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FOREWORD

This report contains the results of an advanced weapons
systems study whose objective was to establish the most effec~
tive means for killing heavy ammor in forward combat areas,
This program was originated at Pitman<Dunn Laboratories Group,
Frankford Arsenal, by Mr. Sidney Ross, who initiated the concept
of post firing correction for anti-tank recoilless rifle-
launched missiles, Although this concept has been evaluated
within a single, well defined area of epplicstion, the prin-
ciples of post firing correction presented herein can be
readily applied to numerous weapons systems of varying range
and warhead delivery requirements,
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OBJECT

To conduct a feasibility study of the spplication of terminal

guidance to operationel recoilless antitank wespons systems

SUMMARY

Presented is a summary of the feasibility study of adapting post
firing trajectory correction technicues to operational recoilless enti-
tank weapons,

The study, informslly designated Project POLCAT, contributes a
solution to the problem in the form of a specific weapon system, The
recormended system minimizes miss distence by combining conventional
fire control methods with relatively simple post firing correction
techniques, Post firing correction is echieved by using a frame fixed
infrared seeker for guidance and impulse steering for control. Besed
on the technical analyses and the experimental testing as reported,
it is concluded that the recommended advanced weapon system is entirely
feasible and warrants serious consideration for weapon engineering

design and development,

AUTEORIZATION

OCTM No. 36116, 29 March 1956



1.0 INTRODUCTION

Project POLCAT was initiated as a weapon system feasibility
study to establish a means for increasing the long range hit
probability of recoilless antitank weapons. The material pre-
sented herein constitutes the final report on this effort and,

as such, contains a proposed weapon system that is judged to
be the most promising method for fulfilling the requirements of
the study program.

Since the POLCAT system represents a solution to a problem
which has received extensive examination in the past and since
the specific weapon system described herein is the result of a
considerable effort currently being conducted by the Pitman-
Dunn Laboratories, Frankford Arsenal, and the Bulova Research
and Development Laboratories, the subject material is introduced
by discussing (1) the historical background from which the weapon
system concept was generated and (2) the status of the effort that
has been conducted up to this time wherein a specific weapon
systern was developed and, then, examined in many areas to
establish feasibility.




1.1 HISTORICAL BACKGROUND

During World War II, the Army initisted a phase of weapon develop=-
ment with the objective of providing infantrymen with lightweight,
direct fire, artillery caliber weapons, The subsequent program pro=-
duced a family of recoilless rifles that supplied infantry units with
a destructive capsbility that could not be attained with conventional
wezpons, The earlier recoilless rifles, 57 mm and 75 mm, could be
deployed.against light vehicles, crew-served weapons, and pillboxes,
These were not considered as primarily antitenk weapons, but were
used as such when required. The relstive effectiveness of these rifles
as antitank weapons has decreased with increased tank armor development
since World War II, and they are no longer considered as antitark
weapons, However, the contimuing development of the recoilless rifle
over the years has yielded notable increases in overall weapon effec-
tiveness by increasing warhead size and effectiveness, by increasing
accuracy and range, and by decreasing rifle weight. As a result, the
primary mission of the more current recoilless rifles is amtitank sup-
port for the infantry unit, battalion, and platoon. The modern, more
poverful recoilless rifle cen destroy heavy enemy armor forward of the
battle position and still be transported by hand for short distances,
Concurrent with the most recent advances in the technology of recoil=-
less rifles, Pitmezn-Dunn Leboratories has realized that the current
estimates and eppraisals of future weapon performance require that a
constant search and examination be made for a means to increase the

destruction capability and the range effectiveness of such weapons,

An early study (ref.l:3) of the effect on hit probability of increased




velocity attained with rocket assist indicated that 1little could be
gained by the "flat trajectory" attained. It was apparent that an

order of magnitude advance was required.

In response to this need, Bulova Research and Development Laborsatories,
Inc,, were requested by Frankford Arsenal to investigate the problem
of increasing the long range hit probability of recoilless rifles by
considering the application of several guidance and comtrol technigues
utilized in guided missile systems, On 30 March 1956, the Bulova
Research and Development Laboratories, Inc., were awarded a study comtract
by Frankford Arsenal to investigate the feasibility of adapting post-
firing correction technique to recoilless rifle systems, At the out-
set it was recognized that much of the current guided missile technology
was not directly applicable to this specific problem due to the severe
conditions imposed by rifle launching and the relatively short time of
fligh't:. Further, it was realized that any proposed weapons system would
have to retain, insofar as possible, the basic characteristics of infan=-
try type antitank weapons, viz., simplicity, ruggedness, mobility, and
relative immunity to detection, The prevailing determination was, and
still is, to generate ideas that do the Army'hs Jjob and live in the field,

The study comtract was initiated by examining several likely guidance
and comtrol techniques to establish whether any of the subseouently
evolved systems appeared sufficiently promising to warrant detailed con-
sideration. From this effort a system was conceived which, by virtue

of its obviously uniqueness and apparent compatibility, was outstanding
and deemed most capable of fuifilling the specified requirememts, It is
this weapon system that is described in detail in the following sections
of the report,
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1.2 STATUS of PROJECT POLCAT

The Project POLCAT effort has consisted =f two general areas of
examination;

1) analyzing general weapon system requirements based
on immediate and future needs of the Army and

2) substantiating the feasibility of a weapon system that

fulfills specific performance requirements.

To evolve valid and definitive weapon requirements an effort was

made to obtain and study the judgment of the most competent and
knewledgable personnel in the Army. This was accomplished during
the initial phases of the program by conducting a literature survey

and threugh direct contact with those persennel responsible for field
evaluation, planning, weapon development, research, weapen
assessment, etc. From these contacts the specific weapon system
requirements discussed in Section 2.1 were established. Further,
general conclusions were obtained regarding the depleyment of
weapons in the future, It appears that for a wide cross-section of
weapon types and for varying mission requirements, mobility is a
prime attribute. The demands of medern weapon system plarning, as
exemplified by the eperatienal requirements of the '"brush-fire' war
or the atemic environment, dace a new definition on weapon mobility.
In this respect merely putting a weapon on wheels is no longer sufficient.
Mobility is determined by such capabilities as self-propelled, air
droppable weapons, but also includes logistic requirements, minimal
crew consideratioens, and combat readiness as established by weapon
maintenance and crew training requirements. These factors combined
with the other major system requirements are reflected in proposed
antitank weapon since all the considered weapon system approaches were
evaluated on the basis of fulfilling the broad requirements of the Army

as well as specific performance requirements.
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With a well founded backgreund for evolving a tactically useful antitank
weapon, the technical effort of Project POLCAT proceeded to solve

the specific engineering problems associated with the weapon system
itself. The initial task consisted of analyzixig likely guidance and
control technique for incorporation within an antitank projectile.

The results are summarized in Reference 1 wherein it was recommend-
ed that an impulse contrelled, infrared seeking projectile be given
serious consideratien as a post firing correction technique. Following
this recommendation, an analytical program was conducted in order

te moi-e carefully examine the dynamic and kinematic characteristics -
of this type of guidance and centrol. The results obtained by two-
dimensional and three-dimensienal simulation served to verify the
compatibility of the pdéposed guidance and control technique as applied
to the antitank weapon system. (See Reference 2). At this point a
field test pregram was initiated to substantiate the apparent benefits

of impulse control by flight test. A detailed description of the test
program is presented in Reference 3. Briefly, the program required
no special instrumentation or equipment. The test vehicle shown in
Figure 1.1 was an existing projectile modified to permit installation of
a control unit. The tests were notably successful, unquestienably
demonstrating the effectiveness and reliability of impulse control. The
results of the firings are presented in the Technical Discussion, Section
3.3, Presently, the Bulova Research and Development Laboratories

are investigating the preblems of semi-active illumination of targets.




This study program awarded by Frankford Arsenal requires the
construction of a lamp capable of fulfilling target illumination

requirements, similar to those of the proposed weapon system.

While the status of the Project POLCAT accomplishments are
limited in terms of the everall engineering effort required for
weapon development, the achievements to date do represent
solutions to some of the more critical problems. Project POLCAT
has undoubtedly served to generate a new weapon system concept
and in addition to qualify to some extent the proposed antitank

weapon.
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2,0 GENERAL DISCUSSION

The characteristics of the POLCAT weapen are presented in the

fellewing manner:

(1) The operational requirements as derived from the
nature of the antitank mission and guided by general

weapen system requirements are stated in Section 2, 1.

(2) The weapon systern concept which provides the means
for fulfilling the specified requirements is described
in Section 2. 2,

(3) The application of the system concept to the POLCAT weapon
is given in Section 2,3 which contains the functional
description of the antitank system,

(4) An estimate of the physical characteristics and the
required performance characteristics of the system

components is given in Section 2, 4.

2,1 OPERATIONAL REQUIREMENTS

The basic objective of the POLCAT program is the eventual development
of an antitank weapon system that is capable of attacking and destroying

enemy armor deployed in forward combat areas.
By possessing an extraordinarily high hit probability and a high degree

of mobility, the more advanced antitank weapon can provide ground

units, infantry or mobile, with an effective means for combatting
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tanks despite any advantages afforded the target by heavier armor

or superior firepewer,

To perferm this task the antitank weapen must be provided with the

following operational capabilities:

(1)

(2)

(3)

(4)

(5)

(6)

First round prebability of hit shall be greater than
. 80 at maximum target range.

Effective combat range shall be at least 2000 yards,
There shall be ne limitatien within the weapon system that

establishes a minimum engagement range.

The weapon system weight (less ammunitien) shall not

exceed 600 pounds., This permits the weapon system

to be hand carried for shert distances, mounted on light
vehicles or heliocopters, etc,, thereby assuring the sventual
fulfillment of any self-prepelled and/or airdrop requirements,

The weapon shall deliver a warhead of such size and effective=

ness te defeat heavy armor,

The weapon systemn combat readiness shall be equivalent te
conventienal ordnance systems. Once the weapon system
is deployed in the field there shall be no need for special

maintenance or check-out,

The weapon system shall require a crew of three men,
The operation of the weapon shall not require any of the

crew to qualify as technicians or specialists,




2.2 WEAPON SYSTEM CONCEPT

The outstanding capability of the proposed weapon results from a
well-considered integration of fire control methods and guidance

and contrel techniques. The unique quality of the weapon system

lies with this concept of obtaining more advanced weapon effective-
ness by dividing the responsibility for system accuracy between

fire control and post firing correctien and by relying on simple,
rugged components to effect system simplicity and mobility. The
basis, then, of the system concept is the establishment of a compati-
ble combinatien ef fire centrol equipment and guidance and centrol
components. A significant aspect of this approach is the breadth

of the area of possible applicatien. Any weapon that depends on a
pre-firing estimate for target impact can be examined in terms of
augmenting its existing hit capability with post firing correction.
Current efferts to increase weapon effectiveness have considered

two distinct approaches, by improving the fire control of conventional
ordnance systems or by developing guided missile systems to replace
gun systems. The long established trend in the development of fire
control has indicated that, presently, a small imprevement in the
accuracy of the fire control equipment is accompanied by a substantial
increase in complesity and weight, thereby reducing reliability and
mobility., Even if the penalties of improved fire centrol accuracy
would be sustained, the gains in overall weapen effectiveness are
limited to an absolute maximum since the random errors of projectile
flight still remain. These inherent limitations of the conventional
ordnance system have supported the potential changeover to guided
missile systems. While the missile system presents a direct solution
to the accuracy problem, it does not always fulfill all the requirements
that establish overall weapon effectiveness. Where it is essential that

11



weapons be deployed in forward cembat areas, the complexity of

the equipment, the difficulty of transpert, and the crew require-

ments of the pure missile system severely limit the utility of this
type of weapon, hence, degrading its everall effectiveness.

The POLCAT cencept relies en conventienal fire centrel equipment
and gun launching te establish near accurate initial conditiens fer
projectile flight. The resulting deviatiens of the projectile frem
the desired trajectory are small compared to the excursiens of low
acceleration launching systems (rocket boost). While the laumching
loads ef the POLCAT technique are extremely high, the requirement
on the magnitude of subsequent in-flight cerrection is low. This
permits censideratien of simple, almost crude guidance ard centrel
techniques, which inherently are capable of sustaining the leads at
launch. Fer the application examined in the POLCAT effert, the
system concjipt proved to be fundamental to the generation of a
weapon system that fulfilled the desired requirements.

12
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2.3 DESCRIPTION of WEAPON SYSTEM

The proposed weapon system represents an integratien of (1) 8 recoilless
rifle for launching (2) optical fire contreol equipment for initial gun
pointing (3) a projectile containing the required guidance and centrol
compenents for post-firing correctien, and (4) a lamp for target illumi-
nation. The unique characteristics and capabilities of this antitank
weapen that differentiate it from existing recoilless rifle systems can

be attributed to the prejectile which incerperates an impulse type control
system and a frame fixed infrared seeker for guidance. The projectile
is similar to existing rounds in that it is fin stabilized, fired frem a
106mm receilless rifle, and contains a shaped charge warhead. How-
ever, the overall projectifpdesign is distinctive by nature of the require-
ments for guidance and control as illustrated in Figure 2.1. The
infrared sensiang elements with the associated electronic equipment

are located in the projectile nose which is constructed to fulfill the
requirements for satisfactory seeker operation. Since the seeker
system is fixed to the projectile body its capability is limited to measuring
the angle between the projectile tongitudinal axis and the target line-of-
sight. Thus, the seeker cannot detect nor separate false inputs (resulting
from projectile pitching motion or flight path curvature) from actual
flight path error. Howgver, by filtering the seeker output and by a
judicious selection of a steering law, the required relationship between
the actual and the measured flight path error angle is maintained. The
steering law is simple requiring a single application of control during
flight. The magnitude of the flight path correction which is induced
instantaneously by the firing of the impulse cartridge, is equal to a pre-
determined, seeker measured, flight path error angle. This reference
angle for contrel is selected to provide the highest probability of hit over
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the design range for the one shot steering technique. In addition to
the hit probability requirement, the accuracy of the fire contrel
system has a significant influence on the choice of seeker threshold
angle for control. However, once the optimum threshold is chosen,
the impulse requirements for control are established. Essential

to the functioning of the proposed guidance and contrel technique is
projectile roll rate. The spin of the projectile provides the means
for seeker scanning and establishes the rate of detecting the target
signal. Further, projectile spin introduces continuous and rapid
orientation of the control cartridge thereby reducing time delays in
the control functiening cycle, and affecting near optimum ceaditiens
for polar steering.

To attain high hit probabilities with single shet control, flight path
correction must occur relatively close to the target. For the maxi-
mum expected trajectory errors, the distance from the target at
which control is applied will not exceed 600 feet. In committing the
system to single shot control the benefits of any type of fire contrel
are fully explated since post-firing correction is utilized only when
the projectile is destined to miss the target.

In operation, the projectile is fired at the target based on the available
pre-firing estimate of range to obtain a hit. With the target {lluminated

by the lamp, the launched projectile continually obtains a heming signal
which, by design of the lamp, is of sufficient intensity and is eof discrete
nature to prevent jamming or confusien. When the target line of sight
angle exceeds the pre-selected threshold angle for centrol the seeker

fires the cartridge. If at launch the projectile is destined to hit the

target, the line of sight angle will not exceed the threshold angle in

which case the projectile will remain on its established ballistic trajectory.

14
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The proposed technique for post firigyg correction requires a new and
in many respects a unique projectile design whereas the recoilless
rifle and fire centrol system are fundamentally unchanged. This

does not imply that an eventual development program will not require
redesign of the recoilless rifle or consider the use of varieus fire
control techniques. The system requirements, however, regarding
the gun or the fire control equipment are reasenable within the state
of the art, and not subject to questions of feasibility. The same
philesophy applies to handling and transporting the proposed weapons
system. The system can be mounted and carried in a similar manner
that is used in the deployment of, existing or projected, conventional
recoilless rifle systems. Thus, the weapens system does not present

special problems in logistics or personnel training.

The mechanism of post-firing correction is self-contained with the
responsibility of the gun crew limited to initially pointing the gun and,
then, keeping the beam of the illuminator on the target during the
flight time of the projectile. The overall effort that will be required
to place the weapon in the field might be summarized as the adaptatien
of the specified guidance and control concept to existing recoilless
rifles.

1



2.4 DESIGN REQUIREMENTS

To provide a brief, yet distinct, representation of the antitank weapon,
preliminary design requirements for the system components and

for component performance are described. These specificatiens
represent what is presently considered essential to successful weapon
system operation. The analytical work that established the specified
characteristics is presented in the following sectien, Technical

Discussion.

The POLCAT weapon system is considered to be constituted of the

sub-systems presented herein and illustrated below in a functional

block diagram.

FIRE
CONTROL PROJECTILE
GUIDANCE » CONTRO1| [WARHEAD
RECOILLESS
RIFLE \\
\
\
\
/ N
TARGET /
ILLUMINATOR 5| TARGET }
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2.4.1 PROJECTILE

hett— 1. 66—l 33 =

1?0

/

—
g — 10.6

1
I_Ml\l

1All dimensions in calibers

Weight © . ¢ o v s ¢ ¢ o ¢t e p ¢ ¢ e ¢ ascas &3.4]bs
PIAINSEEY. o 5 io & 5 Tel 5 8 et e a8 s sk siiten e 105 mm
Length . . . ¢ ¢ ¢ ¢ 0 o 6o o s s 00 ocoe.o 44,0in

Center-of-Gravity from Nose . . . . . ... . 17.41in
- Moment of Inertia in Pitch . . . . . .. ... 2350 Ib-in®
Moment of Inertia in Roll + « « + + « . . . . . 43 lb-in®
The preojectile design provides for the incorporation of the frame
fixed infrared seeker, the impulse control cartridge, and the shaped
charge within an airframe that fulfills the basic aerodynamic require-
ments for satisfactory flight and, in addition, fully reflects the require-
ments for gun launching. Accordingly, the component and airframe
design is predicated on the extremely high axial accelerations imposed
at launch. The size and arrangement of the components are dictated by
the physical restriction of the gun tube diameter and the requirements

for effective and reliable performance of the target seeker, control
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cartridge and the warhead. The projectile nose is shaped to assure
efficient collection and transmission of radiant energy. Within the
forward section of the projectile the internal arrangement and pack-
aging of the infrared seeker and its associated electronic equipment
accounts for the free space requirements peculiar te shaped charge
performance. The location of the warhead relative to its initiation
mechanism in the projectile noese provides an adequate stand-off
distance. The control cartridge is placed behind the warhead at the
projectile center-of-gravity thereby fulfilling the primary require-
ment for the effective utilization of impulse-type control.

By gun launching the projectile and by incorporating an infrared seeker,
obvious compromises are reflected in the aeredynamic design of the
projectile. Despite the rigorous design restrictions the proposed
airframe possesses the desired flight characteristics. Although the
seeker is housed in a hemispherical nose the total projectile drag is
not inordinately high. Adequate projectile stability is obtained from
the short span, dorsal like, tail which is fixed and does not extend
beyond the limits of the gun tube diameter. Every consideration has
been given toward evelving the lightest possible airframe whereby it

will be possible to use existing guns for launching.

20
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2. 4.2 GUIDANCE PACKAGE

@ e
/

The target seeker is an infrared sensing device that provides homing informa-

AN

tion to the control system by measuring the angle between the projectile
longitudinal axis and the line of sight to the target, Utilizing reflective optics,
the target line of sight angle is detected within the seeker in the form of a
polar angle. The seeker always provides the erientation of trajectery error
and when the magnitude of line of sight angle equals the specified angular
control capability of the system, ceontrol is initiated, Since the target seeker
is fixed to the projectile airframe, the measured line of sight angle includes
projectile angle of attack, To provide the required accuracy, the seeker
output is filtered whereby the influence of spurious airframe motion is
effectively reduced,

As in any infrared homing systemn the selection of the type of sensing element
is based on the target radiation characteristics, Since the proposed weapon
system provides for illuminating the target rather than depending on its
inherent radiant energy to provide a signal of sufficient intensity, the problem
of evolving a target seeker is considerably less complex, The resulting seeker
design is relatively simple consistent with the need for rugged, highly reliable

equipment,

Sensing Elemient . . . « « ¢« s s s s s + 5 s s « » + PhS

Spectral Range « « « « « « ¢ o ¢ ¢ ¢ ¢ oo ¢ 0o 0 ¢ o 1.0to 3,0 microns
Field of VI€W 45 s o o o o o & 50 5o o o6 o & s o 10 degrets
Accuracy of LOS Angle Measurement., . . . . . . 2 mils

Power Required . . « « « e ¢« ¢ ¢ e o ¢« o o« o « » « .28 volts, 5 watts
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2,4.3 CONTROL PACKAGE

=

Flight path correction is introduced by a single impulsive force applied at the

B

projectile center-of -gravity normal to the prejectile body axis, The impulse
delivered to the airframe is generated by a rapid burning propellant centained
in the cartridge located aft of the prejectile warhead. In-flight centrol is
initiated by the target seeker which functiens the electrical primer. The
primer has been selected to provide reliable and efficient ignition of the
propellant, Werking within practical limits of maximum chamber pressure,
the primer and propellant combination initiate and deliver the required
impulse with minimum time delay., This assures that control is obtained

with the desired orientation for the anticipated projectile roll rates,

Impulse Gontrol . ¢ ¢ 5 6 s o o a « ¢ 6.6 6 o o 6 o 35 lb=-sec
POFMbioh « o o s w0 o wia 50 o8 5999 0e sesw = w = 003 B8C
Chamber Volume ¢ ¢« ¢ ¢ ¢ « ¢ ¢ 6 ¢ 6 06 0606460060 10cu in,
Prépellant o'. G o sl e e Gl s e E e e M2

BRI S e sl v e o 8 e e e @ Sl e e b e L D

Maximum Correction to Flight Path. . . . « « « « 50 mils
Minimum Correction to Flight Path, . « ¢ « ¢ « «+ 33 mils
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2,4.4 WARHEAD AND FUZING

C 2 —

The projectile contains a shaped charge warhead whose size is comparable
to existing 105 mm HEAT rounds. Altheugh the warhead is placed behind

the target seeker, the latter is packaged in such a manner that the zone

™

within the warhead cone and forward aleng the warhead axis is free of any
equipment or structure that could conceivably prevent the formation of a
continuous and effective jet upon target impact. The armor penetration
performance of the shaped charge is enhanced by maintaining a relatively
large distance between the warhead liner and the projectile nose, Stand-
off distance of the homing projectile is greater than that of most existing
uncontrolled HEAT rounds, In addition, by including several warhead
initiator s in the fuzing system, the warhead can function effectively at

higher angles of obliquity.

While the shaped charge is detonated electrically, the warhead is armed at
setback mechanically, A delay of 33 milliseconds is incorporated in the

arming mechanism to provide crew safety,

Weight of ChATge & o o s o « s s 5 « a s ¢ o » & « 3:5 1bs,
Typeof Charge . . . . . « o « o o o o o o Comp. B or better
Stand-off Distance . « « « « o o o o o o o o o o » 2.0 cal,
Shaped Charge Liner . . « « « « « « « « « = « « « COpPpPer

ArmingDelay.on..onoono..n..o.oSO£to
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2.4.5 TARGET ILLUMINATOR

Target illumination for the projectile homing seeker is provided by
narrow beam, arc-type lamp. Complete security against counter-
measures is assured by suppressing the visible light and pulsing the
infrared energy at a discrete frequency. The aiming of the beam is
accomplished by boresighting the axis of the lamp with a fixed focus
telescope similar te the instrument used for fire control. The narrow
beam width is obtained from a folded, reflective optical system.
Modulation of the beam is performed by a mechanical chopper, The
overall design of the lamp is oriented toward achieving lightweight,

thereby affording pertability in the field.

Type carbon arc
Power Output 46 x 106 candlepower
Beam Width 1 mil
Diameter 18 inches
24



2.4.6 FIRE CONTROL

The overall system requirements on fire control accuracy are predi-
cated on the use of the simplest of existing equipments, namely, a
fixed focus telescope and a coincident type range finder. The telescope
mount is ‘'secured to the recoilless rifle so that it moves in azimuth

and elevation with the rifle. The gunner aims with that part of the
reticle so as to obtain the desired deflection and range. The reticle

is illuminated for night operation. The range finder provides range
estimation by depressing or elevating the finder until the erect and
inverted target images meet at the halving line. The telescope
determines the angle of site whereas the range finder determines

super elevation,

Telescope M85C
Magnification . . . . . . . 3X
Field of View . . . . . . . 12 degrees

Range Finder M 7 or M9AL1
Magnification . . . . . . . 14X
Base Length . . . . ... .1l meter

Field of View. . . . . . . . 3 degrees

25



2.4.7 RECOILLESS RIFLE

|

The controlled projectile is fired from a recoilless, portable weapon.
The outstanding feature of the recoilless rifle is its light weight
permitting transport by hand for short distances or mounting en rela-
tively light vehicles. While the mobility of the recoilless rifle is an
unquestionable advantage, its rearward blast must be considered in
all cases of its depleyment. In additien to the danger to personnel
within a considerable zone to the rear and sides of the rifle, the

problem of security after firing exists.

The recoilless rifle is single loaded with a manually operated breech.
Within the present applicatien it is used in direct fire only.

Rifle «....v......M40 (modified)

Caliber .......... 106 mm
Length...........134 inches
Weight..oeeeoen. .250 1lbs

Ammunition...... Controlled, HEAT round
Muzzle Velocity.. 1650 ft/sec
Powder Charge .. 10.0 1lbs
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3.0 TECHNICAL DISCUSSION

A complete and detailed summary of the analytical and experimental
work conducted for Preject POLCAT is presented in the following
sections. In additien to describing the efforts of the Bulova Research
and Development Laboratories in executing its contractual commit-
ments, the subsequent discussion also includes the substantial contri-
bution of the Pitman-Dunn Laboratories, Frankford Arsenal, to the
overall POLCAT effort.

3.1 AERODYNAMICS

It is the purpose of this section to present the estimated aerodynamic
characteristics of the POLCA;I‘ projectile and based on these predic-
tions to perform an approximate aerodynamic analysis. The immedi-
ate discussion describes the manner in which theoretical methods

and experimental data were used to determine drag, lift, moment,
and damping of the projectile. The estimates of these coefficients
are summarized in Figure 3.1-1. In the subsequent sections the
trajectory characteristics, the projectile dynamic behavior, and the

aerodynamic loads are presented.

Throughout the analysis, the aerodynamic notation given below is

used.
AR aspect ratio (bZ/Sf)

b exposed fin span, ft.
- s Dra

CD drag coeff1c.1ent, ?S_g

: e, Lift
CL lift coefficient, -CE_
CL lift curve slope, per deg.

a

: : e Moment

C pitching moment coeff1c1ent,m-—-
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c ffictent, S -
P pressure coefficient, —¢
d maximum projectile diameter, (. 344 ft.)
L moment of inertia in roll, (. 0093 slug-ftz)
Iy moment of inertia in pitch, (. 507 slug-ftz)
M Mach number
m mass (. 726 slugs)
S| dynamic pressure
RT target range, yds.
S maximum projectile frontal area, (.0935 sq. ft.)
Sf exposed plan area of two fins, (.30 ft.)
v velocity, ft/sec
a projectile angle of attack
6 projectile pitch angle
T projectile flight path angle
$ projectile roll angle
e frequency in pitch
A target line-of-sight angle
$ T target polar angle

3.1.1 Estimation of Aerodynamic Coefficients

The drag estimate of the POLCAT projectile is based entirely on
experimental data obtained from wind tunnel and free flight tests of
References 4 to 12. The drag penalties of various missile nose shape
for infrared seeking are given in Reference 9 from which it can be

concluded that over the expected Mach number range of POLCAT




projectile flight the use of a hemispherical nose appears reasonable.
At these speeds this nose shape does not incur unduly high drags
whereas significant advantages are derived in terms of more efficient
collection and transmission of radiant energy. The effect of nose
bluntness on drag is illustrated in Figure 3, 1-2 which indicates a
substantial reduction in drag by utilizing a nose radius less than the
body radius., The difference in drag between parabolic and round
nose shapes is shown in Figure 3.1-3. The drag variation specified
for the POLCAT projectile is faired between the test data to account
for the minor differences in nose shape., With this increment of
drag due to the blunt nose, the total projectile drag is estimated from
the test results given in Reference 4 for a missile configuration

that closely resembles the POLCAT projectile except for nose shape.
The similarity between the test model and the POLCAT projectile,
the drag build-up, and the variation of projectile drag coefficient

with Mach number are illustrated in Figure 3.1-4.

The lift characteristics of the projectile are determined by combining
theoretical estimation techniques and experimental data. In the
absence of test data, projectile lift is usually obtained analytically
using such procedures as presented in Reference 13 and 14. The
value of these methods is based primarily on the ability to estimate
wing-body interference effects. The POLCAT configuration with a
blunt nose and dorsal-like tail fins does not lend itself to direct treat-
ment by either of the analytical methods whereby the interference
effects can be determined. However, the procedure of determining
total lift from component lift is used to establish Mach number

effects whereas experimental data are used to establish the magnitude
of total projectile lift. Initially, it is shown that slender body theory

provides a reasonable estimate of body-alone lift curve slope for

30
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all body shapes at low angles of attack. A correlation of experimental
lift curve slopes at subsonic and supersonic speed is shown in Figure
3.1-5 for round, conical, and parabolic nosed bodies of varying
fineness ratios; the change in lift curve slepe with Mach number is not
substantial. The effect of angle of attack is given in Figure 3.1-6
where it is shown that the slender body value is applicable for angles
as high as 5 degrees. With regard to the lift curve slope of lifting
surfaces, the varieus low aspect ratio theories establish that for
aspect ratios less than 1.0 the value of lift curve slope at low angles
of attack is independent of Mach number and planform. In Figure 3.1-7
two theoretical variatiens of lift curve slope with aspect ratieo are shown.
The results from Reference 19 (Jones) treats low aspect ratio delta
wings and indicates a linear relationship between lift and aspect ratie.
Reference 20 contains the analysis by Krienes of lew aspect ratio
elliptical wings. Despite the difference in planform both theories
agree at the lower aspect ratios. Thus, with regard to body-~alone
and wing-alone lift it is concluded that neither varies with Mach
number for the conditions established by the POLCAT cenfiguratien.
Further it is assumed that the wing-body inference effects are also
independent of Mach number. The latter assumption is .substantiated
by the experimental data plotted in Figure 3.1-8. The test results
from Reference 21 and 22 were obtained for wing-body combinations
with very low aspect ratio wings. It is apparent there is ne substan-
tial variation of lift curve slope with Mach number of these configura-
tions. The usual lift curve slope variation is shown by the test
results from Reference 23 with the expected transonic rise of lift.
However, these data were obtained with a configuratien that possessed
an aspect ratio 3 wing. Having estalished that lift curve slope of the
POLCAT can reasonably be assumed to be constant with Mach number,

the value of lift curve slope is determined from a correlation of
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experimental data given in References 10, 24, and 25. Figures 3.1-9
and 3,1-10 illustrate the results of correlating the lift data obtained
for a series of short span, wing-body combinations whose tail area
and planform characteristics can be classed with the POLCAT projec-
tile. The tail aspect ratio and the tail exposed area-to-body frontal
area ratio of the POLCAT are applied to the two correlation curves

to obtain the estimated lift curve slope.

While it can be assumed that the lift curve slope of the POLCAT

is constant with Mach number, this assumption cannet reasonably
be applied to pitching moment since it is known that the pressure
distributions on the body and lifting surfaces undergo censiderable
change with Mach number. As previeusly neted in Figure 3,1-8
this distributien change does not necessarily reflect in the lift

curve slepe although distinct shifts in center-of-pressure are knewn
to occur. The pitching moment coefficient of the POLCAT projec-
tile is estimated by the relationship

Y
Xcg ~*cp T 2
T
a
where xcP and xcg are measured from the nose in calibers, Since
center -of -gravity locatien and lift curve slope have been predicted,
pitching moment coefficient slope is determined when center-of-
pressure location is known. Figure 3. 1-11 illustrates the in-flight
stability of a rocket test model for varieus center-of-gravity locations.
These data obtained from Reference 4 have been corrected for
projectile fineness ratio and shown relative to the POLCAT projectile,
The center -of-pressure movement as obtained from Reference 21

is used to guide the fairing of a curve between the subsonic neutral
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point and marginal center-of-gravity location at M = 1.3, With a
center-of-gravity located 4.2 calibers aft of the nose, the POLCAT
projectile has a static margin of 0.7 calibers at launch, The
maximum static margin of 1.8 calibers occurs at M = 0.9, The
pitching moment coefficient given in Figure 3.1-1 is obtained from
the static margin variation shown in Figure 3,.1-11 and with

constant lift curve slope of .095 per degree.

The estimation of the coefficient of damping-in-pitch is based on
the experimental data presented in References 21, 22, 26, 27,

28, 29 and 30. The prediction of this coefficient is less reliable
than the other aerodynamic characteristics since available experi-
mental data is not directly applicable to the POLCAT configuration.
The magnitude of the damping coefficient is assumed to be propor-
tional to Mach number and pitching moment coefficient, even though
this assumption is extremely limited and attempts to verify it by
correlating available test data were not overly successful. How-
ever, for the purposes of the subsequent analysis, this provides

a conservative estimate of damping coefficient.

3.1.2 Aerodynamic Loads

In view of the extremely high inertia loads at launch and during
control, the aerodynamic loads on the projectile are not cwitical
in the structural design of the projectile. The only aerodynamic
loading that can conceivably influence design is the high positive
pressure distribution on the nose dome, The importance of this
loading is determined in a subsequent section of the report where
a stress analysis on the dome is performed. At this point, the
pressure distribution on the dome is given in Figure 3.1-12. The
distrjbution is typical for a hemisphere in supersonic flow; this

particular distribution was obtained from Reference 31.
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3.1.3 Trajectory Characteristics

The drag coefficient variation given in Figure 3.1-1 is used to
determine the velocity and time of flight for the design range of
2000 yards. The computations assume angle of attack to be zero
and the muzzle velocity to be 1650 ft/sec. For these conditions
terminal velocity is slightly less than 1000 ft/sec and time of
flight is approximately 5 seconds. The computed velocity and
time of flight variation is shown in Figure 3.1-13. In addition

to this information the calculations provided the instantaneous
relationship between the projectile and the target. These relation-
ships are.the most critical aspect of the trajectory characteristics
in that they establish the basis for the steering law, the homing
seeker requirements, and the impulse control requirements.
Since the seeker is an angle sensing device, the relation between
the projectile and the target must be established by those angles
that are necessary for selecting a steering law and initiating
control; namely, the target line of sight angle (\) and the target
polar angle (¢T). Both angles are illustrated in Figure 3.1-13a.
Throughout the immediate discussion it is assumed that projectile
angle of attack is zero. As a consequence the target line of sight
angle (\) is defined as the angle between the projectile longitudinal
axis and the line of sight to the target. Target polar angle (¢T)
defines the plane containing the target line of sight angle relative
to the vertical. In the case where a projectile is destined to hit
the target, L.OS angle is zero at impact and a maximum at launch
(equal to gun elevation). For trajectories that miss the target,
LOS angle increases )rapidly as the projectile nears the target.
The nature of LOS angle variation for error trajectories is a

function of the miss distance, the initial range to target, and the
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muzzle velocity, Muzzle velocity is assumed to be 1650 ft/sec,
miss distance is assumed to be proportional to range and equal to

5 mils, and the initial target range is considered a variable with a
maximum value of 2000 yards. The miss distance is selected to
represent the expected three standard deviation of impact error for
uncontrolled projectile flight based on the known performance of
recoilless rifles, the accuracy of simple fire control, and the
behavior of fin stabilized ammunition. To fully describe LOS angle
variation under the specified conditions, the orientation of the miss
distance is varied at each of the considered target ranges. The
selected impact pattern in the vertical plane of the target is illus-
trated in Figure 3.1-13b. Impact "A'" and impact ""E'' represent

an overshoot and an undershoot, respectively, with no azirnuth
error. Impact "C'" typifies error in azimuth with no ranging error.
This impact pattern based on a constant mil error with range is set
at three target ranges, 1200 yards, 1600 yards, and 2000 yards,
and then the line of sight angle variation with range determined.

The results are given in Figures 3,1-14, 3.1-15, and 3.1-16,

While the initial target range (and as a consequence the initial target
line of sight angle) is different for the three cases, the overall
variations of LOS angle are similar. Initially, LOS angle gradually
decreases. Then, at 70% to 80% of target range, LOS angle begins
to increase and as range-to-go decreases, LOS angle increases more
rapidly approaching a 90 degree value that occurs as the projectile
passes the vertical plane of the target. For all initial target ranges,
the terminal line of sight angles for all trajectories converge as the
projectile approaches the target. The significance of this variation
with regard to projectile steering is discussed in Section 3.8 System

Analysis.
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The variation of target polar for the specified conditions of initial
velocity, miss distance, and initial target range is plotted in
Figures 3.1-17, 3.1-18, and 3.1-19. Once again the significance
of this angle and its variation with regard to seeker operation and
initiation of control is presented in Section 3.8. At this point,
however, it is noted that in the termir;al phase of projectile flight,
the magnitude of target polar angle for a given orientation of miss

distance is the same for all initial target ranges.

3.1.4 Projectile Dynamics

Up to this point the projectile flight characteristics relative to
guidance and control requirements have been developed on the
basis of zero angle of attack. Obviously, if the seeker is to
function properly the assumptien of a = 0 must be realized insofar
as possible in actual flight. If the projectile possesses large
angles of attack it is difficult to formulate any steering law whereby
the seeker can initiate control at the desired point along the trajec-
tory since the seeker measured angle will include angle of attack
and not the true trajectory error angle, As a consequence an
effort is made to analyze the source and the magnitude of projectile
angle of attack. The conditions that induce in-flight angles of

attack include;

(1) trajectory curvature due to gravity

(2) initial disturbances at launch

(3) winds or gusts

(4) fin or body malalignments and mass
asymmetries

Several of these conditions are analyzed to determine the magnitude

of the transient angles of attack as well as steady state magnitudes.
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CORNRBENTIAL

For conditions (1) and (2) the nature of the transient angles of
attack are critical whereas for winds or malalignments the steady
state angle of attack is more significant. A second, but no less
important consideration is that of projectile cross-coupling or
resonance. The effects of wind, malalignment, initial conditions,
etc. can be controlled so that a specified limit on angle of attack
is not exceeded. However, if the conditions for resonance are
present, then angles of attack are subject to such extreme ampli-
fications that satisfactory operation of the seeker is not possible
and, in fact, projectile flight in general is adversely affected by

substantial increases in drag.
3.1.4.1 Angle of Attack Due to Trajectory Curvature

Trajectory curvature in the vertical is, of course, generated by
gravity. This curvature induces a steady state angle of attack
often called the yaw of repose. The magnitude of the steady

state angle is a function of projegtile velogity, projectile stability,
and projectile damping-in-pitch. This is shown below where steady
state angle of attack is derived approximately from the equations

of motion in the vertical plane for the conditions a = 0 and

coset = 1,0,

= 2,
I18=C,, q¢Sd a+(C_+C 454 §=0 (1)
y a . C My —v—
mV8="L s w (2)
Combining and simplifying equations (1) and (2) gives
C C
G M, + "M, gdz y
68 C (3)
M 2V
Qa
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To obtain the transient solution for angle of attack, it is assumed
that the projectile leaves the gun with the following initial conditions;

[o] (o]
8, = 6, = 0
3 =0
o

’
The effect of gravity is represented, then, as a step function in Y

The solution for a is of the following form;

-unt
al) =age {148 " (sin wt + p} (4)
where B = 378
p= 1.92
g = 1,51

Based-'on the aerodynamic coefficients given in Figure 3.1-1, the
time history of angle of attack due to gravity is given in Figure
3.1-20. It is apparent that the only significant angles of attack
occur during the initial phases of flight where maximum amplitude

is somewhat less than 1.0 mil.

Damping is sufficient such that by the time the projectile has
travelea 600 yards the transient angle of attack has decayed to 1/10
amplitude. It may be noted that the steady state angle of attack
increases with time. However, its maximum value at maximum

target range is insignificant; on the order of 0.1 mils.
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3.1. 42 Angle of Attack Due to Initial Disturbance

On leaving the gun tube the projectile is subjected to disturbances
which generate projectile pitching motion and/or projectile angle
of attack., These effects can be attributed to muzzle blast or
barrel whip. In either case, the projectile is influenced for only
a short time in which case the angular displacement or angular
rotation can be treated as an impulse, This was done in a previous
analysis presented in Reference 50, wherein the effects of initial
pitching rate (6,) and initial angle of attack (a.) on the flight of the
test projectile were examined. The same analysis is performed
for the POLCAT Configuration using the coefficients given in
Figure 3.1-1. The initial disturbance is assumed to be in the form
of an initial angle of attack of 1.0 degrees. This estimate is based
on the results of the muzzle blast investigations presented in
References 32 and 33. Relative to the POLCAT projectile the
time history of angle of attack for the Speciffied conditions is
expressed by equation (5).
a(t)=age R (32.4 t + 1.51), deg (5)
where ag 1°
The nature of angle of attack variation is shown in Figure 3.1-21

where it may be noted that maximum angle of attack decreases to

.15 degrees or 2.5 mils at a range of 500 yards from the gun.

It is concluded that initial disturbances at launch will not hamper
seeker operation provided the seeker is not required to function

during the initial phase of projectile flight. The final design of the

gun and the projectile must incorporate those means to minimize
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the initial disturbances. Up to this point the POLCAT effort has not
included an analysis of sufficient sophistication whereby more

specific recommendations could be made.

3.1.4.3 Effect of Wind on Angle of Attack

A detailed analysis of the effect of wind on projectile flight was pre-
sented early in the POLCAT effort. See Reference l. It was shown
that a projectile possessing a reasonable static margin (% 1.0 caliber)
exhibited high flight path stability when subjected to a crosswind.
However, as a result of its high flight path stability, the projectile
had poor attitude stability. This is typified by a projectile weather-
cocking into the wind with no change in the direction of center-of-
gravity motion. As a consejuence a steady state angle of attack is
induced and is proportional to the magnitude of the crosswind, Un-
que stiohébly a aigh trim angle of attack could serve to confuse the
seeker and preclude intelligent utilization of control. The immediate
analysis presents the steady state response of the POLCAT projectile to
wind and, then, indicates the means that might be used to reduce
steady state angle of pitch. The transient response of the projectile
is not discussed here in that the projectile damping characteristics

have been established in the preceding discussion.

For the purposes of this discussion it is assumed that the projectile

is moving at constant velocity (V) and that flight path angle (§), pitch
angle (0), and angle of attack are zero at the instant of the application
of a crosswind (v). The wind is jntroduced as a step change in angle

of attack where W= v/V. The eguations of motion are;

. 6+Au+Bé=0
¥ -Da=0
0=a+%

o i




mYV
The steady solution for the initial conditions a =@ =¥ =0att=0

is given below.

a(t —o00)=-aqa, (6)

8 (t —-o0) = - Adg (7)
A+BD

% —» ooy =_BP%0 (8)
A + BD

To illustrate the wind effect, the following conditions are assumed:

(1) crosswind (v ) equals 25 ft/sec.
(2) projectile velocity equals 1650 ft/sec.
(3) projectile stability (CM ) is varied while

a
damping and lift remain constant.

As a consequence the solutions,given in equation 7 and 8,contain the
variable coefficient A. Figure 3.1-22 illustrates the influence of the
extremes of projectile stability on flight in wind. In the aerodynamic
design of the projectile, there is a choice of providing high flight
path stability (¥__4 0) with a large static margin or providing high
attitude stability (054% 0) with a low static margin. For the specific
initial conditions and with the POLCAT aerodynamic coefficients

the magnitude of the steady state quantities are shown in Figure 3,1-23,

This figure also indicates the effect of installing a small rocket sus-

tainer motor in the projectile. Providing tahe projectile with longitudinal
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thrust is a means for increasing attitude stability at all static margins.
Since a trim angle of attack exists in the wind condition it is essential
to optimize projectile design for minimum miss distance by establish-
ing the most desirable static margin. This analysis, however,. can

be conducted only after the magnitude and frequency of crosswinds

are established.

3.1.4.4 Effect of Aerodynamic Malalignment and Mass Asymmetry
on Angle of Attack

Since malalignments and mass asymmetry are primarily dependent on
manufacturing tolerances, it is the objective of the immediate discus-
sion to establish,if possible,reasonable accuracy requirements for
projectile fabrication so that satisfactory flight characteristics are
assured. Even at this stage of weapon system planning, practical
airframe design consists of working with practical manufacturing
tolerances. Hence, the requirements on malalignment and asymmetry
are guided to some extent by past experience in the fabrication of fin
stabilized ammunition. Fortunately, the opportunity was afforded
whereby ammunition of this type could be examined. Early in the
POLCAT program sixty T184 projectiles were delivered to the
Bulova Research and Development Laboratories to be modified for
flight test. Before the modification was begun, samples were taken
from the shipment and inspected for tail fin and boom malalignment
and mass asymmetry. The results of the inspection, presented in
Reference 51, indicate both quantities to be exceedingly small. The
maximum resultant malalignment of the fins and boom was approxi-
mately 0.1 degrees. This result does not agree with the earlier
findings of B. G. Karpov of BRL which indicated the malalignments
of fin stabilized ammunition to be substantially higher. However, it

is believed that the lower malalignments are the result of using better
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materials and techniques. In addition to establishing the magnitude
of fin malalignments and their effects, the investigations of
Reference 37 indicated the extent of fin damage incurred at launch.
However this is considered in the structural design of the POLCAT
projectile so that this will not be a source of malalignment. Upon
consideration of the foregoing and accounting for the aerodynamic
characteristics, stability and tail effectiveness, it is estimated that
the malalignment will not induce projectile trim angles of attack
greater thanl® mils. Since the seriousness of aerodynamic malalign-
ments or mass asymmetries occur in a rolling condition, the remain-

der of this section is concerned with this condition.

A complete analysis of the roll resonance phenomena is presented
in Reference 2. This analysis established a criterion for determin-
ing permissible roll rates and, in particular, described the motion
of a rolling prejectile in the presence of malalignments and asym-
metries. At this point, the results are summarized and applied to
the POLCAT projectile. In addition to the aerodynamic notation
given previeusly, the following notation is used for the three dimen-

sional analysis.

B angle of yaw
M’ malalignment moment
Y angle between the principal

axis and the roll axis

which constitutes mass

asymmetry




The assumptions of the analysis are;

(1) Velocity and roll rate are constant.
(2) Gravity is neglected,
(3) Mass asymmetry is in the form of a small angle

between the principal axis and the roll axis in
the pitch plane. The products of inertia I‘,x =
Izy = 0, the asymmetry is expressed as
§ =L, 4,

(4) With the exception of the malalignment moment

(M') in the pitch plane, 90° rotatienal aerodynamic
symmetry exists.

With these assumptions and making use of simplifications such as Iy =

Iz » and A + BD ¢ A, the equations of motion are given below.

a+(B+D)a+(A-@Z)a+z3¢ﬁ+(3+m&p=-AIJ—-SV'
Y

B+(B+D)p+(A-9p-2¢a-(B+D a=0

(o} Cc 2
A=-_MggSd B=_CMq+ M. gsd p= L,aS

Iy 2V I,



L2 w.ﬂ

The steady state solution of the equations of metion assuming a =

const, and B, = const. are given below.

(A-&% M1 -§d2)
= HOWE, =% (9)

QQ

(A <d%° 4 (B + D)2<i>2

(B+D) b (M /1 -Sb2
B, = i y ~$4% (10)

(A - 9% + B +D) § °

Since M’ = M, a,, where a,, is the steady state, trim angle induced

m
by malalignment for a non-rolling projectile, the resultant angle

can be expressed as;
Y e gA- $&°
i V a-4924B4+D)% §°

(11)

The direction of the resultant angle relative to missile axes is given

in equation 12.

_By - (B+D) & 17
G e v T

By maximizing resultant angles with respect to roll rate in equation

11, an aﬁproximation for the roll resonance condition is obtained.

' M
¢res= ‘/I =_1y_a AT (R

The amplification of angle of attack with rell rate for aerodynamic
malalignment is obtained from equation 11 by setting S = 0. The

results are plated in Figure 3.1-24. The effect of mass asymmetry
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on resultant angle of attack is derived from equation 11 with L 0
and the result is illustrated in Figure 3.1-25. Both cases are
examined at M = 1.2 with the aerodynamic coefficients at this speed
taken from Figure 3.1-1. The magnitude of resultant angle for
malalignment is based on a zero roll rate trim angle of attack equal
to 10 mils. Formass asymmetry, resultant angle of attack variation
with roll rate is expressed non-dimensionally in terms of the angle Q.
In either case it is essential that the projectile roll rate does not
approach the projectile pitch frequency. To minimize resultant angle
due to aerodynamic malalignment, the projectile would be provided
with the highest possible roll rate. Conversely, to minimize angle
of attack due to asymmetry, zero roll rate would be selected.,
However, for the POLCAT application, it is necessary for the pro-
jectile to possess a high roll rate in order to provide the seeker

with a scanning capability. Therefore, projectile spin rate must be
greater than pitch frequency. The upper limit on rell rate is
established by requirements of shaped charge penetration which
decreases rapidly for roll rates over 20 RPS. As a consegeunce,

the region of desirable prajectile roll rate is well defined and
illustrated in Figure 3,1-26. By controlling initial spin rate with
proper rifling and by limiting spin decay by beveling or canting the
tail (see References 36 and 37), the necessary conditions for pre-
venting aerodynamic cross coupling, as shown in Figure 3.1-26,

can be realized.
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3.2 STRUCTURES

This section contains a discussion of the overall structural require-
ments for the POLCAT projectile. Initially, the loading conditions
are presented. Then, the structural configuration of the projectile
is given, and the type of construction is discussed. The remainder

of the section contains a preliminary load and stress analysis.

The projectile is subjected to three separate types of loads which
are considered critical at this time. The first consists of high
longitudinal forces which exist during launch. For this condition
the projectile must have sufficient structural strength to withstand
peak gun pressures and longitudinal set-back effects. In particular
the strength of the irdome must be assured during launch. Next,
high transverse bending and shearing forces are imposed on the

projectile by the c. g. located transverse cont-cl impulse.

In addition, the impulse cartridge itself must be capable of with-
standing the high local internal pressure to insure delivery of the
required impulse to the airframe. Finally, the effect of high aero-

dynamic pressures on the nose section must be considered.

Dynamic overshoot factors are included in the stress analysis
which reflect the dynamic response characteristics of the structural

element to the dynamic load condition under analysis.

Sufficient strength must be provided to prevent permanent set which

results in body or fin malalignment.

In order to keep weight to 2 minimum but to insure sufficient strength

and rigidity, high strength aluminum and high heat-treat steel are

-
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used wherever feasible. Minimum, but structurally satisfactory

wall thickness are utilized to reduce weight.

The basic structural layoﬁt»19£ ‘the POLCAT projectile ia shown in

Figure 3.2-1. The forward portion of the projectile con-

sists of three compact, tubular, sections made of 75 S heat-
treated aluminum. These sections house and support the seeker

assembly, electronics and power pack assembly, and warkead.
The middle portion of the projectile containing the fuze and impulse
cartridge sections is made of 4140 steel. The aft section consists
of an aluminum conical and cylindrical body section reinforced by
four aluminum fins; the fins providing additional stiffness for the

tail section,

The results of the stress analysis are given in terms of minimum

margins of safety, Table 3.2-1.

Item Loading Condition Comments M.S.
Irdome Launch Compression at aft-end +2.20
of dome
Fwd. Body
Section Impulse Control Bending - Station 15.5 + 2,87
Shear - Station 15.5 + 6.79
Launch Compression-Station + 1.78
15.:5
Tail Section Impulse Control Shear - Station 19.5 +11,99
Bending - Station + 2.36
19.5
Shear - Station 29 +15.01
Bending-Station 29 + 1.78
Impulse
Cartridge Impulse Control  Uniform Pressure - + 0.31
Cylinder
Uniform Pressure - + 0.013
Flat Plate

TABLE 3.2-1 : MINIMUM MARGINS OF SAFETY
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3.2.1 Dynamic Overshoot Factor

Since the launching and post-firing transverse impulse loads are
applied almost instantaneously, there will be some dynamic overshoot
depending on the time duration of the applied load and the period of
structural vibration of the projectile. From References (40) and (41)
it is seen that the pressure-time variations for the above loading
conditions can satisfactorily be approximated by a triangular varia-
tion. In Reference (42) the dynamic overshoot factors are determined
for a single degree of freedom rnass-spring systern subjected to a
triangular force pulse. The results are sumrnarized in Figure 3. 2-2,
It is seen that the overshoot is larzest when the time duration of the
load is egual to the period of vibration of the system. The negative
overshoot (rebound after the load is rernoved) is of interest in the

analysis of the seeker dome because of the low allowable stresses.

3.2.2 Load Analysis

The load analysis determines the projectile load distribution for the
launching and corrective impulse loading conditions. The loading
distribution on the irdome during flight is also determined. The
numerical values for the various loading conditions are obtained
from References 40, 41 and 43.

Since the loading distribution during launch and after impulse include
projectile inertia loads, the weight distribution is determined first.
The distribution given in Figure 3.2-3 is based on the projectile
weight and balance given in Table 3.2-2. The lg shear distribution

is given in Figure 3.274. The shear distribution when multiplied

by the appropriate load factor and superimposed with the upolied
force distribution leads to the determination of the projectile tensions,

compressions, shears, and bending moments.
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Weﬁ%‘“ Distance from Moment
Item : L Nose (in) (in - 1b)
1. Dome .16 .81 .13
2. Nose Sectien .30 2.50 .75
3. Mirror Assembly .23 3.31 .76
4. Batteries .25 5.0 1.25
5. Potted Electrenic 0.50 6.9 3.45
Assembly
6. Forward Body Section  2.65 5.9 15, 64
7. Shaped Charge Liner 1.11 8.6 9.55
8. Warhead 3.50 12.9 45,15
9. Center Body Section 2.87 11.4 32.72
10. Fuxze and Booster .48 16.0 7.68
11. Rear Conical Body 2.06 22.4 46, 14
Section
12, Rear Cylindrical 1.04 36.9 38.38
Body Section
13, Igniter and Tube 1,45 37.7 54,67
14, Tail Section 1.53 36.94 56.52
15, Cartridge Section 5.18 18.0 93.24
Total 23.40 lbs 406.03 in-1b

C. G. of Round = 17. 35 inches from nose

C. G. of Cartridge = 17.43 inches from nose

TABLE 3.2-2 : PROJECTILE WEIGHT AND BALANCE
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3

3.2.2.1 Launch Loads

The results of the calculations in Section 3.6 show the maximum
launching load to be 187,300 lbs (or 8000 g). The gun tube pressure
acts on the rear conical body section, rear cylindrical body section,
and tail section. However, the forward motion is caused only by the
pressure distribution on the conical section. If the gun tube pres-
sure is assumed constant along the conical section, the launching
force distribution varies linearly along the cone. The maximum
radius of the cone at sta. 19.5 is four times its minimum radius at
sta. 29.0. Hence the launch load (Ib/in.) varies linearly between

the two stations with the forward and aft values given below.

4
q AIST 200) > = 31,550 Ib/in

= -1 L]
19.5 s

= 1q= 7890 1b/in
129.0 qur9-5

The superposition of the loading system given above, and the 1 g
shear distribution multiplied by a factor of 8000 yields the maximum
longitudinal load distribution during launch, Figure 3.2-5.

3.2.2.2 Transverse Impulse Loads

A transverse impulse of 35 lb-sec. is used to change the direction of
flight of the projectile. Static firings, Reference (40) have shown the
duration of force application to be about 3.5 milliseconds. If a
triangular force-time relation is assumed, the maximum transverse
force is 20,000 lbs., or the equivalent of 850 g's. The force is applied

a8 .
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at the center -of-gravity of the projectile for reasons of control effec-
tiveness. The transverse shear distribution is cemputed by super-
imposing the 1 g shear distribution, Figure 3.2-4, multiplied by a
factor of 850 with a constant shear of 20,000 lbs introduced at the
center-of-gravity. The shear distribution is given in Figure 3,2-6.
The projectile bending moments are computed from the area under

the shear curve, see Figure 3.2-7

3.2.2.3 Aerodynamic Loads

The aerodynamic forces on the irdome are computed from Figure
3.1-12. The resulting pressure variation at Mach 1.5 is given in
Figure 3.2-8. The drag force on the dome is computed by integrat-
ing the longitudinal component of the pressures on the dome. The
drag force as a function of dimensionless dome station is shown in
Figure 3.2-8., The total drag force on the dome at M = 1.5 is

32.5 lbs.,

3.2.3 Stress Analysis

The stress analysis consists of a determination of the ability of the
irdome, Center Body Section, Tail Section, and Impulse Cartridge

to withstand the critical applied loads.

3,2.3.1 Irdome

The dome is a portion of a sphere assumed to be simply supported.
The natural frequency of vibration of the dome is computed in order
to determine the dynamic overshoot factor. The deflection at the

apex of the dome due to its own weight is given in Reference (44).

2
B L g e Lo leggs 82 L Ll aw
Eh 1 +cosa 2 1 +cosa 2 )
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SONBIDSHAL

where

w is the deflection at the apex of the dome, inches
p 4 is the radius, inches
h is the thickness, inches
a is the included angle
E is the modulus of elasticity, 1b/in®
w is Poisson's ratio

aT is the inertia load in lbs per square inch of surface area

The above symbols are defined in Figure 3,2-9.

Figure 3.2-9

The total load on the dome is
2
P= an,r (1 - cosa)

The effective spring constant of the sphere is

P
k=3
or
e 2w Eh (1 - cosa)
(1+7/)( 1 o 2 ) 1
T+ cosa 2 T I +cos# t1-7)
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The dome is assumed to be made of vicor glass with the following
properties:

specific gravity = 2.18

density = 0.079 lb/in3

modulus of elasticity = 9.6 x 106

Ib/in®
Poissen's ratio = 0.18
modulus of rupture = 10,000 lb/inz However, an
allowable stress of 2000 lb/in2 is assumed*

For follewing quantities which define the geometry of the dome

1.5 inches

r
a = 70°
h = 0.1 inch
the spring constant is

k=3.392 x 106 lb/in.
A lower bound on the lowest natural frequency can be computed by
assuming the dome to be an equivalent spring-mass system of

spring constant k. The mass of the dome is
21 © rZh (1 - coss)=0.191x 10”3 1b-sec?
i g e T

The natural frequency for a simple spring - mass system is

1 , k'
f e e 21200 cycles/sec.

the period of vibration is

T = -}— = 0.047 x 10~3 seconds

The dynamic overshoot factor is determined from Figure 3.2-2 by

*Because of the brittle property of glass, stress concentrations introduced
because of slight flaws are not relieved by local yielding.




comparing the period ef dome vibration with the period of the gun
launch force te provide

-3
. 047 x 10
Ratieo = Y * = 0,0036

0.013

Hence the overshoot factor is approximately equal to unity and the

rebound factor is approximately zero. Since the dome is a thin
shell ( h/r = 0.15), the bending stresses are negligible as computed

from the following equation, Reference (44).

-9 2+V
(]"b Z_Wcoscp

where q = 'l/o h
Here 1 is the load factor (number of g's)
The maximum bending stress (at4> = 0) is

r, - 54 B2

The dome compressive stresses are now computed. The total load

on a sector of the dome defined by ¢ is

P=2wqr?(l-cosd)=59 lb.

The load is resisted over a compressive area of

Ac = 2xrh
The compressive stress is therefore

¢ =5 == al(l-cosd)

But since q= rl,ok 7
the compressive stress is

G = rl/or‘(l-cos¢)

c
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The stress is maximum when ‘1’ = 70°, therefore,

a"c=0.65871/0r=6241b/in2

The margin of safety is
-2,000 = ,
M.S.= —p33— ~ 1=+2.20

The shearing area is
Ag = 2x rh tan ¢

The shearing stress is

Rl p -cosd)
¢B—Ag 7/0 tan ¢

Maximum shearing stress occurs when
- o
cos g = %E or ¢=51.7

Hence

a = 286 lbs/in?

'ma.x

The ultimate shearing stress is assumed as 80% of the modulus of

rupture, Therefore the margin of safety is

MS = 8—029396=1=+27°0

Since the aerodynamic loads on the dome are only 32.5 lbs., this

condition is not censidered critical,

3.2.3.2 Center Body Section

The center body section consists of a 755-T6 aluminum cylinder
assumed te be simply supported. It is investigated for the launch

and corrective impulse conditions.

The maximum compressive launch load on the center body section is

100,000 lbs, at statien 15.5, Figure 3.2-5. The external diameter




TONABENTIAL

of the cylinder is 4.25 in., the thickness is 5/16 in, and the unsupport-
ed length is assumed as 9 in. The compressive load is resisted over
an area of

2

A= (4.25% - 3.625%) = 3.86 in?

The period of longitudinal vibrations is given in Reference (45).
1 2
T 4/‘51?
where u is the mass per unit length
1 is the length of the cylinder
A is the cross-section area

E is the modulus of elasticity

The values of the constants are

3 lb-esec?‘/inz

p=0.826x 10"
1 =9in
A = 3,86 in®

E=10.4x 106 lbs/i.n2 (75S-T6 Aluminum)

The above constants yield a period of 0. 164 x 10-3 sec. Therefore,

from Figure 3,2-2 the dynamic overshoot factor is unity,
The compressive stress is

. 100, 000
3.86

With a yield stress of 72,000 1bs /in? for 755-T6 aluminum the margin
of safety is

= 25, 900 1b/in®

M.S. = —ggppgy- 1 = +1.78




The buckling stress is obtained from Reference (46).

t q
Fer = 0.3 E L= 488,000 1b/in®

where t is the wall thickness
r is the mean radius of the cylinder
Therefore the cylinder will yield in compression before it buckles

axially.

The center section is assumed to vibrate as a cantilever beam. The

greatest period of vibration is, Reference (45).

4
k1

= 1.78
T 785 1

where I is the area moment of inertia of the

cross section,
4
=g (4.25% - 3.625% = 7.54in

The numerical substitution into the above equation yields a period
of 0.469 x 10'3 sec., Since the transverse impulse lasts 3.5 x 163

sec., the dynamic overshoot factor is 1.10, Figure 3.2-2,

The transverse shears and bending moments at station 15.5 for the
impulse contrel conditien are obtained from Figures 3.2-6 and 3.2-7.
The values are

V =90001b

M = 60,000 in-1b

The maximum shearing stress occurs at the neutral axis. Its magni-

tude is given in Reference (46).

e AR Ib/in®
nrt
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where V is the applied shear
The dynamic overshoot factor causes the shearing stress to increase
to .
T=5720 x 1.1 = 6290 1b/in®
The allowable shearing stress for 755-T6 Aluminum is 49,000 lbs/inz,

therefore, the margin of safety is

M. S5, = ﬁ?z%% ~1=46.79

The maximum bending stress is

= "f_“— = 16920 Ib/in®

where M is the applied moment
c is the distance from the neutral axis to
the outermost fiber
I is the area moment of inertia about the
neutral axis
Numerically
c = 2,125 in.
The dynamic overshoot factor causes the bending stress to increase
to

("= 16920 x 1.1 = 18610 1b/in?
Since tensile yield stress is 72,000 1b/inZ, the margin of safety is

M,g,:i’%%?%-1=+z.87

3.2.3,3 Tail Section

The tail section consists of a cylinder and a cone reinforced by four
fins, Figure 3.2-1., This section is analyzed for the impulse control

condition. The maximum shears and bending moments occur at the




forward end of the sectien. However, the section properties are also
maximum at the forward end of the tail section, sta. 19.5, and
decrease to a minimum at station 29. Beyond station 29 the section
properties are constant, Therefore the analysis includes stations

19.5 and 29. Cross sections of these stations are given in Figure
3- 2-100

Station 19.5 Statien 29
Figure 3.2-10

The area moment of inertia at station 19.5 is

L
1 (4.25% - 3.50% = 8. 64 in*

The area moment of inertia at station 29 about the x-x and y-y axes
are

1w Mo T 48
xx ~ yy

The product of inertia at station 29 is
I =0.26 in®
257,
The moment of inertia about an axis inclined by an angle 6 to the

x-x axis is

2

2 : ]
10=Ixxc°8 0+I.yysm 0+leysmecose
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when L = Iyy' the aove relation reduces to

Ie = Ixx + 2 Ixy 8in® cosO

The above expressien assumes a maximum when 0 = 45°. Therefore

the maximum moment of inertia is

. 4
Imax=g°‘+lxyzl.74m

An average moment of inertia of 4.0 is assumed along the tail section

for the calculatien of the period of vibrations.

The period of bending vibrations is

T=1.785/*Y "~ 2. 78x 103 4.
i b 5 gt o

1 =25
E --=10.4x106
I =4.0

Since the force duration is 3.5 x 10'3 sec., it is seen from Figure

3.2-2 that the dynamic overshoot factor is 1. 45.

The transverse shear at station 19.5 is 6500 1b. The maximum

shearing stress including the dynamic effect is

w(2.125) (0.375)

The margin of safety is

M. S.m 2200 J 41199

3770

The bending moment at station 19.5 is 60, 000 lb-in. The maximum

bending stress is 6
T 0,000 (2.125) (1.45) _ ;400 1b/in2

8.64
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The margin of safety is

72000
21400

-1=4+2§36

M. S. =

The transverse shear at station 29 is 3000 1b.

§ 300015

4
Figure 3,2-11

The directien of shear flow is given in Figure 3.2-11. The maximum
shearing stress occurs on the w-w axis. The maximum shearing

stress is lma.x
g ﬁdA

2It
o

The maximum shearing stress including the dynamic factor is

_ 3000 (0.918) (1.45) _ 3060 1b/in?
2(1.74) (0.375)

The tail sectien consists of 755-T6 aluminum, therefore, the margin
of safety in shear is;

N, 8, = Y000 4 Lk 15,00
3060
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The bending moment at station 29 is 22,000 lb-in. The bending stress
including the dynamic factor is

22,000 [2'(1. 45)
1.74

T2 = 25900 Ib/in®
The margin of safety in bending is critical.

72000
25900

M. S. -1=+41.78

3.2.3.4 Impulse Cartridge

The impulse caztridge is assumed to be a circular cylindrical shell
with flat plates at both ends. The material is 4140 steel and the
maximum internal pressure is 40,000 psi, Reference (40). The

idealized impulse cartridge is shown beloew in Figure 3.2-12,

l"—2.5 ‘—4
e

]
1 [75 -56 = CYLINOEE
4.25 P
| | Ask
| L FLAT PLATE
|1 £LAT PLATE
& <]
‘ — CYLINDER

Figure 3.2-12

A dynamic overshoet factor of unity is assumed.
The maximum stress on the cylindrical portion ef the cartridge occurs
at the inner radius. The radial stress is

¢ r = 40,000 1b/in®

The tanengtial stress 1s Reference (47).
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doog
0 =P[5 134,000 Ib/in®
T -

where P, is the internal pressure

Ty, r, are the internal and external radii.

The yield stress of 4140 steel, Rockwell C41 is 175,000 lb/inz. The
margin of safety in tension is

175000 _ _
134000

M. S. = 1=4+0.31

The maximum shearing stress is, Reference (47).

S
|,
Ta p‘[ r;-zr, 2]- 86,:960 1b/in?

The allowable shearing stress is assumed as 80% of the tensile yeild
stress. Therefore the margin of safety in shear is

g 1IMO90. 4 =y 0ik)
10~ 86960

M.S.=>

The flat plate at the end of the cylinder is assumed rigidly fixed. An
average radius of 1.80 in. is assumed. The maximum bending stress

is given in Reference (44).

2
3 qa” . 2
-3 172,800 1b/in

where
q is the pressure, lb/i.nz
a is the radius, in.
h is the thickness, iu.

The margin of safety in bending is

.8, = AT508 1=+0.013
172800
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3.3 CONTROL

A summary of the extensive investigation of impulse type control is

presented in this section. The investigation has consisted of detailed

analyses to establish the characteristics of impulse control and ex-

perimental tests, including flight test, to verify the results of this

analytical work and te determine the reliability of this type of control.

The following discussion contains;

(1)

(2)

(3)

(4)

(5)

(6)

effect of impulse control on projectile
flight with pulse applied at the center
of gravity.

results of flight test which substantiate
the analysis of (1).

design and static tests of the control
unit from which impulse control is
generated.

effect of malalignment of centrol in
pitch.

effect of malalignment of control in
roll.

effect of roll rate on control effec-

tiveness.

In addition to the aerodynamic notation specified in Section 3.1, the

following nomenclature is used.

IC
F
:T.

total impulse delivered to the airframe, lb-sec
pulse force, 1b

pulse duration, sec
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3.3.1 Effect of Impulse Control on Projectile Flight

By definitien, impulse centrol is a flight path correction technique
in which the applied force is of extremely short duration. In the
present application the force pulse acts normal to the projectile longi-
tudinal axis and the time duratien of total impulse is small compared
to the pitch and reoll frequencies of the projecfile. Based on this
fundamental assumption the characteristics of impulse control were
established analytically. This effort was quite extensive including
two and three dimensienal simulatien programs. The most complete
and detailed description ef the analytical studies of immpulse control
is presented in Reference 2. The basic derivations and the computer
diagra.rusof the simulation programs are given in this reference. In
summarizing these results the following conclusions.are considered
fundamental and hence, the moss direct means of presenting the
characteristics of impulse control.

(1) Upon application of impulsive control, the

prejectile velocity vector changes direction instan-

taneously while the airframe body experiences oscil-

lations at itscharacteristic frequency. See Figure 3.3-1.

The instantaneeus, as well as the steady state, angular

change in velecity vector is given by;

¥ = Ic
¢ myV

(2) The steady state magnitudes of flight path angle,

angle of attack, and pitch angle subsequent to control

application are independent of pulse duration and depend

only on the magnitude of total impulse delivered to the

airframe.
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(3) The forward velocity of the projectile is not
affected by the application of impulse control.

(4) Transient response subsequent to a pulse of
finite duration is net significantly different from the
response to the mathematical impulse in zero time
provided that the basic definition of impulse control
is not violated (T very small).

(5) The steady state magnitude of flight path angle
induced by pulse application varies linearly with
respect to pulse location along the body axis. If

the projectile is pulsed at its neutral peint, the net
change in steady state flight path angle is zero.

(6) The magnitude of the transient angle of attack
induced by impulse control is minimized by applying
the pulse at the projectile center-ef-gravity,

(7) When the control force is applied at the projectile
center of gravity, the maximum transient flight
path angle is insignificant cempared to the steady
state change.

Since the centemplated pulse duration to be utilized for centrol of the
POLCAT projectile is extvemely small { 22 .003, sec), projectile
motion can be examined by assuming control to be in the form of a
pute impulse. Further, since the specific application requires one-
shot impulse contrel, the immediate discussion is concerned primarily
with steady state magnitudes of flight path angle, angle of attack, and
pitch angle. Finally, the impulse is assumed to act at the center-of~

gravity., The equations of motion are:

8+Aa+B0O=0 1)
¥ - Da = E £(t) (2)
0 =% +a
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el E ' =

2
Cm, qSd —(CM + M) asd
TN - (B q

5 VY,

A=

where f(t) is a constant force of magnitude F applied for

04£t<£YT, and I, = FT . The LaPlace transform of this function is

LLEw] = 5 (1-F

The La Place transdé&rms of the equations of motion are:

given as:

s(s +B) 6+ Aa=0 (3)

8 - Da =£s£( 1 -eﬂ; (4)

With the assumption that 7" is small and control can be represented by

a pure impulse; the forcing functien becomes:

T'

lim F(l -e®")=sI

™ o

c

F-r o0
Substituting in equatiens (4), and solving equations (3) and (4):

-@+B)E I,
a(s) = ' (5)
s + 8(B+D) + A +BD

AE I

(6)
s[sZ+s(B+D)+AiBD:]

0(s) =

Lk (3% + Bs + A) El¢ o
z
s[s“ + s(B + D) + A +BD]

To obtain the steady state solution, the final value theorem is applied

to equatiens (5), (6), and (7) and the results are:

100
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";u_lﬂl'l_'fli.l

a(t) = 0
(t = o0)
AEI
e (t) = s 6 N EIC
¥ = e B
A ¥BD
(¢ -v99)

Applying the initial value theorem gives:

a(t) 5-E Ic
{(t - o)
o(t) =0
(t =r o)

¥ ~ EI,

(t = o)

The instantaneous change in flight path angle is indicated.
The change in flight path angle resulting from contrel is henceforth

designated as Bc and expressed as;

¥ =l
€ mV

Since the control has considered to act as a pure impulse, there is
no cross coupling and the three dimensional projectile motien simpli-
fies to the specified two dimensional solution. The effect of displacing
the impulse from the center -oil'(-gravity is discussed in Secﬁon's 3.3.4
and 3.3.5. The relation between pulse duratien and prejectile roll is
analyzed in Sectien 3, 3. 6.
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3.3.2 Control Effectiveness Test Program

The unique and desirable characteristics of impulse control as established
by the analytical effort described in Section 3. 3.1 proved to be extremely
appealing in two respects; (1) as a control technique that might be utilized
in any number of missile or post firing correction applications and (2)
impulse contreol previded the essential quality whereby post firing correc-
tion for the specific antitank weapon system became highly feasiblex As
a consequence, after formal presentation of the analytical results,
personnel of the Pitman-Dunn Laboratories and the Bulova Research and
Development Laboratories conferred and decided to explore the possi-
bility of providing some type of experimental verification for this seem-
ingly superior contrel technique. At the outset, it was established that
any suggested experimental effort would not represent a change in the
scope or objectives eof the overall weapon system study. In November
1956, a propesal fer a control effectiveness test program was submitted
to the Pitman-Dunn Laboratories. See Reference 3. This proposal
described a simple, relatively inexpensive method for realistically
demonstrating the kinematic characteristics of impulse control without
committing the POLCAT effort to component development program.

The proposal was accepted and the subsequent execution of the program

is described in the immediate discussion.

3.3.2.1 Concept of Test Program

The method used to determine control effectiveness consists of com-
paring the impact patterns of uncontrolled projectile flight with the
target impact points of impulsively controlled projectile flight. In-
flight control will be introduced by a single control cartridge which is
designed to deliver sufficient impulse normal to the projectile flight
path such that the subsequent change in flight path provides an impact
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pattern at the target that can be easily distinguished from the pattern
established by the normal dispersion of uncentrolled rounds, Thus,
if sufficient uncontrolled reunds are fired to establish a center of

. impact, the measure of control effectiveness is the displacement

of the impact point of a controlled round from the established center
of impact. This displacement at the target due to control is a function
of the magnitude of impulse delivered by the control cartridge and the
distance from the target at which control is initiated. To eliminate,
insofar as possible, the latter as a variable in the measure of control
effectiveness at the target, the test projectile is fuzed so that upon
passing through a yaw card the control system is initiated. By fixing
the position of the yaw card relative to the target, it is possible to
fire the cartridge at the same distance from the target as well as

control the type of firing pattern obtained during the tests.

3.3.2.2 Description of Test Projectile

A standard, 105 mm, long boom T184 projectile modified to incor-
porate a control cartridge and the required fuzing fulfills the specifi-
cations for the test vehicle. An assembly drawing of the test projec-
tile is given in Figure 3.3-2. The projectile weighs 18.1 pounds

with a center-of-gravity located 3.3 calibers aft of the nose. The
control cartridge is installed in the aft body section so that the trans-
verse impulsive force acts at the center-of-gravity. The cartridge,
designed by the personnel at Pitman-Dunn Laboratories, generates
6.9 lb-sec of impulse in 2.5 milliseconds and is initiated by an M52
mechanical primer installed in the side of the cartridge chamber.

The fuze system is designed to function the primer after the projectile
impacts a yaw card. To permit the projectile to pass through the yaw
card before control initiation,a functioning delay is incorporsted in the
fuze system using a bellows moter. The time delay is obtained frem
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the time-displacement characteristic of the bellows motor which is
initiated by a ''lucky'' element at the instant of yaw card impact. The

bellows motor, then, expands thereby initiating the cartridge primer.

The test projectile weight is low enough to obtain the desired muzzle
velocity ( 21650 ft/sec) from the recoilless gun used at the firing
range. Other than the placing of ballast in the nose to increase
projectile static margin, the modifications to the T184 projectile do

not change the basic aerodynamic characteristics of the projectile.
3.3.2.3 Test Results

The experimental data consists of two types;

(1) the target impact pattern of the controlled rounds
around the center of impact of the uncontrolled rounds
which provide a direct measure of in-flight control

capability and (2) high speed motion pictures wherein
the nature of projectile motion after control initiation

is indicated.

From these data, the two basic characteristics of impulse control are

unque stionably substantiated.

(1) The actual in-flight response of a projectile
subjected to a transverse impulse is, for all
practical purposes, an instantaneous change in
flight path angle (bc). This change, as established
by the previous analytical work, can be expressed

as
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(2) If the impulse is directed at the
projectile center -of-gravity, the maximum
transient in projectile angle of attack due

to control is approximately equal to the
change in flight path angle. Thus, as long
as the impulse acts at the c. g., the
perturbations of angle of attack are not
substantial and do not influence, other than
as desired, the subsequent flight character-

istics of the projectile.

The verification of control effectiveness is illustrated in Figure 3.3-3
which presents the impact pattern at the target obtained from the test
firings. The ballistic data are given'in Table 3.3-l. The impact
points aré designated by number to indicate the sequence of firing and
by the letters "S' and ""C" to indicate standard, uncentrolled round and
controlled round, respectively. Six rounds, 15, 2S5, 3S, 10S, 11S and
12S, determined the center of impact of the uncontrolled rounds. The
displacements of the controlled rounds from this center of impact
agree extremely well with the theoretical displacement. Since the
projectile was spinning, the angular orientation of the control cartridge
at the instant of initiation was random, resulting in the random impact
distribution of the controlled rounds about the center of impact. The
theoretical displacement is determined from the firing conditions and
the known performance of the cartridge. With an average muzzle
velocity of 1665 ft/sec and establishing the average point of control
(from motion pictures) to be 250 feet from the gun, the average velocity
at the instant of control is 1620 ft/sec. Average projectile weight is

18. 15 pounds and the cartridge generates 6.85 lb-sec of impulse. The
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expected change in flight path angle in mils is;

e (6.85) (32.2) (1000) - 7.5 mils
c  (18.15) (1620)

Since the target is located 1000 feet from the gun, control is initiated
750 feet from the target giving a control displacement at the target

of 67 inches. The impact pattern indicates a small variation from this
predicted displacement with the exception of round 5C. From the
motion pictures, it is established that the control cartridge in this
round failed during burning as evidenced by the flash from the projec-
tile nose as well as from the cartridge nozzle. The variation of
control displacement of the other rounds is exceedingly small consider-
ing the inherent dispersion of the round itself, and the variations in
muzzle velocity, cartridge performance, and delay time after yaw

card impact.

During the firings, three high speed cameras stationed normal to

the line of firing were used to determine the functioning of the control
system and to record any pitching motion after control. Examination
of these motion pictures indicates no perceptible angle of attack is
induced in any of the controlled rou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>