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MEMORANDUM REPORT NO. 2031

HJReeves/bJ r
Aberdeen Proving Ground, Md.
March 1970

AN EMPIRICALLY BASED ANALYSIS ON THE RESPONSE
OF HE MUNITIONS TO IMPACT BY STEEL FRAGMENTS (U)

(UNCLASSIFIED) ABSTRACT

Efforts to derive a satisfactory measure of the vulnerability of

High Explosive munitions to steel fragment impact have been hampered by
a lack of experimental data. In an attempt to remedy this deficiency,

a number of tests have been carried out.

This report presents the results of tests of firings of steel
fragments against U.S. 90mm, 105mm and 1 HE (Comp. B) artillery

projectiles, Soviet 57mn HE (RDX/Aluminum/wax) artillery projectiles,

Soviet 122mm and 152mm HE (TNT) artillery projectiles, Soviet 140mm HE
(TNT) rocket projectiles, U.S. 81mm and Soviet/CHICOM 82mm mortars (TNT),

and a variety of U.S. Sub-Missile munitions.

These firing data were used to determine contributions of fragment

striking mass and velocity required to initiate explosive reactiuns.

3 The following page is blank.
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(UNCLASSIFIED) I. INTRODUCTION

The Ballistic Research Laboratories are presently engaged in an

analysis of the vulnerability of a wide variety of air and ground

targets to fragment impact. To complete vulnerability studies on

weapon systems such as field arcillery, tani, aircraft and anti-

aircraft systems, the vulnerability of the IHigh Explosive (liE) munitions

belonging to each system has to be determined.

A review of available dita dealing with the vulner f

explosives and explosive-filled munitions revealed that, with the

exception of bomb vulnerability, only limited, empirically-based,

vulnerability data have been generated for most types of H1E munitions.

The data that are available result from limited ad hoc testing. It is

not possible to interpolate among and/or extrapolate from the results

of these tests because of the wide variations in the testing and target

parameters. A summary of the results of these investigations is

discussed in parts A and B of Section 1I of this report.

This report presents vulnerability data on a wide variety of HE

projectiles to steel fragment impact. Included are the results of

extensive testing against Composition B (Com~p. B)-loaded U.S. artillery

projectiles and several types of Sub-Missile munitions and the results of

limited testing against foreign artillery, rocket and mortar projectiles.

The data from' the limited testing against foreign munitions do not provide

a sound basis for rigorous statistical analysis but are sufficient for a

comparative analysis of the effects of steel fragment impacts versus U.S.

and foreign munitions.

Thrtshold fragment mass-velocity combinations required for an

explosive reaction with an associated probability of 0.5 have been

established by fitting least squares polynomials to the data from the

firing records for the U.S. artillery projectiles and Sub-Missile

munitions. These data were used to generate cumulative-probabillty

curves for the artillery projectiles. Assumptions upon which the

cumulative probability curves are based are specified in the text.

11
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The vulnerability of the foreign munitions and the U.S. mortar

projectiles were dctermined by plotting the median values for explosive

rvactiuns from their respective firing tables. In all cases, inter-

polations and extrapolations were required because of the limited numbcr

of data points.

(CONFIDENTIAI.) I. DISCUSSION

This section has been included to familiarize the reader with

some of the data that are available on the vulnerability of explosives

and with the way in which these data relate to the vulnerability of HE

munitions.

A. Bare Charge Attack

Slade and Dewey 1, in the abstract of their report, state that:

"Firings of right cylinders against bare tetryl and Composition B show

that the velocity for SO percent initiation is a function of contact area

but not of mass nor of the form of the projectiles behind the contacting
2surface." Brown, Steel and Whitbread , using different type. ef explosive

targets, recorded results confirming these findings. Because extensive

sensitivity data on Comp B. were already available, this explosive was

selected as a filler for tests conducted against the U.S. artillery

projectiles. Unfortunately, similar data are not available on other

common liE fillers.

B. Covered Charge Attack
Most investigators 1, 2, 3, 4. S have recorded data indicating

that, for a given fragment, the striking velocity required to achieve a

50 percent probability of detonating a covered HE charge is directly

proportional to the thickness of the cover plate. These results were

observed when both the HE type and cover plate composition were varied

and the attack angle was kept constant.

Referencee are listed on page $1.

12
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C. Explosive Reacticns

No attempt was made during the tests discussed in this report to

determine the mechanism responsible for the explosive reactions which

occurred. In the consideration of fragment impacts on HE projectiles,

one or more of the following mechanisms may affect the outcome.

1. Initiation by Single Shock. A compression wave is formed

which reinforces the original shock wave and forms a detonationi wave.

2. Initiation by Multiply-Reflected Shocks. A reflected shock

wave from a boundary meets the oncoming projectile head-on.

3. Surface Initiation. The temperature of the surface layer of

the explosive rises very quickly.

4. Initiation Caused by Hot Objects Embedded in the Explosive.

Impacting fragments are heated as they perforate the projectile wall

before they come to rest within the iE filler. The shape of the impacting

fragment is critical if this is the mechanism involved.

Any attempt to determine which of these mechanisms causes or cause

the explosive reaction requires the measurement of "induction times".

The induction time is defined as he time between the moment an explosive

is attacked and the moment reaction is initiated. Unfortunately, the

techniques and instrumentation required to obtain such measurements are

not conducive to large-scdle, explosive, field testing. Such measurements

are normally obtained in a laboratory using small charges.

D. Application

Attempts to extrapolate from basic explosive vulnerability data have

been hampered by the sparseness of the basic data available. The number

of impact parameters involved in an analysis of the vulnerability of

explosives can be quite large, and the interactions between and among

these parameters have not been quantitatively estaL,lished or even con-

sidered in many cases.

Fragment attack against HE-filled projectiles can cause the projectiles

to function explosively. The explosive reactions of these HE projectiles

13
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to fragment attack can be conveniently grouped into two categories:

shock-initiated reactions and non-shock initiated reactions. rhis tech-

nique allows us to discuss in a qualitative manner those fragment and

projectile characteristics that determine the probability of d

successful attack.

1. Shock-Initiated Reactions. When a fragment strikes the wall

of an HE-filled projectile a shock wave is transmitted to the filler.

The ability of this shock wave to trigger an explosive reaction is

dependent on the following:

a. Fragment Characteristics. Striking velocity, weight,

fragment geometry (contact area), shock impedance*, and ohliquity angle.

b. Projectile Characteristics. Wall thickness at thc point of

impact, shock impedance of the casing, protective coatings (paint or

enamel applied to the interior surface of the projectile could provide

protection via an impedance mismatch), HE filler sensitivity to shock

initiation and HE filler shock impedance.

Shock-initiated reactions are characterized by the following:

a. The probability that a given HE projectile will react

explosively to fragment impact will increase as the impact velocity,

striking weight or the area of the fragment impinging on the target

increases. The probability of reaction will also increase as the ratio

of shock impedance of te fragment to that of the projectile approaches

unity. -

b. The probability that a given fragment striking any HE

projectile will initiate an explosive reaction will increase as the HE

sensitivity increases and as the projectile wall thickness decreases.
6

The ahock impedance of a rrteriaZ is defined as thg product of its
density and velocity with which a shock wave propagates in it. The
efficiency with which shock is transmitted from one material to another
is a function of the impedance match of the two materials. Vie most
efficient coupling wi1l be reatized when the impedaaes of the two
materials are equal.

14
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The impedance matches between the fragment and projectile wall, projectile

wall and any coating material and the interior surface of the projectile,

and between any coating material and the HE filler will also affect the

probability of initiation. The more efficient the coupling of the shock

wave from the fragment to the projectile wall to any coating material to

the HE filler, the greater will be the probability of an explosive reaction.

2. Non-Shock Initiated Reactions. Fragments often perforate the

casing of HE projectiles without triggering any explosive or burning

reactions. Howe'cr, a perforation criteion appears to be an effective

means of predicting an explosive or burning reaction. If a fragment must

first perforate the casing of a projectile before any explosive or

burning reactions are observed, and shock is not the mechanism of

initiation, then embedded hot fragments within the HE filler appear to

be likely candidates for initiating an explosive or burning reaction.

While a fragment perforates the casing of an HE projectile, the

fragment experiences a temperature rise. The magnitude of the rise is

a function of both fragment and casing characterisitics, and is directly

proportional to the thickness of the casing material.

7he probability that a hot fragment embedded in the HE filler will

initiate an explosive reaction is determined by the temperature of the

fragment and the sensitivity of the HE filler to heat. The fact that a

fragment perforates' the casing of an HE projec'tile before any explosive

reaction is observed, does not necessarily imply that the hot fragment is

the initiating mechanism. It may well be that the shock from the striking

fragment would have been sufficient in itself to initiate the reaction.

The foregoing discussion is provided to point up some of the

difficulties one has in trying to predict exactly what caused a parti-

cular reaction in the explosive in terms of meaningful parameters. The

British Ordnance Board report by Ledsham6 treats this protlem in con-

siderable detail.

iS
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(UNCL) II. F OPE OF STUDY AND TEST PRO(.EI)URES

This report presents data on the vulnerability of a wide variety

of liE munitions to steel fragment and bullet impact. Firings wcrc

careied out against U.S. 9inm, 105mm, lSmm, and 175mm iE (Comp. B)

artillery projectiles, Soviet 57mm lie (RDX/aluminum/wax) artillery

projectiles, Soviet 122rnm and 15rmm liE (TNT) artillery projectiles,

Soviet 140umm liE (TNT) rocket projectiles, U.S. 81mm and Soviot/CIlCOM

8-1ram mortar projectiles (TNT), and five types of U.S. Sub-Mlissilc

munitions.

Over 800 firings were conducted in this program. A breakdot.n

of these firings by fragment and munition type is presented in Tablc I.

A physical description of the artillery, rocket and mortar projectiles

can be found in Appendix E. A physical description of the Sub-Missile

munitions is available from the Warhead and Special Projects Laboratory

at Picatinny Arsenal.

A. Approach

U.S. projectiles were selected for large-scale testing because of

their availability in suitab quantities. The 105mn, in particular, was

subjected to extensive testing because it has a thinner wall than the

other U.S. projectiles identified above. It was anticipated before

testing, that because of fragment striking velocity requirements, vuln-

erability data could be more easily generated against the thinner-walled

projectiles.

Because the sensitivity of bare Comp. B to steel fragment impact

had already been established, it was selected as a filler for the U.S.

artillery projectiles.

Prior to explosive testing, steel fragments were fired against empty

U.S. projectiles to establish the fragment mass-velocity combinations

required for perforation. The impact location was defined as ;i circular

area, one inch in diameter, centered over the aim point, see Figure 1.

Impacts registered outside this area that did not result in explosive

16
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TIL! . St KUI Y TABL!
Total Number of Firings

Steer fragments Versus lE Munitions

TargetTp Fragment Weight (Grains)
TargeW Type 20 ' 20 4 0

U.S. Artillery

Projectiles

90M 29 18 27
103010 52 314 56 6

151 31 28

7MN 14 140 35

Soviet Artillery
Projectiles

7m 1 i 5

122mm 10 5 7
thOm 9 6
152m 1 6 2

U.S. 81sm and
Soviet/CHICON
82mm mortars

81am 1 12 4

82m 1 1 3

U.S. Sub-Miesile

Munitions

M-32 51
M-40 33 20 31 36
M-4311 7 6 9 9

xM4k 13 4 5 16

04-42 25 32 27 17

.30 HD - 30 Grain igh Denaitj StaeZ (,Zor 3000). Remaining
fv l'wente uere oaso-hardsned to RociaeZi C-30.

17



1..... -

reactions were assessed as poor hits. The rational behind these prelimi-

nary tests war twofold: (1) the tests could be conducted inexnensively

at an indoor t!st facility with experimental errors kept to a minimum,
and (2) the dat. obtained would provide the Test Director, who conducts

the explosive testing in tha field, with a priority of the impact con-

ditions to be considered.

During the explosive-testing phase, fragments were again fired

to impact close to and above the bourrelet. However. in this phase.
effects of fragment impacts at angles of both zero and forty-five
degrees were considered (see Figure 1). Observations made during this

test phase indicate that for a given fragment mass, the impact velocity
required for perforation of the wall an HE filled projectile is greater
than that required to perforate the wall of an empty projectile. The

magnitude of this velocity increase was determined by conducting frag-

ment impact tests against projectiles containing wax of the same density

as Comp. B.

The data obtained on the vulnerability of the foreign artillery,
mortar and rocket projectiles and the U.S. mortar rounds are the result
of several id hoc tests. The results of these tests have been included
only for comparative purposes, since they were based on small samples

of data.

Extensive firings were conducted against five different types of
Sub-4ssile munitions. Target configurations were varied to include

firings against bare rounds and rounds shielded by thin aluminum plate.

In some cases, the target configurations simulated to a high depree a
missile warhead employing these rounds as a payload. In addition to

the mild steel fragments, 30 grain High Density (HD) fragments were

fired against these rounds to satisfy an additional requirement.

B. Test Procedures

In all the fragment impact phases of the tests, compact, cylindri-
cally shaped, steel fragments weighing 30, 60, 120, 240 and 480 grains

were used (see Figure 2).

18
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1.

WEIGHT RADIUS LENGTH AVFRAGE
(GRAINS) R I, PRESENTED AREA

(INCHES) ([INCIIES) (SQ. INCH ES)

3OHD 0.117 0. 10). 0.0500

30 0.15 0. 225 0.0884

60 0.20 0.24$ 0.1533

120 0.249 0.315 0.2210

240 0.2985 0.451 0.3511

480 0.3435 0.660 0.5425

NOTE: 30 HD - 30 Grain High Density Steel (Mallory 3000), Remaining
fragments were case-hardened to Rockwell C-30.

Figure 2. Characteristics of Steel Fragments

20



CONFIDENTIAL

Smoothbore Mann barrels mounted on a "Frankford Mount" were used

for propelling fragments at vel.cities up to approximately 20.,0 meters

per second. For igler vlocities a lig lt s g,n %,t. useJ. A

chr, nogralh and "break screens" pro,.'y, C.J the nmeans for obt-,ining

velcit% :roasurcmentb.

An ovvr.-ill schenatic of the fi,-Id t,.st set-up ;,nd firing cl.,n".r

is hown in Figures 3 and 4. Thv mnu::le-to-target Jist,.,ne illubtratcd

Aa. uscd f'r tiring g: inr-t tho smai ilcr caliber projectiles It w s

it.,:e ,ary to incr.'asv tl,e mu.zic- o-tLrgLt distan'" ,hvn 'ir nIlg again';*

thc larger caliber pru,.-ctilcs to prote.t the firing chamber.

(CONFIDENTIAL IV. RLSIILTS AND OBSr{IArIC.NS

The results of over 801) individual firings have been grouped into

four categories: (1) U.S. artillery projectiles. (2) Soviet .rtillery

and rocket projectiles, (31 U.S. and Soviet/CICOM mortar projc 'tilcs,

.nd (.1) U.S. Sub-Missile munitions. The results are prosented in

tabular form in A[pendices A through D of this report.

Considerable data were generated on U.S. artillery and Sub-Missile

munitions. Consequently, those firings against the U.S. artillery and

Sub-A1issilc munitions which resulted in poor hits were deliberately omitted

from Appendices A and D. Those test results associated with poor. hits

were considered outside the range of interest of this stud)-. Because

data generated on the remaining munitions were limited, all available

results, including some which may have very limited value, for these

munitions, were included in Appendices B and C.

Observations based on these firing records are discussed below.

In the discussion, tables identified by a lettier hyphenated to a Roman

numeral will be found in the appendix associated with the letter.

A. U. S. Artillery Projectiles

Tables A-I through A-IV present the results of firings conducted

with empty and wax-filled art.llery projectiles. In general, as would
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he expected, it is observed thait the impact velocity required by a given

trament to perforate the wall of an cmpty projectile incre:ascs as the

wall thickness of the projectile increases. These l aboratories believe

th.Lt ubserved deplirtures 'rot this gelieral trci.d are due to snill variations

in the average wall thickness of the four types of projectiles tested and

to variations in the will thickness of individual rrojectiles.

Tablc A-l presents the results of tests conducted against wax-

filled projectiles. Test results suggcst that if some giver fragment

requires some minimum impact velocity to perforate the wall of an empty

1rojc%.ile, then an increase of approximately 100 meters per second in

the impact velocity is needed for the fragment to perforate the wall

of the same projectile when it is filled with wax.

The results of the firings conducted against U.S. Comp. B-loaded

90, 105, 155 and 175mm projectiles are presented in Tables A-V through

A-IX. It is observed that:

I. For a given fragment, the impact velocity required to initiate

an explosive or burning reaction increases as projectile-,wall thickness

increases. However, it is noted that the 155mm projectiles used in this

test were originally issued with a TNT filler. The TNT was "steamed"

uut and replaced with Comp. B at the Aberdeen Proving Ground. During the

steaming-out process, the asphalt-based paint coating on the interior of

the projectile was washed out. This changc the impedance march between

the projectile and the filler and could have influenced the sensitivity

of the round to shock initiation.

2. High Order, Low Order, and Burning Reactions resulted from

similar impact mass and velocity combinations. The minimum impact

velocities, for a given mass producing these rvactions, were essentially

the same.

3. Fragments, impacting Comp. B-fillvd projcctiles, can initiate

explosive reactions at velocities below that require!d for perforation

of the projectile wall. This trend was noticed partict'larly when

testing the thicker-walled projectiles.
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4, For a given fragment impact mass (velocity), a greiter velocity

(mass) is required to initiate an explosive reaction for an impact at

forty-five degrees obliquity than for an impact at zero degrees obliquity.

This observation is based on a limited amount of data and may not be

valid for all mass-velocity combinations.

B. Soviet Artillery and Rocket Projectiles

Because of a shortage of projectiles, only a few tests were

conducted against the Soviet S7mm, 122mm, 140mm, and IS2mm HE projectiles.

The test results, presented in Tables B-I through B-IV, indicate that:

1. The Soviet projectiles tested are less vulnerable than U.S. Comp.

B-filled projectiles of similar caliber. This may be attributed to both

the thicker wall and the less sensitive HE filler of the Soviet projectiles.

2. Fragments, impacting either a 57mm, 122mm, or a l40m HE projectile,

did not initiate any explosive reactions at velocities below that required

for perforation of the projectile wall. No wall perforations or explosive

reactions were observed when fragment firings were conducted against the

thicker-walled 152mm HE projectiles.

C. U. S. 81mm and Soviet/CHICOM 82mm Mortar Projectiles (TNT)

The Ballistic Research Laboratories have conducted tests to deter-

mine the vulnerability of both in-flight and stacked mortar ammunition to

fragment attack. The results of these tests are presented in Tab!es C-I

and C-I.

Both the 81mm and 82mm projectiles have a wall thickness of approxi-

mately 0.32 inches throughout most of their length. The major difference

between the two projectiles is in the type of metal used in their

manufacture. The domestic 81mm projectile casings are made of steel while

the foreign 82mm projectile casings are made of cast iron.

Test results show that if an explosive or burning reaction is the

objective of a fragment attack, the steel-cased projectiles are more

vulnerable than those with cast iron casings. However, if the only

purpose of attacking the projectile is to defeat it as an offensive weapon,
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(Jud the round) then the cast iron cased projectile is more vulnerable

as it fractures more readily.

Although the fuze sections of projectiles contain the most sensitive

elemnts, impacts on or near the fuzes in this test did not result in

High Order reactions.

P. Firings against U.S. Sub-Missile Munitions

Table 0-I presents the results of over 300 firings against five

types of Sub-Missile munitions. It is observed that:

I. The five types of munitions tested are considered equally

vulnerable to fragment impact.

2. Masking the rounds with a 0.63 inch aluminum sleeve and/or a

0.125 inch aluminum plate with or without a standoff, does not provide

sufficient protection to significantly reduce round vulnerability to

fragment impact.

A limited number of tests were conducted wherein 2.0 inches of

polyurethane was placed between a 0.125 inch aluminum plate and a round

with a 0.063 inch sleeve. No reduction in round vulnerability was

observed.

Tests were also conducted against grouped XM-41 rounds in aluminum

containers. The results of these tests, presented in Table D-I, show

that if one round in the group detonates High Order, the remaining

rounds will also detonate High Order.

(CONFIDENTIAL) V. EXPLOSIVE REACTIONS

The "Military Standard"7 definition of a detonation is: "An

exothermic chemical reaction that propagates with such rapidity that

the rate of advance of the reaction zone into the unreacted material

exceeds the velocity of sound in the unreacted material, that is, the

advancing reaction zone is preceded by a shock wave. A de-tonation is

classed as an explosion. The rate of advance of the reaction zone is

termed detonation rate or detonation velocity. %hen this rate of

26
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advance attains such a value that it %ill continue without diminution

through the unreacted material, it is termed the stable detonation

velocity. The exact value of this term is dependent upon a number of

factors, principally the chemical and physical properties of the material.

When the detonation rate is equal to or greater than the stable detonation

velocity of the explosive, the reaction is termed a high order detonation.

When the detonation rate is lower than the stable detonation velocity of

the explosive, the reaction is termed a low order detonation."

Detonation rate measurements can be obtained in the laboratory when

testing small quantities of bare explosive. Because of the elaborate

instrumentation required to obtain detonation rate velocities, it is not

feasible to collect such data in tne field when testing HE-filled Muni-

tions.

When HE munitions are subjected to steel fragment impact, the

results are usually classified as either High Order (H0), Low Order (LO),

Burning (B), or No Reaction (NR). Some investigators have subdivided the

Low Order and Burning reactions and labeled them High Low Order, Mild Low

Order, Low Low Order, Prolonged Burning, etc. Test results are usually

classified by personnel in the field on the basis of some predetermined

criteria and are subjective in many cases.

The classifications of the results presented in this report are

qualitative. No photographic, electronic or umechanical equipment was

used to quantitatively measure the response. The Test Director in the

field was required to classify the results as No Reaction (with or without

perforation), Burning, Low Order or High Order.

Classification of results as No Reaction or Burning is straight-

forward and presents no problems. However, the :ationale used for assessing

results as High Order or Low Order requires some explanation.

It was observed, during the tests, that impacting steel fragments

could perforate the wall of a steel-cased projectile eaving a well-

defined hole. A visual inspection did not reveal any additional degradation
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in the structural integrity of the projectile. When comparable projectiles,

tinder similar impact conditions, fractured into two or more pieces, it was

as-timed that it was the result of an explosive reaction.

It was further assumed that the number and si:e of the projectile

pieces were, in some sense, indicative of the magnitude of the explosive

reaction. Explosive reactions were classified High Order if there was no

evidence of large fragments and of unconsumed lIp filler in the impact area.

If .an large pieces of the projectile or unconsumed IE were ohscrved in

the iupact area, the test result was classified Low Order.

If a detonation rate criterion is the only accurate method of

classifying test results as either IHigh Order or L.vw Order, then it is

possible that some of the explosive reactions classified High Order,

in this report, should be reclassified Low Order.

These Laboratories have conducted tests8 to determine the vulncrahility

of 3frm and 40mm IHE gun syst"ms to small arms attack. It was observed that

0.30, 0.50, and 0.60 caliber bullets, impacting at service velocity on the

base of 30mm rounds, could detonate the 30mm projectile High Order. The

criterion for a High Order reaction was complete fragmentation of the

projectile and the complete consumption of all the AE filler. Additional

tests were conducted wherein groups of rounds were taped together and one

round was subjected to bullet impact. Test results indicated that some

of the remaining rounds could sympathetically function Low Order. However,

when one round in a group of rounds was statically detonated, all rounds in

the group detonated High Order.

If we assume that statically detonated projectiles always detonate

IHigh Order, and that when one projectile in a group of projectiles deto-

nates Hligh Order the remaining projectiles will always sympathetically

detonate High Order, then all the test results classified High Order in

reference a as a result of bullet impact are suspect.

Using the response of witness rounds as a criterioa f%. classifying

explosive reactions as High Order or Low Order could prove to be a valid
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technique. Unfortunately, range facility limitations and safety

restrictions would limit the use of this technique to those tests

involving the smaller caliber HE projectiles.

Until personnel in the field have the means of quantitatively

as :ing the magnitude of explosive reactions, at a reasonable cost,

tt.,- test 'rc'ults classified High Order, in fragment or bullet impact

tests conducted against HE munitions, are questionable and could easily

be Low Order,

(CONFIDENTIAL) VI. ANALYSIS OF DATj.

Test results were analyzed using several different methods. For

a given projectile, the number of parameters investigated and the number

of data points available for each parameter determined the method to be

used. The methodology reflects both the utility and validity of analysis

as a predictive tool.

The methods used in analyzing the vulnerability of each group of

munitions are discussed in the following sections.

A. U. S. Ar#illery Projectiles

In this analysii, those test results classified High Order and

Low Order were comined and treated as one phenomenon. This approach

is justified on the bases that, for the area of primary interest,
(i.e., thresholds for High Order and Low Order reactions), the impacting

o--2s-velocity combinations were observed to be the saw.

For each type of shell, the data is of the form (mi, vi, dij), where

a i is the mass of the fragmerit fired, i a 1, 2,..., H

vij is the corresponding velocity for each i, j 0 1,2,..., N.

dij is the corresponding result of the test, dij - 0 or I,

that is, dii 0 when a fragment of mass mi, fired at a velocity

vii resulted in no detonation, and dij a I when the fragment impact

resulted in a detonation.
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An adequate model for this type of experiment is described by Golub

aud CGrubbs 9 . The assumptions and techniques are described in reference 9

and will not be repeated here. With this method, for each shell and

each fragment of mass mi ,(vij , dij) are used to obtain Ti. 13., 2  ;2

where

* Vi (commonly called V. 5 ) is at, estimate of the mean

velocity ui corresponding to i. with th.. property

that a projectile of mass mi fi,-d at r.: given shell

with a velocity of ui will detonate the shell 50% of

the time.

* 2 is an estimate of the variance a..
1 1

* 23 is the approximate variance of th s-mt .

A 2 is the approximate variance of the estimate s?.

One assumption of the model is that the probability of detonation

P is given by

I.t

I
(1) p " - exp (-t 2 /2)dt

where

t 
V

Since, for each shell and each fragment mass mi. Vi and ef are

maximum likelihood estimates of u and o2, one can construct a probability

function based on the assumption of normality and the estimates.

Preliminary analysis of the data using median velocity values (see

Table A-V through A-IX) for each type of shell indicate that mass versus

velocity plots for each shell would be hyperbolic. Therefore, a curve
-hof the form V * K/m was fit to the data corresponding to each shell,

3U
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namely, h and K were to be estimated for each shell. Because of the

small number of data points used to fit each curve, it'was decided that only

one parameter should be estimated. Since h a 3 was a good representative

value for the power of V over all fits, we fixed the value of h at 3

and estimated K only.

For each shell, a curve

(2) V3 - K/m

was fit using the method of Least Squares and the Data points (mi, Vi),

i * 1, ... , n. K was chosen so that

n

(3) ( -(K/m) 
1/') 2

was a minimum. The solution is

n V.M 1 33

(4) K-
n .2/3

jul

For each shell, eq. (2) gives an estimate of " (V.5) as a function

of the mass of the projectile.

For each shell and each V. corresponding to mi, 2 , an approximate

1

variance of the estimate V1, was used as a weighting factor in a second

fit of the curve V3 a KI so that

w i (Vi - (KI/m) /3)

is a minimum, where
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w. a l/o2  The minimizing value of K' is
V.

17
n i -i1:/3 3

K , 

i-I

The second fit of the dati, usini the weights, would appear to he a

reasonablv criterion. For a data point (mi, ) where the u 2 is small,

indicative of a more reliable estimate, the weght is large, thus forcing

the curve close to the point. Similarly, for data point (mi, V'i ) where

the o: 2 is large, indicative of a less reliable estimate, the weight is

small, thus permitting the curve to miss the data point by more. Thus

the estimates for the fits using the weighted criterion will be closer to

the points which have lower confidence than the corresponding estimates for

the fits using equation (4). These data are presented in tabular form in

Table II.

The results of this analysis were used to establish a protection

coefficient "N" for Conp. B-1( led artillery projectiles. This technique

developed by F. C. Ledsham is discussed in detail in the British Ordnance

Board report. 6

The protection coefficient is defined as:

(V - Vo ) d
(S) K-

V x

where
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V a striking velocity (mps) that a cylindrical steel fragment,

impacting face-on, required to detonate a Comp. B-loaded artillery

projectile SO percent of the time.

V a the striking velocity (mps) that the same fragment, impactinp

face-on, required to detonate High Order bare Comp. B 50 percent of t'e

time. These data were taken from a report by Slade and Dewey (see Figure S).

d a the diameter of the fragment in inches.

x w projectile wall thickness in inches at the point of impact.

Protection coefficients were generated for all the U.S. proiectile%

using eq. (S) and are presented in Table ITT.

To arrive at a generalized solution for these projectiles, the

weighted least squares data was averafed and found to be 0.740. Setting

K a 0.740 and solving

V (Kx *d)
(6) V.•

d

predictive curves were generated for each projectile. Figures 6 through 9

show these predictive curves together with the weighted least squares

curves for High Order and Low Order reactions and least squares curves

for perforation of the projectile wall.

Assuming normality of data and using the V. 5 and a values generated

via the Golub and Grubbs Analysis, it was possible to construct cumulative

probability distributions in most cases. These distributions are illus-

trated in Figures 10 through 13 and provide some guidance in predicting

the changes in striking velocity required to detonate a projectile for

probabilities of detonation other than 0.5.

B. Soviet Artiller' Projectiles

Because of the limited data available, estimates of the vulnerability

of the S7mm, 122rm and 140m projectiles were made using a residual velocity

criterion. An analysis of all the data for these rounds shows that no

explosive reactions, High or Low Order, were observed until the striking

velocity of the fragment exceeded that required for perforation. Using
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Curve Indicates the Velocity.1
Fragment Diaeter Required
to Detonate Bare Composition
8 50% of the Time.
(From Slade and Dewey,
Reference 1.)

2000

1500

E

1000

5001 1 _
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Fragment Diameter (inches)

Figure 5 (C). Vulnerability of Bare Composition 8 to
Cylindrical Fragment Impact (U)
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3000
-Least squares fit of

perforation data.

- mWeighted least squares
fit of test data for Higth
Order and Low Order
reactions.
Predictive curve using

2500 a protection coefficient
(K) = 0. 74 0.

NOTE: Projectile Wall Meas-
ured 0. 485 Inches at Point of
Impact. Obliquity Angle =
Zero Degrees. Probability
of a High Order or Low
Order Rleaction 0. 5.

'2000 - ____ ____

1500

1000
50 100 150 200 250

Mass (Grains)

Figure 6 (C). Vulnerability of the U.S. 90mm HIE Projectile
(Composition B) to Fragment Impact (U)
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3000
I.ALt squares fit of
perforation d;tta.

Weighted least squares
fit of test data for Ifigh
Order and Low Order
reactionN.

- -- lredictive curve using

2500 a protection coefficient

(K) = 1). 740.

NOTE: Projectile Wail Meas-
ured 0. 40:9 inches at Pointof
Impact. Obliquitv angle ,
Zero Degrees. Probabllity
of a High Order or LowOrder
Reaction 0. 5.

2000

1500

1000.
0 50 100 150 200 250

Mass tGralns)

Figure 7 (C). Vulnerability of the U.S. lO5mm HE Pro ectile
(Composition B) to Fragment Impact (U)
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-- Least squares fit of
perforation data.

\ Weightcd least squares

fit of test data for High
1 Order and Low Order

reactions.

250 Predictive curve using
2500 a protection coe.ficient

(K) = 0.740.

NOTE: Projectile Wall Meas-
ured 0. 56 inches at Point of
Impact. Obliquity Angle=
Zero Degrees. Probability

of a High Order or LowOrder
Reaction = 0. 5.

> 2000
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Mass (Grains)

Figure 8 (C). Vulnerability of the U.S. l55rmn HE Projectile
(Composition 8) to Fragment Impact (U)
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3000o
Least squares fit of
perforation data

Weighted least squares
fit )f test data for ligh
Order and Low Order

I' Reactions.

20- - - Predictive curve using
a protection coefficient
(K) = 0. 740

NOTE: Projectile Wall Meas-
ured 0. 525 inches at Point of

a:.Ipact. Obliquity Angle =

Zero Degrees. Probability
of a High Order or Low
Order Reaction =0. 5.

2 0 00 ' . -

1500 __%_,_ IN,___

10 00 1 ,-
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Figure 9 (C). Vulnerability of the U.S. 175mm HE Projectile
(Composition B) to Fragment Impact (U)
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all the projectile perforation data available and the firing records

for these rounds, the following velocity critcrion was. established

for each round

60 gr 12U gr 240 Xr

S7rm 750 mps 000 mps 500 mps

122mm 400 mps -,o, mps 275 mps

140mm 1000 imp:; 800 mps 700 mps

These velocities are estimates of the minimum velocities required

by the fragments, after perforatxng the projectile wall, to initiate a

Low-Order Teaction S)% of the time. The predictive curves for these

rounds are presented in Figures 14, 15, and l.

It was not possible to make any predictions on the vulnerability

of the IS2mm projectile. None of the fragments fired against this round

were able to perforate the projectile wall. The .50 cal bullet impacting

at service velocity (869 mps) initiated a Low Order reaction.

C. U.S. 81mm and Soviet/CHICOM 82mm Mortar Projcctiles

The experimental data for these two mortar projectiles result from

two ad hoc tests conducted at these Laboratories and are included in

this report for comparative purposes. The objective of the first test

was to determine the vulnerability of stacked mortar ammunition in wooden

boxes to fragment impact. The second test was conducted to establish

the in-flight vulnerability of the round. Both tests were limited and it

was not possible to generate a predictive curve for the Soviet/CHICOM 82mm

round. An estimated vulnerability curve for the U.S. 81mm mortar projectile

based on the two data points available is presented in Figure 17.

D. U.S. Sub-Missile Munitions

Considerable data were generated during this series of tests. The

30 grain high lensity fragments were used to satisfy an additional re-

qtiirement and the data are included for comparative purposes only.
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NO'I: Projectile Wail MNeasured
0. 460 Inches at Ioint of Impact.
Obliquity Angle - 7'ro De-grecs
Probability of a L.ow Order
Reaction 0.5.

300 __

- III
I I

- i

E i

2000

15001 ,- -
CO 100 150 200 250 300

Mass (Grains)

Figure 14 (C). Vulnerability of the Soviet 57mr HE Projectile
(RDX/alumlnum) to Fragment Impact (U)
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NOTE: Projectile Wall Measured
0.620 inches at Point of Impact.
Obliquity Angle = Zero Degrees.

I Probability of a Low Order Reac-
! tion - 0. S.

3000 i !

r2

S25n0

2000

1500 L
50 100 150 200 250

Mass (Grains)

Figure 15 (C). Vulnerability of the Soviet.122mm HE Projectile
(TNT) to Fragment Impact (U)
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NOTE: Projectile Wail Measured
0. 375 Inches at Point of Impact.
Obliquity Angle = Zero [Degrees.
Probability of a Low Order
Iteaction = 0. 5.

2500 1 '

200

1500

1000 I -
100 200 300 400 500

Mass (Grains)

Figure 16 (C). Vulnerability of the Soviet 140n HE Rocket
Frojectile (TNT) to Fragment Impact (U)
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NOTE: Projectile Wall Measured
0.32 Inches at Point of Impact
Obliquity Angle - 7ero Degrees.
Probability of a Low Order
Reaction = 0. 5.

2500 _____-

2000

Z
0

1500 __ _

1000
50 100 150 200 250 300

Mass (Grains)

Figure 17 (C). Vulnerability of the U.S. 81mm Mortar
Project1le (TNT) to Fragment Impact (U)
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The median value, of the imr&%ating velocities, each fragment

required for ',ch type of reac~ioi is grouped by munition type for all

impact conditions in Table IV. The same median value data are grouped

by impact conditions for all munition types in Table V. The number

in parentheses following the median values in both Tables IV and V is

the number of obscrvatie-s used in arriving at the median values.

An examination of the data irn Table V indicates that the five types

of munitions tested can he considered equally vulnerable to fragment

impact. Therefore, the data were combined and an analysis was made

independent of munition typv,.

The median values presented in Table VI were reduced from these

comhined data using ligh Order values only. The V.5 and a values were

computed using the Golub and Grubhs technique and classifying both the

Low Order and ruptured case results as the no detonatiorn case, i.e., di

a t.. Curves were fit to the median value data for all three impact

conditiuw-, sec Figure 19.

Because of the physical size and shape of these rounds, these

Laboratories believe that the vulnerability curves in Figure 18 are

valid for all obliquity angles up to ricochet.

(CONFIDENTIAl,) VII. CONCLUSIONS

All types of conventional HE-filled munitions are vulnerable to

steel fragment impact. The response of a particular round to fragment

unact is a function of the following parameters.

A. Fragment Characteristics

The impacting mass, velocity and shape all influence the way in

which a round will respond. However, it is not known which of these

thr'ee parameters is predominant.

B. Projectile Characteristics

There is a steady decrease in the vulnerability of stevl HE

projectiles as the wall thickness increases. Limited tests indicate

so
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TABLE VI C). I.i:a,." ii.- :,Mas-Vel ity Coublnaicns
hequired 'o Detcnate Higi- 'rder

Zub-tMissile Mun.iion= ""- of "he Ti.e (U)

!kdian
Velutz .,. Shielding

•raa ) " ro). (n1p) /Mp) ... Aluminum jPb.1,

302 No No
30 21)F" !Jo No

' rt I:5 1405 6 lie o
2 "12"' 1 ! No

-2O No No

3.iL 2- jh 2430 3,'5 Yes No
30 .4P"

," I'2' 1 Yes ::0
12 l." 13;9 0 3 Ye 1:o

OHD 2 2() 36 792 Yes Yes
30 24!"., Yes Yes
'0 cl ,  3h. Yt:s Yes

120 1 -O -502 ,.74 'es Yes
240 12Y 1074 10 aes Yes

a. Shielding was either 9 1.^03 inc, sleeve, a 0.12 inch plate

or a .ozr.inanLion of both pla*.e A;,d sleeve.

.pa.'ing varied between 1.570 in'hes 'c 2.000 inches

c. Estimared. No data available.

d. Poor data point. XM-41 data uzed in th: analysis adversely
affected the median value. Ure V. d"a.

57

CONFIDENTIAL



CONFIDENTIAL

2500

I , No Shielding. No
Spacing

2250 ___ - - Aluminum Shielding,

Ii No Spacing
Aluminum Shielding.
Spacing

2000 -

c 1500
4%

4%

%4

1250--

1000

750 --
50 100 150 200 25C

Mass (Grains)

Figu.-. 18 (C). Vulnerability of Sub-Missile Munitions to
Fragment Impact (U)
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that cast iron projectiles fracture when subjected to fragment impact at

mass-velocity combinations well below those equired to initiate an explo-

sive reaction. The shock attenuation properties of cast iron probably

provide some degree of protection against shock-initiated explosive

reactions.

C. HE Filler Chara-teristics

Comp. B-filled artillery projectiles are more vulnerable to fragm'ent

impact than comparable rounds filled with TNT.

There does not appear to be any difference in the minimum impactinr

mass-velocity combinations required to initiate High Order and Low Order

reactions for Comp. B-filled projectiles.

It is possible to explosively initiate a Comp. -filled projectile,

via fragment impact, at velocities below that required for perforation of

the projectile wall. However, the mass-velocity combinations required to

perforate the wall of TNT-filled projectiles was always exceeded, in this

series of tests, before any explosive reactions were initiated. A residual

mass-velocity criterion appears to be the only method available in making

reasonable estimates on the vulnerability of the HE munitions tested

utilizing a filler other than Coup. B.

The Sub-Missile munitions tested are equally vulnerable to fragment

impact. It is reasonable to assume that other munitions in this class

will respond similarly.

Because data were available on the vulnerability of bare Comp. B to

fragment impact, it was possible to renerate protection coefficients for

Comp. B-filled munitions. These coefficients can be used in making

reliable estimates on the vulnerability of Comp. B-filled munitions.

The results of this series of tests should prove useful to analysts

in astessing the vulnerability of a wide range of HE ammunition to frap-

ment impact. They should also be of value to those enraged in the design

of new munitiens. Attention has been focused on thbse parameters which

influence the vulnerability of HE munitions. It appeais likely that the

vulnerability of conventional HE munitions can be significantly reduced.
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(UNCL) VIII. RECON1IENDATIONS FOR FUTURE WORK

'r provide those engaged in assessing and predicting the vulnera-

bility of lIE munitions to fragment or other type projectile impact with

the information they require, the following recommendations are made.

A. Using instrumentation, establish an "absolute standard" for

determining the response characteristics for High Order and l.ow Order
reactions. This would provide tcst personnel in the field with a method

for making quantitative assessments for all explosive reactions and
assist the analyst in the application of the results.

B. Conduct firings against TNT-filled U.S. artillery projectiles.

TNT is one of the least scnsitive of the more common HE fillers while

Comp. B. is one of the most sensitive.

C. Conduct additional firings amainst Comp. B and TNT-fillcd

munitions and determine their vulnerability as.a function of impact

angle.

D. Determine the vulnerability of bare TNT to st2el fragment

impact. It may be that a relationship exists between the vulnerability

of bare TNT and TNT-filled munitions. If a relationship does exist, it

could provide the means for developing a predictive technique similar

to that now available to analysts assessing the vulnerability of Comp. B-

filled artillery munitions.

E. Through live firings, quantitatively assess the desensitizing
effect, if any, of the more common and experimental materials that could

be used as either a coating on the interior surface of the projectile or

as an additive to the HE filler.

It is recognized that these additional investigations will not

satisfy the requirenents of all researchers. However, they should

provide the vulnerability analyst with a data bank from which valid

predictions can be made on the vulnerability of a wide variety of HE

munitions to steel fragment impact.
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(CONIDENTrIAL) APPENDIX A

Steel Fragments Versus
U.S. Artillery Projectiles (U)
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A-1 (.). -

Z.; bl w ct VClnc i t. ,

I'f! . t' ' ,

13

130".

761 y

10;4(

1064 X

10b2 x

1160 '.

1252

13 9 v

All frapments were aimed to imTact at a noirit where the
Projectile wall measured 0.48s t 0.013 nc7ohs and nt in
obliniiity incle of zero depreen.
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A-IL (C). . .- : - -

n . -r:", fr.d -.zY I' : , ._

r'b,,'::en'.Impact :-rv C .. " .e'a 1

1n rr tz .kr.,;I
,,rains) 'mp) (inchesj Parr, Petr-

tion

30 lh07 Empty 0. h03± .012 X
1559 ... X
1721 ... X

1885 "x X

1923 X
1943 X
2098 x

60 189 Empty 4.4O3t .12 X
1407 X
149)2 X
1533 X
1525 Wax X
1579 X
1670 X
1780 ... X
1986 " X

120 979 Empty 0. 03± . 012 X

9914 1 X
1124 . X
11314 X
1172 X
1216 .. X
1252 X
1255 ... x

24o 6o1 Empty 0.103t .012 x
788 X
802 X
9.41.. X
955 ... X
997 X
1006 ... X

±022 Wax X
io96 X
1272 .... x
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A-11

" r' L. ' . if- j

Par'. L. ' ' nni t1:.,'b-

", La'.!.t:'' (inch s) 'tr'r -

c.r.

12. '.A.XL

- 7 .. 'h p'.y ). *"- ....

Lit '.Z

1207 ... "1

116 1120..0... 012

1.062 .. ,

i.-Y?': All fragments were aimne to iLpact at a point where the
projectile wall measured 0.4C3 or 0.50 0 0.030 inches
and at an obllquity angle of zero degrees.
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TABUt: A-Lt (C). ClkSMIFICATION Or "4ESULTS -
rrpzments Versus 155m HE Projectile (Empty) (U)

cragment . Impact Velocity Results
( r in) (mps) ParLial Perforation

Penetration

01.70 x

1975 x

2012 X

2059

A20 1i76 x

1519 X

1531 X

1551 X

1612 X

1617 X

1629 x

1676 x

1706 x

1815 x

24o 1282 x

1378 x

1386 x

NOTE: All fragments were aimed to inmact at a point where the
"r.ni.t41 wall 9-paer~d O..A * fln.nx inhp ant at An

obliauitv anple of zero devrees.
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PA!*LE A-IV (:). CLASSIFICATION OF IESULTS -
FrarenLs Versus 175 m 11 Projectile (LmpLy) (U)

E-:-,.ienL :.!so Impact Velocity
( ~ ~ ~ ~ ~ : -:ai, I :z '. ial. Perfor tii, .;

I t; .,. t r b Lun

C J.:hX

I. ,ra 7

202 '  X

_20 13i . Z

132/ "

13LI. 7.

136C x
l1l29 7.

147

1476 X

1479 X

150C5 7

1622 x

1627 X

2o 1035 X

1160 X

1190 K

NOT%: All fragmenti were aimed to impact at a point where the
projectile wall measured 0.525 ± 0.03? inches and at an
obliquity angle of zero dcgrees.
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TABLE A-V (C). CLASSIFICATION OF RESULTS -

Fragments Versus 90am HE Projectile (Composition s) (0)

Fragment Impact Velocities (mps)
Mass

(grair.3) High Order L.,o Order Burn No Rea.tion

6O 2187 2060 2111 1 e; 2074
20B8 Ih93 2Z5
2104 I22 2101
2117 19, 2131
2i26 202C 2131
2151 2033 2146
215r4 2059 2146
2328 206L, 21C2

2066 21'1

120 1525 - 1552
1568 1553 11463
1571 1554 1529
1571 1568 155L
1580 1586 1585

240 1319 1228 1204* 11'(9 1239
1342 1228 1319* 1191 1243
1362 133?# 1202 1253
1386 1205 1254

1223 1260k

'- Indicates that the projectile wall was perforated. All fragments
were aimcd to impact at an obliquity angle of zero degrees.
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A-VI 'C'). " LASSIFICALION (TF R::ULTS -

Frai7.,nt. 'ursur . 109= la' Pro~e,'tile

iLragment tmpact Velocities (imns)

,;r Lu : ; -l: i e ^ . , r d e r !u r n B e) { b , !: i r, h

. 2]' , 2171- 2459 2675
"3 '., ,'"1 2190 2482' 2687"

. 22C7 2513 2687
2313 2585' 2725'
2355 2609 2726'

Z 0 2357 2621 2745
2387 2623 2867'

:. 2409 2635
.,2454 2638

.~ -12 i1' I Lh'/ 161, I 75

17.3 1'71 1717 1 f51i35 1879 1739 1663

It'jL17,4 - 6
" . -1 t 1 7 1 Ah

120 144 1456 14,;* 1175 1420
1446 15Ct4* 1211* l449*

144a 1271" 1467-

1417 1417v 1',31
11494 l 17 l31"

1417

1 1202 I-- 7-, 925* 11)1-
12211 1007, 1207,1
1232 1022 121,a0
1251 10C9* 1210

1092- 123e-
1131e 1237

1ndi:ater that the proje,-'ti1le wall waz perforated. All fraemert3
were aimed to impact at an obliquity angle of zero degrees.
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TABLE A-VII (C). CLASSIFICATION OF RESULT" -
Fragments Versus 105mm HE Projectile

(Composition B) (U)

Fragment Impact Velocities (mps)
Mass ---

(grains) High Order Low Order surn No Reaction

120 1629 152,) 1660.
1668 15144 16,10
1752 .548- 1( .O
1805 1553 16,9
184o 1564 191

1585 1' -115:
1587 1/3')
1605 1(3 ,
1614* 7(,
1658

24o 1690 1620* 1236
1692 1565* 15 't '' --

1568- 1 "
1571 i
1572 '16v-
1575, I/ ,

Indicates that the projectile wall was perforated. All fragm'n,
were aimed to impact at an obliquity angle of forty-five degrees.
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TA- LE A-VIT! (C). .. ZIIIA.I,! . RESULT3 -

Fragment Impact Velocities (nps)

"' Z3..3Z

II
1 43 ,;

1' I5 lc
1/18 1

jr2-"

1337 1. 1.-
13 %) C1~ l2z

1378 0E5 137>

Indi-,ate. thtt the projectile wrill was perforated. All ffraqpents
were aimed to impact at an obliquity angle of zero deerees.
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i'DWLY A-IX (C). CLASSIFICATION OF RESULTS -

Fragments Versus 175mm HE Projev.rilt
(Composition R) )

Fragment Impact Velocities (mvs)

Mass
grains) High Order Low Order Purn No Pe-a ion

120 1'
L J' Z 1~865 5G i "

k 76 1?? I t, Vi.I.

1)55 1884 1~ I<2

1952 1-123 1011

2 11
.,, i*" i - 1

240 128o 1326 1066 1272
14o5 1413 1162 12 ,
1432 ll, " 13"
1455 196 133h

146, 11170 1-),)
1566 123 1I '

123 / 13e-
l~h? 1369

12L3 l43)
12501 1144 0
1258 1463

A 1260

* Indicates that the projectile well was perforated. All fre .,r-'o
were aimed to impact at an obliquity angle of zero degrees.
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(CONFIDENTIAL) AFPEIIDIX B

Steel Fragments Versus Soviet
Artillery and Rocket Projectiles (U)
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TAILE B-1 I) . 3 ~i <C'I OF RF L 'S

Frrn,rrt-ntz -;i.- - 1

~ r~;':Afl. Impact

LL
. - r.urni.irr. ~rta' io

_________ __________ obser.;ed.

Proje - iIle wall jperrorif-rI. a;ik.'h,

1.3~? Pro.L le wall pf-rfor-ited. .3Lit'h*

1 28 0 Firojte, "Le tolperforw.ed. 11o

burning cr explosive rea'-tion co.-
__________.e.rved.

'44) _________ Lew, orde r r'ear'icn.

1 2 4 E Fo'~tile w~ell perfornttzd. X
ournira_, cr explo.Ive tstaL ,. ji-

____ ____ _ _ ____ ____ __ ervd.

24____ 16io Low order reav-icn.

4d :3 Low order reac' Ion.

.he sirn rc.Int was mid-way be'wepn 'lie bourrelet. and 'Le
rocta: ifl t"ends. The obliquity angle was zero degrees.

h,,! well thic'kness at this poin'. iz 2.~Ainc.i'.s-. .he ITE
filler is IIDX 73'; aluinumt 23'; wa 4,.

77

CON FIDENTIAL



CONFIDENTIAL

TASLI 3-It (C). CLASSIFICATION OF RESUL'S
Fragments and !Iullets Versus Sovi't

122mm HE Artillery ProjectiLe (TNT) ':)

Fragment Impact
Mass Velocity..... ; fps e u t

2330 Frogmen" hi! u : in,'he:, low cf
intended poiO Uf i.rh"." NGo per-
foratlon or expl,34.ve rstieiofl.

cC 2345 Fragrent hit o: ir,.-i lo of in-
tended point of impro_. No per-

__foration or oxplozive rer-tizn.

Projectile well r,.rf,,rhttd. grt.
burning.

C0 2c,40 Fragment hir n! half inch to the
right of the intended point of
impnet.. No perforation or explo.aivi-
reaction.

60 2536 Projectile wall perforated. Slight
.... burning.

tO 2574 Fragment hit one half in,'h to the
right of the Intended point of
impact. No perforation or explosive
reaction.'

60 2605 Low Order Rea,:.ion.

:'Z0 Low Order Rea('t i n.

60 2c-'1. Fragment hit one half in..'h low azid
one half inch *o the left of the
intenc., point of impact. Pro-
jectile wa.x! perfora'.ed. Slight

___Urning.

to 2669 Projectile wall perforated. Slight
burning.

120 1679 No perforation or exp1csive r,-' ion.

120 1': 52 No perforation or fmploive reac'ion.

120 1939 Fragment hit one inch high of the
intended point of impact. Pro.tctile

_ _well perforated. Slight burning.

"rhe aim point was oo:e inch below the bourrelet. The obliquity an-
gle was zero degrees. The wall thickness at this point is 0.620
inches.
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TABLE B-11 \'). CLASS'IF7 V.IO OF R' F"17 C
Fragwren~s brd rjuII~t Vtrjun Sovio.

i rngtzstt Impact
Me S s1,),:

ruurused i'-%.r j-iuft-..

Frrthi' ofl' in -h low ~f
*ended imr,: o.ln IL -.611t

___________ erfor-rjt~d SIL1 . turnir,7.

________ ~ OC o perforatiora cr -xlozvo- s~a -. iut

2!47. 1~'$ isa~'ti i hit. ore in,-br' o
in.trvl.ed pi.int ()f i~~~Pro.1-:.c- It

_____wal_ ~ el cf-rforated. Sljrh -r turnir.

4140 Fragrr:nt hit. one inch 1cv of the
intendtd poin'. of imrict.. Pro~iectilt
waJL veorforn'-. Sli,,ht turninf!.

:___140 __ 1 62t Low ordf-r rerq:' ion.

24o I&PLow ordpr res':!.ion.

240 17 hO Low order re~jotion.

A04 l 04 Low order rea-ction.

P .1- cal. ball bullet was used In
this '.est resulting in E, low orde r

. reacl.ion.
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TAB3LE B-Lu (0). CLAMPflICATION Of MEULTS -

Fragments Versus Soviet 1!40mn HE Ick'
frcjartiles kJ!") U)

FragUsent lmpa'.t W.1l fib iqui~ ty
Masr. Velocity Tni-kness Angle 10SU

~grain:; (mPs) (i:;ches) (deereen)

L". 3 0.375 0 LwOdr

S10 j 16-78* 0.375 0 1Wail p~r1'ozit~d. :1)exo r

214o 1678'o 0.375 0 Fragmernt. impb tf-K 1-.irn-h

riat ed. AceJoi e-

24,1531 0.375 3 o10ccrae.Sii

2140 18214 0.375 0 Higha "rder.

240 1835 0.275 45 Walol perf'orated. lc S 41
burned f'ct '.ntut

2L0 18144 0.So 0 jjich 1'rder.

2140 1794 0.60 0 Wall Perf'c-r: %ed. 2.~ plo-
sive cc.i-

2140 1779 0.60 0 N.,-jercr&c. X exjrLc-

480o 1120 0. 37 5 0 Fragment. i4-.pEr.cted 1-inch1,
tb.u rif~nt of' d-,ired 1D.poet
point. Wa11 perfirated. '11j
exp].oL.verecin

140 L5 .350 WEll1 prrforv&ed. Nc e*~

- - sive reactiflexlc

48o 1 895 3) 7 0 sie perf'orat,_a. No expic.
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WALI B-III (C). cSIP 11 W

Proj.-'lt- ;::) (continued) (U)

iiidicz) 'deg i t..',

jl' I r a.,: i AJr.I',e1.i.

2]. 1,mp-- ALiprfob.t. i

explzivereao:t ot..
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TAILIK B-tV 'C)- C LASSfl ICt!. 1 C (4
FrbzigMent&; and IHulletz ' fru viot

152nrm HE Artillery Pro.'-o"ile 31 (U).

?u:~r Impct

17 1 f~r.nt ratt~ed .rcr'

pro,'- -1 I j c wbilI. %oirni~
__________ ____________ cr explc.Aive r, & !'.L1f

12)2316 Iragmcnl. fellied I-F'' ort
pro.!#f -if tL. :.)1u tiw

or explosivezti ri.

11':1 23le, Irag~menf. f~ilcd to perfurb.#t
projetile woll. N8' Lburnirq.

120 Frisgarit ffilud tua pcrf--rui
pro.!ectle wall. N(- burr.iiig
or explojive re.-c.Icn.

120 2352 Fragment ffeiI~d Lu pvrfuoctf

______________ or ex! '.( j.VV rc .. )orl.

120 3'1Fragmtnt. failed to pcrforb.t.

r )ectile wall. Nc burni!r.4
., xplosive reca'. ion.

240 1195 Fragment failed t.o rerf95rfte

oi expl(,:;ive refj-it In.

24o Frogmen, failed lo pv'-fc~ra',!
project Iilfe witll. No burnizng

__________ ___________ or explosivf- resaA-ion.

.180 k869 A .O0 ial. ball bulit. wai;
Imnpacted at i"n ,oliqui*.'
ang'le ?f ero li.rees re.-,uIl-

-n ir. i low c-rd#-r r'.-o - '. n.

0 A .50 ':al. kball buile' w.a.
impacte:d at. an obli'jui~y
enftpe of Vi, degreez r"! ;uIl-

___________ _________ ing in b low order reF~uti'on.
41he aim point was one inch below th boirrelet. ;I,- wall

thickness at this point itL 0.-00 in. All. frngien!. wtrs aimed
to impact at an obliquity angle of zero degrees.
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(cohIwurrAL) APUDWX C

steel Fragments Versus U.S. 81=
and SovietCICOA Mortar IProjectile. (U)

S3 The following page is blank.
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7ABLE C-1 (C. cLAssIFicATION OF REuVLTS -
Fragment.j versvw. U.S. 6.Lmm Mrtar

Projet: ,*.-. (TNT) (U)

Fragment Lwpact ',bliquity1 I
Mlas3 VIelocity Angle tasking Fuze Reut

(drair~z) i(aps) (dcarees)

£0!- 0 3 /iO' No Perforation. Small rsmoun'
Pitfl of HIi burned. Impacted

1 2' telow gscekband"

2-0 I'I0 IsjNo -~S.al amont of 1Ee burned

I ar of the plbstic nose-
I cap broken. Impacted 2',

below gas chuck banids.

120 1!70 None No Sow~. HE burned. Nose car
knocked off. Untpurned HtE
as2attered around. ImpscL
below gas check bands.

120 1891 0 None Nlo Mild low order reaction.
Re'izid broke up into a few
large pieces. Impact bt-
low gas check bands.

120 2135 0 3/4i" No A flash observed as the I
Pine burned. No breakup of "li

projectile. Nose plug
knocked of f. Impact below
gas check bands.

120 1891 0 of No Some of the RIE burned.
Nose pluZ knocked of f.

,Tmpact below gas check

lbands.

120 1890 0 No Same as previous round.

120) 2130 0 " No Same as previous round.

120 2135 0 " No Impacted on gas che%.k
bands. Some HE burned.
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TABLE C-1 (C). (Continued)

CLASSIFICATION OF RESULT' -
Frbgments Versus U.S. Clm M.orl.ar

Projeetile3 (Tir) ')

Fragment Impact Obliquity I i
M.a s Velocity Angle Mlasking ;-uze Re~ulta

kgrain=) (mps) (degree!);I

12 0 2135 0 .3/4" Yes FuzL ar.td .. ith safety
Pine deviceL a'.'uched. ..ild

low order. Projectile
casing opened completely.
Impacted ont ih,:h telow
gas check bands.

120 2135 45 No Perforation, i,o b irniri.
Impact on Cas chetk bandt,

120 2135 145 " No Same as prcvious zou,d.

2.0 1830 0 " No Mild low order, projectilt
fractured into three
pieceu. Suctuining wood
fire started ir packing
box below the round. Im-
pact on gas check bands.

21s0 1594 0 No Some HE burned, Impa%;L on
gas check 1and3.

24o 1427 0 No Some HE burred. Ur.burned
HE scattered about. Impact
on gas check t ard.

240 1830 0 No Three rounds placed in a
six-round Soviet type con.
tainr. A weighted wooder
box placed above. Frag-
ment impacted on gas check
band. Iaw order reaction
of the impacted rouud.
Other r,-und - slightly dam-
aged.
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'TABLE C- (C). (Continued)

CLASSIFICATION OF PESULTS -
Fragments Versus U.S. 81mm Mortar

Projectiles (rrJT) (U)

'rament Impact Obliquity
Mans Velocity Angle Masking Fuze Results

(grains) (rps) (degrees)

120 2135 0 None Nc Impacted one inch below
gas check rings. Mild
low order reaction. Pro-
Jectile broke into three
sections.
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''A6LE C-I1c). CLASSIFICATION OF RESULTS -
Fragments Versus Soviet/CICO?4 '2mm HI.

Mortar Projectiles (Ti'lT) (U)

F ra -.cnt Impact Obliquity Fuze
t1.:j Velocity Ail le (Unarmed) Results

-rains) rps) (de;rees)

0 046 0 Yes Fragment inpa -t.d Ps' on the

uuarmed ruze i . f, ia s i c"- u"z
wes shattered. Ho expl=.zive ovr
burinir rea.en cLLr';,d.

12) 1891 0 No Franent Impa.--ted on gC.hei-

ring.c. The cast iron pro.e, 'ile
fractured into tui. pi-c. :i
explosive rew!'tcr, (.,r !,Lanin;
observed.

240 9I6 20 Yes Fragment ir.pa:'.ed ore iw,.h oe-
low the fuze, 200 'lf !hth hose.
Top section of the pr,_je::.iD-
frbctsured into several pie(e#s.

Fuzes, undan . ed, r.hrcwr aiout.
ten feet. 1o explo:;ive or t'rn-
Ing rea(-Lion oUserved.

2h0 I36 0 No Projetile, impacted on ,er
check rings, fra,:tur,,d into
twelve pieces. No explosive or

burning reaction observed.

240 I$30 0 Yes Projectile, impacted one inch
below gas check rings, fracturec
into 26 pieces. No explosive or
burning reaction observed.
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(CONhIDENIAL) APPENDIX D

Steel Fragments Venous
U.S. Sub-Missile Munitlons (U)

89 The following page is blank.

CONFIDENTIAL



CON FlDENITIAL

u 4)

U- 1A l o U' ' o\

a\ Oo'C' -7Ijcit- m14C5 -L\0 % [
%r \0 C)k - n - r\%0 0

F- r.~

(J0 04 A

0,4 00 1

4-.5 4

L.-4 1-4 O

04 C; C;
G-t)

'-40)4.0 4
d2 f

w %-4 -0 V 10 4 .4 4)m4
v .4 J1 a~ U.6J 0

r. 0) : 0
eD)0)s

0.\ m a,-447,11 cw ciii
C-i~o LM 0 A s
en C)0

_____ ____ ____ ___ d II IIa;

91'

CONFiDETIA



CONFIDENTIAL

.~~0 C\C\C ;N CU CU j C (n CUCUCJ

-: ,, 3 r \

-7 - .~ .= U- k '.c 4 N m cr CV,\ .-4 c. -T v, M) N \ cu t-- m -
> JJ 1-4 (nr 6 4) 'AD %O'.0 t-- -It- - N MUr' t- (n M% O'4.j %

l)

r i
'-4

t4b -4-,

10 ) LN .

'-P4
v

ff) 4

(0-0

ow j d

1 
.

>.

CU0

92

CONFIDENTIAL



CON FIDENTIAL

-~ ~ ~ -- -v \.:)______ -Z -=____

a, o a\-- cm N ("\4 00

t-- m- --en- :

M 4.D\U\\ \ Z t oco c -

-44 P- N \c v

'.-~ W. m- 8\8-

wO r4r4N 4

00

0-4 4?

0-4 40 0.
cn. -4 .

'a. co-0 00

to

A (A

93

CONFIDENTIAL



CONFI DENTIAL

(AU' J, 10C 4 3-TU ., -4-.7%) T, V

= UCVJ (l)U\U. j c U k s) -Z "N % U -4 4 -4 " u

-. N VIJJo -

H - -I-4 rH-
4  

-4 -4 -4 -4 -4 -4 -

in V4

V)G cc) C

U-",N

A.1

*... go )~ 0 0
6

U 4 * *

~C 00 Q.

94

CONFIDENTIAL



CONFIDENTIAL

O._____ --___-__L,..,. - -.-,- " .

'.4,
4 -- 4 m %IN ---

-. '-4 --4 -N'

-4% -44

c_.

c,*, - -4

* 00i

~~'4

CONFIDENTIAL

I.,I



COwNFIDENTIAL

-4-

4.'

.1-
*10

4)~' W r

ti'. Q2j u 0

07 0 0

~9

COFDETA



CONFIDENTIAL

U Cj I' .~ (\z~ C, ..4 c d *-7 ~
-. -7 .4(r

.IU'\ ~ t-(, Md \j-4 -4 -q '-
4 
c~l c~djN

Q U-N0~ LC
-4

(. -4

.00

L..4- .- 44 1-4 -4 0 C

1-401 4~E
X) >4 2

'I) 97

o ~ ~ 0% N - -D E N T I A L_



CONFIDENTIAL

4D I0i,

tot
-4 -4 k\IJ

P4

.- 1 r1

tot

E0 
0

CONFISNTIA



CONFIDENTIAL

: - .t - 1 01 N j fn -? \F (r co\~' ? t~jCC k ~w% \t 0 0
N - I 4 4- 4 4 - 4 - 4 - - - 4- 4-

C -iA J .-4C J 'NOC N '.: 0t-t- t-a V a)0
>lu aj 14 4 4 1 _ 141- 14

-3 1 C\ J-

zL

064
Z-4

04

u to
s-.4

'-V

4),

CL 0 0

99

CONFIDENTIAL



CONFIDENTIAL

il

44. 4 n WI~N

.- .4 . 4

Ji
N ,

t oo

~~114

CONFIDENTIAL

I I '1



CONFIDENTIAL

.5 a. 1. =. 5. c -
04 0 bo ) 4 W ) Q ) W 4) -

-0 -a - 0 0.'. (A V) V) ..

§ 9c c -j r- c
0-01'4 - 4 0 V a a401

4) 4)-) u 4) 'o

a)( c c~ 0 t- C'- c
P44 P-4s.. 1.4 .. 4 04 0A L 0

.-~ -0 0S -4 .-

U) 4)

000 0 0 0 0 0 0

OLC0 N. 5.0 .0j £.U c\1 1.0 50 5.u

0440 0 0 0 0 0 0) 0 0

4.4 0) 4) c) 4) 4). 4 ) 4
0. . 6 Q L

C)4,- -3 4-) ) - 4C - - 4r 0

c0 0 04) 0 0> 0>
Q C') 0 1 ? ) 9 ) ')

U A - c r4 '. 194 -
v4 0 0 0- 0 0 0

0 C

0 0 0 0 0 0

0-44)4 -

101 The following page is blank,

CONFIDENTIAL



CONFIDENTIAL

(COfWI ETIs L) APPUIDIX I

Engiueering Drawings of U.S. Artillery Projectiles,
Soviet Artillery and Rocket Projectiles,
U.S. and Soviet/HICGK Mortar Projectiles CU)
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Figure E-1. Shell for U.S. 9Onn Artillery Projectile
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Figure E-2. Shell for U.S. 105m Artillery Projectile
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Figure E-3. Shell for U.S. 15S5m Artillery Projectile

107

Lmm1



1t - 2.38

1.60

0.555

18. 16

- 6. 87

Figure E-4. Shell for U.S. 175nm Artillery Projectiie
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Figure E-5 (C). Shell for Soviet 57mm Artillery
Projectile (U)

109



2.383

10. 178

-0 .---. 37

0.62

22. 143

4.750 o

0.75

0.87

3.634

.K_:2
Figure E-6 (C). Shell for Soviet 122nm Artillery

Projectile (U)
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Figure E-7 (C). Shell for Soviet lS2mm Artill'ery
Projectile (U)
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Figure E-8 (C). Shell for Soviet 14Ornn Rocket Projectile (U)
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Figure E-9. (U) Shell for U.S. 81mn Mortar Projectile
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Figure E-10 (C). Shell for CHICOM 82nmn Mortar Projectile (U)
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