
end attachments. As can be seen, the efficiency of the smaller, solid, 
centrally initiated designs is superior to that of the large, annular, Talos 
design because of the far simpler explosive initiation problems, 

e. Tests of the continuous-rod warheads indicate that 
structural K-kills (defined very conservatively by MEMT as being a 50¾.circum¬ 
ferential cut of a fuselage or a 75% cut of a wing surface) can be obtained 
up to angles of obliquity of 72°. However, examination of high-obliquity.hits 
on surfaces using 202ÍI-T or 7075-T6 aluminum indicate that this angular limit 
may be unduly conservative. In general, strikes on fuselages usually reveal 
severance of skin, longerons, and stringers on both sides of the fuselage. 
Strikes on wings result in skin severance, spar cap cutting or cracking, 
internal bulkhead separation, and »popping" of rivets or bolts over vade 
areas of surface. When 7075-T6 surfaces are struck, severe spalling and 
extensive cracking usually also result, terminating only when the crack reaches 

a rivet hole or a surface edge• 

f. UilMT research (Reference $k) to date^indicates 
that, for continuous-rod warheads in the sizes and types considered here, 
the expected radial velocity of projection of the hoop should be greater 
than Lt500 ft/sec, probably from 5000 to 6000 ft/sec. Deceleration has been 
estimated, on the basis of NMIMT tests, as averaging approximately 16 it/sec 
per foot of travel for a l/b-in. square rod having an initial velocity of. 
UOQO to ii500 ft/sec at li900 ft altitude. The estimated slowdown formula is 
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V = V e 
o 

-,00318 X 

for l/b X l/li-in. rods at li900 ft altitude, v.'here x is length of rod travel 
in feet, 

g* The following summarizes in a general manner the design 
and performance details of the continuous-rod warhead as they appear at this 
time for the IM-99( )• 

(1) Rod Size — The most effective rod cross section 
appears to be lA in. square. Where severe weight or space limitations exist, 
3/l6-in, square wire can be effectively used although the velocity drop-ofi 
for distance traveled is more pronounced for the 3/l6-in. square rod and the 
ability to cut tough targets is markedly poorer. Odd cross sections such as 
lA x 3/16-in. and larger wire such as 5/l6-in. square rod are feasible and 
have been successfully tested. However, the odd_cross sections may lead to 
attachment troubles in edge-on orientations and in audition have not been 
sufficiently tested to warrant much consideration. The heavier cross sections 
(e,g„ 5/16 in.) may over-kill and are hence wasteful of space and weight. 

(2) Charge-to-Metal Ratio — The C/M ratio appears 
to be somewhat flexible, and successful results have been obtained by ftjLÆ 
with C/M ratios from 0.3 to 0.8. Initial velocities of rods are generally 
in accordance with the Gurnev prediction, based on cylinders, with initial 
velocities in the region of hOOO to 6000 ft/sec being recorded in the NhlMT 
tests (see Table l). Some anomalous behavior has been noticed where low 
C/M ratios gave extraordinarily high initial velocities; however, these 
deviations can probably be traced to the small test sampling, 

(3) Length -to-Diameter Ratio — Analysis of the 
limited firings conducted by MIMT, and summarized in Table I, suggests that 
the L/D may be critical, and that the higher the ratio the more likelihood 
there is of achieving full opening before breakup. The theoretical, hoop 
diameters in the calculations in Table II are computed on the basis of total 
effective rod length, less 3 in. per rod to account cor end attachmento. The 
ability of the expanding hoop to achieve full diameter before breakup depend 
largely on such factors as the strength or ability of the end attachments to 
withstand the twisting action accompanying the expansion 
rods It is considered also that the frequency of rod end attachments may be 
a factor in premature breakup, due to hinge failure and twisting of individual 
rods. For this reason, high L/D ratios are desirable to keep the number of 
attachments at a minimum for a given weight of warhead. Also, recent te t 
results (Reference A) reported by MEMT indicate the superior performance 
of hic'h L/D heads, although other factors, as yet undetermined, ma„ have 
been ?esconsible for the observed differences in performance. It may be 
noted in the design study tabulation (Table II) that degradation factors 
have been applied to the lower L/D-ratio designs. Assuming „hat LA 
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ratios of 

following 

less than 1 may lead to premature breakup of the rod ring, the 

degradation-factor relation has been tentatively established: 

□ s nD. 
e t 

where D * expected maximum diameter of hoop at time of 

e breakup 

D * maximum theoretical diameter of hoops, which 

^ is equal to total length of rods less 3 in. 

per rod for attachment 

n = degradation factor according to the xollowing 

schedule: 

L/D 

>1.0 
0.91 - 1.0 
0.81 - 0.90 

<0.8 

0.9 

0.8 
0.7 
0.6 

These degradation factors are purely arbitrary and probably pessimistic, 

since recent NMIMT experience (Reference $h) suggests that any properly 

designed warhead should be able to achieve 90-9¾ of the full hoop diameter 

This'is, of course, subject to further developmental testing, and it is 

conceivable that the high factor indicated by NMIMT experience will hold 

true in the 114-99 designs* 

2, Continuous-Rod^farhead Configurations 

a* A variety of possible configurations have been ore- 

pared which are base'd on variations in warhead length and diameter for toth 

the 300-lb warhead for the BI-99A and the 600-lb warhead for the L„-991 ). 

The following basic criteria have been established for the continuous-rod- 

warhead design study: 

(1) Length 

The maximum possible length for the 600-lb 

IM-99( ) warhead has been set at 35 in. with a maximum preferable length of 

30 in. The maximum length for the IM-99A warhead has been established at 

17 in. (In June 19$$, Boeing indicated that a 17-in. maximum could be made 

available for the E«-99A warhead.) Shorter versions are not considered 

since the L/D (length-diameter ratio) essentially rules out the use of 

shorter designs because of possibly severe hoop-diameter degradation. 
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(2) Diameter 

A maximum diameter of 30 in. for either warhead 

was established vdth smaller diameters being explored to pemit better L/D 

ratios. 

(3) Weight 

A maximum weight of 600 lb, including a 60~lb 
(lOfo) allowance for S and A devices and supporting structure, _is established 
for the m-99( ) design. The IM-99Á warhead has a maximum weight of 300 lb, 
with 60-lb allowance for S and A and structure (same for either the JUO- or 
600-lb warhead). 

(It) C/M Ratio 

The charge-to-metal ratio should be in the range 

from 0.3 to 0.8. 

(5 ) L/D Ratio 

The length-to-diameter ratio should be^as high 

as possible consistent with the permitted envelopes, wire cross sections, 

and desired hoop diameter, 

(6) Hoop Diameter 

The full, unbroken-hoop diameter should be no 

greater than approximately twice the maximum expected miss oí 3 O' (or l80 ft). 
Excessive hoop diameter would be wasteful of weight and space and would 
SoSSy result in a lower C/M ratio and a lower velocity than could otherwise 

be obtained. 

b. Based upon these design assumptions, a matrix of some 

60 possible design configurations has been prepared for the 300- and 6<»-lb 
warheads and is summarized in Table II. Of these designs, only a comparative 
few are considered worthy of further examination because of failure of the 
remaining configurations to meet one or more of these design criteria. In 
keening with the informally expressed desire of Boeing to keep the length 
as short as possible, while at the same time maintaining as high an L/D 
ratio as can be accommodated, the best compromise 600-lb warheads appear 
to be those of the configurations summarized m the following table, m the 

order of decreasing acceptability: 
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Configuration 

Overall length (in.) 

Major dia (in.) 

Overall weight3 (lb) 

Rod cross section (in./l6) 

C/M ratio 

L/D ratio 

Hoop dia (theoretical) (ft) 

Hoop dia (expected) (ft) 

Weight of metal in hoop (lb) 

30 

25 
598 

belt 

0,65 

1.20 

38Ù 

3U5 

326 

30 

30 

600 

belt 

0J7 

1,00 

182 

385 

39lt 

25 

25 

5lt0 

3xltb 

0.77 

1.00 

li30 

3lt5 

272 

35 

20 

580 

belt 

0,6!t 

1.75 

378 

3lt0 

312 

5 

35 

25 

600 

belt 

o.ia 
l.lt0 

lt79 

it30 

382 

35 

30 

600 

3xitc 

0.56 

1.17 

580 

520 

3 It? 

a. 
b. 
c. 
d. 

Rods plus explosive plus 60 for miscellaneous structure. 
Rods oriented to form a l/2-in.-thick shell. 
Rods oriented to form a 3/8-in,-thick shell. . 
Expected hoop dia is weighted percentage of theoretical dia, usi. g 
assumed factor of 0.9 for L/D )>1«0) 

Configuration 1 appears to be the best compromise design, since it has 
reasonably high L% and C/M ratios, which should result m good high-velocity 
hoop production, and a nominal l/Vin. square rod, which experience has shown 
to be optimum (according to NMIMï). Configuration It wouid probabiy be stiil 
better for a warhead except that its length is at the upper limit of ^5 in, 
Configuration 2 has been made the second choice because its L/D and C/M 

both lower that desirable. Confi^ation 3-ybe a poa abl 
phoice although its odd rod cross section of 3/16 x 1/4 m., orienten on 
edge to form aDl/2-in.-thick wall may lead to attachment trouble, no est 

te "condbed with rods id this position. It shoald be noted that 
none of the 3/16 or 5/l6-in. square rods appear suitable for the 600 lb 
warhead design. 

C. Because of the length limitation on the 300-lb warhead 
for the IM-99Â, only variations in warhead diameter and. rod cross section are 
considered as variables. Of the 12 combinations shown in Table II, four 
possible configurations have been selected and summarized below, again m 
Ke order of decreasing acceptability. It should be emphasized_that none 
of these designs have as high an L/D ratio as is considered desirable lor 
tesf perfoSnc. in temn of ¡Olm» of hoop development before brealolp. 
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Configuration 

Overall length (in.) 

Major dia (in.) 

Overall weight ( lb) 

Rod cross section (in,/l6) 

C/M ratio 

L/D ratio 

Hoop dia, theoretical (ft) 

Hoop dia, expected (ft)^ 

Weight of metal in hoop (lb) 

1A 

17 

30 

300 

3x3 

0J7 

0.57 

312 

187 

169 

2¾ 

17 

25 

300 

3x3 

0.79 

0.68 

258 

155 

liiO 

3A 

17 
20 

298 

3xli 

0.68 

0.85 

203 

lb2 

iW 

liA 

17 

25 

300 

3xlj* 

0.3h 

0.68 

258 

155 

186 

*Rods oriented to form l/2-in.-thick shell. 
’^Degraded according to factors shown on p, lh. 

The factors contributing to the choice of Configuration 1A are the fai*Jyr/ 
large hoop diameter expected and the use of uniform or square • 
and L/D ratios are both extremely lovr, although with proper development 
warhead can probably be made to perform adequately. Configuration 2A,a!tho g 
having a much smaller hoop diameter, does have more satisfactory L/D and C/M 
ratios, and could conceivably perform better than Configuration^. Both 
3Ä and I4A use 3/l6 x l/Vin. rods orj.ented m a double row to give a shell 
1/2 in. thick. However, as previously stated, rod warheads have never been 
fabricated and tested using this particular orientation of 3/l6 x ■ 4-in. rods,^ 
and hinging trouble may be encountered m end attachments, although NMi. ( 
ence 51) indicates that this may not necessarily be the case if other design 
factors are optimized. Configuration 3A does not compre favorably mth lA or 
2A from the standpoint of hoop diameter, but it does have the ^satisfactory 
C/M and L/D ratio combinations of all designs considered. If, as md^ated by 
NMIMT personnel, the C/M and L/D ratios may not be critioal, but are instead 
possibly quite flexible, then the logical choice will still b® the , 
yielding the largest hoop 01 square rod, i.e.. Configuration 1A. It i 
worthy that none of the l/b-in. square or 5/l6-m. square rods appear to 
usable in the IM-99A 300-lb warhead. 

d. The design study tabulation (Table II) is representative 
only, and actual designs may depart from the nominal dimensions and weigh s 
shin. Tvío continuous-rod warhead configurations have been prepared, both 
of which have worked in tests with smaller warheads. The original design 
considered is shown in Figure 5 and is based on 
«0 7PS K- and 8-in. dia). Subsequent experience by NMIMT (Reference 
indicates that a more successful approach is that shown in Figure 6, and the 
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data for the best compromise designs for the IM-99( ) and 
in Figures ? and 8, respectively. Although either design should produce rou. 
having essentially equal radial velocities, there is evidence that the 
centrally initiated design shewn in Figure 5 may bend and sca?t int of 
of the rods and cause a .ocalized stretch to occur which can become a point of 
failure. A centrally imoiated design may also be difficult to load with 
cast explosives. A more promising approach is that íen useHuccéss- 
'here end-center initiation is employed. This principle has been used success 

in . 13 t_in „dia l6-in.-long, IÄ1IMT test warhead design having an 8.5- 
S5ia central ca^’closS’at £ initiation end by a hemispherical dome. 

e The shock-wave buffer layer between the explosive and 
the rod shell is presently made of plaster of paris, 
as thick layers of cavity hot melt* have also been used with somesuccess^ 
The blaster layer is employed in the two designs illustrated oecause of tne 
S melting point of ho? melt, which precludes flfble and consistent cast 
explosive loading. It will be noted that the plaster buffer ^ thicker 
the center of the head than at the ends, particularly 
inîtia+ed design (Figure 5). This variation m thickness, which is a re.ui, 
î SS cal dfv. o^nt, 1= «o»5ht to ottenuata the shook .ave on 6„=h 

a manner as to red«, the bendi« oí the rode. Selves 
consider plastic materials such as epoxy resins etc. that will lend themseive 
to easier production. 

f. Tiro alternative methods of rod end attachment are shown 
in the details of Figure 6. One is an arc-welding method employed with a hig. 
degree of success by NklMT in their test warheads. The second is a proje ,-, 
or^spot-welding, method developed by the G. W. Galloway ^jpany, ijrcadia 
fali forni a in the construction of Talos warhead shells. The latter method i Sr »« »iSbirfor high production rat«, bot it requires the development 
of a satisfactory means of production weld inspection, since a high incidenc 
of weld failures has occurred on some of the Talos heads* 

g. It win be noted that a l/2-in.-dia steel or copper 
tube is employed at the ends of the rod segnents under the holding tab. These 
tubes act as shaped charges under the influence of the detonating expío x 
and sever the holding tabs at the time of rod projection. 

h The designs illustrated in Figures 6 and 5 incorporate 
a method of attachment of the warhead to the primary missile consisting of 

SÄÄ IS S rïiafly Ä&LSÄj ¿ ^ 
«Mi 

contraction and fabrication tolerances. 

"Black acid Proof Liner Paim,, oer Ja :-P450, Class 3 
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i. Since the continuous-rod-warhead designs permit »ingle- 
point initiation on the axis of the warhead, only a single S-and-A device is 
required. The most desirable location for such a unit is on the inside o£ 
the warhead, located on the forward face of the inner cavity bullchead. Access 
can be through a hole and access door in the forward warhead-compartment bulk¬ 
head. It should not be necessary to install or remove the S-and-A device 
after the warhead is in the missile, although provision must be made for an 
Sriïl connection to the fuse. In aH probability, S-and-A units currently 
being developed for the IM-99A can be used either as is, or with only a slight 
modification, with the continuous-rod Tfarhead, 

3, Continuous-Rod Lethality Estimates 

a The following discussion sets forth the basic assump¬ 
tions, methods, and'results used in estimating the lethality of the continuous 
rod warhead: 

(1) The cutting capability of rods determined by 
MIMT and shown in Figure 9 (taken from Reference 38) is valid for both 3/16- 
and l/h-in, square, continuous-rod segments. 

(2) The aerodynamic-drag evaluation shown in Section 
IV, Fuzing Studies, is applicable to the continuous rod. 

(3) A rod cut of O0375-in. depth in aluminum target 
material is required for aVkill (representing a tough stressed-wing skin 
or a spar cap in a box-type structure)• 

(h) Upon reaching maximum hoop diameter, the hoop 
breaks up into sections about 10 ft long# 

(<) About 95$ of the presented area of a modern 
high-performance bomber ouch ae the B-Í47 is K-vulnerable to a continuous-rod 

cut. 

(6) Since recent experiments at NMIMT have shown 
that high-obliquity impacts (above 72°) may be ineffective, the gross assump¬ 
tion is made that only 90> of the impacts will result m effective cuts. 

b. In order to establish the impact velocity of the 
rnnt-nuous rod upon the target, the method indicated in Figure 8» in paragraph 
TV c 'and particularly in Equations 10, 11, and 12 is used. The constants 
used*ir^SectiorTlV do not apply to this condition since they were evaluated 
considering the end vievf of the continuous-rod cylimer as it is ejected from 
the missile. In this section it is desired to determine the slowdown of a 
-inpie rod section flying side-on rather than end-on; therefore, the weight, 
presented area, and drag coefficients assumed for Section IV do not apply here . 
A drag coefficient of 0.7 was found to closely approximate the experimental 
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data from NMIMT (presented in paragraph l,f, above) to a distance of about 
300 ft. The presented area of the rod to the air stream is assumed to be 
the arithmetical mean between the flat and diagonal presented areas of the 
rod. For the l/li-in. square rod, the presented area is calculated to be 
0.302 sq in. per inch of rod, and for the 3/l6-in. square rod, the presented 
area is 0,2265 sq in. per inch of rod. Ratios of presented area to weight 
are 0,1185 sq ft/lb for the lA-in. rod and 0.157 sq ft/lb for the 3/ló-in, 
rod. Initial velocities of the rod have been determined as the vector sum 
of an assumed 5000-ft/sec radial ejection velocity and forward velocities ^ 
(imparted by the primary missile) of 1000 and 2500 ft/sec. Initial veloci íes 
are 5100 ft/sec for a lOOO-ft/sec missile and 5590 ft/sec ¿or a 2500-ft/sec 
missile. Target velocities relative to the rod will vary with respect to 
the angle of approach. A stationary target is therefore assumed in order to 
allow for a mean impact velocity independent of the angle of approach. 

c. Calculations of remaining velocity vs distance of 
travel along the rod trajectory were made for the initial conditions discussed 
above. The results of these calculations are shorn in Figure 10, which indicate 
that the drag slowdown of the rod is severe at sea level but essentially 
negligible at 60,000 ft altitude. The velocities shown in Figure 10, multiplied 
by the square root of the cross section of the rod (in inches) were plotted 
against the depth of cut plot in Figure 9 to determine the expected depth oi 
cut as a function of distance traveled. These distances were then converted 
to actual missile miss distances (in feet) and the results plotted in Figure 
10, thus showing the expected cutting capability for continuous-rod warheads^ 
as a function of the primary, missile miss distance. From Figure 11, averaging 
the capabilities for the slow and fast missile, a distance of about 132 ft 
actual miss distance (at sea level) was established as the point where a 
l/li-in. square rod can no longer penetrate 0,375-in. aluminum target material. 
It was similarly determined that the 3/l6-in. square rod can no longer penetrate 
0.375-in. target material at a miss distance of about 60 ft at sea level an 
about 165 ft at 30,000 ft. At 60,000 ft, slowdown is sufficiently negligible 
so that no such limitations exist for either the lA or the 3/16 rod at miss 

distances of less than 300 ft. 

d. In addition to the limitations of expected cutting 
ability, the continuous-rod also has the geometric limitation due to the 
previously described hoop breakup. After breakup, the length of rod which 
existed at the time of the breakup must be distributed around the circumference 
of an increasing circle, so that the gaps between the sections of rod will 
constantly increase. Therefore, the ratio of the desired length of rod (the 
circumference of the expanding circle) to the available length of rod (which 
was the circumference of the circle at breakup) can be expressed as 

where R is the radius of the circle at breakup and R2 is any instantaneous 

post-breakup radius. These results, when multiplied by a factor to account 
for the assumed oblique-impact and vulnerable-area limiting factors 
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(0,90 and 0.95, respectively), indicate the limt due to expected rod breakup 
after reaching the maximum intended radius, (The maximum conditional- x 
factor, 0-855, is determined by multiplying the 0.95 vulnerable-area factor 
by the 0,90 oblique-impact factor, discussed previously.) 

e. These concepts are summarized in Figure 12 for the 

600-lb IM-99( ) warhead and in Figure 13 for the 300-lb BM?9 A warhead. In 
these curves, a constant lethality or probability of a hit being a K-kill is 
assumed until either the limitation due to inability to cut target materia., 
or the geometric limitations due to rod breakup are reached, 

f. The kill probability for a particular guidance dis¬ 
persion, cr , is determined by the following approximation: 

V 
n 

Z 
i=l 

ÄPh Phk 

where 

2 cr 
1 - e 

P is the hit probability for the case considered, and may be defined as "the 

probability that an interceptor, having a guidance error of crG, will miss the 

target by a distance of less than S ft," It should be noted that includes, 

as the limit due to rod breakup after reaching maximum continuous-rod radius, 

the probability that a rod segment ’will hit the target. A small (point-size) 

target is assumed in this instance. An increment of 10 ft for AS is used to 

determine the values for APh. Maximum attainable values were calculated for 

the kill probability for the continuous-rod warhead, based on the foregoing meth¬ 

od and assumptions, and assuming no fuzing error. These results are shown in 
Figure 111 for the 11-99( ) warhead using 1/k-in. square rod and in Figure 13 
for the IM-99A warhead using 3/l6-in. square rod. 

b. Conclusions 

The successful application of the continuous-rod-warhead 
principle to the Bomarc missile appears to be highly promising for the following 

reasons; 

a. The conditional kill probability is high, in particular 

for the 600-lb IM-99( ) version which employs a l/U-in« square rod. However, 
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the smaller IM-99A 300-lb version, which employs a 3/l6-in, square rod, has a 
short overall warhead length which may promote premature hoop breakup, plus 
severe slowdown at lower altitudes which will reduce the cutting ability 

of the rod. 

b. The overall K-kill probability is high, and the 
characteristic damage produced by rod cutting (i.e„ severance of structure) 
should cause loss of control of the target aircraft, which should be apparent 
to the interceptor's home radar. Hit-probability estimates indicate that a 
warhead producing a continuous hoop of 300-ft dia or more prior to breakup 
and ejected at radial velocities of about 5000 ft/sec can achieve an almost 

certain hit at almost any angle of attack and relative 
un to a miss distance of about l50 ft. Fuze tolerances of about 1 °¿025 sec 
can be tolerated in this situation (see Section IV), and skewing of the primary 
missile due to angle of attack has a negligible effect. 

c » The continuous-rod warhead, being characterized by 
high radial projection velocities as compared with the forward velocity of 
the missile, can be classified as an "equatorial" cone device, which can use 
modifications of existing cone-type fuzes such as the T-3010 (see Section ;. 

d. The continuous-rod warhead is simple in design and can 

employ a single, already developed, safety-and-aiming device which can be 
conveniently located within the internal cavity of the warhead. 

e. Missile skin removal prior to warhead detonation does 

not appear necessary. However, any heavy external_ducting or structural 
members should be removed to prevent rod-pattern disturbance. 

f. The time required for development of the continuous rod 

should not be any greater than that required for other warhead types. 

MOTEi It should be pointed out that these discussions.and conclusions are 
based on ’LILT, experimentally demonstrated, test configurations . ihe 
oublicized difficulties encountered by the Navy in the development oí the 
continuous-rod warhead for Talos are not expected to arise with the proposed 
Bomarc warhead because of the differences in the way the warheads are designed 
and emplaced in the missile. The Talos has an annujar design requiring the 
of asr-metric initiation which has caused, among other things, difficult! 
in detonation-wave control rdth a resulting early breakup of the rod hoops. 
Such problems, being alien to the proposed Bomarc warhead design, shoula no 
be pereitted to prejudice the consideration of this highly useful warhead 
type for the Bomarc missile. 
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G, SHAPED-CHARGE ASD MISZNAY-SCHARDIN WARHEADS 

The shaped charge and the closely related systems employing the 
¡íisznay-Schardin effect are promising mechanisms for the destmction of air¬ 
craft, especially if high-explosive payloads are vulnerable. These system , 
however, require considerable research and development, SSTas 
ballistic effects, which have been exploited in other applications, such as 
antitank weapons, have been only meagerly investigated for ^^antiaircraft 
armament, Both of these mechanisms, which may be generally classed as highly 
directional, hypervelocity, fragment-beam projectors, are basea on the 
principle of orojecting metallic fragments, either in random or controlled 

thanes' and patterns off the end of explosive charges rather than off 
the sides as in fragmenting warheads. Fundamentally, the conventional fragmenta. 
Son iartoã. the „fLey-Lherdin, erd the shaped charge are all eht^ele^. 

having in common a metal surface, an explosive fi 9er’^ -, +• nc, con_ 
initiating detonationj the main differences being m the location and con¬ 

figuration of these principal components. 

1. Msznay-Schardin Warhead Considerations 

a Explosive ordnance items utilizing the Misznay-Schardm 
effect may assume several forms. These usually consist of a,se^ 

tion or it may’consist of discrete ore-cut fragments assembled in th® ^r“ 

ntua initial velocities of discrete fra^ents of+^out+l5^0/Mf/S^o“^sign 
suitable selection of an explosive charge-to-metal ratio (C/M). Proper design 
of the fragmenting surface and exercise of control over the detonation wave 
cfn SoSe gfod smtial control of the fragments Almost_uniform dispersion 
f h\rpervelocity fragments through cones up to 30° is not ^possible t0 a° • 

Deep^concave, spherically dished, solid-plate, Misznay-Schardm charges are 
also shaped charges, although they represent the lower regions of velocities 
for the latter. 

b. Although considerable research work has_been reported 

and^others^a^Carnegi^Institute'o^Technology^as^far as^is Sím, no^full- 

scttSeÄ^^ KrsïL:^^ Ät 
oen a it is quite possible that a satisfactory mechanism for the destruction 
ofPáircraft and missiles, particularly through the medium of Pay^ det°^^0n, 
„ be „ithin the 

Se^ÄpS^rSr K the »aval Ordhance Teat Station. 

Page 23 



MO3 

III Jarhead Design and Lethality Estimates, C (cent.) Report No, 991 

Inyokern, may also be representative of the Misznay-Schardin system. There 
is" a probability, however, that the Misznay-Schardin type of warhead, which 
has an inherently wider spatial distribution of lower-initial-velocity r g- 
ments than does the highly directional shaped charge, would have a reduced 
effectiveness in terns of the damaging "vaporific" effect. Both_systems 
do have a common requirement in that the warhead jet must point in . 
direction of the expected target intercept, since, like other efficiently 
designed conventional fragmenting warheads, the kill potential, except ior 
the possible "bonus" blast effect, is nullified in the case of a near miss. 

c. It has been established,^ on the basis of a reasonably 
large number of test firings at NOTS, that fragment beam projection by means 
of one or more shaped charges results in spectacular structural damage o 
aircraft as a result of "vaporific" effects. This effect is an alr«0^ 
explosive combustion of the fragment particle and the local area of the 
target as a result of high-velocity impact (10,000 to 25,000 ft/sec), iith 
the'shaped charge, the continued buildup of explosive energy as the jet oi 
particles or fronts strikes the target is capable of generating extensive 
structural damage, characterized by physical destruction of heavy members, 
removal of quantities of skin, incendiary effects on fuel, detonation of 
payload, etc. It is estimated that the vulnerable area of a modern high- 
performance bomber to attack by the large-caliber shaped charge (over 7 .5 in. 
in diameter) is approximated 9$ of the presented area, excluding from the 
K-kill vulnerable area such things as wing tips, single empennage surfaces, 
and the like* This conditional kill probability is applicable up o 
altitudes of approximately 30,000 ft and at standoff distances of 100 to 
120 ft. There is evidence that at higher altitudes the lethality increases 
and can be achieved at much greater standoff distances, 

d. 7/hen a single hit is involved, the conditional kill 
probability of 0.9 may appear to be optimistic for the shaped 
in the case of multiple-jet shaped-charge warheads, more than one hit is 
expected, excent for large miss distances. An additional consideration i 
tK the large'quantities of fuel carried aboard modern turbojet bombers 
mav render these aircraft unusually vulnerable to the shaped charge from bo .. 
explosive ignition of the fuel and structural airframe damage from hydraulic 
ram effect, 

2. Shaped-Charge Considerations 

The shaped charge as used for antiaircraft applications can 
vary from shallow dished types to deep conical shapes similar to those deve ope 
specifically for use in antitank weapons. Initial fragment velocities ior 

'These comments are based on published and unpublished NOTS data for the period 
19^0-1953 and on recent conversations with NOTS personnel engage in 
work (see References 31 and 3?-). 
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centrally Initiated, Service-type, 
have been measured vfhen thin, deep, conical liner ng e mpphanical 
are used. This velocity represents an upper practical limit in mechanical 
projection velocity for systems in general Service use. 

3 • Damage Mechanisms 

The hishly directional shaped-charge jet consists of a 

lower instantaneous C/M ratio existiólas groups 0f hyperveloci- 

rehigh^ergy SenS^rSably contribute to the target destruction capa- 

alloy plate were accompanied by a brilliant liasn oi ng • 
tn be> damaged in a different manner than had occurred in the case oi 

appeared to be damaged Th arou:id the impact holes in 

rapidly covins fragment on f » “f* "¿^^Speratoe of tta 
of energy transfer at cipot n ^ “ rf'i4 ctanital combination with the 
finely divided material to the poi - aluminum "dust" explosions 

iSSTii" SH: 
found to promote "vaponfic" phenomena, and increasing^ engine- 

exh!ukSgïï! hOT/ever^aliMst Completely suppress the effect. Current ^research 
work at NOTS supports an extended theory^oncerning^the^ japorific 

and suggests that the first material strikx S ^ ^ it products, and 
target a small high-pressure volume of ¿gPh density, this 
that as succeeding groups ^ f d absorb even m0re energy from the 

™¡in CctS “¿SoïïfTh. region of nigh dansity and high energy 

^Finely divided aluminum was detonated to produce so-called slow-burning- 
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rapidly expands until the target structure ruptures ™ ^ *ar .id * 
LSld from the detonation of high explosives ^thin tte f 
calculations by the NOTS group indicate that ^e ^ergy d l explosiVe. 
by 7.5- to 6.5-in.-dia charges is equivalent to 4.3 to b.> ^ 01 f 

S^li?3 ‘Ín dia )^der°reduced^ore s sur es1"^imulat ing'Tltitudes 

« (B¿er=;=e'3l) indicated that .f 
iltitude) the reduced drag on the jet fragmen spermi (normally about 
jet average velocity ai* a reduction m 
2-3 deg. total angle) of the fragments compriing “ * sections increased 
and mechanical damage observed on, simu?;f^0ai¿C^dJrImaLed heaw even up 
Eany fold at pressure altitudes above finer-divided 
to the highest altitudes studied. the larger fragments do not 
material comprising the jet is J ttetass of Material arriving at the 
decelerate greatly, the average veiocity and the mass o, ^ two baSic 

target are appreciably greater than at ^.^and^ff shaped charges: (l) 
assumptions concerning the performan tines at altitude, and (2) the 
that the lethal range is increased pe firings (at 2000 ft altitude) 

Âicftiî: rÄÄblfc^ditions. and target damage at altitude 

can be expected to be appreciably more severe. 

5, Shaned-Charge Liner 

with liner material only slightly less important. 

a Current work at XafSlSS STSSf standoff 
shaped charges has included a °°^f^°Jf?ncluding alumiman, magnesium, copper, 
for shaped charges of various ma ^ .,trs on ß-29 structural components 
steel, and Zinc alloy) and of various ^ tests have sub- 
(inner .ring panels, bomb-bay Reference 32) that the 
stantiated conclusions drawn in earlier -eports^ ^ ^ ^ K_kill 

size and material of ^ 3altitude from a 60-ft standoff, the diameter should 
structural damage at 2000 ft altitude irom fi hter size and more than 
be more than 6 in. when used ag31ff V^J^er , These critical 
7,5 in. when used against aircraft 7 altitude as a consequence of 
diameters are eji^ntly a decreasing function^of^alti^^^ ^ ^ case of the 

SÄt ta 
CfiÄlte" Sr'gfdiLter muy 0, dstendeni upon th. targui 

size and construction* 

Page 26 



Ill Warhead Design and Lethality Estimates, C (cent,) Report No. 991 

b. Optimum liner materials include aluminum, magnesium, 
and zinc in descending order, with the possibility that some such alloy as 
aluminum-magnesium-silicon may be superior to those investigated to date. 

c. Of the cone angles investigated, a 120° angle (apex) 
appears to give the most consistently good results against aircraft structures, 

d. Cones of smaller angles (80° and even b$ ) have higher 
initial velocities,‘but break up into more finely divided material which at 
lower altitudes erodes rapidly in the airstream. Small-scale charges with 80 
cones did not demonstrate the excellent terminal effects that have been observe 
for wider-angled (120°) designs in the altitude chamber. An experiment recently 
conducted at^OTS indicated that an equal-mass, wide-angled cone (with thickness 
increased to about twice normal) produced as much apparent damage to a ü-¿9 
fuselage section as did a deep-coned (½0) charge, but required allonger time, 
in terms of milliseconds, for target disintegration from time of initial jet 
impact • 

e. At a 60-ft standoff, average velocities of 20,000 
ft/sec or higher are consistently achieved with the largest light-metal coned 
charges. At low altitudes, however, deceleration due to the density of he 
air Ld erosion are so great that the mean velocity begins to drop off rapi ly 
at ranges greater than Ó0 ft. N0TS iS-in. aluminum-lined charges, fired at 
300-ft standoffs at an altitude of 2li00 ft, averaged only 10,000 to 12,000 
ft/sec in spite of their high initial velocities. 

f Inner thickness has been explored in a 120 conical 
tiMtam configuration. ktOrn** »P ‘o 2M (thickness of wan expressed 
as a oercentage of explosive diameter) have been investigated from the stand 
pointé both'the character of damage produced on f--™f^ined 
structures and on the effective average velocity of the jet. It was determine 
that liner thicknesses between 6 and 1E$ produced the most structural damage 
Ïlems of aíea of target destroyed. Velocity of the jet dropped appreciably 
in liners thicker than !($. 

a4 Based on work done to date, it appears that the best 
liner configurations are those employing aluminum alloy cones with a 120 apex 
angle and wall thicknesses of 6 to 10¾, with the thicker liner being use . 
whfre weight oermits. The liner diameter should be approximately 8 in. to 
insure high kill potential against heavy targets. The charge-to^etal ratio 
should exceed li although detonation-wave shaping may reduce tms ratio if 
properly applied. 

6 # Problems Associated with Use of Shaped Charges in Bomarc 

a. Shaped-charge warheads used in the Bomarc would be 
Inr-ted inside of the missile skin and would be fired laterally. The effec 
of high-velïcity cross-wind firings on shaped charges has been only cursorily 
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studied in some firings at NOTS (ca, IjiiS), where small 2-in,-dia, 15 -steel- 
cone, shaped charges were fired transversely from a sled moving at about 1>0C 
ft/sec. As might be expected, the resulting jet fragments were dispersed 
in a wavelike pattern along the targets. "Vaporifics" were not investigated 
at the time of these tests; consequently, there is a continuing need for the 
study of the effects of high-velocity translation on the performance of shaped 
charges against aircraft. It is assumed, however, that the wide-angled cones 
described above would be superior to the deeper-angled cones, because the 
arrival time of all material at the target should be sufficiently short so 
that the jet will not be badly dispersed along the target. 

b. The second potential problem, particularly for the 
shaped-charge system, is the possible adverse effect of the covering missile 
skin on the formation of the jet. It has long been the practice in the design 
of conventional shaped charges to avoid placing structure in the path of the 
jet, particularly in proximity to the open face of the liner, ihis rule has 
applied primarily to penetrating jets and weapons where there is a possibility 
of fuzes, viindscreens, etc, being jammed into the cone at impact. However, 
it is thought that the warheads designed for the IM-99 interceptors would 
probably not be adversely affected by the 0.090-in. aluminum missile skin, 
since the "open faces" of the cones will be sufficiently far from the skin 
(minimum of 2,5 in.) to preclude disruption of the jet during the initial 
formation stages. Verification of this hypothesis requires experimental 
testing, although indications from past e’cperiments are that little or no 
trouble should be encountered. 

7. Methods of Etoployins Shaped Charge in Bomarc System 

There are three possible approaches to the utilization of 
the shaped charge in an anti-aircraft missileî The first involves the pointing 
of a gimbal-mounted, large, single charge so that it tracks the target, or 
rather the expected target intercept point, and detonates at the point of 
nearest approach. The second involves the mounting of one or more rings 
of smaller charges normal to the axis and around the periphery of a cylin¬ 
drical or ogival shell. The third possibility is the employment of helically 
oriented, wedge-shaped, fragment-beam projectors around the warhead cylinder 
to eliminate the gaps in the multiple-jet design. 

a. Gimbal-Mounted, Single Shaped-Charge Projector 

It is possible, as has been demonstrated several times 
against various representative targets (such as B-29s and F6Fs on the ground), 
to achieve structural K-kills and in many cases over-kills at standoffs as 
hijh as 300 ft from the point of warhead detonation, using a single, large, 
shaped charge with a l5-in.-dia aluminum liner. Since the single charge is 
comparativelv large and requires accurate aiming, the most practical method would 
seem to be the gimbal mounting of the charge «hin the missile so that it can 
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be accurately oriented and fired at the most opportune moment. To date, 
little has been accomplished on the design and development of gimbal-inounted 
target-tracking warheads because of the extremely difficult proolems involved 
with such systems, k gimbal-mounted Misznay-Schardin system for the Wizard 
Project, using a 3b-in.-dia, !?00-lb vrarhead, is described in Reference 34. _ 
In that design study, the large flat disc was placed within a set of electricallj 
powered gimbal rings. The electronic equipment associated with the system is 
complex, since the fire-control problem which the fuze must solve is particular¬ 
ly difficult, and the power demand at the time of actuation appears excessive, 
A more recent analysis of a gimbal system for shaped-charge warheads was con¬ 
ducted by the Ahrendt Instrument Company under a BuOrd contract in 1949-50. 
In this study, two major problems seemed to rule out the use of the gimbal 
system: the first, as mentioned above, was the excessive power demand, and 
the second was the inadequacy of radar angular guidance. Present power 
supplies, as exemplified by the lightweight propellant-gas-driven APU (auxiliary 
power unit), possibly can supply the energy required for operation of a gim- 
baled system;'and lightweight high-strength materials, such as titanium alloys, 
can reduce the overall power requirements by lessening the inertial mass in 
the moving parts. The inadequacy of radar angular guidance and range for 
training the gimbaled head has been attributed to the rate of signal return, 
which is inadequate at close ranges and high closing rates, and also to the 
tendency of radar toward »glinting» or »looking» at randomly different parts 
of a complex aircraft target; a severe problem when close to large aircraft. 
It is possible to eliminate this restriction by employing an infrared fuze 
detector and computer, which however, would compromise to some extent the 
desired all-weather capability at low altitudes (below 30,000 ft). It is 
impossible to estimate' a kill probability for this type of warhead without a 
detailed design of its control system. It has been noted.in Reference 35, 
however, that a probability of destruction (Pk) of 0.75 might be attainable. 
This results almost entirely from the fuzing and control-system errors. If 
the fuzing and aiming limitations are for the moment assumed to be satisiactory, 
a gimbal-mounted warhead system for the advanced IH-99( ) Bomarc could con¬ 
ceivably be designed along the following general lines: 

(l) The warhead proper could consist of a 10- to 15- 
in.-dia, wide-angled, thick metal liner backed by sufficient explosive to 
provide a C/M ratio of approximately 4, a low but satisfactory ratio for these 
diameters. The liner configuration can be in several forms. However, a 
successfully demonstrated design utilizes an aluminum alloy liner in the 
form of a cone of 120° included angle, with a thickness of 10$ of the ^ 
diameter. The warhead case would be designed in a hemispherical or ellipsoidal 
shape to conserve weight, and devices such as lightweight air-void wave 
shapers would be used within the explosive for increased efficiency. It is 
conceivable that an efficient warhead design would weigh approximately 100 to 
150 lb, depending upon the liner diameter. The remaining 4,50 to 50C lb is 
available for the gimbal rings, pimba1-drive jet motors, power units, guidance 
and computing equipment, and warhead-training electronic equipment. The 
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electronic fire-control equipment and the associated servos will actually 
determine the final design of the warhead. If high accuracy of aim is maintained 
under conditions of intercept, then the charge can be designed as described 
above for maximum target lethality. However, aim is all-important with this 
type of shaped-charge warhead, since the jet is confined to about_a ¿.h 
maximum spread, regardless of warhead size. At 60 ft the static impact area 
is hence only approximately 31 in. across, increasing to about 9h m. at a 
l80-ft standoff. The use of convex-shaped Misznay-Schardin charges would 
increase this spread considerably (e.g., 32,2 ft in dimeter for a 30 spread 
at a 60-ft standoff), but the resulting target damage would be considerably 
less than the concentrated damage obtained with the shaped charge. 

(2) The gimbal-ring assembly with the warhead mounted 
at its center might be packaged in a 20- and 22-in.-dia space, leaving ample 
space fore or aft of the gimbals for mounting electronic components, ihe 
fuze detector would of necessity be located in the missile nose at the tip oí 
the radome, with the infrared sensing head located in the center oí the no . 
Since the l/R unit can be quite small (2.5 in. in diameter, 10.0 in. ^ 
maximum length) it could be located at the apex of the radome if the aberration 
effect is not too severe. For maximum efficiency, the warhead should be 
triggered when the least missile structure is in its path. This requires that 
the "warhead "look" at its target at all times, and preferably .ire just be. .. 
the missile makes its nearest approach. Since., at nearest approach, the 
missile is either inside or abea of the target, the »arhead should fire at 
ancle with respect to the longitudinal missile axis of 60 to 120 , provide 
that the gimbal cage is centrally located in the warhead compartment, ^ 
locating the cage near either end of the compartment would shift the cone o. 
efficient fire. 

b. Multiple-Shaped-Charge Warheads 

A second, and more readily achievable type of shaped- 
charee warhead system for the 11-99( ) is one employing multiple rows of 
radially projected, shaped charges or Misznay-Schardin, hypervelocity, fragment 
beams. Essentially this system involves the disposition oí a number oí hap 
charge cones about an annulus of high-explosive elements provided w)-th 
means of initiation that will cause the detonation front to approach each 
cone normally and as nearly simultaneously as possible. Detonation of the 
warhead results in the production of a high-energy, almost unidirectional 
stream of hypervelocity fragments from each of the cones m a plane nearlj 
ecuatorial to the missile. The projection angle of the high-velocity _ 
(15,000-20,000 ft/sec) "equatorial" side spray from the shaped charges oriented 
at 90° with resoect to the missile axis is almost independent ox the initial 
uro lection velocity of the shared-charge jet, and only slightly more dependent 
rE fllrd velocity of the primary missile. The follcing table I sts the 
initial angles of departure of shaped-charge jets over the wide.rang1- 0 
possible missile velocities and shaped-charge jet velocities, witn reference 
to the longitudinal axis of the L:,-99( )» 
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Initial Velocity of 

Velocity of 11-99( ) Shaped-Charge Jet 
- Vp,ft/— 

Case No. 

1 
2 
3 
h 
5 
6 
7 
8 

V »ft/sec 
m 

sec 

Angle of Departure with 
Respect to Missile 

Axis 
arctan V /V 

in K 

1000 
2^00 
1000 
2500 
1000 
2500 
1000 
2500 

10,000 
10,000 
15,000 
15,000 
20,000 

20,000 

30,000 
30,000 

81° 17' 
75° 58' 
86° 11' 

80° 
87° 
82° 
88° 
85° 

32' 
8' 

52' 

5' 
lii' 

Assuming that the individual useful fragments comprising any jet have a 
velocity gradient as great as 10,000 to 30,000 ft/sec (which is only remotely 
possible), the additional induced angular spread of the jet along the line 
of flight would be approximately 9° when the primary missile velocity œ» 
is 2500 ft/sec (the worst condition) and only i° when Vm is 1000 ft/sec. 
Since most shaped-charge liners used for antiaircraft applications are 
wide-angled, however, the velocity gradients will undoubtedly be much less, 
probably about 5000 ft/sec, or equivalent to an induced directional spread 
of about 1 or 2°. It can be seen that the concentration of the jet on the 
target will hence be comparatively tight, even when the relative velocities 
of the missile and target are high, as in a head-on attack, 

(1) Warheads designed around multiples of shaped 

charges present certain problems that are unique to this type of ordnance. 
The major problem is that of charge initiation, particularly when the design 
calls for an annular arrangement of explosives and more than one row 0 * 
It has been determined in experiments with pairs of shaped charges placed m 
proximity to each other that the earlier-fired charge can adversely affect 
the adjacent charge to the extent of completely destroying its jet. Thu 
time lag between adjacent charges can be critical when the delay is only a 
fïctlS ofa microsecond, since in an explosive, the detonation wave proceeds 
at about l/3 in, oer microsecond. Therefore, for optimum performance^from 
a warhead using multiples of shaped charges, whether individually packaged or 
using a common explosive backing, it is considered operative that the 
detonation wave approach each liner normal to its transverse axis and all 
liners as nearly simultaneously as possible. Multiple shapea-charge war¬ 
heads having a common center (i.e., solid, hemispherical shapeJ have no 
unusual initiation problems. The generally annular arrangement is required 
cor the IM-99A systems, which must provide both arming safety on the oetonatoi 
and near-simultaneous initiation for as many points as there are cones in 

the head* 
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(2) Two methods for achieving near-simultaneous 
initiation have been successfully demonstrated with multiple shaped-charge 
warheads : one method using low-energy, high-quality electric detonators wxred 
in series and fired by a discharge from a high-capacity condenser, and 
other using accurately cut, equal lengths of Primacord, which are all 
initiated from a single detonator. In consideration of arming safety and 
least complexity, the latter system should probably be used in the 99 
warheads, although the degree of simultaneity may not be as high as for t 
electrical system. Extreme care and some properly planned developmental 
testing will probably be required to insure that the _ Primacord syst^ wil 
function adequately. A single safety and arming device, 
cation of the device designed for the T-33, mil serve as thejafety barrier 
between the electrical detonator and the complex network of Pnmacord leads 
and required booster charges, 

(3) Perhaps the most serious factor affecting the 
lethality of a multiple-jet shaped-charge warhead is the gap existing between 
adjacent jets. High probabilities of hit are favored by large numbers of 
jets so that the gap between the "spokes" is slight. However, weight an 
space limitations of the IM-99( ) warhead, plus the assumed need for at 
least 8-in,-dia individual liners greatly restrict the number oi jets that 
can be produced from the warhead. While it is theoretically possible 
accommodate 52 8-in.-dia liners in a cylindrical warhead shape 35 m. in _ 
diameter and 35 in. long, representing the IM-99( )» the attendant explosive 
weight and allied structure and initiation system to in^e adequate per- 
formance would make such a warhead exceedingly heavy. Design studies show 
that it does not apoear possible to package more than 30 8-in. liners m 

mately 2°, reduces the gap distance between adjacent areas of impac. to 1 .. 
ft at 60 ft and 31.3 ft at 180 ft standoff. 

(h) With the objective of attaining maximum efficiency- 
in the multijet shaped-charge warheads for the 11-99( ) end IM-99A, and still 
remaining «íhin the „eight limitation, of 600 and 300 IJ. 
designs shown in Figures 16 ard 1? have been prepared. The following basic 
liner and explosive configurations were selected: 

Cone material: Aluminum alloy,’ 202U-T, 20lh, 
356, or hoir3 (Type apparently 
not critical) 

Cone configuration: Wide-angled cone having 120° 
apex angle, straight-side, 
uniform wall thickness 6 to 
1$ of explosive diameter 

Page 32 



MET 

III Viarhead Design and Lethality Estimates, C (cont.) Report No, 991 

Cone size: Minimum 8-in, dia for use against bomber-size 
targets 

cAü ratio: k to 6 appears adequate (based on Misznay-Schardin 
studies by Carnegie Institute of Technology; 

Explosive: Composition B, 6cAo RDX/TNT, unless newer 
explosives such as 75/¾ Cyclotol or Octol 
became available in quantity 

(5) Design studies have shown that it is impractical 

to attempt annular construction of either the advanced 
IM-99A warhead using a common explosive backing, since even maximum 
disposition of explosive immediately behind each cone, only/^t ..5 of 
explosive can be accommodated along the cone axis because of weight limitations. 
Hore efficient approach for the IM-99 warheads is the f t 
"projectors,’1 as shown in Figure 18, each consisting of an 8-in.-dia, 120 , 
0 5-in.-thick (6.25^) aluminmu aHoy cone; an ellipsoidal-shaped, thin, 

stsel case, containing about B ¿ lb of Conposi ionB ( to a cA 
ratio of 6); and a booster cup and Primacord adapter. Each individual 

4 tor charge may be cast-loaded through a l,7-in.-dia hole at the base. 
f$-in'-ïong® 5/8-in,-iia tetryl booster is acco-odateb in the scre»-on 

Siîiator Ladl Sirty such projectors, ten for each of three rows, the rows 
staggered to give a spiral arrangement with 12° between cone center lines, 
are accommodated in the 600-lb IM-99( ) configuration J^ff^fin in 
30-in .-dia and an overall length of 30 m, A central cavity ^ -in. in 
diameter is available for insertion of the Primacord network and the S-aadji 
H . ■pug 300-lb IM-99A warhead accommodates 16 oí these projectors in 
30lin%iiI! lMn.-long assembly (Figure 17). In this warhead the individual 
charge projectors are nested closely together to keep the overall leng, 
to an absolute minimum, and are arranged so that the jet center line a 

22,5° apart. 

(6) Initiation systems for the two warhead designs 
are similar. A Primacord network system emanating from a single-point source 
attached to the missile S^nd-A unit is used in both assemblies. To assure 
the maximum probability of simultaneity, all Primacord booster paths are 
equal in length and precautions such as cutting all Primacord from a single 
soool to insure uniformity etc. are required. Each equai-length 
¿ad is attached to hubs surrounding a disc-shaped oetryl boost®r* ^ne tiú., 
row design for the 60Q-lb warhead has two such hubs, each accepting 15 
SImacorfleads. Each hub is in turn connected by equal-length Primacord 
leads to a central booster initiated by the S-and-A device. All 16 rm 
leads on the 300-lb two-row head are attached directly to the central booster 
on the S-and-A device. The functioning time is dependent on the total length 
of any path (i.e., S-and-A booster, intermittent Primacord leads, hub booster, 
Primacord lead to projector, projector booster, and mam projector charge). 
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[he detonation htpnlse «ill proceed approximately at 0.312 
ip, B, 0.216 in./micro3ec ior Pritacord, and at henco 

rs^\rÄ=;rÄrinÄ 
ti 

rSrÍ?.2 i—. ?ld oonveraely if raides were all 

1000 ft/sec slower, it would increase to only 8k.h microsec. 

Helical-Wedge Shaped-Charge Projector 

A third type of shaped-charge warhead system, which 

rmtÄTs 

sä 

äxplosive design probably cannot producá te”»s0rf-head,» 

¿SoSoä: s --i rs 
head." linear, ” "SffcffS.fS Sfrecenily in 

ordnance in grooved”cf^^-rSerentiarSneafchargesrsuch 

SsSSÂar^Âfaïr-ScâÂÂ 
iberdeen, however, «ith longitudinal, linear, steped “’eogered here 

-ff ffiTÄff -5iSi •to’ÎîiTiSeTps in ^ /ragnent 

^^rÄwssa-.-SÄÄS 
interceptors• 
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8. Shaped-Charge-iarhead Lethality Estimates 

a The basic assumptions used in determining the lethality 

e5tteteS for tte ^projector =¾¾¾¾ 
and the ló-projector warhead proposed for the IM are 

(1) 9<$ of the target presented area 
to an 8-in. shaped-charge projector, subject to the fol owing 
degradation, 

(a) At sea level, the 8-in. shaped-charge 
projector it conserretively eoo-ed 1=^1 to a raoge of at least 

(b) At 30,000 ft altitude, the 8-in. sh^" 
charge projector is conservatively assc^d lethal to a range of at least 

ft. 
(c) At 60,000 ft altitude and above, the 8-in. 

shaped-charge projector is lethal to a range of at least 300 ft. 

(2) The »average» target is assumed to ^ve a dimen¬ 

sion of 20 ft along an arc oí gírele “¿es^in imitation 
the shaped-charge jets, This a mp iistnokina" effect wherein at 

IfLrgfhïïsISce S ,¾ ÏÏÂÂ target to fly 

unharmed between too adjacent jets. 

h The lethality estimates, based on the above assumptions, 
,, Fi* e 19 as a function of the actual miss distance for both 

S 30-projector Ä ) and the 16-projector IM-99A .arheads. 

C Kill probabilities are determined by the same method 

es »sed in the evalnatidn ’ ’ 
f). Based on a guidance ^ror* °"g the shaped-charge warheads are 
the soxi»« at/lnaWe //1 ^“ead ana in Figure 21 for lhe IM-99A 

ÍZad° sKe tL S-» ar .ccL«iate only 300 lb of -rhead, mcludlng 
“pSrt'oroSsiont no »re than 16 charge, can be incorporated. 

d The multiple-jet, shaped-charge head, in addition to 

probably have a great^ blast effect than th ^ ^ p, the 

initiated, external blast en g • qn^iier miss distances, should 
high over-preasure blast, at least at the »aller .is and by 

% f Cnusi'iacSr SS“ ÄS «eluded free, the ¿ill prob.biHty 

estimates. 
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D. CLUSTER, OR SUBMISSILE, WARHEADS 

Cluster warheads eject a pattern of submissiles which may be 

categorized according to the characteristics of the submissiles as follows: 

Unstabilized, unpropelled 

Stabilized, unpropelled 

Stabilized, propelled 

Propelled and guided 

The unstabilized, unpropelled submissiles include the "spigot-projected" block 

munitions, as typified by the Boraarc T-bk warhead being developed by the Air¬ 
craft Armaments Company, and the ball-shaped units in a propellant matrix or 

canister shot system under development by the Rheem Manufacturing Company, 

Stabilized unpropelled submissiles include drag-plate or fin-stabilization 

types. The stabilized, propelled submissiles include the fin-stabilized 

rocket, or a spin-stabilized rocket as typified by the Crossfire weapon 

proposed by the Aerojet-General Corporation, The most refined version of a ^ 

submissile includes both propulsion and limited guidance in addition to stabili¬ 

zation. 

1. Cluster Warheads Considered for IM-99( ) 

a. Unstabilized Blocks (Spigot-Projected, Omnidirectional 

Fuzes) 

Each cluster unit as designed for the T-üi warhead con¬ 

tains 2.9 lb of HBX, has a cylindrical fuze well, a central cylindrical spigot 

adaptor well, and a thin aluminum box-like case with welded seamsThe radial 

velocity of projection of each unit is about 100 to UOO ft/sec, which, con¬ 

sidering the velocity of the primary missile, means that the angle of pro¬ 

jection with respect to the missile flight path is small. For example, when 

launched 1^00 ft from the target, from a missile traveling 2^00 ft/sec, the 

ring of cluster units is about 1Ö0 ft in diameter by the time it reaches t^e 

target. Also, because of the box shape of the submissile with its attendant 

high drag, the launching missile is always ahead of the submissiles in flight 

and reaches the target area before the submissiles. This factor will, on the 

average, increase the miss distance between the target and the submissiles at 

low and intermediate altitudes. These effects are discussed more fully in 

the fuzing section of this report, wherein the effects of ejection velocity are 

considered. The primary disadvantages are the apparent difficulty of penetrat¬ 

ing heavier targets to permit internal blast, as indicated in the Reference 

2$ tests, the requirements for omnidirectional fuzing of the blocks, and the 

difficulty of missile fuzing. There is also a moderate parasitic weight per 

unit. The principal advantages are the comparatively large number that can 

be carried (as many as 9G, 5 »0—lb units in a practical assembly) and the 

relatively large explosive charge (2.9 lb of HBX) per unit, which, when 

successfully detonated internally will cause K-kill damage to most targets. 

The problem of developing a reliable all-ways acting fuze with safety and 

arming, target sensitivity, and built-in self destruction is quite difficult. 
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The Reference 28 fuze-feasibility study includes tentative designs for an 
electromechanical fuze and consideration of a secondary, purely mechanical 
fuze to meet the submissile requirements. The properly designed submissile 
fuze should have the following characteristics: 

(l) It should prevent submissile functioning if the 
warhead is accidentally fired on the ground prior to flight. 

(2) It should partially arm during the 28-sec boost 
phase (acceleration up about 5 g only), unless arming is provided by the 
primary missile S and A* 

(3) It should complete arming during the short but 
high acceleration (about litOO g), submissile ejection phase. 

(Jf) it should permit all-ways functioning regardless 
of the angle of impact or the strength or thickness of the target. It should 
also permit internal or in-surface bursts, depending on submissile case 
design or amount of high explosive carried, 

(5) It should oreferably urovide for self-destruction 

after a suitable time interval. 

(6) It should be completely contained, hermetically 
sealed, and have no external parts. 

As can be seen, the omnidirectional fuse must meet stringent requirements, 
»d SteLent of satisfactory reliability and of 
difficult. The force for initial partial arming is weak from the standpoint 
the fuze-mechanism design, yet arming safety must be maintained. I i 
nossible, of course, to have ground safety by mechanical or electric 1 
interruption of the ejection system. Individual unit safety, however, can- 
not then be guaranteed. The fuze proposed in Reference 28 meets conditions (1,, 
(3), {$)> (6),, and part of (If), but it does not provide ground safety or 
delay firing for internal bursts. 

Stabilized Blocks (Spigot-Projected Unidirectional 
Fuzing, Drag-Stabilized) 

The methods of achieving block submissile staoility, 
as outlined in the Reference 2? feasibility study, would remove one of the 
iraior problems of the block cluster-warhead concept by simplifying tne omni- 
directional fuze-function requirement. Drag stabilization, however, would 
tend to appreciably increase the deceleration of the already poor aerodynami 
shapes and to add to the kinematic fuzing problem, resulting in a seriou 
degradation of the duster warhead due to missile fuzing* 
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c. Fin-Stabilized Submissiles (Possibly Rocket-Propelled 

or Spigot-Ejected) 

These submissile types are characterized by high length- 

to-diameter ratios ató long, slender explosive “ 
simoler fuzing and greatly increased penetration abilities (Reference ¿9;. 

sadvantages include a low, radial velocity component common to all 
unpropelled suLissiles with the consequent primary-missile fuzing degradation, 
and the requirent for deep penetration to get all the explosive inside the 

target structure — a fuzing delay problem, 

d, Spin-Stabilized Submissiles (Crossfire-Type Cluster 

Warhead) 

(1) The concept of a Crossfire-type weapon as 

developed by Aerojet, and outlined in Reference 9, has been applied to the 
IF 99( ) warhead,“ Figures 22 and 23 show typical configurations ior such a 

ss&ssææss&zst- 
hirh-obliouity .»nitration of heavy-aldnned targets have teen demonstrated 

inJthe 70-nm AEHOFIAK (Reference 30), and are l“orp"”^d i allber 0„ ugh- 

missiie design, The “¿'“ifthat could be aoconnodated in 

S?9( ) configuration (scaled fr« the 38- Crossfire configuration. 

Reference 9): 

Round 
Diameter 

in. 

Burned Wt of Round 

_lb 

1.50 i-21 
1.75 1-52 
2.00 2.8? 
2.25 ^*10 
2.75 7.U0 

Weight of HEX 

lb 

0.235 
0.372 
0.557 
0.795 
l.iilt 

Approximate 
No. of Rounds 
in Warhead 

275 
180 
120 
85 
Ü6 

(2) An example of the projectile and of the launcher 

to be used in the Crossfire cluster-type warhead are shown in Figures 2h an 

a for the about 

5*3 SrSSÍÂSr structure other than the launcher tubes. 
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aoDroximately 2?5 submissiles could be packaged in a configuration similar to 
the one shown in Figure 22. A similar configuration for 119 jubmssiles ûf 
the 2.00-in. size, each containing 0,55? lb of HEX, is shown in Figur 3. 
These submissiles achieve a velocity of about 1250 ft/sec, whic w en 
in a forward cone and added vectorially to the velocity of the missile, pro¬ 
duces a significant striking energy. It is possible, through the choicej 
launcher-tube angle and the variation of the initial velocity of the^ 
missile (a characteristic of the motor design) to select the appropriate cone 
of dispersion considered most suitable for the primary missile fuze. 

(3) To summarize, the principal advantages of spin- 
stabilized cluster units lie (a) in their improved and proven ability to 
penetrate heavy aircraft skins and detonate internally, (b) in their inharently 
simple, submissile fuze arming and functioning, and (c) m high velocity, 
added to that of the launching platform. The disadvantages of such a system 
are (a) the high parasitic weight for the weight of high explosive carried, 
(b) possible instability problems in supersonic cross-wind firing, and [c) 
the fuzing problems associated with submissile acceleration, 

e. Guided, Propelled Submissiles 

(1) Some consideration was given to the possibilities 
of using a small, infrared-guided, spin-stabilized aerial torpedo, as illustra- 
ed in Figure 26. Such a projectile would be fired from a low-pressure gun, 
such as tÏÏt shown in Figure 27; and a group of 8 to 12 such submissiles with 
their launching guns might be packaged in r configuration such as that shown 
in Figure 28 for'the IM-99( ). The projeci~le would have a short nose sec ion 
mounting four control vanes and the infrared-seeker guidance equipment, 
significant features of such a projectile are as follows. 

(a) law control of the projectile by parallel 
angular displacement of the commutated two (or four) vanes urder C°“J_01 
the fuze-seeker computer, so that the course deflection is caused by p - 
casing the projectile to develop aerodynamic tody lift and a lateral component 

of thrust. 

(b) The use of a short-burning, high-impulse 
propellant to obtain maximum controlled lateral displacement. 

(c) The use of a high-scanning-rate search 
detector so that accurate angle and angular rate data are available lor 
navigation. 

fegiuäUö ira 
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(2) Design analysis proceeded to such a point that 

(a) The projectile appears mechanically feasible 

to develop 

(b) Aerodynamic control, with some modification 

of the vanes appears feasible 

(c) A careful analysis of the avionic com- 

ponents required for the control system indicates that approximately four 

times as much space is required to package the electronic gear as is now 

available for the present configuration. 

(3) The conclusion was reached, therefore, that the 

current state of the art and the expected developments during the development 

time scale for the IM-99( ) are such that the guided submissile does n 

appear feasible for application to the present program. Consequently no 

further evaluation was performed on this submissile. 

2, Methods of Evaluation and Required Assumptions 

a. All submissiles considered for cluster warheads to be 

used in the Boraarc armament system contain a charge of high explosive. on 

S preSrted prior to , detalled diecuealon of the particular cluster *ar- 

heads considered for Bomarc. 

b. The distribution of submissiles may be considered 

as a forward-thrown‘projectile beam, since the cluster warheads to be 

considered have a comparatively low, submissile, radial ejection velocity 

fabout 100 to hOO ft/sec), and must therefore be fired at a.considerable 

standoff from the target to enable the ring of submissiles to reach optimum 

diameter• 

c. The method for evaluating the effectiveness of such 

forward-thrown projectiles is outlined in a British report (Reference 22). 

£ Sat analysis, it was assumed that the "fragments" are thrown forward 
S «is is «1, aria of the .arhead, such that at any anstant, 

aT,p distributed uniformly throughout a circle oi radius R, which i 

rirht section of that cone. The T-H-type cluster warhead fits this assump¬ 

tion Quite well, since it is proposed that the 90 submissiles be ejected xn 

more than one ring. Tumbling of the unstabilized blocks will cause .hem to 

be randomly distributed in afirole of radius equal to the radius oi the out- 

Siáe ring- fóge ¡40 
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d. The probability of a hit on an area A if it lies in 

the fragment zone is 

nA 

1 - e 

If the ms guidance error is cr^, then the probability of the vulnerable 

area lying in the fragment zone is 

(1) 

R4 

2 cr 
7 

1 - e 

Therefore, the overall hit probability becomes 

1)1 (nA 

(nR2) 
P * ¿L.- e 

£ 

R‘ 

L - e 
2 <Tr 

(2) 

(3) 

This equation mav be applied directly if a constant radius of projectiles 

„5 LtaLiles ¿ to be considered. The hit probability is ma*™ *en 

nA _ ft 

R 2 cr n 

Therefore, the optimum radius of projectiles is 

R (opt) 
i¿^ 

Tí 

lA 

(W 

(5) 

or 

R nA 

2 cr 2 ïï cr 

and the maximum attainable hit probability^becomes 

P = 

_í tí A 

2 n cr, 

1 - e 

(6) 

(7) 
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These last two equations are plotted versus the factor nA f°r various 

of <rn ^ figures 29 and 30« 
G _ 

e It may he noted that the use of I as the presented 
area of the target will yield calculations of hit probability on that presente 
aïea wheSeafthe ua of^ulnarable areas for A- or K-kills will result xn 
SÄf such a kill on the target. If R(opt) calculated usxng 

the presented area of the target, then the expected number of hits on thus 

presented area may be shown as 

nA (8) 

itR (opt) 

The determination of the optimum radius, R(0pt)» wil1 P®™"* calûU^8ji 

the kinematic relationships between standoff, cone angle, and radial ejection 

velocity of the submissiles or projectiles, 

f Vulnerable-area curves were obtained from Reference 12 
for the B-U7, and from Reference 11 for the Type 37 aircraft. Foilowing are 
some of the more important factors which lead to the development of vulnerabxl- 

ity concepts: 

(1) The size and performance capability of the 
target, as reflected in the efficiency and/or redundancy of the structural 

layout. 

(2) The altitude at which the attack is conducted 

in determining possible degradation of explosive effects. 

(3) The fuzing of the submissile, with particular 
emphasis upon the increase in lethality of a successfully mined submissile 

relative to surface burst charges. 

(li) The target penetration capability of the sub- 
missile as a combined effect of target skin thickness and type, impact 
obliquity, impact velocity, submissile case-to-charge weight ratio, an 
case design including fuze protection provisions. 

The scope of available and reliable data on these effects is not large, 
particularly when modern and possible future targets are considered. 
Lnce assumptions are required when effectiveness studies are to be 
conaidered^either „uantifWy or ocparotively to »optimzo” a ,arW 

design. 
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g The evaluation of submissile lethality becomes more 

complicated when multiple hits are to be considered. Previous weapon evaluation 
studies, such as those summarized in References 5 through 9, have treated the 
multiple-hit case by assuming no damage accumulation, and by considering each 
projectile as if it were the only hit. In a y optimization Procedure these 
assumptions impart an obvious bias of unknown magnitude toward the higher 
warhead charge weights. While the extent of this bias is unknown, since 
extremely few multiple-hit tests have ever been conducted, it is considered 
likely that the effect on the calculated "optimum1 charge or proaectile my 
be appreciable. Some consideration has been given to this in the Reference J 
study by presenting effectiveness data, not only m terms of kill probability, 
but also in terns of the expected number of hits and the expected total 
weieht of high explosive placed in the presented area of the target, ine 
derivation of a valid theory for correctly evaluating the problem of multiple 
hits with high-explosive projectiles is not feasible at present because of 

the lack of experimental data. 

h. Physical significance may be given to the vulnerable- 

area curves previously mentioned by a review of the results of extensive tests 

conducted at Davis-Monthan AFB, Arizona, during the spring of In the_e 

tests, R-29 aircraft sitting on the ground, were subjected to external, sur 

face, and internal statically fired bursts from vJri0^ ets were 
variety of high-explosives, both cased and uncased. Since the targets were 
¡tationary and only static charges were fired, no direct data were obtained 

on th» effects of altitude or dynamic impact. The following conclusion , 

reached after inspection of the test aircraft, correlate generally with the 

vulnerable-area concepts presented in Relerences 11 and i¿* 

(1) These tests support the theory that,to con- 

sistently produce structual kills on aircraft of the B-29 type with a single Sí! Se burst should be internal and of at least 1 lb of an explosxve such 
as HEX or H-6, To obtain consistent K-kill assessments throughout th 
Srïaft including the large-volume ûiselage structures and thin-skinned 

SÃS“ tl -re exploaw i, ^ 
j ^ o or* ^ ih'i Single internal bursts of less than 1 id can kixj. 

aircraft if they detonate' in critical regions such as the pilot compartment or 

in small tightly confined spaces such as wing-spar boxes. This emphasizes 

Se Set thft the area vulnerable to a small, fractional-pound charge is quite 

low compared to the area vulnerable to charges of 2 lb or more. 

(2) External surface bursts of charges of 3 lb oí 

H-6 were necessary to produce structural kills equivalent to_those obtained 

fron internally burst charges of 2 or 3 lb. An exception exists in 

olTe of 8-lb charges strategically placed about the e![f ^^ejection 

qrnan external blasts (of 1 lb or less) in contact with the suri^e repeatedly 

failed to"severely damage the aircraft structure unless the charge was 

critically placed. The threshold value for external-surface burst charges 

for accomplishing a required level of damage appears to range from 5 to 8 lb 

S an eSoSve ^ch as H-6 or HBX. These tests would appear to agree vnth 

previous estimates (Reference 19) that three to five times as much explosive 

is required if static surface bursts are to compare -with static intern 1 

detonations. page h3 
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i This last consideration leads to the comparison of in- 
terna 1 and external’bursts. An adequately thick and properly Portioned case 
nf >n ph-aualitv metal is required to penetrate heavy aircraft structoes with 
l of all or of the .artoad »r 
fuzing failure from defomation at target mpact. Wien iightweight cases 
are employed, the fuze must provide for instantaneous high-order_detonation 
0f thePhigh-explosive filler before a major fraction of the submissile 
deflagrates or breaks up. Some preliminary static firing te2?’ "°^ n^eS5ary 
Reference 10, suggest that a significant increase m charge weight is nece rj 
when a surface burst is used to obtain the same damage level *s given by a 
mined charge. Reference 8 notes the possibility of a ^iceffectwith 
surface bursts, and thereby suggests a much smaller degradation factor, 
the conference of 17 January 1955 at BhL, a factor of was quoted for 
qnrface hursts A factor of 2.0 is quoted m Reference 11. To bracke^the 
possible range of this factor, it is assumed that the charge weight is in¬ 
creased 1.5 and 5.0 times to obtain surface-burst equivalent ,0 internal 
bur«t damage. The effect of the relative motion of the exploding project! 
upon^the^daroage inflicted on the target -et alee be In 
effectiveness indicated by static firings. This relative,moti°^r^¿LsJle 
a dynamic yaw':' effect which increases the stresses imposed on the submissile 

case. 

3, Evaluation of Cluster-Type Warheads 

a The unstabilized-block submissiles of the T-hl type 

and the Crossfire. Sïe““ 2 er 

feea”"?ÄSof°tS SlSäeeS 4 peragré HIAl. A«l* 
a lethality analysis was made of these two types using e me a 
tions presented in paragraph 111,0,2. 

k The T-Ut-type cluster warhead, because of the^use of 
thin aluminum-skinned blocks, may be conservatively assumed ^ m°st °“^uentl 

explosive by the factors 1.5 and 5.0, in order to compare it directly witn sub 
missiles achieving their damage by internal blast. 

c. Maximum attainable values of kill probability the 

shovm in Tables III, IV, and V. 

r ,. ZZ Tq used here is defined as the vector angle between the target 
ST ¿.ïïsiï velocfues" AS a resait, the side loads taposed on the sab- 
missile »hile entering the target are considerably increased, particularly 
for a frontal or side impact. 

Tin er o M. 

sEfEoanr 
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d. If the Type 37 target is considered, the Sl-mm 

Crossfire type provides a higher kill probability, at all values of 

error, tha/does the modified ?-kh cluster warhead if the latter is degraded 

by â iactor of «ore than abort 3.0. .ten the 

51-ram Crossfire-type cluster is superior to the modified W3r.pT 
any given set of conditions, regardless of the degrading factor used, 

e A lethality comparison of the Crossfire-type cluster 

warheads, considering the Type 37 aircraft as a target, is shown in Figares 31 

and 32 (The 5h0-lb weight shown in these figures has allowed 60 lb io 

sSucLe.) Although the curves are quite Hat, there -^vantage in 

maintaining a minimum of 0.5 lb of high explosive per round. From a practical 

standpoint! the selection of a slightly heavier charge than optimum is con¬ 

servative if the vulnerability estimates should prove to be in error. Ther 

fore, only the 5l-mm-dia (2.00-in.) Crossfire submissile, with 0.557 lb oí 

HBX, is compared with other types of cluster warheads. 

f. Hit probabilities for a uniform distribution of Ü0, 

90 120, 180, and 300 submissiles were calculated, using presented target 

areas The results are shown in Table VI. It should be noted that multiple 

hits may be expected with cluster-type warheads, assuming they are optimal y 

fuzed, 

g It should be particularly noted that these calculations 

present the maximum'possible Performance which may be expected from the cluster- 

tvpe warheads, assuming that the nrimary missile guidance is within the 

indicated errors, that there is no submissile slowdown, and that fuzing i 

ortS for te «Sbrter. If the telles either lag behind the prtery 

missile, as in the T-là-type warhead, or lead the 
Crossfire type, the miss distance oí the primary missile is not that of the 

submissiles. The cluster centroid miss distance is then a function of the 

kinematics of the particular encounter. A discussion and evaluation of these 

errors is presented in the subsequent fuzing section. 

h. The maximum attainable kill probabilities for the 

T-irh warhead, computed for a greater range of guidance errors than that shown 

in Tables II, III, and IV, are plotted in Figures 33 to hO. 

i. It can be shown that a consideration of the primary 

m-issile fuzing will’degrade these maximum attainable kill probabilities, 

Srt culaSy when the submissile either lags behind the primary missile as m 

the case of unpowered submissiles, or flies ahead of the primary missiie as 
in the case of the rocket-propelled Crossfire-type suomissile. ^is degrada- 

tion effect is more serious at low altitudes. A discussion of this effect 

presented in paragraph IV,B. An indication of the magnitude of iuzing 

degradation Jan be obtained from Figure La, from an unpublished 3RL Report 
, ° , n T- rv_n Tf Can be seen from these curves that, ior a 

vertical^dive'approacht^the inclSLn of a l50-ft a'F fuzing error will degrade 

the kill probabilities from 9 to itf, at altitudes above 30,000 ft, depending 

on the number of submissiles and ejection velocities considered. 

Page Li5 
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E. FRAGMENTATION AND EXTERNAL-BLAST WARHEADS 

Fragmentation warheads considered here include only controlled- 
fragmentation systems producing generally cubical (or spherica!} fronts, 
excluding special forms such as the continuous rod, the Misznay-Schardin, 
etc. which are discussed elsewhere, 

1, Vulnerability 

a For fragments of the "conventional" type, the 

vulnerable component are usually limited to the ia 
personnel. Criteria for establishing minimum fragment lethality may be 
readily determined without excessive uncertainty, except possibly m 
the case of fuel fires. 

b. Since the IM-99( ) is designed for use against Members 
„„„to a<5 the Troe V and its successors, which can reach altitudes above 65,0 
S where .™LrLh cabin pressurization and pressure suits »ill be required, 
it’mav anisear^that fragmentatiun warheads would be particularly attractive 
f™ ïh“P tfndpoint of inducing -«plosive decompression- of the cr^w »«part- 
ment. In this case, the entire pressure cabin area may be subject to attack. 
tv, V* VvdVvM-itv 4-^0+ a single fragment perforation will induce explosive 
d ««5 i of îh rÄE dSendsVn the altitude pressure differential, 

^»TbiSSatoU'Shin1: Ä at altitudes 

Ä2 2 ¿¡Ä bÄ^Â^TraSÍ 
C Since some target components are sufficiently vulnerable 

to fragments, a more detailed examination of the fragmentation warhead for the 
tí QQ fs warranted. The following discussion includes (1) the design of the 
600-lb fragmentation warhead from the standpoint of optimum C/M ratio, (2) meth- 
oS of oSSning fragmentation control, and (3) expected effectiveness. 

2, Basic Design of 600~lb Fragmentation wnrhead 

It is assumed that the maximum damage effectiveness will 
be obtained from a warhead producing the greatest number of highly ^e^ha 
individual fragments. Since it is impossible to have both great numbers oí 

aS Ugh weight and velocity of individual fragments in any gaven 
warhead envelope, there remains a weight relation between the explosive and 
the^fragmentable metal where the highest effectiveness expressed m overall 
fragment energy for a given amount of explosives, can be realized. It is _ 
then feasibleSto define an optimum design balance relating the explosive weig 

Page h6 
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to the fragmentable-case weight (C/M)_if_the best äesxgn is definas that 
for which the maximum kinetic energy is imparted energy 
equal-mass fragments. This is not to be construed to be maximum energy 
that can be imparted to any one fragment, where, of course, logic dictate 

that very high C/M ratios will be the rule. 

a. The following assumptions are used: 

(1) The Gurney empirical relation of initial velocity 

as a function of C/M is representative of fragsenting warhead designs which 
are geneÏÏÎy cylindrical, with a length-to-dia»eter ratio greater than unity. 

(2) The variation in fragment deceleration as a 

result of aerodynamic drag for equal-mass individua! fragments over the 
velocity range considered here is neglected oy assuming only high alti 

bursts. 

(3) Of the 600 lb allowed for the warhead, 1$ (or 

60 lb) will be devoted to structure, leaving C + M = >h0 lb. 

b In the curve sham in Figure h2, the initial velocity 
is plotted as a function of the C/M ratio, according to the empirical relatio 

attributed to Gurney: 

V = \f 2E 
o 

"'c/S 
i + c7ä 

where >/li" is 8800 ft/sec for Comp. B high explosive. 

c. Figure U3 shows the total mass of fragments plotted as 

a function of the C/M ratio, where C + : = $b0 lb. 

d In Figure kb, the total kinetic energy available in 

controlled fragments is plotted as a function of C/M, based on the curves 

mentioned above and the relation for kinetic energy: 

KE = 
M V or 

W v£ 
2g 

ft-lb 

Referring to Fi^re kh for the 600-lb warhead, the maximum effuciency occurs 

at a C/M of about 1.6, where initial velocity is approximately 8200 ft/sec 

according to the Gurney relation, which is considered valid m this region 

of the C/A ratio, 

e At the optimum C/l,i ratio of 1.5, the 6C0-lb Im-99( ) 

fragmenting warhead would accomodate 216 lb of fragments, which, expressed 

-;s ^ , ),n 
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as 120-erain cubes, constitutes some 12,600 individual fragments. If the 
ãrSd«“ d“S¿d do oroduce a unifo» pattern of 30» rtdth. Idnotaoded 

perfectly at an actual miss distance of Ó0 ft. the target would receive 1.08 
hits per sq ft or a hit every 0,92li sq ft, 

3, Best Methods of Obtaining Fragmentation Control 

a. Several systems capable of varying degrees of con¬ 
trol have been developed for the creation of fragments in the desired ~ize 
ranges. Methods for the production of fragments suitable for antiaircraft 
warhead use are discussed below in the approximate order of chronological 
development: 

(1) Notched-Ring Fragmentation Control 

This system, which probably first appeared 
in wire-wrapped bombs, consists of notching one side of a square wire at 
regular inteSals so that, under the impulsive loading existing at the time 
of"detonation, the wire rings will break at the notches. Variations of 
this method have appeared on the Navy's Sparrow and Terrier missiles, each 
using internally notched square wire arranged in discrete hoops or ring , 
stacks of which are furnace-brazed into ogival or bf "S^xternallv 
nthpr tvoes of explosive ordnance use a continuous spiral of externally 
»îoLd 3re held tojette, by a thin otter shell or other mectonioal means. 
The ™ary difficulty ulth the notehedaaire method lies in the preponderance 
of cha ^f, or small waste fragments, or educed by the material m the vicini y 
of the "notch. The furnace-brazed warheads. further ^ to 
to create fragment clusters if the inter-ring braze is sufficiently stron0 
make the warhead a structurally integral shell. 

(2) Grooved Explosive Charges 

This system, which originated in the United 
Kingdom (Reference 13), was subsequently developed by the Aberdeen Proving 
Ground and more recently by the Naval Ordnance Test otation, Inyokern 
(Reference lM in connection with the Zuni and Sidewinder program , 
consïts of Placing a thin preformed plastic (or rubber) liner inside a 
section of mild steel tubing. The "fragliner" has a regular pattern^ 
identations in the form of staggered rows oi simple cavities. This pattern 

S surface of the explosive filler when the explosive is poured 
inUthe shell. This svstem works well on thinner-walled casings (maximum 
mikness S lA in.) and produces a high percentage of explosively cut 
frlm nts 7' the approximate size and weight desired. The primary ^avantage 
rf thi^ svstem is low cost. However, the limitation of casing thickness 
Ä o'ccSoïl tendency for either Wcontrol" or «multiple fragmente» 
are disadvantages for larger, maximum-efficiency systems. 

Page b8 

SildOBEU 



nr 

III Warhead Design and Lethality Estimâtes, E (cont.) Report No, 991 

(3) Cast-On Fragmentation Pattern 

The warhead case is foundry-cast into a pattern 
which grooves either the inner or outer wall as desired. The pattern may be 
shell-molded for high producibility and accuracy, and the case can be founded 
in either steel or the better-grade cast irons such as nodular iron. Aerojet- 
General's experience with this system indicates that best performance can be 
obtained with an externally grooved, biased (hS to the longitudinal axisj, 
deep-notched pattern. This system is suitable for readily producible, high- 
strength warheads, but it requires additional research and development. In 
particular, this system may also be subject to certain limitations on charge- 
to-metal ratio and thickness-to-radius ratio. 

(k) Embodied-Mesh Fragmentation 

A foundry method is used in which the matrix, 
either molten steel or iron, is poured over a specially coated steel-wire 
mesh having wires on center-to-center distances of the desired fragment 
size. This system works well in certain sizes, but it is apparently sen¬ 
sitive to the diameter of the warhead and possibly to the charge-to-metal 
ratio. Like the cast-on pattern method, this system has a high producui i y 
and low cost, but must be tailored carefully for each application. 

(£) Precut Fragments 

The most successful approach to complete control 
of fragment size and shape is the pre-forming of the individua! fragments, 
attaching then in some way about the explosive charge, and providing other 
st^cuÄ to maintain warhead integrity. This pre-cut fragment method is 
currently used in the HIKE 1 warheads and is the oasis of the earlier version 
of the T-33 warhead for the Bomarc TÄ-99. These two warheads Doth use 
structural shells of steel or aluminum between which the individual fragments 
are imbedded. The developers of both warheads have considered metal or 
SasUc matrices to provide protection for the fragments from the shock-wave 
interaction that can cause spalling of the individual cubes. A ^recent 
refinement of the precut-fragment concept has been developed by Aerojet-General 
for the S-in.-dia, 150-lb warhead for the MX-2117 Bird Dog air-to-air missile, 
and for the 1100-lb t4£ fragmentation warhead for the NIKE B. These war¬ 
heads probably represent the present state of the art in the refinement o 
controiled-fragmentation warheads, and provide, m addition to complet 
control of size and direction of fragments, a high structural strength for 
; mínimum of parasitic weight. The cubical, low-carbon steel ^agents are 
laid on an internal shell of epoxy resin reinforcea with glass fibre. The 
iesin is spread into the interstices between the fragments, ana an outer shell 
for an intermediate shell, with double walls) is laid up directly oyer t . 
fragments Spon (epoxy) resin-to-aluminum chemical bonds provide high end- 
aSSeñí strength! "Lmm rtf«** »»plets c.strol vdth the least „esset. 
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the olastic layup also provides a built-in thermal barrier vMch reduces 
possibility of premature detonation from the high aerodynamic heating charac¬ 
teristic of supersonic missiles. The plastic lay-up, precut system has been 
evolved into a production technique for "laying up" many discrete cubeson 
each warhead (approximately 20,000 for the T-L£, for example). Fragment sizes 
are usually such that steel Tore may be procured in special mill runs, or 
parallelepipeds cut from standard wire sizes could be used. 

b. To summarize, the current trend is toward the use of 
the hi^hest-efficiency systems (plastic-precut) with increasing fragment sizes, 
SLe tie SreLed =Lt is usually a secondary coasideratlon when compared 
with the overall cost of the vehicle. 

Effectiveness of Optimum Fragmentation Jar head s_ as Designed 

for Bomarc 

The following tabulation of the principal pertinent data has 
been prepared, based on computed kill probability as a function of ^rhead 
aï, C/fSh, associated blast, fragment sice, etc, and all based on th 
P 29 airplane as the target. These kill probabilities are cased upon perfect 
•fuzing; that is, it is assumed that the fuze functions at the point of “mura 
lethality. As noted in Reference Ü, however, these kill Probf ^ of 
to be reduced approximately one-fourth to one-third rrobabilities 
tareet variability on fuze functioning. In addition, these kill probabiliti 
S to lïlgeÎ not damage, as required for the Borrare, and m some cases 

they include an assumed bomb load. 

a The variation of the warhead shape and method of 

ÂÏS ÄÄ 2 SÄ8 
of 1.5 represents a sound design compromise. 

Ref, 

15 

Warhead 
Wt (lb) 

600 
(C/M = 

1.5) 

Frag, Alt. 
Wt (gr) (ft) 

A-Kill, Pk 2-min R-Kill, Pk 

cr = 60 ft 
G 

60 ft Remarks 

30 
60 

30,000 
30,000 

.533 

.529 

120 30,000 ¿71 

30° fragment beam; 
2-min kill - struc¬ 
tural, blast, both 
pilots, or 3 or ir 

16 300 
17 (c/Li = 3) 132 35,000 

17 300 132 35,000 
(C/M = 3) 

17 300 13 2 35.000 

,130 + 7.5° frag, beam; 
no bomb vulnerable 

.523 + 7.5° frag, beam; 
LC bomb vulnerable 

.830 + 7.5° fragment 
beam; 2 h0CC-xb 
LC bombs vulnerable 
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b. If fuel vulnerability and bomb load are neglected, 
then these estimates based on B-29 vulnerability may be considered applicable 
to the Type 37 target. 

c. The preceding table clearly reveals that while the 
most efficiently designed fragmentation warheads can have fairly high A-kill 
orobabilities and even respectable K-kill probabilities, the conditions requ 
to achieve this performance are incompatible with the advanced Bomarc require¬ 
ments. To achieve the airframe structural damage required for a ¿-kill, the 
fragment concentration and velocity would have to be increased to_ a point 
impossible to obtain in fragmentation warheads. Special cases, where both the 
concentration and velocity might be increased to desired levels, are discussed 
in other sections under the Misznay-Schardin, shaped-charge, and continuous-rod 
systems. Hence, conventional fragmentation warheads for the advanced Boma.e 
appear incapable of meeting the minimum kill probability, 

5. External-Blast Contribution 

a. It has been concluded in Reference 20 (as a result of 
extensive static firings against stationary aircraft) that for large warheads 
(in excess of $0 lb), controlled-fragmentation warhea-s are better than 
external-blast types against large bombers. The Reference 18 analysis 
assassin- the A-kill probability of an 1100-lb fragmentation warhead con- 
taining 600 lb of Comp. B, against a B-29 target at 30,000 ft altitude and at 
a err of 60 ft, gives a 0.238 probability of A-kill ¿or blast alone, as 
compared with an overall assessment of 0.770 for fragments and blast comomed. 
This appears to be somewhat at variance with earlier results derived in _ 
References 20 and 21 (based on extrapolations of blast contour data obtameu 
from static ground firings against lighter aircraft such as the A-20 and 
B-17) which predicted that, under the above conditions and assuming Perfect 
fuzing, a 600-lb external-blast warhead should give an estimated Pk in ex 
of 0,75. It is considered that these earlier (1950) estimates are super- 
seded by the work reported in Reference 18 and that this discussion indicates 
a correct ordering of fragmentation and external-blast warheads in A-kill _ 
capability. For the advanced Bomarc warheads, however, only L-kilo-S are being 
considered* 

b* An additional consideration relative to external- 
blast warheads as potential K-killing agents, particularly when used in 
coniunction ¿dth controlled fragmentation, is that all testing thus far has 
taken place under less than realistic conditions. The effects ox relative 
target-missile motion, gust loading, etc. have not been sufficiently teste 
for modern high-performance airframes, and the mechanism of target-blast 
interaction is not well known. It is known, however, from the conduct of 
certain restricted experiments, that means exist for the enhancement of blast 
effect from cylindrical or annular-shaped warheads by the use of mul.i-point, 
nearly simultaneous initiation so that the time of detonation is reduced .o 
a minimum. Since the impulse available is primarily a function of the mass 
and type of explosive used, regardless of disposition,^the only means of in¬ 
creasing blast effect (for external-blast applications; is to increase .he pea. 
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overpressure by accomplishing the production of detonation product- in ^ 
short a time as possible. Of the current warhead designs, the annular and/ 
divided types, such as those used on the T-33 Bomarc and the Talos warhe , 
probably present the most difficult initiation and wave-oontrolproblems, from 
the standpoint not only of blast production, but also, because of the prima y 
purpose of these warheads, the production of a continuous-rod Çr d^crete irag 
ments. The incorporation of multi-point initiation, using senes-connected, 
low-energy, high-quality, electric detonators with a time to 
source such as a pre-charged capacitor, would accelerate detonation time 
increase blast effect, and at the same time, would probably resolve ma y 
the fragment and rod directional-control and tumbling “g 
encountered. These improvements, however, may be expected to be reflected m 
bringing the effectiveness of these warheads up to predicted levels, ratner 
than leading to large improvements in lethality. 

c. To summarize the role of the external-blast warhead for 
the IM-99( ) application, it is believed that no matter how well this warhead 
S d,si«L SrÜpid fálloff of blast effect as a function of »i^istanoe, 
particularly at high altitude, rules out the conventional external-blast type 
of warhead as an aircraft structural kill agent for the 19b0 era. 

6. Conclusions 

In reviewing the various fragmentation warheads for their 
ability to meet the criteria established for the optimum Lvi-99( ) advanced 
Bornai Ï is seen that no fragmentation tyr* ( excluding_ the special cases such 
as Misznay-Schardin or continuous-rod) can meet the requirements for a K-kill 
of the structure. Fragmentation warheads which cause numerous, discrete, a 
randomly located perforations of aircraft structure ^ill an a^ne, but 
crobably not in 5 or 30 sec as required. It has been shown that even 
"optimum" design which produces over 12,000 120-grain fragments over a com¬ 
paratively narrow arc of 30° can produce at best only about 1 fragment pe 
souare foot at 60 ft from the point of burst. This calculated average f “ 
ouency of 1 hit per square foot is of course quite optimistic, being dependent 
on Sect fuzing, perfect warhead design and functioning, complete elimination 
of fragment clusters, no loss of fragments to structure within the missile, 
instantaneous initiation, etc, «hen it is realised that, for a mss-distanoe 
dispersion of 60 ft, about 6$ of the bursts mil be it a greater range than 
60 ft (up to 180 ft), it is evident that the resulting fragment spatial di - 
tribution and the accompanying effect of the blast from the 32h-lb high- 
exolosive charge is rapidly attenuated, thus reducing the probability of 
destroying the target far below acceptable values when peripheral condition 
of attack are involved. 

It is therefore concluded that fragmentation and external- 
bla-t warheads do not aopear capable of developing sufficient K-damage lethali y 
llà-r the conditions and guidance errors specified for the Bomarc ai^fen e 
system. These warheads do, however, appear to have good A-damage capability 
fue1 vulnerability is assumed, as shown in Figures and h6. High-altituoe 
fliahtof the targets and the use of fuel inerting systems or nuclear power 

wmllïite most of this vulnerability, however, leaving only the 
crew and power plants as vulnerable elements. 
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IV. WARHEAD FTJZIHG-SYSTEM STUDIES 

A. GENERAL DISCUSSION 

1. The basic requirement for a proximity fuzing system is 
that it be capable of detonating its associated warhead at that pointai g 
the missile trajectory for which the probability of_killing a g 

maximized. To accomplish this requirement, of the 
antiaircraft guided missile must perform most of the basic factions oiu 
fire-control system of an all-weather manned smce the iethality 
of the missile warhead does not depend on contact fuzing. These fire control 

functions include 

Sensing the target's immediate presence 

Computing the optimum firing time, based on exterior 

ballistic data of the warhead as modified by other 

inputs from the missile system 

Generation of the firing impulse at the proper time. 

These functions are examined for selected conditions indicative of the per- 

Snce Rectives of the guidance system for the IM-99( ) .f¡ 
ppntors As noted earlier in the frame-of-reference study, it is desiraoie 

that th¡ fuzing and guidance systems be segregated insofar as practicable. 

2 In a sense, the fuzing and warhead systems must compensate 

for inherent Inaccuracies in the missile guidance or homing system which 

contSbute to Se target miss distance. Consequently, the fuzing system 

SeSÏÏ II a doïïSnt dagrea tha publiât, that tha .arhaad «11 hit 
the target. 

3 The principal parameters in the design of a proximity-fuze 

system for an'antiaÏÏcraft glided missile such as Bomarc may be su^anzed 

a. 
b. 

c. 

as 

a. Missile velocity and maneuver capabilities 

b. Target velocity and maneuver capabilities 

c. Changes in these over the operating altitude of the 

missile 

d. Probable miss distances between Bomarc and target due 

to terminal guidance errors 

e. Fragment or submissile velocity and dispersal patterns 

of the warhead 
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f. Variations in the approach angle between the Bomarc 
and its target due to tactical considerations. 

With these basic design parameters established, the function of 
system is the processing of sufficient and accurate information on the dynami 
relationships of the terminal encounter between the missile and target 
rapidly enough to permit a solution of the fire-control problem and detona¬ 
tion Ï the warhead. In addition, for a gimbaled- or guided-warhead system, 
the fuzing system must also provide continuing guidance information 
warhead in addition to calculation of the tune of detonation. 

I Two general types of fuzing, "collision fuzing" and "leaa 

fuzine « may be distinguished. Collision fuzing assumes that some basic 
pïïSer such aS lead^ngle or direction of fire is fixed. The function of 
the fuzing computer is the calculation of the fusing tune which inll initiate 
detonation at the one instant when the preset condition is first satisfied. 
Lead fuzing, on the other hand, is based upon the continuous calculation o. 
the propViead angle. Hence, there is a time inter,a! du^ng 
Ing may occur at any instant. Lead fuzing is more compUcated that collision 
fusing" since a continuous knowledge of the dynamic or kinematic Ration 
ships between all of the moving masses is required to solve the fire contr l 

problen* 

5 In either case, the accuracy to which fuzing time must be 

calculated is a function of the armament system characteristics. The 
simplest fuze computer would be one of the collision type which would 
detonate an equatorial spray of fragments of such velocity that the targe , 
could be considered stationary for the length of t^me required for t e 
Saints to reach it. Essentially, this type of computer need only de¬ 
termine a time of detonation on the basis of the measurement of fixed 
parameters.^The fuze computer required for a gimbaled or guided warhead 
shoïïd be a lead fuze because of the necessity of supplying special guidance 

or steering information* 

B, TERMINAL ENCOUNTER-KIM'IATICS 

The phrase "terminal encounter" is used here to designate that 
, . » +. traiectorv and target track dunng which fuzing of 

the warhead should occur for maximum kill probability. The kinematics oí 

missile* 

The dual objectives of the terminal encounter-kinematics évalua- 
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fired submissile, and (2) the general delineation of design requirements for 
a suitable fuzing system for use with each basic type of warhead; consider¬ 
ing realistic drag slow down of the submissiles. 

1, Analysis of Terminal Encounter-Kinematics 

a. The following analysis of the terminal encounter- 
kinematics is presented to provide a basis for typical performance data 
useful in the evaluation of the fuzing effectiveness or hit probability of 
high-speed interceptor missiles. Insofar as possible, the analysis is kept 
general; that is, it applies equally to any missile and any warhead which 
operates by ejecting submissiles, including continuous-rod and multiple 
shaped charges, in an equatorial belt. For analytical simplification, how¬ 
ever, the encounter is assumed to be coplanar, or to take place in a plane 
defined by the instantaneous track of the target and the intercepting missile. 
Some additional assumptions are as follows: 

(1) The target and interceptor are both traveling 
along straight lines during the time interval 
under study. 

(2) The interceptor has no angle of attack, being 
aligned with its flight path. 

(3) There is no variation in altitude effect during 
a given encounter. 

(il) The targe* is a point target. 

(5) The interceptor and the target have constant 
velocities. 

Additional corollary assumptions are included and explained at appropriate 
places throughout the discussion. A comparison of the work and results 
presented herein with earlier discussions of the range error and slowdown 
effect in References 1+2 and i+5 discloses general agreement, so that the 
results nay be assumed to be typical. 

b. Figure 1+7 represents a typical intercept case where 
the interceptor is approaching the target in a descending, head-on attack. 
In this case, the interceptor trajectory, line BC, is approaching the 
target track, line AJ, at an angle Y in such a manner that the nearest point 
of intercept will occur when the interceptor is at point E and the target 
at point D. The distance DE is the miss distance, called S in the deriva¬ 
tions and calculations to follow. If, when the interceptor is at point B, 
and a distance AB = R*. from the target, the submissiles are ejected from the 
interceptor missile, then at the time of closest approach of the interceptor 
missile to the target (interceptor located at point E), the centroid of the 
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submissile ring is located at point H (in an exaggerated case). The inter¬ 
section of the plane of the submissile ring with the future target track is 
at point J. At some later time, the target having moved to point F ana the 
centroid of the submissile ring having advanced to point G, the plane oi 
the submissile ring will be intersected by the target itself. At this 
instant, the submissile ring may be designated by its intercepts, K and K , 
in the encounter plane. The distance FG is the true cluster or centroidal 
miss distance, designated y in the following discussion, while the radius 
of the submissile ring, KG, at the time of target intercept is called d. 

c. Since unpropelled submissiles lag behind the inter¬ 
ceptor missile after launching (Reference ijl), the following analysis for 
the magnitude of the lag and its effect on the effective miss distance is 
undertaken to provide insight upon possible fuzing degradation for long- 
standoff warheads. A special case is described later wherein the sub¬ 
missiles are accelerated for a portion of their total flight time after, 
launching (i.e., rocket-propelled submissiles). The notation employed is 
defined in the list of Symbols. The deceleration due to drag is given by 

d2x 

57“ 

-F 
m 

(9) 

However 

/ 2 ^ W F = CD P /2 AV , and m = ~ 

and since V » the equation of motion for the submissile ring becomes 
« u0 

o 
dx 

Cn PAg (ã+) d2x -D^6Vdt 

dt 
2 21 

This differential equation is non-linear and must be solved numerically. One 
particular submissile and one altitude are assumed for each calculation, and 

hence a. coefficient) k rosy be defined 

CD pAg 

2W 
(10) 

which gives 

dt2 
■k (-)' 
K W 

I. is equation may be integrated to yield the following equations for tne 
velocity and the distance traveled, respectively: 
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~ktV 
V e 

m 
m 

(11) 

xt - I in OctVm + 1) (12) 

During the same time interval, the spread ef the submissiles is given by the 

relationship 

t V 
(13) 

m 

To include target action and effect, consideration of Figure I48 and appli¬ 
cation of the rules of trigonometry gives the following relationships? 

V t sin Y + S cos r 
m 

sin ß 
(lio 

where 

ß 0 tan 
, V t sin Y + S cos Y 

-1 m _ .. 

(7 cos Y + V™) t - S sin T 
m 1 

(15) 

and 

y = V sin Y 
7_t - ^ In (klv„ + 1) HI m 

-ktV 
m V e *“ + Vm cos' Y 

m 1 

*1 S (16) 

d. Fi,gure b9 shows four possible coplanar encounters 
which are useful for the evaluation of these equations. By definition, 
the angle y is measured in a clockwise direction so that cos Y is positive 
when Y is less than 90°, negative when Y exceeds 90<\ When the miss occurs 
as shown in Figure ii9a, above and behind a target during head-on approach, 
S is taken as positive. In like manner, it may be shown that S is positive 
when the approach is as shown in Figure h9c, a head-to-tail approach, missing 
below and behind the target. In the case illustrated in Figure h9b, head-on 
aooroach, missing below and ahead, or the case shown in Figure U9d, head-to- 
tail approach missing above and ahead, S should be taken as negative. The 
foregoing sign conventions apply to Equations lu, 15» and 16, where t^has 
the special significance that it represents the time by which submissile 
election leads arrival of the interceptor at point E (Figure U7) on its 
traiectory, at which it is or would be nearest the target. This is to be 
distinguished from t (the time of flight after submissile launching) used in 
Equations 11 and 12, which permits the simultaneous evaluation of y-^ y2» 

jh, and d (Equation 13), and their tabulation with Rx to provide the summary 
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of cases given in the tables comprising the appendix. These tables be 

directly read to obtain range! Rx. 
radius when the warhead ^ cases wherein the submissile misses 
from the target. These determine simnlifying assumption used 
tte tórget, as shorn In a latsr °“ =“£$1 of additional ring 
in cooputing the tables in the app reaches its point of closest approach 
slatdcsm S ^merms U», the velocity of the 
to the target (point E'Ji6^e , ;;ra1ectory is assumed constant. Owing to 
submissile ring along the J ; ter study, and the charac- 
the short time ^^fj^^city-time relationship, íhis assumption does 

Significant magnitude. 

e. For the case of powered submissiles, it f ^™feT 

that the rocket motor or other propulsive kSin Equations 11 and 
launching. To expedite the calcuiations, the value^oi^ This 
12 was assigned an opposite algebraic change of altitude. This 
assumption presupposes a thrust whi yalueëof the calculations 
practical error has no effecton the qualitativem^^ for the 
when they are used for compariso , ered submissile is considered. A 

Sr^ÂsSckS^rh need in a f» P™1^ calculntionn 

does not yield any siinificantly more useful resul s. 

f The total number of cases considered, for »hieb 
results of calculations are presented in the appendix, are deftned by 
aporopriate combinations of the follomng conditions. 

z = 15K, 30K, U5K, and 60K ft 

V = 1000, 1750, and 25CO ft/sec 
m 

VT = 800 ft/sec, and also equal to ?m 

Y = 30°, Il5°, and 60° 

y = 200 and 5000 ft/sec 

The following are velues of the importent parameters used in the numerical 
calculations^ submissile centroid mss destape,. 

CD = 1.2 (clusters), 1.0 (continuous rod)* 

W = 5 lb (clusters), 325 lb (continuous rod)" 

A = 0.1 sq ft (cluster), 10 sq ft (continuous rod) 
* 

* 
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g 

200 

(Values of air density were taken from "Standard Atmosphere 
Tables and Data" prepared by the MCA.) 

(Variations of gravitational acceleration with altitude were 
obtained from standard gravimetric data.) 

S is assumed to be 60 ft, 

2, Interpretation of Tables in Appendix 

a Each sheet of the tables summarizes computed miss- 
distance data for one type of warhead at one ^titude, for 

gravity), the radius of the submissile ring (d). d 

each target velocity at the *'ight tabulated Li the body of the table, 
apply equally to any approach a£g , appropriate y column is selected. 
For any encounter described in F£e d/the target is in 

Then submLssile ring, but'outside the submissile ring by a dis- 

tt ^the0:» S *ut 
DwrSe'rinf W I éi,tZÎ equa! to the difference between d and y m feet. 
It can be seen that two possible conditions occur. 

(1) When y» d, the value of (y - d) in feet is 
sufficiently lar6e so that no conceivable real target could be hat. 

(2) When y « d, the submissile_ring diameter may 
be so large as to completely surround a target without being able to hit it. 

Of these two possibilities the second is unimportant for this study. The 
foilwing example of reading the tables may be of assistance: 

If the conditions to be evaluated are assumed to be 

A = 15,000 ft 

V = 1000 ft/sec 
m 

VT c 10C0 ft/sec 

Y - 

Vp = 200 ft/sec 
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If it is also assumed that the fuzing computer is designedtojire^thejai-^ 

head when the interceptor missile is ¿30 ft from 6 aDDr0priate 
oowered cluster-type warhead is being used, then by entering th® ^opnau 
tables in the appendix at Rx = $3U ft, the following aata are obtain . 

y1 = 70.6 ft 

72 = -^9.U ft 

y3 = 162.9 ft 

= 62.9 ft 

d = tt.O ft 

ÏÏÎÆ. âw 5 ïï*d, then n. the centroidel 

70.6 ft. From election velocity) from the cluster centroid, 
which are 55.0 ft (200 ft/sec ejection vbi the int target 

“such W tgn ^uld h, tde tdul^ 

SK itTl Ä": ace no Utely 
targets which might have such a size. 

b The results of some selected cases investigated are 

=,««Äi: ÄÄ/coln, • 

V = 2500 ft/sec 
III 

VT = 800 ft/sec 

Y - 60° 

Figure 50 eho-.s the graphic preeentatio^oltóbularj.te^f^ 

Figure 51 shows the same da a, o t twQ aDproaches - those resulting 
seen.from a study of -'C ^ +; g _ typically expected to pro- 
in misses 72 and y[;, ahe altitude Approaches resulting in 
duce hits on the target at 30,000 ft altitude ^pproac 
misses yi and y3 are misses^unie s^the effi^¡e¿a2dicateSj how. 

ever! thlt'Stic^'be expected from all approaches when the altitude of the 

encounter is increased to 60,000 ft. 
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c All calculations for fuzing of the ^ cluster-type war- 

„.ad ».re in a STub- 
possibility factor for the clue ®rT. ^ lt8 for a 200-ft/sec ejection 
missile slowdown after ejection. > effect is quite altitude- 
speed and an 800-ft/sec target, indicate that the effect qui 

sensitives 

Altitude 
ft 

15,000 
30,000 
U5.000 
60,000 

Total Cases 
Investigated 

US 
72 
72 
hB 

Cases Where 
Hit Is Possible 

28 
h7 
63 
Ü2 

Hit Possibility 
Factor 

Vp - 200 ft/sec 

0.583 
0.653 
0.875 
0.875 

, the comparatively lo, altitudes of ^'its 
lead can be in a position where a hit ispos^ble in ^ altitudes, 
ipprcaches as a result of submissile slowdown alone au ^ 
6,000 or 60,000 ft, where aeraiynamio effect^ .t ig expectfd that the 
Ls decreased. At altitudes of tó, »va* in 87 of its approaches. 
SUar-typ. »arhead can of tTge 'faTer ^SOO ft/sao 

Ä ÄTfffoi m SiUc. factor at i-ar altitddae. 

d. The kill ^!f^50/TinâlSlk°inltioa. 
assume perfect fuzing and ignore e . level of performance. Because 
and therefore represent the highest P°ssi f warhead must 
of the low radial velocity of the Railes the ^ to provide 
be fired at a very considerable standoff. of^bou^^^i^ aiong the 

an optimum radius of submissiles. Â g subsequent radius of the 
line of missile flight, has Arhead. This fact 
submissile ring and consequently the lethali y ^ from Figures 50 and 
is supported in References 22 and u3, ^ J an error of less than 8 
51 that a range error of fuzing of ft will^caus^ ^ ^00 ft. Air 
ft in the radius of the submiss lie t^ ^ ^ Drobability when sub- 
drag, however, has a very sen u t of warhead are considered, 

fn Te fôuoKg'Sbl“ booaose of the Was. in the effect!« 

iss distance! 

Altitude 
ft 

15,000 
15,000 

.30,000 
30,000 

60,000 
60,000 

Missile 
Velocity 
ft/sec 

1750 
1750 

2500 
2500 

2500 
2500 

Missile 
Travel 

ft 

875 
1750 

1250 
2500 

1250 
2500 

Submissile 
Lag 
ft 

167 
5b0 

210 
69U 

63 
236 

Submissile 
Remaining Velocity 
_ft/sec 

”” 1163 
671 

1751 
13U7 

2257 
2058 

IB!i= 
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This effect is considered to ^ of ^^^f^^^^considered mth the 
generally assu^d ^Refencounter for which the miss dis¬ 
terminal kinematics °f the missile g submissiie will miss even 
tance of the Prinar^r m^ss:L . . a significant percentage of the possible 
a realistically sised target in JJ signiiic th.^effect ig quite altitude- 

approach angles. It is ur. altitudes where dense air causes a 
sensitive, being much greater at altitudes, well above 60,000 ft, 
greater drag and slowdown. At v y hig eding discussi0n was nou intended 
the effect will become negligibl • t|e nature of the slowdown 
to present a general solution, oach angies and altitudes, for a 

primary »-Ue ^ - — 

e. , K can be „¿SSone/fo^SdSo^type 
rocket-propelled submissiles are us thg subrcissiies now fly ahead o 
of warhead. The only difT - behind it. This leads to the con- 
the primary missile instead o gg g rninimized is the miss distance be- 
clusion that the factor which should ^ this not necessarily be 
tween the submissiies and^th | » error of the primary missile to a 
accomplished by reducing , ^^at of the fighter interceptor 
»inli. This is a similar proble» “ solutl„„ requires a ire- 
1 punching rockets or ^“8 both t£»inal guidage “d fuz^i. 
control system to orovide the function the cluster-type war- 

In fher ^Tire-control system in the primary missile involving 

b,?io eSÏÏ ôf the complex E-h to E-9 systems. 

T. « r[0b0i;/::r"ors“- 
election velocity to perhaps ^0° ft/sec or ig shcM in the 

The effect of radial ®Ject^n T® °f 5een from Figure 9 that even for a slow 
lovrer part of Figure ^ b d about 220, and would be about 8 to 
missile, the cone angle would not ex^ would n0 doubt improve the 
15° for higher missile veiociti. improvement since the cone angle 
situation, it »ould or“?gh.r befora this effect can be ad.- 
needs to be increased to about U5 g increase would require raaial 
quately eliminated or minimized Such a; itant conclusion_to be 
ejection velocities of about 2500 ft/se=. the c^itical parameter in the 
drawn from this discussion is the cha g radial ejection velocity, 
fuzing of submissiles having a 1c ' ib bas been shown that the ei.ee. 
in the case of low radial ejection velo y, xac+ standoff distance is 
5 slowdown is important, ^^L^adïli-ejectî^elocity submissiles, such 
not important. However, with hf^^l£^ing at the required standoff is 

S^aï“: The Sfeíof alcdLS on the hit prebability ie relatively 

g To illustrate the effect 

SlÏlirSs“? «nSoiÏÏ «-a - target, E, and 
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Smons - foll“"i 

z = 15,000 ft 

V = 1000 ft 
m 

VT = 1000 ft 

U5( 

Powered Cluster 
Continuous Hod 

Rx 

yi 
y2 

y3 

d 

53U 
58.0 

-62.0 

U9.8 

-70.2 

63.3 

R * 
X 

y2 

y3 

yU 
d 

6U.2 
60. lU 

-59.86 

60.86 

-59.lU 

1W.5 

rPlativelv small increase in hit proDaoix . 
sidered. This is illustrated in Figure 52. 

h. The foregoing analysis 

warheads with relatively lav ejection veloci However, the effect of 
neither precise nor complete in Since (he warheads for 
slowdown is typical, especial y cification, have a low-altitude capa- 
the Bomarc interceptors must, b> J^crlic » avaiiable at any alti- 
bility, and since the necessary rang® f ^ayanmore detailed or precise 
tude for use in a T-lOió-type compu^ ^ * not believed justifiable 
analysis of the low-speed-cluster fuzing sysv 
within the scope of this study. 

i. Th. foregoing 
of high-velocity submissiles which are^uiv teminal encounter- 

to multiple-jet shaped-charge ¿ Figure 53, which defines certain 

^efin^r f’oïïS SeSo“ ^ » e-o » enconnier 

missile ring. 
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similar to the case illustrated in ^8"^^ e““tCT-kSœtics for any 

^ Ähe^n, Chancle,. , , 

required for the high-velocity warheads. 

j. Reference to Figure 53 shows that when the primary 

missile is locateAt poirt %, ft^ ÏÆsklfrin, 
velocity V,. the anele 8 is the “S1! f “nojectlo„ velocity, and 
determined by the vector sum p* ^ target velocity, V?, 
Vw,, the missile velocity. When correlated vath the targe^ ^ ^ 
along track CT, the angie defines a second angl ^ track of the 
"fuzing angle." This fuzing ^ is the angelet ^ ^ (Tf) 

SSLirä: ÏÏstS oflirínl and ^oriented^that a subndssile traveling 

along path BpT with veiocity % (^- Vj> ¡^^^ienío^rators only, and 
point T. Angles 0 and £ of Fl^ ? trigonometry it may be shewn 
have no significance for t e enc * •, illustrated in Figure 53: 
that the following relationships apply in the case mus 

yj e G~ t 

f = arcsin 
Vm sin £ 

T 

VC ° VS + VT " 2VS VT C0S £ 

e - 180 - (e + Y) 

!'or other approach angles» Y, and cases of equations 

in Figura to, £7uP ™ Section of signs 

Ä bgivô"^îlg;S nfl possible esas of encoder: 

,5 ^ tt2 2v V- cos é. (Figures and h9c) 
S T ST 

v2 = v2 + V2 + 2Vq Vt cos £ (Figures U?b and li9d) 
VC S T ST 

£ = 180 - (0 + y) 

e = e - y 

(Figures U9a and h9c) 

(Figures Ü9b and 1198-) 
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Appropriate values may for all ¿ \ are chosen - all corres- 
of approach, Y^are and four ai ^ calculation of a limited 
ponding to previous work in this section calcuiations are given in 
number of cases of encounters. Results of ^ ? ^ and 55 for the cases 
Table IV of the appendix and on th Ph ^ the tabies applies to 
illustrated in Figures U9a and U.,o. 8 L refers to the cases 
encounters illustrated in Figure 56 show the1extreme variations 
shown in Figure b9b. Tf cf changes £ftarget velocity and approach angle, 

äÄ-ÄV1: r£Soo„ti„»Lly corrected tor 

velocity variation. 

3. noa-ipn Requirements for Fuze 

From a careful consideration ofall^the ^Mrea].," targets, 

S feSSÄ aE f0U;WS! 

o- = O.OO25 sec r 
60 ft 

SÄlort^ri^rrÄorcepter. 
ls the tolerance for fusing tine and oj, is the rms »iss üstanoe 

~_ TM oof > interceDtor, 

c. METHODS OF FUZING 

a. Various P^ra^^ers which determine the^kinematic^^ 

relationship between the ^ssile and targe 1 AN/Ï5PN-3U pulse-type 
the terminal guidance system of ^e ^r'¿lative to the missile axis are 
radar, target range and angular positif ^ ^ other parameters such 
available. A computer utiiiz ng ocity, missile angle of attack, 
as missile velocity, warh!fa lead fuzing time for the warhead 

TaseÄ« ^Stsdnioo.tion of the target at sone later tine. 

b. This type of fuse 

which forces fusing information Y “ocities of llOOO ft/seo. At these 

IZt ¡SÄ "Sa'sonablUurate, 

^nf^e"co^SawoTld not provid. accurate proaimity fusing 

for the Bomarc. 
c. a simplified "-1* of the fuse prediot.r-o^ter 

?Äer (the ^ 
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1 • +c nf tarset ranee and from these predict a warhead 
only measure two „uted pom ^3016 fuze computer depends on the avail- 
release time. The accuracy of the T-3010 luze c ^ obtain 

ablity and accuracy of ^J^ ^^^ar rmge information has begun to deter- 
its range measurements before îow-radial-velocity submissiles 
iorate. Such a system functions best with l^raQi^^ submi¿les ^ ejected. 

which require a long standoff from 1 a study of the characteristics 

»rae, 

a In a oulse-Doppler terminal guidance system, fuzing 

ÄLSfof^^ by a 

. + • ^T ~ m + cos 01 where V™ is the 
missile intercepting a target % ^ . X is the velocity 

velocity of the target, V is the vel°^y ° target with respect 

Of ^ ^^5 S*?a mh of tSl-c4 .«ack and tho 
t5le4"t 4 Oh. ads. distance, « « » ^ tte 

At the point of minimum miss distance, 
Doppler frequency becomes ^ 

0 is 90° and the Doppler freqoency becomes , one-haK its onEina! 

.a!«, doing a «Ehradi^ ejecticn^locit^as^the o^tinu». ^ 

or shaped charge, and allowing wafore the Doppler frequency has dropped 
fusing at seme fined frequency -tao ^»retee^^ ^ c<jnl ibly 

to one-half of its original * 4.uis fuzing system as applied to 
be developed. However, the Um^at'onsofth g attack, the change 
the Bomarc are evident, m any but a Uxl 'Chase^or^ Y> For 
in Doppler frequency becomes a fnn^ion t ^ tactiCal situation for 
example, if the approach angle is 60 , a very iik^ y 

i m /i cí^ Rnt the Doppler 
the Bomarc, the original Doppler frequency is (1.5). 

This means that if the 
Vm + 7 T • m 

frequency at minimum miss distance is still x 
Vm ¿ V T m 

toCfr^ncy for thiW» «f 

the target look angle P“ftrit£f pofnt Father study along this 
used to correct the ^'^“‘“LSher such a fusing system would ac- 

^rfdewfïïShead «er any angle of approach between B.^rc and 

its target,, 

there would be a or $0% 
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o An infrared fuse Computer developed for the Sparro» n 

missile (infrared «rsion) is applicable ^.“‘l^^Uon 

“r" - - d 
ratio between tflnimnm Iss distance and relative velocity, r , was develops 

specifically for tactical situations in which the following assumptions were 

valid: 

a) 

(2) 

(3) 

(b) 

(?) 

Small angle of approach between missile and 
target, i.e., tail or head-on attack. 

Velocity of target considerably less than 
velocity of warhead. 

Missile tracker behaves dynamically as single 
time constant. 

Small component of target velocity normal to 
missile line of flight # 

Ratio between angular rate and angular 
acceleration could be approximated by finite 
differences and subsequent integration. 

f This fuze computer is designed to use information 

n the swishing ^irow in inf-^ “f^SSneloïSC6 Ms fusing 
nput parameter, the an^l r* t fhe Doopler-frequency fuzing method 
irinciple is analogous to the change 1 ^attacking the target from 
ireviously noted Assuming ^ rotation rate at long range will be 
iead-on or by tail chase, the sight i minimum miss distance, just 
;ero and will increase to a maximum rate at minimum mis to 
Ls similarly, the Doppler frequency is constant at long range ana 
S of this value at the point of minimum miss distance. 

e The basic fuzing equation for the Sparrow III infra- 
-ed missile derived'from the missile-target geometry of Figure U8 is 

y = t ! . K0 to 0T tan A - T, 

,. nnt require explicit measurement of miss distance, rela- 
Toe«) “ ro)geT its mechanization. The one explicit parameter 

;xve velocity, or range i r ., -line rotation rate, which can 
esquired for this fuze computer is (¡pokers.' In the application of a 
ce measured very aoeuratelyby optical trackers 1 it ls 

SMTSïrSVSeleÂT than the originai dparro. 
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toi„g rfiore f 

Shf ÆkZtionSi= Modified a—1,. TJ» a« min. «.nation 

then becomes f /+ siniX \ | 

Aj--)! -tt 
r 0 ” \ COS ' j 

r 1 - K 
0 1 

valid for the Bornares 

Small angle of approach 

Small component of target velocity normal to missile 

line of flight 

Target velocity small compared to missile velocity 

h In addition, a study of the mechanization accuracy 

oi ttis min. equation Soten nade. ' 
ful selection of electronic components, a fuzing or'moreyare 2ticipated 

tained. Since overall ^ °;f eTTQT of 0.025 sec, or ten times 

£grÄ SäSletÄc standard deviation required. 

i. Another method of fuzing includes both the rate of 

sight-line notation and target inf^tion B^thongt^t^ 

using ranging information, if ^ ^ resultant fuzing equa- 
rotation-rate fuzing system ca T,D~Pt?.r The resulting equation for 
tion is not dominated by the range parameter JJ^esui i g H 
the fuzing time of a system, using sight-lme rotation pi 

information, is as follows: 

r - M 

1 - R0. 
2 3 

MU- >5 "3 

where 
= cos 0 

sin 0 
m2 = 

s 

s 
cos ^ 
V 

M = + sin =>< i P 
Mu = sin 0g 
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11 ‘T "S SnTnfo SS“ TÍ ™ oÄ“r»l"- 
^ 1* 

method is deemed necessary. 

2, Conical-Skirt Fuzing Systems 

a The principle of the conical-skirt type °f fliZ® 

based on the measurement of the time at a 
detected by interception in one or more narrow conical ski_^ ^ ^ 

^“ti^61^1^" conical-skirt fusing systems are worthy 

of evaluation, radar and infrared. 

b The radar conical-skirt proximity fuze generally con- 

3is^iaa;rrÄ 
Stä SS 
-kT SS S: *sr^u:»-Stt-ïï 
ISS a ^ 
as sumptionsí 

(1) Missile velocity considerably greater than that 
of the target. 

(2) Small approach angles between missile and target. 

(3) Submissile velocity considerably greater than 
that of both target and missile. 

c With any of the radar trackers likely J°.be 
the Bomarc, at least approximate closing-veiocity angle 

fuzing system to correct and the target known at the 
and the closing veloci y ' , vhe closing velocity can then 
instant the target enters the to the ®issiie line of flight, 
be resolved into components nomal and parallel to pn ^ ^ detonating 
These components are used to compu e a v radar skirt. Even this type 
the warhead after the target is detectedjDy^j ^ that the miss distance 

or toins "Ä éx^cíei clcslne-veloclty 
is small en ug missile velocity is constant and small in 
relation^to The submissile velocity. The first assumption is not serious 
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”IL a“d magnitude of the eubmaail. ’g^^ÆSeliîe “ouity 
mieeile velocity if the radial sub^ssile velocity and» geell ^ 

s îho 

fvSÄt^ri»o; tr S «ÇOJt/e- For eramp« 
a continuous-rod uarhead and «fth^the -dar^artangl. rf ^ 

adjusted to a V of 2^00 ft/se warhead would miss the 

^f'îdrf1? 1¾ fXc targeTby 20at a range of 60 ft, neglecting 
XXrXiXrX' Thif limitation to the 
T-3010 type of fuzing system could remove th becauRe of the 

be varied by a Fach sen ser, ^ T^s’ . . ’the angle of the slot radiators 

r„13:XlroÂnïeal“Xt"oLh Xlves using additio^ input data, 
»ch « altitude or mesile speed, in the delay-Ume computer. 

d Two tvpes of infrared conical skirts have been de- 

veloped to the poini .her, they could be used the« t,o 
being the sequential and convergen^ sy • pire and Rubber Ccmpany of 

OlflXnirXSr:r.î”hX References W tbrough 60. 

f J t 1 XtTfXSlrX-SglueTfurgetfsS T 
of Infrared fuse detector, that is^ fais tMs the 
the sun or the moon in the d _ two reception beam patterns, 
sequential type of ^frared conica^ ^ h0 two c0¿cal skirts separated 
such as those shown in Figur 5.. discriminate against 
by an angle the WitS this acne arrangeant, the 
targets at long range^from the missile. target at 180 ft from 
maximum til* of transit tete-een -te 1 transit tice would be infinite for 
the tomare missile « “ but mi„ conditions of 10° missile 

Âoír? ‘¿"tLrtbrSrorxsu rx 
2¿”á ÄSZÄXXr;Xit ti« is less than some preset 

time such as 2^.0 ms, 

f Figure 58a shows the block diagram, of an ele=^onic 

circuit capable of sun/or both, enters the 

^£”a«TapÄSy 25 duration, .hieb is applied to the screen 
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jrid of a gating tube. If the pulse which 
luced by a target or a target and the sun, another pulse wUloe p ^ 
jhannel 2 when the target enters the secon^^coniCd c^use it to conduct 

applied to the control grid o g *8 screen grid. The signal from the 
if the multivibrator pulse is still on screen gr . th tron< It is 
gating tube is then amplified and use . . - triggered by the sun 
possible for this type of infrared conifas a target Seing in the field of view o he s cond^s^rW^the^e^im ^ 

enters the field of view of the f it would cause the 
improbable due to the small ? J^n^earlv resulting in less chance ™?he«d to bo detonated » fe. Mlllseoonds early, reselling in 

of a definite in^he^ield of vie. 

fi»d ‘«Âfd%?r.‘ÒrrÄSt. 
Further^study1* along1"this^in^i^necessaiy to aeoentain the «thod of »king 

such discrimination practicable. 

? The convergent or coincidence type of infrared com- 

eal akint ie ^ ^ f f ^.ptic^n^ ^ 

s;TL5^f„ snr 
converge over a licited rang . When * thie being the 
shaded area in Figure 591 0 warhead. The two skirts are located 
necessary condition for deJ0^ - g ^rmit*and are shielded so that any 
as far apart as dimensional 1 to the skirt detectors only a small 
target at a range beyond 5 wi ^ ^ 0v.^eci at still greater distances will 
fraction of its total ¿VS cfn S ¿eined by etatieticl 
be completely cut off. J-he ., and the target due to 
evaluation of the miss disfc^ h ad lethality radius. This type of 
terminal-guidance errors and of the warhead let^ ^y ^ In addition, 

conical skirt conta:i-ns disc^mia or of a ci0se target when the Bomarc is 

iÄ Srforïïtiom ST 
fnligS ^.'"rnetLk P-duces^noug^signal ^rig^the^^ 

ïrÂÂr^er^ by the - beinahe field 

of view of the first conical skirt ^ g ^ probable for the convergent 
second conical skirt. Thls situation is skirt beam necessary 
system than for the sequential system because^0^0^ disadvantage of the con¬ 

to obtain the range discrimnation. lenpth necessary between the two 
vergent type of conical skirt is the ^¿ength necess y^ ^ the Up 

be“Sn' Tr„"ntoSttrhftoe 0 en'fco^ifnt ï dporoii-oiy 10 ft. If S 

Í «' 23. — - “tTe of 
Sobl« of constmcting an optical conical 
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skirt around tha mlsaile bodv at the toe »f»“ 
the shock and vibration of the mssi e w u „ d conical skirt can be 
these limitations, only the sequential type of infrared 
adapted to the characteristics of the Bomarc. 

3. Comparison of Infrared and Radar Fuzes 

a A more detailed study of the fuzing accuracy of the 

sequential type of infrared oontol girt 
the accuracy of the radar conical skirt In Figure!»^ ^ above 
velocity vs optimum skirt angle y . ft/sec and the approach angle 
attack situation with uaa also injesti- 

g£d fn 3of12¿ Ual f totions tos ^rtotoiÄ 

r¿«“ty would increase tte variation in 

optimum skirt angle with missile velocity . 

bo As noted previously, this same problem J variation 

in skirt angle -^^-^/„fi^rofrnfi^rconÍcal^kirt system, 

however, it ^ possible to correct this ”nf"^^"/¿^äs^sucü' 
the skirt angles as a function P fûzing^stem could be attached 
a sequential-type f^^f^etfct or as semblés Ire mounted on a common 
to the Bomarc radome. The a n nntrr This permits both 
rod which is moved fore and ait by a sm 1 , ’ changing the width of 
skirt angles to be changed by Sítaífon for the d-c 
the skirt beams by only a very small am • " ^ with -he reference 
motor is obtained from a s;¡-mp e.*\? . or from an altitude-mean-speed 
input signal taken from a Mac e osition signal taken from a _ 
correlation function, and with the r P V produces a nearly optinnam 
potentiometer driven by the translating gear. This pro 
skirt angle for any missile velocity. 

, STi“ :^:rskto «iStolacr/cSor 

de scribed1, abo veT^kcv 
(1) Under certain conditions, the Mach readings or 

the correlation function fir an altiowter wo^d ha accurate only t. ¿0Í. 

(2 ) The skirt angle could be held only to ±cy% of 

optimum by the servo system. 

(3) The optics and the electronic circuits could 

only measure the location of the target to within 2°. 
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Delay time in electronics, fuzing relay, and warhead were lumped in the 2 
error also. The error curves in Figure 61 are based on a pessimistic tacti¬ 
cal situation, that of a 30° nose-approach angle with both target and missile 
velocity of 2500 ft/sec. It is evident that warhead miss distance due to the 
accumulative error is small at missile miss distances up to 120 ft. Approxi¬ 
mate fuzing errors in seconds may be obtained from Figure 61 by dividing the 
warhead miss distance by the target velocity. For example at a missile 
miss distance of 60 ft, the standard deviation of the cumulative fuzing error 
would not exceed approximately 2.5 ms, still within the allowable fuz ng 
tolerance under the worst conditions, 

D, CONCLUSIONS 

1. The general conclusion to be drawn from the fuzing study 
of the Bomarc'is that no very simple and reliable fuzing system can be made 
to meet all the requirements of the Boroarc missile. Due to the high closing 
velocities involved, very few terminal-kinematics parameters can be assumed 
to be constant or can be ignored. On the other hand, the overall fusing 
accuracy is so important that only a relatively simple fuzing system can come 

within the fuzing tolerances required. 

2, In consideration of these conflicting requirements, the 
following fuzing svstems are recommended in the order of their value as 
proximity fuzes for continuous-rod and multiple-jet, shaped-charge warhea s 

of the IM-59A and IM-99( ) Bcmarc interceptors! 

a, T-3010 Fuzing System — If the beam pattern of the 
radar can be held to within 2° and with closing velocity information avail¬ 
able from the pulse-Doppler radar to provide a variable time delay, the 
T-3010 should provide accurate proximity fuzing, provided that a high-velocity, 
unguided warhead such as the continuous rod or shaped charge is used, me 
only disadvantage of the T-3010 is that it does not correct the optimum 
skirt angle for changes in missile velocity. However, this does not appear 
tobe too serious if the Bomarc is not required to attack very low-altitu 
targets. With a set or variable-range gate (assuming pulse-Doppler tracking 
radar), the T-3010 system can be made to fuze only on close-in targets when 
the Bomarc is attacking squadron formations. Because of the narrow beam 
width of the T-3010 fuze system, it would not be economically feasible to 

jam it with any countermeasure method now known. 

b. Infrared Sequential Type, Conical Skirts - This type 
of fuzing system requires only very sinrole elements which can detect present 
multi-jet bombers at least 300 ft -way. With the two zones, it provides 
discrimination against the sun or moon but cannot provide range or closing- 
velocity information. This must be supplied for the terminal guidance radar 
or t hr ou gh the command system. Missile velocity information can be used to 
correct the optimum skirt angle through translation of the simple optical 
elements. The infrared conical skirt has a possible slight advantage over 
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.„e radar conical cKirt «ltd S « U 

«ZtZ ÄJ5 conical cuna can Ce caed to preval, 

proximity fuzing for guided missiles. 

c 1-3016 and Infrared SigCt-Line-Re«i“ ' 

Tease two fuzing ^te.s «a agied «the Bo-^t?a.‘ The «aolutien 
measurement over a period usen to determine a point of 
of these parameter measiirements^ U detsrmined instantaneously by a_ 
detonation, the same point ^c^an ^ ^ T_30l6 or the infrared sight- 
conical-skirt fuze. Thus, the ;d 0n more than one measurement of 
line-rotation type of 'velocity, or sight-line rotation, 
some parameters such as r ng j ^ 

3. The primary accuracy of c°^^“S^iativettoSthe missile, 
depends on only one “sf^^f^fcLical-skiit type of fuze can pro- 
This leads to the conclusion that only a c 
vide fuzing acciu-ate enough for the IM W 

v> rttmmARY AMD RECOMMENDATIONS 

A. COMPARISON CF WARHEAD TYPES EVALUATED 

The continuous-rod^ the shapad-charge,^and^the ^ aueter 

warheads were given Prlf ?'““S^ntation and axternal-blast warhead 
warhead during this evaiuati . r ^ration after early analysis mdi- 
types were dropped from active /;hese trpes was definitely below the 
cated that the K-kill potential of ^ ^erceptor. The guided, pro- 
minimum standards required for the Bomr, ^ ^ ^ d that 
pelled submissile (cluster family) ^ art is not compatible with the 
the present and the anticipated state o. warhead. The T-UU clustei 
development time scale re^ire^f°Je^0r final eva3.uation and comparison 
was chosen over the Crossfire cluster for tin ^ accomplished on this 
because considerable development work has t stil! subject to expert- 
weapon, whereas the ^ cross-wind launchings, 
mental determination of stability m 

Bases of Comparison 

In the foil wing paragraphe, = 
charge, and T-U-t^e clueter warhe.da are compared on the 

b. 

stimated kill probability, including fuzing 

potential 

Reliability of damage ac hie vene nt 
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c. Reliability of warhead functioning 

d. Problems associated with development and production. 

2. Kill-Probability Comparisons 

a. A comparison of the maximum attainable kill proba- 
bilities for the IM~99( ) is presented in Figure 62 for 30,000 ft altitude, 
and in Figure 63 for 60,000 ft altitude. Each of the curves for the T-UU- 
type cluster warhead represents an average of the kill-probability curves 
for the two target approach angles considered in Figures 33 to U0 for the 
same target and altitude. Figures 62 and 63 show the T-UU-type cluster 
to be superior to either the continuous rod or shaped charge at low guidance 
errors. However, beginning at rms guidance errors of about 30 to U0 ft and 
extending to 1!?0 ft, the expected performance of the continuous-rod and 
shaped-charge warheads, with or without blast degradation, exceeds that of 
the T-Ui-type cluster. The expected lethality of the T-ua against a Type-3f 
target at a 1.5 blast degradation factor falls below the continuous-rod and 
shaped-charge estimates at a somewhat greater miss distance. The expected 
kill probability of the continuous-rod warhead falls off slowly with in¬ 
creasing guidance error, exceeding both other types at guidance errors greater 
than 50 to 70 ft at 30,000 ft altitude, and at guidance errors greater than 
55 ft at 60,000 ft altitude. The kill probability for the 30-projector, 
shaped-charge warhead falls between that of the T-là-type cluster and that 
of the continuous rod at the larger guidance errors. 

A similar comparison of the maximum attainable kill 
probabilities for the IM-99A is presented in Figure 61 for 30,000 ft alti¬ 
tude, and in Figure 65 for 60,000 ft altitude. The T-hh-type cluster war¬ 
head is assumed to package Ui submissiles in the IM-99A installation. It 
is seen from Figures 6h and 65 that the lethality comparison follows exactly 
the trend established in the comparisons for the IM-99( ). 

b. It should be noted that the preceding discussion has 
assumed perfect fuzing in all cases. A high degree of accuracy in standoff 
(range) is required for the continuous-rod and shaped-charge warheads; aow- 
ever this appears achievable by using the comparatively simple and reliable 
T-3010 conical skirt fuze, which requires no inputs from the seeker or pidance 
systems. However, the T-UU-type cluster warhead has a much lower radial 
election velocity and hence must be fired at a greater standoff from the 
target than either the continuous-rod or shaped-charge warheads. Since the 
guidance system minimizes the miss distance betvreen the interceptor and the 
target rather than the distance between the submissiles and the target, it 
has been shown (see Section IV,B, Terminal Encounter-Kinematics) that some 
combinations of approach angle and altitude exist for which it is impossible 
to achieve a collision between the ring of submissiles and the target, ihis 
is i result of aerodynamic drag causing the submissiles to lag behind the ^ 
interceptor as it passes the target. An increase in radial ejection velocity 
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will decrease the required standoff and improve this situation. However, 
a complicated fire-control system is the best method of providing accurate 
fuzing for such a submissile warhead. Assuming that such a fire-control 
system is not feasible for the IM-99( ) interceptor, the use of an alterna¬ 
tive fuzing system will degrade the kill probabilities for the T-^ype 
warhead more than the use of the T-3010 fuzing system willdegradethekill 
probabilities for the continuous-rod and shaped-charge warheads. Therex ore, 
it is the conclusion that, for realistic fuzing systems, the continuous-roa 
warhead will have the highest kill probability at guidance errors greater 
than $0 ft, followed in turn by the shaped-charge and T-Lih-type cluster 
warheads. At guidance errors of less than 50 ft, the warheads will be ap¬ 
proximately equal in lethality, with the shaped charge showing a slight 
advantage, 

3, Reliability of Damage Achievement 

a. The clean, effective cut of structure provided by 
the continuous rod is a sure method of accomplishing the al 
damage required by the provisions of this study to a^ses® a , 
effectiveness has been demonstrated by tests at NMIMT with both l/U- and 
3/l6-in. square rods. The rod cuts through skin and structure to achieve 
its kill, and it therefore is not dependent on target size or configuration. 

b. A shaped charge of the proper size and design can 
produce a spectacular and certain K-kill. However, the diameter and design 
of the shaped charge required to achieve this damage appears to be a func¬ 
tion of target size and design. For example, tests show that an B-in.-dia 
shaped charge is required to produce the same level oi damage on a B-29 
which can be produced by a 6-in.-dia charge on smaller targets. 

c. The uncertainties associated with the evaluation 
of the T-iiU-type submissile can best be shown by citing the range of sur¬ 
face-blast degradation factors (1.5 to 5.0) required to accommodate the 
differences of professional opinion regarding this device. In addition, 
the evaluation of such a subraissile always requires the use of a vulnerable- 
area concept which is dependent on the target size, structure, and .on- 
figuration! It is, therefore, more difficult to predict the efiectiveness 
of this device against possible future targets. 

¡4. Reliability of Warhead Functioning 

a. The continuous-rod warhead as proposed in this 
,udy can be assumed to function more reliably than any of the types 
»nsidered for the simple reason that it requires only one fuze (that of the 
■imary missile), one S-and-A device, and only one detonator, ihe most 
roortant uncertainty for the continuous-rod warhead lies in the possible 
■emature SeaSng °f rod sections. Experience at NMIMT indicates that 
lis problem can be solved by a proper development program for the warhead. 

Pago 76 



V Summary and Recommendations# A (cont.) 
Report No. 991 

nr 

Such a program should include the development oí an adequate for 
inspection of production weldments, as well as the development oi an expío 
sive-wave guide, tailored to the particular warhead design. 

b The multiple-jet shaped-charge warhead is somewhat 
less certain in its'functioning, since a detonator or Primacord lead must 
be provided for each rejector. In addition, a degree of simultaneity 
of function of each of the several detonators or leads is required for 
successful performance of this warhead, 

c The T-lii-type cluster warhead has the greatest number 
of components potentially capable of malfunctioning In addition to the 
primary missile fuze, each submissile is provided with a separate ejection 
charge including a primer and propellant charge and a separate omniüirec- 
tional'fuze. Occasional malfunctions are known to exist in Primers and 
propellant charges. Although a successful omnidirectional ^ze has been 
developed, it is sufficiently complicated to warrant assessing a lower 
reliability factor for it than for a conventional unidirectional fuze. 

« XSd be noted that the fallare of a single subjissale does 
not appreciably degrade the performance of the entire warhead. 

5, Problems Associated with Development and Production 

a. The development of a successful continuous-rod ^ 
warhead for the IM-99( ) requires a program of some magnitude, to determine 
the proper configuration of explosive and wave guides, to determine such 
dfsiS SaSSfas optiuun C/», 1/D. etc., and to develop a reliable 
inspection method and nondestructive test procedure for production rod 
weldments. Once this development has been accomplished, Potion of the 
continuous-rod warhead should present no unusual problems. The ^terials 
°roLd are inexpensive and readily available, and production should be 

raSdand economical. It should be noted that fewer machining operations 
ïe toSvTd ïnâSicatlng thin .arhoad that either of the other, con- 

sidered here, 

b. Based on available skill and background information, 
it is believed that'less development time would be required to determine 
fhe^L desigh parameters for a multi-jet “ 

The .or. expensive, due to the precision required for components 
comprising "tho detonation system. 

C. It can be assumed for the T-hii-type cluster warhead 
that the experience of Aircraft Armaments, Inc., can be utilized. Since the 
Suster warhead as presently developed should be somewhat insensitive to 
miror changes in the IM-99 design and performance, the remaining devolopmen 
frôSe^S sïch a »artwd for the BH>9( ) should be negligible. Hoover, 
the large number of individual components, the submissile fuze, ejector 
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tubes, submissile cases, etc., which require detailed workmanship are such 

that this vrarhead is considered to pose the most difiicult production 

problem of the tliree advanced warhead types considered here. 

B. PRIMARY RECOMMENDATIONS 

1, IM-99( ) Armament System 

A continuous-rod warhead is recommended as optimum for the 

IM-99( ) interceptor in view of the foregoing considerations. 

a. The primary recommended warhead design is shown in 

Figures 7 and 6. The total weight is 593 lb, including a 60-lb provision 

for support rings, duct cutters, and safety and arming device. The overall 

length of the required warhead compartment is 30 in. between clear bulk¬ 

head mold lines. The maximum diameter of the warhead assembly is 25 in. 

The welded rod elements are l/h-in.-square mild steel bar. On firing, the 

expected diameter of the hoop at the start of hinge separation's 3U5 ft. 

After hinge breakup, the expanding rod segments will be approximately 8 to 

12 ft long, and will lose lethality slowly only as a result of gapping. 

The l/U-in.-square steel rod is recommended as a conservative size for the 

attack of the toughest targets. The warhead contains 213 lb of Composi¬ 

tion B and 328 lb of steel in the rod ring. If explosive optical design 

techniques are used in the charge design, the initial radial velocity of 

rod projection may be expected to exceed 5000 ft/sec. The cavity of the 

warhead may be expected to yield a significant S—kill "bonus" through its 

directional blast action in disintegrating the Bomarc interceptor. 

b. The safety-and-arming device employed with the 
recommended warhead is centrally located in the charge cavity. It can be 

inserted or removed through an access door in the forward support bulkhead. 

The device presently planned for use with the T-33 warhead can be used 

with a new booster, or a revised and simpler device may be developed. 

c. The primary recommended fuze for the IM-99^ ) arma¬ 

ment system is the T-3010 fuze with the radar cone angle set at 6U with 
respect to the interceptor longitudinal center line, assuming a ÇOOO-ft/sec 

initial rod velocity and a 2500-ft/sec interceptor velocity. The computer 

circuit used with this fuze to determine a variable time delay also will 

require modification to match the continuous-rod ballistics and target 

intercept relationships. It is recommended that the development of this 

modified delay computer include consideration of rough input data on inter¬ 

ceptor altitude and true air speed in addition to an extrapolated range 

closure rate if improved target hit probability can be obtained, especially 

under conditions of peripheral attack. It is possible that approximate data 

on the target speed bracket might be advantageously preset into this computer 

at launching or in flight b? the selection of a particular target speed band, 

such as high, intermediate, or low, The scope of the present study does not 

permit accomplishment of the detailed studies necessary to make specific con¬ 

clusions and recommendations in this regard. 
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d. Installation of this primary recommended warhead in 

the advanced Bomarc may be accomplished in several ways. It is essential, 

however, that the warhead be a single assembly, since otherwise the function¬ 

ing of the explosive may be seriously degraded. It is not expected that any 

interceptor skin need be removed or "peeled" prior to initiation of the main 

warhead charge. It will probably be necessary to explosively remove an 

external fuselage duct with its concentration of wiring and plumbing. If 

skin removal or duct removal proves necessary on the first firing trials, 

the mechanisms and techniques which have already been successfully demon¬ 

strated with developmental T-ltli warheads may be directly adopted. The 

installations which are feasible are as follows: 

(l) Four- or six-bolt separation of the fuselage 

nose so that it can be pulled forward. In this installation the warhead 

could be mounted either 

(a) With the explosive web aft and with the 

main support from the forward face of a flat fuel-tank bulkhead, or 

(b) With the explosive web forward and with 

the main support from the sides of a deep-drawn fuel-tank bulkhead projecting 

inside the charge cavity, 

(2) Provision of a stress-skin access panel from 

one side or the bottom of the fuselage, so that the warhead assembly could 

slide or be hoisted into position for clamping. 

The second installation listed under (1) above provides virtually no 

interchangeability for other warhead types and is hence not recommended 

despite obvious advantages in achieving a compact, lightweight airframe. 

2. IM-99A Armament System 

a. The armament system for the IM-99A Bomarc is limited 

arbitrarily to fit the maximum available length and weight provisions which 

can be tolerated in the latest version of the present airframes. All elements 

of the primary recommended armament system for this interim or tactical Bomarc 

are the same as those for the IM-99( ) advanced Bomarc except that the 

warhead is considerably smaller. 

b. The IM-99A warhead assembly* based on the continuous 

)d warhead concept, is shown in outline in Figure 8, Design details are 

.milar to those shown in Figure 6. This warhead can be installée in a 

ímpartment which has a l7~in. clearance between clear bulkhead mold unes. 

ie maximum diameter of the recommended design is 30^in. The smaller 
-square mild steel rods are employed to attain a conservatively 

stimated maximum hoop diameter of 187 ft prior to hinge breakup. This 

i ameter will probably increase to 280 ft if the latest performance data 
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(from NMDff) on hinging efficiency can be duplicated in.this low length-to- 
diameter ratio. The warhead contains 63 lb of Composition B and loy lb 
of steal in the rod ring. Despite the considerably smaller charge-to-metal 
ratio of this warhead, the expected initial radial velocity of the rod is 
about 5000 ft/sec, in accordance with NMIMT estimates. 

C. SEC ONDARY REC ŒMEND AT IONS 

lt It is recemended that an advanced, multiple-jet, shaped- 
charge warhead be developed and tested in a parallel, secondary program 
to the point where production tooling would be the next step* 

2* In the IM-99( ) armament system, the multiple-jet warhead 
has 30 radially spaced charges with 8-in.-dia liners. The assembly is 30 in, 
lone and approximately 30 in, in diameter, as shown in figure 1 , e e 
tailed design of one of the charges is shown in Figure IB. The accessories 
for and installation of this warhead are similar to those for the continuous- 
rod warhead design shown in Figure 6. The T-3010 fuze can be usedwrth this 
warhead. The cone angle, however, should be increased to 80 to M since the 
mean jet velocity varies from 10,000 to 20,000 ft/sec. The vanable-delay- 
time computing circuit will also require minor modifications to account ior 
the high jet velocity, 

3. The alternative IM-99A armament system is a 16-jet ver¬ 
sion of the multiple-jet shaped-charge warhead, as shown in Figure 1?» Ihis 
wartead has a 30-in. dia and is 17 in. long, over all. Tte^indi/idual 
charge is the same as that for the larger warhead shown m iigure lb. 

D. RECOMMENDATIONS FCR EXTENDED WORK ON CONTINUOUS-R® 
WARHEAD DEVELOPMENT 

To implement the primary recommendations of this feasibility 
design study with an orderly development of continuous-rod warheads for both 
the IM-99A and IM-99( ) missiles, the following developmental program is 
suggested. This recommended program entails two broad phases arrange 
chronologically to initially develop a system (both warhead and fuze fo 
the IM-99A on a high-priority basis, followed by the development of th 
warhead for the M-99( ). The first phase wouid require the greatest effort, 
both in time and in manpower, to simultaneously develop the 300-lb, 3/lö in. 
square-rod warhead, and to make studies of the associated fuzing requirements 
and computer design to assure »optimum" performance under all conditions o 
intercept and environment. It is estimated that the development of the 
warhead proper, including the delivery of a small number of prototype test 
units, can be accomplished within 9 months, and that the fuze studies should 
require the same time. Since most of the warhead design problems sh°ulJ ^ 
resolved in the first phase, and the fuzing work should be equally adaptable 
to both warheads, it is estimated that the second phase, the development of 
the 600-lb IM-99( ) continuous-rod warhead, could be accomplished in an 
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additional 6 months, subsequent to the initial development of the smaller 
warhead under Phase I. These time schedules are dependent upon close techni¬ 
cal coordination with the research group at NMBff, and assuras further that 
the development grou; will be working directly with the prime contractor 
and cognizant Government agencies. A bar chart of the target schedule is 
shown in Figure 66, indicating the suggested phasing of the work reconmended 

i Phase I - Design and Development of the 300-lb Con- 
tiriuous-Rod Warhead for the IM-99A, and Associated 

Fuzing Studies 

a Part A - Warhead Development 

Based on (1) the initial suggested configuration 

discussed elsewhere in this report, (2) the current status of research at 

NMIMT. and (3) the technological status achieved by the present rod fabri¬ 
cator (the G. W. Galloway Company of Arcadia, California), a new Resign of 

a 300-lb-warhead test configuration should be prepared. Test warheads 

(120° sectors of the full cylinder) consisting of lengths of J/ö-in. square 

bars welded to simple end rings and otherwise conforming to the proposed 

dimensions and annular configuration of the eventual warhead should be fa ri- 

cs.ted, loaded, and tested. The 3/8-in.-square-rod test sections should be 

examined and checked by instruments for bending, scabbing, and other^advers 

effectsJ necessary modifications of design should be made, if warranted. 

Following these preliminary tests, test models using welded pairs of 3/lb-m. 

square rods should be fired and sub.iected to similar examination. It is 

during these preliminary tests that such factors as the influence of C/M, 

L/D, the explosive disposition, shape of wave guides, and the like should be 

resolved. The construction of full cylinders using the continuous-rod nest 

should be undertaken next, and firings should be conducted against witness 

screens and target plates to determine functioning characteristics such 

velocity, percentage of full diameter achieved before breakup, the per¬ 

formance when fired within a mockup warhead compartment, /¾1° 
successful testing of at least five complete warheads, a lot of 20 prototype 

warhead assemblies should be fabricated for delivery to the contracting 

agency or the missile contractor for their use. The time require 

accomplish these steps in the program may be shortened appreciably ^ ® 

success is encountered, which has sometimes been the case 

experience. Conversely, if unusual problems appear, as was the case in the 

TALOS development, it is conceivable that a longer effort may be required, 
although the inherent simplicity of the proposed IM-99 continuous-rod 
designs indicates that this probably would not be the case. 

b. Part B - Fuzing Studies 

fuze studies should be 

"breadboard" ana model 

Concurrently with the IM-99A warhead development, 

undertaken along two lines, one to consist of 

studies to modify existing radar fuzing to make it 
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compatible with the continuous-rod warhead, and the other to investigate 
the feasibility of developing an infrared fuze for the same purpose. The 
two lines of effort are suggested as desirable, since the former development 
should result in a quick solution suitable for interim application, while 
the latter could result in an advanced fuzing system optimized for the 
continuous-rod warhead. 

The present T-3010 fuzing system should be examined 
with respect to the fuze-delay computations and settings and the required 
modifications of the computing circuit to provide for the_alternative 
variable delay necessary to compensate for the variation in angle 01 pro~ 
iection of the rod hoop under the various conditions of environment (velocity 
and altitude) and intercept. Essentially, this would consist of incorpora¬ 
ting instantaneous missile-velocity and altitude data into the computer- 
circuit input if available and desirable, and suitably converting this in¬ 
formation into the variable time delay. For example, at low altitudes, the 
velocity of the IM-99( ) will be considerably less than at higher altitudes, 
and assuming that the Bl-99( ) velocity is 1000 ft/sec and the radial . 
projection velocity of the rod hoop is 5000 ft/sec, the angle of departure 
will be 78.5° with respect to the missile longitudinal axis. At high 
altitude, where the IM-99( ) can achieve 2500 ft/sec, the same rod would 
depart at an angle of only 6Lt°. It can readily be seen that a fixed-cone 
fuze with a variable delay based only on extrapolated, range closure rates 
can conceivably result in a miss of the target if the angle of rod projection 
is not taken into consideration. Therefore, to insure performance 
under peripheral conditions of attack, it is proposed that a_ breadboard 
and optical model laboratory investigation be undertaken during the Phase I 
warhead development to determine the desirability and practicability ol 
modifying the T-3010 radar fuze as discussed above. 

It is recomended that in addition to this study 
a similar «breadboard'1 and model feasibility study be conducted to evaluate 
infrared fuzing for this role. Since infrared fuzing is less susceptible to 
countermeasures and is capable of detecting either hot bodies or contrasting 
heat areas, a more refined fuzing, with respect to closure rate and specific 
target reference, is obtainable. With an infrared fuze, missile speed and 
altitude input data could be used to alter the cone or look^ “S1®» an^ 
the closure rate and/or missile speed data could set the variable time delay. 
This part of the fuze study should be conducted concurrently with the 1-3010 
modification study, so that developmental effort beyond these two investi¬ 
gations could be confined to the more promising system. 

2, Phase II - Design and Development of 600-lb Continuous; 
Rod Warhead for the Bi-99( ) 

50Û-lbTversion,"using l/U-in. square rods, is proposed. Two factors make 

Following the development of the 300-lb warhead under 
an additional 6-month effort for the development of the larger 
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this warhead development practicable within the shorter development period: 
(a) The longer warhead is apparently more suitable for rapid transition „0 
developmental hardware because of a more satisfactory L/D ratio, the use 
of l/h-in, square rods, etc. (b) The data available from Phase I should be 
adaptable, at least in part, to this development. It is expected that 
sincle-bar and welded-pair firings would again be necessary prior to tests 
with full-scale rod designs, although indications are that the conversion 
can be comparativelv rapid because of the simplicity of the design. Phase li 
should also culminate in the delivery of 20 units to the contracting agency 
or the missile contractor after qualification and applicable MIL-STD testing 
had been accomplished. 

Page 83 



Report No* 991 

PEOSilCgS 

1. Ballistic Research Laboratories, Letter üFJDBG-BRL-W, AP3 S I60/8, to 
Aerojet~General Corp., dated lo May 19^5 (Secret) 

2. Boeing Airplane Co., Document D-lU308, '-XF-99 lässile Data Affecting 
the Ordnance System Design," 9 April 195¾ (Secret) 

3. Boeing Arlane Co., Document D-16715, "Survey of Fragmentation Warhead 
Effectiveness," 22 March 1955 (Secret) 

b. Ballistic Research Laboratories, Sead Report^. 776, "^^^^(Secret) 
Assumed Fuzings for Boraarc Phase II Qixidea .as^i-So, Laioh 195 

c Ballistic Research Laboratories, Technical Note Ho. 807, "Methods for 
5 the Evaluation of Large Caliber H. B. Shell Fired from Fighuer Axrcraft 

on Pursuit and Offset Collision Courses,» July 1953 (ueciei) 

6. Aerojet-General Corp., Report No. 767, Volumes I anLIT)c"°^1gn 
Feasibility Study 30-70mm Weapon Program,' 2 Dec. 1953 (Coni.) 

7- 

9. Aerojet-General Corn., Report No. 9),5, "Crossfire Aircraft Weapon," 

29 March 1955 (Secret) 

10. Ballistic Research Laboratories, Memo Report No. 7h/, "Damage to B-U 
Aircraft by Internal Blast,’1 Dec. 1953 (Secret) 

ll- ESÄÄSS SÄT 
April 1955 (Secret) 

12. AA Lethalit- Committee, Paper No. hi, "Report of the Anglo-Canadian 
Lethality Mission to the USA," Nov.-Dee. 1953 (Secret) 

13 Axmanent Research Establishment, Report ).,/51, "Controned Fragmentation 
13‘ TS2 Steel Castings by Means of Grooved Charges," April 1951 (Conf.) 

lL. Naval Ordnance Test Station, Rocket Quarterly, NAVORD Report No. 2085, 

Dec. 19^3» ppt (Conf.) 

15. Ballistic Research Laboratories, 
and Burst Points for Boraarc Phase li u,icec. ...w&iiáa. 

Page K'u 



16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

2 It. 

23. 

26. 

27. 

28. 

29. 

30. 

Report No, 991 

HSESHaNSSS (eont.) 

Ballistic Research Laboratories, Technical Note 868, "Comparison of Designs 
of 1-33 Bonarc harheads for Use Against B-29 Type Aircraft," Feb. 195« 

(Coni.) 

Ballistic Research Laboratories, Maso Report 695> "Ef■ectiveness of Bomarc 
300-lb ..arheads Against B-29 Type Bombers," Jan. 1952 (Conf.) 

Ballistic Research Laboratories, Technical note 979» "Kill Probability 
for the T-î'5 Fragmentation Warhead for NIKE V Feb. 1955 (Secret) 

Rand Core., RLi-lIt05, "The Terminal Vulnerability of Aircraft to Non- 
Nuclear Rounds," 3 Jan. 1955 (Secret) 

Ballistic Research Laboratories, Meso Report 507, "Effectiveness of 
Warheads for Guided Missiles Used Against Aircraft," 20 March 1950 (Conf.J 

Ballistic Research Laboratories, Report 7ltl, "Damage to Aircraft by 
External Blast," 25 Oct. 1950 (Conf.) 

Rcyal Aircraft Establishment, Technical Note Ho. G» W. 296, "Preliminary 
Discussion of Possible Future Antiaircraft Guided Weapon Warheads," 

Jan. 1955 (Secret) 

Ballistic Research Laboratories, Memo Report 631, "Elementary Comparison 
of Antiaircraft Warhead Types," Nov. 1952 (Conf.) 

Ball's-tdc Research Laboratories, Memo Report 679, "Determination of 
the Optimum Charge Weight for a Cluster-Typo Antiaircraft Warhead," 

June Î953 (Conf.) 

Aircraft Aimients Inc., Report BR-173, "Design Study and Tests of 
Cluster Type ïïarhead for Bomarc Iiiis.'.lle,n Oct. 1953 (Conf*) 

Aircraft Armaments Inc., Report No. CR-f-'O, "Pnass II Final Report, 
Cluster ii/arhead for NIKE I Missile,» 25 May (Conf.) 

Armour Research Fondation, Report ARD No. ;.D30, »Preliminary Design 
of a Cluster 'YarheacI for the Bomarc Guidée, fissile,» r¡ov. 195u (Conf.) 

Emrineerin;, Research Associates, Sium'aary Iteort TAI-2/03, »Feasibility 
Study of Bomarc Suhidssile Fuze,’1 28 Jan. 1?5^ (Conf.) 

Aerojet-General Corp., Report imo. L2827-2, ''Ballistic Studies of Dart 

for Quill Missile,» 9 May 1955 (Conf.) 

Aerojet-General Coro., Report No. 371, »Terrina! Ballistics Study 
A3R0FLAK-K Rocket Warhead," 12 Oct. 195u (Conf.) 

Page 85 



Report No# 991 

r 
j- 

T 

r 
ï 

T 

RSFERENCES (cont#) 

31. Naval Ordnance Test Station, Technical Memo lL¡65, "Some Effects of Reduced 
Atmospheric Pressure on Hypervelocity Fragment EeaíTls,,, kay 1953 (Conf*) 

32. Naval Ordnance Test Station, NAVORD Report No* 2018, "Studies of Damage 
to aircraft Structure at Long Standoff," March 1953 (Genf*) 

33* Naval Ordnance Test Station Technical nemo ho# hll, "Efiect of Single 
Hypervelocity Pellets Against Simulated Aixxrait Sections," 19 April 1951 
(Conf#) 

3¡4, University of Michigan, Report UHR PR-31 » Project Wizard MX-79U# Progress 
Report No* 31# 1 March - 1 June 19$2 (Secret) 

35. Royal Aircraft Establishment, Technical Memorandum No. G. VJ. 237 
"A* Review of Estimates of Guided Weapon Lethality," Dec. 195U (Secret- 
Discreet) 

36. Aerojet-General Corp., Letter PS-1+610, Enclosure (l)"Proposal for Guided 
Warhead for the Destruction of Ballistic Missiles," 17 Jan. I?n5 (Secret) 

37. Boeing Airplane Co., Document D-l!:135> "iuethod to Evaluate Hit 
Probability of High Velocity Submis'dies Launched from MX-1599 
Warhead," 10 Feb. 195a (Conf*) 

38. Nevr Llexico Institute of Mining and Technology, HDD Report i-821, 
"Rod Design," Feb. 1952 (Conf.) 

39. New Mexico Institute of Mining and Technology, HDD Report T-9B, 
"Aircraft Damage Studies," June 195^ (Conf.) 

1+0. New Mexico Institute of Mining and Technology, HDD Report T-907, 
"Aircraft Damage Studies," April 1953 (Conf.) 

1+1. Ballistic Research Laboratories, Memo Report 630, "Preliminary Study 
of a Cone-Fuzed Cluster-Type Antiaircraft V.'arhead," Jan. 1953 (Coni.) 

Ii2. Ballistic Research Laboratories, Memo Report <300, "Single Shot Hit 
Probabilitier for Bomarc Cluster /iarheao.s," March 195h (Conf.) 

h3. Ballistic Research Laboratories, Technical Note 808, "The Efiect of 
Fucin;: Errors on the Effectiveness of a Cluster-Type Antiaircraft 
Warhead," June 1953 (Conf.) 

I+A. Boeing Airplane Co., Document D-ll:6ll, "Preliminary Study of Bomarc 
Fuze Problem,-" 23 Dec. 1953 (Conf.) 

Page 86 



Report No. 991 

U6. 

U7. 

I18. 

U9. 

50. 

51. 

52. 

53. 

5lu 

55. 

56. 

57. 

58. 

REFERENCES (cont.) 

Diamond Ordnance Fuze Laboratory, Report TR-130, ''Bomarc Cluster-ïïar- 
head Fuze - Effect of Combined Air-Drag and Range Error, 13 Dec. 195U 

(Secret) 

Aerojet-General Corp., Report No. 928, "Fuze Study for Sparrow III 
Missile vdth Infrared Guidance," 30 March 1955 (Secret) 

General Tire and Rubber Co. of Calii’ornia, Report No. 2019, "First 
Progress Report - Model 23Ai,ï 8 Oct* 1948 (Secret) 

General Tire and Rubber Co. of California, Report No. 2028, "Second 
Progress Report - Model 23A#M ih Jan* 19^9 (Secret) 

General Tire and Rubber Co. of California, Report No. 2031, "Third 
Progress Report - Model 23A,n U Mar. 1914*9 (Secret) 

General Tire and Rubber Co. of California, Report No. 2039, "Final 
Progress Report - Model 23Aftt 11 May 19Ü9 (Secret) 

Aerojet-General Corp., Report No. 939, "Optical Seeker for Missile 

Guidance," 18 March 1955 (Secret) 

Aerojet-General Corp., Electronics and Guidance Division, TM~520î55“6- 
161, "A Preliminary Study of Target and Transmission Characteristics 

for Infrared Fuzing," 7 July 1955 (Conf.) 

Jour. Appl. Phys., 23î2, "Fast Jets from Collapsing Cylinders," 

Dec. 1952, pTÜÕO 

Discussion with Dr. C. B. Cassity and Mr. M. L. Kempton, of the New 
Mexico Institute of Mining and Technology, at Socorro, New Mexico, 

9 May 1955 and lU June 1955 

Shaoed Charge Journal, October 195^, "Flash Radiographic Study of the 
Effects of Initiation upon Jets from Linear Charges, L. Zernow, 

S. Kronman, G. Caudill 

Rand Corp., Report S-3U, "Proceedings of the Rand Symposium on High- 
Speed Impact," May 1955, pp. 67-130 (Secret) 

w Mexico Institute of Mining and Technology, HDD Report 5l7, "Flash 
d Heat Effects Accompanying Perforation of Metal Targets by iragra - 

k-e Proiectiles." J. Rinehart, et al., 3 Nov. 1947 

MDRC Summary Technical Report, Div. 2 Vol. I, chap. 2, pp. 93-95» 
"Effects of Impact and Explosion." 

Page 87 



Report Nof 991 

SYMBOLS 

Effective area of submissile 

Drag coefficient 

Distance from submissile to centroid of submissile ring 

Force (general) 

Acceleration of gravity 

Aerodynamic coefficient 

A constant determined by the selected tracker angular rate 

Mass 

Probability that target suffers K-structural damage, given a hit 

Probability that warhead functioning results in a E-kill of structure 

Probability that the target is hit at least once 

Range to target 

Range rate 

Shortest normal distance between primary missile and target 

Time* or time interval 

Time of detonation of warhead 

Time computer stops operating 

Time interval during which computer operates 

Equivalent tracking-loop delay time 

Velocity (general) 

Closing velocity between primary missile and target 

Closing velocity between submissile and target 

Primary missile velocity 
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SYMBOLS (cont,) 

Submissile projection velocity normal to primary missile axis 

Absolute submissile velocity 

Instantaneous velocity of submissile at time, t, after firing 

Target velocity 

Velocity of target normal to flight line of primary missile 

Velocity of target parallel to flight line of primary missile 

Weight of submissile 

Distance traveled in time# t 

Distance from centroid of sutaissile ring to target in plane of ring 

altitude above sea level (standard atmosphere) 

Angle of attack of primary missile 

Angles used as mathematical operators 

ngle of approach 

he angle between any selected radial line emanating from a point 
argetSand the line of minimum distance between the missile fligh 

ath and the target 

.ngle between flight path of submissiles and track of pr^ary 

lissile 

relocity of light 

-i -r Hpnñitv 

Standard deviation of guidance error normal to trajectory at point 

of nearest approach 

Fuzing time tolerance 

Fuzing delay time 
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SYMBOLS (cent») 

Sight-line angle relative to flight line of priiiary missile 

Rate of change of sight-line angle 

Sight-line angle measured by tracker 

Angle between primary missile flight line and line directly to 
target at t, which vdll assure the submissiles striking the targe 
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TABLE III 

M/aiMUM ATTAINABLE KILL PROBABILITY, cra = ho FT, 10 SLOïïB/N, PEEIFEGT FUZING 

Type 37 Target 

60,000 ft 30,000 ft 

T-ltU Design 
1,5 Factor 
5,0 Factor 

Crossfire 2,00-in 
.55? lb hbx 

a = U5° 
E = 16° 

.930 
,815 

.855 

A = 135° 
E = U5° 

.926 

.780 

.838 

A = hS° 
E = I450 

.960 

.888 

.925 

A = 135° 
E = li5° 

.955 

.850 

.910 

B-à? Target 

60,000 ft" 30,000 ft 

T-itU Design 
1.5 Factor 
5.0 Factor 

A= 0 
E = 30' 

.780 

.765 

A = 30“ 
E = b$° 

.852 

.816 

Crossfire 2.00-in, .820 .890 

A= 0( 
E = 30 

.800 

.765 

.820 

A = 30° 
E = 1*5° 

.882 

.8li8 

.895 

Wage determined by using 0.65 of TNT equivalent for 30,000 ft. 
This assumption matches Type 37 data. 

Table III 

g[I©[BET 
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TABLE IV 

MAXIMUM ATTAINABLE KILL PROBABILITY, cr = 60 FT, NO SLOWDOWN, 
G 

PERFECT FUZING 

Type 37 Target 

T-l|U Design 
1,5 Factor 
5 .0 Factor 

60,000 ft 

A = 1¿° A = 135° 
S = E = W° 

30,000 ft 

A = 
F, = 

o 
o 

,810 .792 
.622 .580 

.875 .6?0 

.730 .672 

Crossfire 2,00-in. 
,557 lb HBX .678 .660 ,792 *770 

B-h? Target 
* 

60j0u0 ft 

A = 0 A = 30° 
E = 30° E = hS° 

30,000 ft 

A = 0 
E = 30 

o 
A 
E 

T-lih Design 
Factor 

5,0 Factor 

Crossfire 2.00-in. 

.580 .679 

.56? .670 

.633 .735 

.605 .720 

.567 .670 

.633 .738 

»Average detexmned by using 0.65 of TNT equivalent for 30,000 ft. This 

assumption matches Type 37 data. 

Table IV 
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TABLE V 

MAXIMUM ATTAINABLE KILL PROBABILITY, cr G 80 FT, NO SLOWDOWN, PERFECT FUZING 

Type 37 Target 

60,000 ft 

A = h$° 
E = 

A = 135° 
E = U5° 

30,000 ft 

k = b$ 
E * U5 

0 

0 
A = 135 

E = ii5 

o 

o 

T-14l Design 
1,5 Factor 
5.0 Factor 

Crossfire 2,00-in 

,670 .652 

,1*85 .^7 

,538 .513 

.750 .7tó 
,590 .530 

,655 .630 

Bjj7 Target 
* 

60,000 ft 

A = 30° 

E = 1*5° 

30,000 ft 

A = 0 A = 30° 

E => 30° E = 1*5 

T-ltli Design 
1,5 Factor 
5,0 Factor 

Crossfire 2,00-in 

,1*1*3 *535 
,1*30 .527 

,1*93 .596 

.1*65 .580 

.1*30 .528 

.1*93 .598 

^Average determined by using 0.65 of TNT equivalent for 30,000 ft. 

This assumption matched Type 37 data. 

Table V 
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RVOftT NO. PAML 

600 Ft und Continuous Rod Wazhzad 

Length "C 30 Inches 
D/ametek SS Inches 
C.Ç. Location'*"(Est) M Inches 
Me tai. In Kops 330 FbuNtxs 
C/M (Anpeox) .65 
S Ttzuc TUk.AL Skjt&DEu 60 Pounds 
Zoo 6he Inch 

Theoretical FEpformance 
Max. Hoop Día. 564 Ft. 
Exhevtbp Hoop Di* . t 345 Ft. 
Veíoc/ty ex Zoo >4500FF5 

t Diameter. INH/cN Will Probably (Dec¿he Before Fiest- 
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MOT NO. Paml 

Fwo. ,'T3 

300 Pound Continuous Rod Wazhead 
ThioketkaL Performance 

Max, Hoop D/a. 312. Ft. 
Lençth "L " HINCHES 
O)a Ai ETER "D“ 30 Inches 
CÇ.Location"Y.m(Est] ô? Inches 
Metal In Pods /7° Pounds 
c/m 'A ppAox.) > 4 
ômucruKAL Burden 50 Pounds 
Pod D'7-e Mi*Ml. Inch 

Expected Hoop DiA.f 200 Ft. 
Velocity op Rod >SOÕÕPPS 

f D/aaieter Which Peo&ably Occur Before First 

BrecaH In Hoop. 

COMF1 DENTiAL Figure 8 
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1000 1500 ?000 2500 

MISSILE VELOCITY IN FT/SEC. 

SKIRT ANGLE VS. MISSILE VELGCITT FOR HEAD ON 
ABOVE AND TAIL BELOW CONFIGURATIONS 
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r « 60° 

SKIRT ÂNOIE VS. MISSILE VELOCITY FOR 
HEAD ON BELOW AND TAIL ABOVE CONFIGURATIONS 
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mSSILF VELOCITY IN FT/SEC 

LIMITS : 

VT: 800 - 2500 FT/SEC. 
APPROACH ANGLE: 30° - 60° AND 120° - K0° 
ALTITUDE: 15,000 FT - 60,000 FT. 

8OO FT/SEC 
800 FT/SEC 
1000—^ 1750 FT/PEC 
1750— 2500 FT/SEC 
1000—^ j.750 FT/SEC 
1750--^- 2500 FT/SEE 

EXTREME VARIATION:' IN CONICAL SKIRT ANGIE 
DUE TO VARIATIONS IS MISSILE VELOCITY, TARGET 
VELOCITY AND APPROACH ANGLE 

PAB 
7-8-55 
500:59-315 

orfi&yá*-- (je/i&a/ 
C O R P O R 4 Ti O \ 
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SCHEMATIC ARRANGEMENT DUPI£I CONE 
ACTUATION SOLUTION - TWO CELLS 
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