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BALLISTIC RESEARCH LABORATORIES

MEMORANDUM REPORT NO, 2031

HJReeves/bjr
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 measurs 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 175mm HE (Comp, B) artillery
projectiles, Sovist 57mm HE (RDX/Aluminum/wax) artillery projectiles,
Soviet 122mm and 152mm HE (TNT) artillery projectiles, Soviet 140mm HE
(TNT) rocket projectiles, U.S, 8lmm and Soviet/CHICOM 82mm mortars (TNT),
and a varlety of U,S, Sub-Missile munitions,

These firing data were used to determine contributions of fragment
striking mass and velocity required to initiate explosive reactions,

3 The following page is blank,
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VONFIDENTIAL

(UNCLASSIFIED) I. INTRODUCTION

The Ballistic Research Laboratorics are presently engaged in an
analysis of the vulnerability of a wide varicety of air and ground
targets to fragment impact. To complete vulnerability studies on
weapon systems such as ficld arcillery, tanb, aircraft and anti-
aircraft systems, the vulnerability of the High Explosive (HE) munitions

belonging to cach system has to be determined,

A ruview of available duta dealing with the vulner f
cxplosives and explosive-tilled munitions revealed that, with the
exception of bomb vulncrahility, only limited, cempirically-kased,
vulnerabi) ity data have been generated for most types of HE munitions.
The data that arc available result from limited ad hoc testing. 1t 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 thc results of these investigations is

discussed in parts A and B of Scction II of this rcport.

This report prescents vulnerability data on a wide variety of HE
projectiles to steel fragment impact. Included arc the results of
extensive testing against Composition B (Comp. B)-loaded U.S. artillery
projectilés and several types of Sub-Missile munitions and the results of
limited testing against forcign 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 cffects of steel fragment impacts versus U.S.

and foreign munitions.

Threshold fragment mass-velocity combinations reguired for an
cxplosive reaction with an associated probability of 0.5 have becn
established by fitting lecast squares polynomials to the data from the
firing records for the U.S. artillery projectiles and Sub-Missile
munitions. These data werc used to generate cumulative-probability
curves for the artillery projectiles. Assumptions upon which the

cumulative probability curves arc bascd are specificed in the text.

11
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The vulnerability ot the forcign munitions and the U.S. mortar
projectiles were determined by plotting the median values for explosive
reactions from their respective firing tables. In all cases, inter-
polations and extrapolations werc required because of the limited number

of data points.

(CONF IDENTIAL) I1. DISCUSSION

This section has been included to familiarize the reader with
some of the Jata that are available on the vulnerability of cxplosives
and with the way in which these data rclate to the vulrnerability of HE

munitions.

A.  Buare Charge Attack

Slade and Duwcyl., in the abstract of their report, statce that:
"Firings of right cylinders against bare tetryl and Composition B show
that the velocity for S0 percent initiation is a function of contact area
but not of mass nocr of the form of the projectiles behind the contacting
surface." Brown, Stecl and Whitbrcndz. using different types ¢f cxplosive
targets, rccorded results confirming these findings. Because cxtensive
scnsitivity Jdata on Comp B. were alrcady available, this cxplosive was
selected as a filler for tests conductcd against the U.S. artillery
projectiles. Unfortunately, similar data are not available on other

common HE fillers.

B, Covered Charge Attack
1, 2, 3,4, 5

Most investigators 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 thc thickness of the cover plate, These results were
observed when both the HE type and cover plate composition were varijcd

and the attack angle was kept constant,

]
Referencea are listed on page €1,
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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 rcactions which
occurred. In the consideration of fragment impacts on HE projectiles,

one or morc of the following mechanisms muy affect the outcome.

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

which reinforces the original shock wave and forms a dctonation 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 ot the surface layer of

the c¢xplosive rises very quickly.
4. Initiation Causcd by Heot Objects Embedded in the Explosive.

Impacting fragments are heated as they perforate the projectile wall
before they come to rest within the HE filler. The shape of the impacting

fragment is critical if this is the mechanism involved.

Any attempt to determine which of these mechunisms causes or cause
the explosive reaction reauires the measurement of "induction times'.
The induction timc is defined as he time between the moment an explosive
is attacked and the moment recaction is initiated. Unfortunatcly, the
techniques and instrumentation required to obtain such measurements are
not conducive to large-scale, explosive, field testing. Such mecasurements
are normally obtained in a laboratory using small charges.

D. Application
Attempts to extrapolate from basic explosive vulncrébility 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 bcen quantitatively established 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

CONFIDENTIAL




CONFIDENTIAL

to fragment attack can be conveniently grouped into two categories:
shock-initiated reactions and non-shock initjiated rcuctions. This tech-
nique allows us to discuss in a qualitative manner those rragment and
projectile characteristics that determince the probability of a

successful attack.

1. Shock-Initiated Rcactions. When a4 fragment strikes the wall

of an HE-fi1lled 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 arca), shoch impedance*, and obliquity angle.

b. brojectile Characteristics. Wall thickness at the point of
impact, shock impedunce of the casing, protective coatings (paint or
enamcl 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 te 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 the fragment to that of the projectile approaches

unity. ~ .

Y

b. The probability that a given fragment striking any HE

projectile will initiate an cxplosive recaction will increase as the HE

sensitivity increases and as the projectile wall thickness decreases.®

Tfha shoeck impedance of a material is defined as the product of ite
density and veloeity with which a shock wave propagates in it. The
efficiency with which shock 18 transmitted from ore material to another
18 a function of the impedance mateh of the two materiale. The mogt
efficient coupling will be realzued when the impedaices of the two
materiale 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 morc cfficient 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. However, a perforation crite.ion appears to be an effective
means of predicting an explcsive 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 KE 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 cxperiences 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.

The probability that a hot fragment embedded in the HE filler will
initiate an explosive reaction is determined by the temperaturc of the
.fragment and the sensitivity of the HE filler to heat, The fact that a
fragment perforates' the casing of an HE projectile before any explosive
reaction is observed, does pot 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 cxplosive in terms of meaningful parameters. The
British Ordnance Board report by Ledsham®treats this protlem in con-

siderable detail.

15
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(UNCL) 111. S7OPE OF STUDY AND TLST PRQOCLDURES

This report presents data on the vulnerability of a wide varicty
of HL munitions to stcel fragment and bullet impact. Firings were
carried out against U.S. 9tmm, 105mm, 125mm, and 175mm HE (Comp. B)
artillery projectiles, Soviet S57mm HE (RDX/aluminum/wax) artillery
projectiles, Sovict 122mm and 1Simm HE (TNT) artillery projectiles,
Soviet 140mm HE (TNT) rocket projectiles, U.S. 8inm and Sovict/CHICOM
8imm mortar projectiles (TNT), and five types of ¥.5, Sub-Missile

munitions.

Over 800 firings werc conducted in this program, A breakdown
of these firings by fragment and munition typce is prescnted in Table [,
A physical description of the artillery, rochet and mortar projectiles
can be found in Appendix E. A physical description of the Sub-Missile
munitions is availablc from thc Warhead and Speciual Projects Laboratory

at Picatinny Arscnal,

A. Approach

U.S. projectiles were selected for large-scalce testing because of
their availability in suitab quantitics. The 105mm, in particular, was
subjected to extensive testing because it has a thinner wall than the
other U.S. projectiles identificed above. It was anticipated before
testing, that because of fragment striking velocity requirements, vuln-
erability data could be more easily gencrated against the thinner-walled

projectiles,

Because the sensitivity of bare Comp. B to steel fragment impact
had already becn established, it was sclected as a filler for the U.S.

artillery projecctiles.

Prior to explosive testing, steel fragments were fired against empty
U.S, projectiles tc establish the fragment mass-velocity combinations
required for perforation. The impact location was defined as . 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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TABLR 1. SUMMARY TABLE
Total Number of Firings
Steel Pragments Versus HE Munitione

Fragaent Weight {Graine)
Target Type ] %0 | &0 10 2w ] W0
U.S. Artillery
Projectiles
90ua 29 18 27
105= 52 3h b ke
15%=n ) n 28
175 b L1} 35
Soviet Artillery
Projectiles
STen 1 b ]
122w 10 ) 7
1580w 9 6
152w 1 6 2
U.S. 8lam and
Soviet/CRICOM
82am Morters
6lm 1 12 4
82um 1 1 3
U.8. Sub-Micsile
Municione
N-32 51
M-8 33 20 31 36
M-43B1 7 6 9 9
XM-b1 13 ) ) Y
-2 2% 32 27 17

‘30 HD = 30 Grain High Density Steel (Mallory 3000). Remaining
f?qgmenta were aasa-hardened to Fockwell C-30,
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reactions were assessed as poor hits, The rational behind these prelimi.
nary tests wac twofold: (1) the tests could be conducted inexnensively

at an indoor tist 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 éorty-five
degrees were considered (see Figure 1), (bservations 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 dats obtained on the vulnerabiiity of the foreign artillery,
mortar and rocket projectiles and the U.S, mortar rounds are the result
of several ad hcc 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
SubeMissile 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
wore used (see Figure 2),

18
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WEIGHT RADIUS LENGTH AVERAGE
(GRAINS) R L PRESENTED AREA
(INCHES) (INCH ES) (SQ. INCHES)
30HD 0.117 0.163 0. 0500
30 0.15 0.225 0.0884
G0 0.20 0. 248 0.1533
. 120 0. 249 0.315 0.2210
i " 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 caseshardened to Rockwell C=30,

Figure 2. Characteristics of Steel Fragments
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Smoothbore Mann barrels mounted on a "Frankford Mount" were used
for propelling fragments at vel.cities up to approximately 2050 meters
per second.  For higher velocities a light p2s gun was used. A
chronograph and "break :rcreens' provided the means tor obtiining
velocity reasurements.

An overall schematic of the ficld test set-up and firing clamboer
15 hown 1n Figures 3 and 4. The muzzle-to-target distance illustrated
was used for tiring against the smaller caliber projectiles. It was
necessary to incrcase the mucsic-to-target distancs when firing against

the lurger caliber projuctiles to protect the firing cnamber.

(CONFIDENTIAL IV.  RUSHLTS AND OBSLKVATICNS

The results of over 800 individual firings have been grouped into

four categorics: (1) U.S. artillery projectiles, (2) Soviet artillery
and rochet projectiles, (3) U.s. and Soviet/CHICOM mortar projectiles,
and (4) U.S. Sub-Missile munitions. The results are presented in

tabular form in Agpendices A through D of this report.

donsiderable data were genecrated on U.S. artillery and Sub-Missile
munitions. Consequently, those firings against the U.S, artillery and
Sub-Missile munitions which resulted in poor hits werc deliberatcly omitted
from Appendices A and D, Those test results associated with poor hits
were considered outside the range of interest of this study, Because
data gencrated on the remaining munitions werc limited, all available
results, including some which may have very limited value, for thesc

munitions, werc included in Appendices B and C.

Observations based on these firing reccrds are discussed below.
\)
In the discussion, tables identified by a lcttier hyphenated to a Roman

numcral 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 cmpty and wax-filled artillery projectiles. In general, as would

21
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be cxpected, 1t is observed that the impact velocity required by a given
tragment to perforate the wall of an cecmpty projectile increases as the

wall thichness of the projectile increases, These laboratories believe

that ubserved departures from this general trerd are due to small variations
in the average wall thichness of the four types of projectiles tested and

to variations in the wall thichness of individual projectiles.

Tuble A-11 presents the results of tests conducted against wax-
filled projectiles, Test results suggest that if some given fragment
requires some minimum impact velocity to perforate the wall of an empty
projecivile, then un 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-1X., It is observed that:

1. For a given fragment, the impact velocity required to initiate
an cxplosive or burning reaction increases as projectile wall thickness
increases. However, it is noted that the 155mm projecctiles used in this
test were originally issued with a TNT filler. The TNT was ''steamcd”
vut and replaced with Comp. B at the Aberdcen Proving Ground. During the
steaming-out process, the asphalt-based paint coating on the intcrior of
the projectile was washed out. This changes the impedance match between
the projectile and the filler and could have influcnced the scnsitivity
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 s given mass producing these reactions, were essentially
the same,

3. Fragments, impacting Comp, B-filled projectiles, can initiate
explosive reactions at velocities below that required for perforation
of the projectile wall. This trend was noticed particu]arly when
testing the thicker-walled projectiles.
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4, For a given fragment impact mass (velocity), a greater velocity
(mass) is vequired to initiate an explosive reaction for an impact at
forty=five degrees obliquity than for an impact at zero degreés ogllquity.
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 $7mm, 122mm, 140mm, and 152mm HE projectiles.
The test results, presented in Tables B-1 through B-1V, 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 140mm 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. 8lmm 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 Tables C-I
and C-II.

Both the 8imm 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 8lmm 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 morc readily. ‘

Although the fuze sections of projectiles contain the most sensitive
elements, impacts on or near the fuzes in this test did not result in
High Order reactions,

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

Table D-1 presents the results of over 300 firings against five
types of Sub-Missile munitions. It is observed that:

1. The five types of munitions tested arc 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 Tablc D-II, show
that if one round in the group detonates tiigh Order, the rcmaining
rounds will also detonate High Order.

{CONFIDENTIAL) V. EXPLOSIVE REACTIONS

The "Military Standard''? definition of a detonation is: "An
exothermic chemical reaction that propugates 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 recaction zone is preceded by a shock wave. A detonatjon is
classed as an explosion. The rate of advance of the reaction zone is
termed detonation rate or detonation velocity. When this rate of
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advance attains such a value that it will continue without dirinution
through the unreacted material, it is termed the stable detonation
velocity. The exact value of this term is dependent upon a number of
factors, principaily 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 measurcments 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 (HO), 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 Burmning, etc. Test results arc 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 ure
qualitative, No photographic, electronic or mechanical 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 cationale 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 wail of a2 steel-cased projectile Jeaving 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,
under similar impact conditions, fractured into two or more picces, it was

assumed that it was the result of an explosive reaction.

It was further assumed thut the number and size of the projectile
pieces were, in some sense, indicative of the magnitude of the explosive
reaction. Explosive rcactions were classified High Order if there was no
evidence of large fragments and of unconsumed HE filler in the impact arca.
1t any large picces of the projectile or unconsumed HE were obscerved in
the iwpact area, the test result was classified Low Order.

If a detonation rate critcrion is the only accurate method of
clussifying test results as cither High Order or lLow Order, then it is
possible that some of the explosive rcactions classified High Order,
in this report, should be reclassified Low Order.

These Laboratories have conducted tests® to determine the vulnerability
of 30mm and 40mm HE 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 completc fragmentation of the
projectile and the complete consumption of all the E filler. Additional
tests were conducted whercin 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 functinn 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 dctonate
High Order, and that when one projectile in a group of projectiles deto-
nates High Ordor the remaining projectiles will always sympathetically
detonate High Order, then all the test results classified High Order in
reference 8 as a result of bullet impact arc suspect.

Using the response of witness rounds as a criterion fu clascifying
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
involvirg 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,
thees test retults 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 DAT.

Test results were analyzed using several different methods. For
& 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, Artillery Projectiles

In this analysis, those test results classified High Order and
Low Order were combined and treated as one phenomenon, This spproach
is justified on the bases that, for the area of primary interest,
(i.e., thresholds for High Order and Low Order reactions), the impacting

p2is-velocity cosbinations were observed to be the same,
For each type of shell, the data is of the form (mi, vij' dij)' where
B, is the mass of the fragment fired, 1 = 1, 2,..., M,
vu is the corresponding velocity for each {, j = 1,2,..., N.
dij is the corresponding result of the test, dij = 0orl,

that is, dlj = 0 when a fragment of mass n, fired at a velocity
Vij resulted in no detonation, and dij = 1 when the fragment impact
resulted in s detonation.
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An adequate model for this type of experiment is Jescribed by Golub
and Crubbs?. The assumptions and techniques arc described in reference 9
and will not be repcated here. With this method, for each shell and

each fragment of mass mi'(vij' dij) are uscd to obtain Vi’ at, oi s @

2
9

v %
i
wherc
. Vﬁ (commonly called V.g) is ar estimate of the mean
velocity i corresponding to 'y with th: property
that a projectile of mass m, fii~d at .ro given shell

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

the time,
* 4% is an estimate of the variance of.
’ 83 is the approximate variance of the estimate Vi.
Vv,
i

. 55 is the approximatce variance of the estimate s%.

i
Onc assumption of the model is that the probability of detonation
p is given by

t
1
¢)) pe* \/—T—[ exp (-t2/2)dt

where

V «u

t s 3

Since, for each shell and each fragment mass m, V: and Sf are
maximum likelihood cstimates 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
of the form Vh = K/m was fit to the data corresponding to each shell,

v
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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 = 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
) V3 = k/m

was fit using the method of Least Squares and the Data points (mi, V&

)y

is], ..., n. K was chosen so that

n
) (v, - (k/m)1/3)2
i-1

was a minimum. The solution is

(4) K=

e —

For each shell, eq. (2) gives an estimate of V (V.s) as a function
of the mass of the projectile.

For each shell and each V; corresponding to m. g2 , an approximate

i
variance of the estimate Vi' was used as a weighting factor in a second
fit of the curve V3 = k' so that

n

f: v (V) - (K /m)1/3)¢

is a minimum, where
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w, = 1/e2 . The minimizing value of K' is
V.
i
R 133
by vy Vim
| del
K =
. n f‘-.'/‘a
: z \vi m
i=l

The second fit of the daty, using the weights, would appear to bhe a
recasonable criterion. For a data point (mi. "') where the v é is small,
1
indicative of a more reliable estimate, the weight 1s large, thus forcing
the curve close to the point. Similarly, for data point (mi, Vi) where
the i is large, indicative of a less recliable estimate, the weight s
Yy
small, thus permitting the curve to miss the data point by morc. Thus
the estimates for the fits using the weighted criterion will be closer to
the points which have lower confidence than the corresponding cstimates for
the fits using equation (4). These data are presented in tabular form in

Tablc IIf,

The results of this analysis werc used to establish a protection
coefficient "K" for Comp. B-lc¢ led artillery projectiles. This technique
developed by F. C. Ledsham is discussed in detail in the British Ordnance
Board report.®

The protection coefficient is defined as:

(v-v)d
(5) K » 2

Vo X

where
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V = striking velocity (mps) that a cylindrical steel fragment,
impacting face-on, required to detonate a Comp, B-loaded artillery
projectile 50 percent of the time,

Vo = the striking velocity (mps) that the same fragment, impacting
face-on, required to detonate High COrder bare Comp, B SO percent of the
time, These data were taken from a report by Slade and Dewey (see Figure 5),

d = the diameter of the fragment in inches,
x = projectile wall thickness in inches at the point of impact,

Protection coefficients were generated for all the U.S. projectiles
using eq. (S) and are presented in Table III,

To arrive at a generalized solution for these projectiles, the
weighted least squares data was averaged and found to be 0,740, Setting
K = 0,740 and solving

V_ (Kx «d)

(6) Ve .11_..
predictive curves were generated for each projectile, Figures 6 through 9
show these predictive curves togecher 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,g and o 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 JO0 through 13 and provide some guidance in predicting
the changes in striking velocity required to detonate a projectile for
prohabilities of detonation other than 0,5,

B, Soviet Artillery Projectiles

Because of the limited data available, estimates of the vulnerability
of the 57mm, 122mm snd 140mm 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 Indicatee the Velocity-
Fragaent Diameter Required
to Detonate Bare Compositiocn
B 50% of the Time.
(From Slade and Dewey,
Reference 1,)
2000
&a
&
Z
3»
]
2
$ 1500
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2
b
a
E
1000 \\
500
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

anmenes 1.cast squares fit of
perforation data.

eemme = Welghted least squares
fit of test data for High
Order and Low Order
reactions.
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\

- em == Predictive curve using
a protection cocfficient
(X) = 0. 740.

NOTE: Projectile Wall Meas-
ured 0.485 Inches at Point of
Impact. Obliquity Angle =
Zero Degrees. Probability
of a High Order or Low
Order Reaction = 0. 5.
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Figure 6 (C). Vulnerability of the U.S. 90mm HE Projectile
(Composition B) to Fragment Impact (U)
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3000
a—— 015t squires fit of
perforation data,
e \Weighted least squares
fit of test data for High
Order and Low Order
! reactions.
! o= es = Predictive curve usin
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2500 a protection cocfficient
(K) = 0,740,
]
NOTE: Projectile Wall Meas-
ured 0, 40 {nches at Point of
Impact. Obliquitv angle =
Zero Degrees, Probability
J of a High Order or Low Order
% Reaction = 0. 5.
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Figure 7 (C). Vulnerability of the U.S. 105mm HE Pro{ectﬂe
(Composition B) to Fragment Impact (U
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emsee Least squares fit of
perforation data.

e———ae \Veighted lcast squares
fit of test data for High
Order and Low Order
reactions.
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a protection coeticient

(K) = 0,740.

NOTE: Projectile Wall Meas-
ured 0.56 inches at Point of
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Figure 8 (C). Vulnerability of the U.S. 155mm HE Projectile
(Composition B) to Fragment Impact (U)
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1000

e Least squares fit of
perforation data

=—=mee \Veighted lcast squares
fit of test data for High
Order and Low Order
Reactions,

- «m == Predictive curve using
a protection cocfficicnt
(K)=0.740

NOTE: Projectilec Wall Mcas-
ured 0.525 inches at Point of
I:apact. Obliquity Angle =
Zero Degrees. I'robability
of a High Order or low
Order Reactlion = 0. 5.

2000

Impacting Velocity (MPS)

1500
\ \~~ N..
- Sy
\.~~
-~-

1000

0 50 100 150 200 250
Mass (Grains)

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 vcliocity criterion was established
for cach round

60 yr 120 gr 240 yr
7mm 750 mps 600 mps SO0 mps
122mm 400 mps 300 mps : 275 mps
140mm 1000 mp: 800 mps 700 mps

These velocitivs arce estimates of the minimum velocitics required
by the fragments, after perforatang the projectile wall, to initiate a
Low-Order reaction 59% of the time, The predictive curves for these

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

It was not possible to make any predictions on the vulnerability
of cthe 152mm projectile. None of the frugments 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. 8lmm and Soviet/CHICOM 82mm Mortar Projcctiles

The experimental data for these two mortar projectiles result from
two ad hoc tests conducted at these Leboratorics 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 gencrate a predictive curve for the Soviet/CHICOM 82mm
round. An estimated vulnerability curve for the U.S. 8lmm mortar projectile
based on the two data points available is presented in Figure 17.

D. U.S. Sub-Missile Munitions

Considerable data werc generated during this series of tests. The
30 grain high 'ensity fragments were used to satisfy an additional re-
quirement and the data are included for comparative purposes only.
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| NOTE: Projectite Wall Mcasured
' 0. 460 [nches at Point of Impact,
Obliquity Angle = Zero Degrees
i Probabhility of a Low Order

' Reaction = 0, 3.

J000

2300

Impacting V'elocities (MIDS)

2000

1500

cn
(=]

109 150 200 250 300
Mass (Grains)

Figure 14 (C). Vuinerability of the Soviet 57mm HE Projectile
(RDX/aluminum) to Fragment Impact (U)
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NOTE: Projectile wall Measured|
0.620 [nches at Point of Impact.
Obliquity Angle = Zero Degrees.
Probability of a Low Order Reac-
! tion = 0.5,

N\
~—

50 100 150
Maes (Grains)

200 250

(C). Vulnerability of the Soviet 122mm ME Projectile

(TNT) to Fragment Impact (U)
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NOTE: Projectile Wall Measured
0. 375 Inches at Point of Impact.
Obliquity Angle = Zero Degrees.
Probability of a Low Order
Reaction = 0, 5.

2000

Impacting Velocity (MDPS)

1500 \

1000

100 200 300 400 500
Mass (Grains)

Figure 16 (C). Vulnerability of the Soviet 140mm 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 = Zero Degrees.
Probability of a Low Order
Reaction = 0, 5,

2500

T

2000

Impacting Velocity (MPS)

AN
N

~—

1000

50 100 150 200 250 300
Mass (Grains)

Figure 17 (C). Vulnerability of the U.S. 81mm Mortar
Projectile (TNT) to Fragment Impact (U)
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The median value, of the impacting velocities, cach fragment
requirad for cach type of rcaction is grouped by munition type for all
impact conditions in Table IV. The sume median value data are grouped
by impuct conditions tor all munition types in Table V., The number
in parentheses following the median values in both Tables IV and V is

the number of observatic~s used in arriving at the median values.

An cxamination of the data in Table V indicates that the five types
of munitions tested can be considerced equally vulnerable to fragment
impact, Therefore, the datu were combined and an analysis was made

independent of nunition type.

The median valucs presented in Table VI were reduced from these
combined data using High Order values only. The V.g and o values were
computed using the Golub and Grubbs technique and classifying both the
Low Order and rupturcd case results as the no dctonation case, i.e., dij
= (., Curves were fit to the median value data for all threc impact

conditiurs, sec Figure 18,

8ccause of the physical size and shape of thesc rounds, these
Laboratories beliceve that the vulnerability curves in Figurc 18 are
valid for all obliquity angles up to ricochet.

(CONF IDENTIAL) VII. CONCLUSIONS

All types of conventional HE-filled munitions are vulnerable to
stecl fragment impact. The response of a particular round to fragment

trnact is a function c¢f the following parameters.

A. Fragmont Characteristics

The impacting mass, velocity and shape all influence the way in
which u round will respond. However, it is not krnown which of these

thrce paramcters is predominant,

B. Projcctile Characteristics

There is a steady decrease in the vulnerability of stecl HE

projectiles as the wall thickness increases. Limited tests indicate
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TABLE VI (C), Lup:a- “ it 'Mass-vVelanity Combinavticns
kequired *o Detcnate Higcii “rder
Sub-¥issile Munitions "% of 'he Time (U)

tedisn o .

Mess Veluec e ] Shielding :
‘arains) ‘mps ) {rips) ‘mp3) £luminum Spe-ing

30D 2’o3cc ook ‘Lo o 1o

30 210. Ho No

"N RS 1405 of lic NGO
120 12:2 lo Ho
RN 102 ) 19k No No

3D 2. 1h 2430 3.5 Yes No

W 230 Tey .o

) 200 1929 gishy Yes 1o
1z° l;('d 13/9 9 3 Yes Ilo
L0 1790 12 20 Yes No

20HD 2r 20 3567 ‘92 fes Yes

30 24 Yes Yes

< 2LQE 2ztc KUYS fes Yes
120 120 2302 L7l Tes Yes
2Lo 12 107h 1-0 Yes Yes

a. Shielding was either o (.023 inc.: sleeve, a 0.12% inch plate
or 8 .omuinstion of both pla‘e =1d sleeve,

., Spe-ing veried between 1.570 inches 'c 2,000 inches
-, Estimared. No data available,

d, Poor data point. XM-Ul dets used in th- enalysis sdversely
affected the redisn value, Use V 5 de- 8,
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Impacting Velocity {MDPS)

CONFIDENTIAL

2500
/
s No Shiclding., No
Spacing
2250 == Aluminum Shiclding,
No Spacing
e emees Aluminum Shiclding,
Spacing
2000
1750
1500
N
\\
1250 ;\
~
~»
ﬂ'\~
s.w -~
N..
1000 -]
M ~—
750 '
50 100 150 200 25¢

Mass (Grains)
Figu.» 18 (C). Vulnerability of Sub-Missile Munitions to

Fragment Impact (U)
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thau cast iron projectiles fracture when subjected to fragment impact at
mass-velocity cowbinations well below those required 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 Charazteristics

Comp, B-filled artillery projectiles are more vulnerabie to frazment
impact than comparable rounds filled with TNT,

There does not appear to be any difference in the minimum impacting
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. B-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
reasonsble estimates on the vulnerability of the HE munitions tested
utilizing a filler other than Comp. B. o

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 generate 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 assessing the vulnerability of a wide range of HE ammunition to frap-
ment impact, They should also be of value to those enpayed in the desigm
of new munitinns, Attention has been focused on those parameters which
influence the vulnerability of HE munitions, It appears likely that the
vulnerability of conventional HE munitions can be significantly reduced,
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(UNCL) VIII. RECOMMENDATIONS FOR FUTURE WORK

To provide those cngaged in assessing and predicting the vulnera-
bility of HE munitions to fragment or other type projcctile 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 low Order
reactions. This would provide test personncl in the ficld 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 onec of the lcast scnsitive of the more common HE fillers while
Comp. B. is one of the most sensitive.

C. Conduct additional firings against Comp. B and TNT-fillcd
munitions and determine their vulnerability as.a function of impact

angle.

D. Determine the vulnerability of bare TNT to stz2el fragment
impact. It may be that a rclationship exists between the vulnerability
of bare TNT and TNf-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 matcrials 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.

60

CONFIDENTIAL




1.

2,

3.

4,

S

6.

7,

9.

(UNCLASSIFIED) REFZRENCES

Slade, D.C. and Dewey, J., "High Order Initiation of Two Military
Explosives by Projectile Impact', Ballistic Rescarch Laboratories
fepcrt No. 1021, July 1957,

Mac M, Brown, S., at al, "Sensitivity of High Explosives: Projectile
and Gap Tests (U)", Explosive Research and Development Establishment
6/R/59, May 1959, (CONFIDENTIAL)

Billings, M,, “Sensitivity of Explosives XXVI (U)", Armamant Research
Establishment 41/54, December 1954, (CONFIDENTIAL)

McMahon, E., "Initiation of RDX/TNT $2/iC by High-Speed Fragments (U)",
Eighth Tripartite Research Conference on Arwmaments, Explosives and
Propellants, Session 8,6, November 1957, (CONFIDENTIAL)

Kouba, A., "Final Report on Sensitivity of Military Explosives,
liercules Powder Company, RI 2082, Descember 1947,

Ledsham, F.C., 'The Attack of Explosives, A Critical Review of
Availsble Data (U)", British Ordnance Board Report, September 1959,
(SECRET)

Military Standard, "Nomenclature and Definitions in the Asmmition
Aresa", MIL-STD-444, February 1959,

Schumscher, R., "Vuinersbility Testing of Ammunition in a Structural
Mock-Up of AH-S6A (U)*, Ballistic Research Laboratories Memorandum
Report No. 1994, July 1969, (CONFIDENTIAL)

Golub, A, and Grubbs, F.E,, "Estimating Ballistic Limit and Its
Precision”, U.S. Army Ballistic Resecarch Laboratory Technical Note
151, June 1950,

61 The following page is blank,




CONFIDENTIAL

( CONFIDENTIAL) APPENDIX A

Steel Fragments Versus
U.S. Artillery Projectiles (U)
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120 279 Empty c.Lo3t Q12 X
99" " " Y
1124 " : X
113'4 " " X
1172 " " X
1216 " " X
1252 N " X
1255 " " X
2Lo €cl Empty 0.4m? 012 b
788 " " X
8ce b ! X
all " " X
935 " " X
997 " " X
1006 " " %
1022 Wax " X
1096 " " X
1272 “ " X
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Tuas velenityg “iller ‘hikriss . . .
IR clooity i fi 4 Par'ivl Leplcru-
e (inch <] PEnet re- L
“icr.
g HIERES Loouy oot u
KR " " %
20g3 " “
N Lok “tmply n, .3t ol =
N N . " e
HERR S K
s V4
LoLé ’
1303 " ¥
JoN 1175 Eampt. ct 12 ;
120/ " A
125t ! - A
L2 7
1337
2L0 272 Tmpt. 7.0t LC12 g
053 " " ¥
02 «
Y All fragments were aimed to iupact at a point where the

projectile wall measured 0,4C3 or 0,50 +# 0,020 inches
and at an obliquity angle of zero degrees,
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_ ,TABLE ALXI(C), CLASOIFICATION O {ESULTS -~
‘ o ' Fragments Versus 155mm HE Projectile {Expty) (U)

Tragment Mess - [mpact Velocity Eesults
(aruins) (aps) Partial Perforation
Penetration

H0 1370
1975
2012 X
2059 X

420 1476 ) X
1519 Y
1531 X
1551
1612 X
1617 X
1629
1676
1708
1815

o X X XK

2to 1282 X
1378
138€

NOTE: A1l fragments were aimed to imnmact at a point where the
nrajacti 1a wall measurad 0,56 2 0,030 {ncheas and at an

obliquity anple of zero devorees,
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ThtLi. A=IV (). CLASSIFICATION OF RESULTS -~
Fragments Versus 179mm HE Projectile (kmply) (U)

rasment Mass Impact Velocity tmsulty
(orains) (=p3) rartial Perforutlicr
Ienctreticn

“

104 X

1900 7
2022 A
200k

120 _ 131/ 7
1327/ 7
1341 Z
134¢ X
1hea z
1Ly
1472
1476
1472
1505
1622
1627

MR R N N N W

ake 1339 X
1000 X
1160
1190

NOTZ:  All fragments were aimed to impsaet at & point where the
projectile wall measured 0,525 * 0.03) inches and at an
obliquity angle of zaro degrecs,
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TABLE A=V (C). : CLASSIFICATICN CF RESULTS =
Fragments Versus 90mm HE Projectile (Composition &) (U)

Fragment Impact Velocities (mps)
Mass
(grainrs) High Crder Lov Urder Burn No Rea~tlion
EQ 2187 2060 2111 el 207Uk
2088 1892 2085
2104 12 2101
2117 AES A 2131
2126 202¢ 2131
2151 2033 21L¢E
21sh 2059 21L¢
2328 2068 218
206b 21/1
120 1525 - 1552 : :
1568 1553 1463
1571 155k 1529
1571 1568 1554
1580 1585 15€5
2Lko 1319 1228 120U+ 1179 1239
1342 1228 1319+ 1191 1243
1362 1334 1202 1253
1386 1205 1254
1223 1260+

*

Indicates that the projectile wall was perforated, All fragments

were aimed to impact at an obliquity angle of 2ero degrees,

\
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AR ASNT Y, “LASSIFICACION OF RESULTS —
Yravy :nte Yersus 10Sma MY Progectile
(Compositicn ~) 1)

“ragment Impact Velocities (mns)
. orluss
:’ﬁruiuu) Wit vider | .« Jrder | Surn o Rewetion !
-
I L Sl ke | 2171 2459 2675
900 2Ll 2190 2482 2687°
has 22e7 2513 2687
LA 2313 2585+ 2725°
2l 2355 2609 2726*
' 2720 2357 2621 2745
L) 2387 2623  2867°
sl 2409 2635
| 20 1 2434 2638
1
o 120 1:by ) 160K L/75 !
1753 1571 1717 1735
1=35 1879 1739 1663
itk 175hs 128¢
SRy . 1754
187€ .
15754
120 1LLY 1455 1hohe 1175 1Lzor
1LLE el 1211+ 1449+
1lLa 1271% 1467+
1477 1h1a=  1boge
1Lgk 17 1431
1417
Lo 1265 1202 L7 929*  1lli*
1208 1007 1207+
1230 1022 1207+
iz 1089  1210°
1092  123¢&-.
, 1131 1237

Indi:ates that the projectile wall vas perforated.
were aimed to impact at an obliquity angle of zero d
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TABLE A-VII (C). CLASSIFICATION OF RESULTS -
Fragments Versus 105mm HE Projectile
(Composition B) (U)

Fragment Impact Velocities (mps)
Mass .
(grains) High Order Low Order Burn No Reaction
120 1629 1529 1660
1668 154k 1610
17%2 L5LE- 1670
1805 1553 1679
18L0 15€4 1091
1585 1714
1587 1/39
1604 1/3+
161L» 176
1658
F- 2Lo 1690 1620% | 1236 157
1692 1565 1060
1568 1571
1571+ 1430
1572 1Eh4.
1575 11/

* Indicates that the projectile wall was perforated. All fragments
were aimed to impact at an obliquity angle of forty~five degrees,

72

CONFIDENTIAL




TA-LL A-VITI (C), SLASSIFICA:ION OF RESULTS -
Vrogorelts Versus 1%ma ME Projectile
Corgesi Loy TG
Fragment Impact Velocities (mps)
i8cS
creins) Figh Order le. rder ST .o Reaction
AN lra- j-:)', o t
L3 SAR
142k 1k
ke 1hed
1276 151
1/18 19zl
17¢1 1524%
e 1:C
Lo 1,7
1115 o)
1231,
oLe 131 e i
1332 271 12L:
1337 b 1247
135¢ 1CLu 1051
1372 10he 12L
1375 10,2 12,2
- 1375 135 137
1L10 | 1069  1k21
oz | E

« Indica“es thet the projectile wall was perforated., All fragments
were aimed to impact at an obliquity angle of zero degrees.
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TALE AeIX(C). CLASSIFICATION OF RESULTS -
Fragments Versus 175mm HF Projecrile
(Composition r) 111)

Fragment Impact Velocities (mps)
Mess
"Zreins) High Order Low Order burn ! No Pes 'tion
l T
' 120 17l 1936 L 1lhe 16:L
L/s7 18¢¢ . 1510 15 e
: wié 1875 1607 1))
1955 1884 1£62 1523
1952 S | 1031
2;me i 1l/ko 1
LT 1. Y
oL s
&1y 1]
2Lko 128¢ 1326 10€¢ 1272
1L0o5 1413 1162 128+
1L32 11/ 130
1455 1196 133k
1464 110 1234
1566 1234 13Lb
1237/ 1369
127Lke 1260
1243 1h3h
129C 1hke
125¢& 1L63
1260

+ Indicstes thet the precjectile well was perforsted. ALl froare ‘s
were aimed to impact at an obliquity angle of zero degrees.
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( CONFIDENTIAL) AFPENDIX B

Steel Fraguents Versus Soviec
Artillery and Rocket Projectiles (U)

7S The following page is blank.
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TABLE B-1 “2)e CLA30I: ZCATIN OF RESULTS

Frogments Versas Sovie'  Cam HE Progeecile (U)
Lk rurent Impact
8353 Velo-it N
creing) “rp: ) feoun g
e ] TroJe st ile well verfereted, s Slight

LN,

K L e iYL brarmernt fopheted o

otz in s rend, o verforys (o,

1°* [ Troje ot Ule wgll perforyed, Lo
‘ turnin., .r caplosive res:t ion
observed,

—— . = —— ¢

104 170 Proje:tile well perforited, ilisn’
) tarnin.,

18 137 Pro’e¢ -mile well perforsted, Sliche
cernin.. .

_ho 1260 Eroje ' ile woll perfora‘ed. Lo
burning cr explosive reacticn ou-
served.

! 2hy 1621 Iow order rescticn,

! che 1524 Frojectile well perforated., o
vurning cr explosive resoticrn or-
served,

chd 1630 Low order resc im.

zho 132 , Low order resc*ion.

*he sim roint wes mid.way be‘ween “he bourrelet snd ‘le 1

rota.ing vands, The obliquity angle was zero degrees,
“he wsll thickness st this poin* ic .40 incaes. ‘he I'F
filler is kDX 737; aluminum 237; wex L.
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TABLE B-IX

CONFIDENTIAL

(C)+ CLASSIFICATION OF RESULTS

Fragments and iullets Versus Soviet
122am HE Artillery Prcjectile (THT) 1)

Fragment Impact
Mass Velocity
(roadrs) mps ) Results

¢ 2330 Fragmen® hit wo inches low of
intended poin' of impa~'.* ke pere
foration or explcsive res--tion.

cC 2345 Fregoent hit one inen low of in-
tended point of iapsc.. o per-
foration or explcsive reo-~ticn.

1O 240z Projectile wall perforated. Slight
burning.

0 250 Fregmen® hic cne nelf inch .o the

: right of the irternded point of
impact. No perforation or explosive
- reection. )

69 2530 Projectile wall perforsted. Siight
burning.

¢0 2574 Fragment hit one half in:h to the
right of the intended point of
impact. No perforetion or explosive
resction.’

60 2605 Low Crder Res.‘{on.

20 2210 Low Order Resctioun.

50 2652 fregment hit crne helf ir.:h low and
one helf inch "o the left of the
intenced pcint of impect. Pro-
Jectile wgil perforsted. Slight
hurning,

0 2069 Projrctile wall perforated. Slight
turnine,

170 1c79 No perfora‘*ion or explesive resm:'ion.

120 1752 No perforation or evplosive resc'ion.

120 1939 Fragment hit one inch high of the
intended point of impsct. Projectile
wall perforated. Slight burning.

*The 8im point wes oite inch below the bourrelet.

gle was zero degrees,

inches.

The wall thickness st this point is 0.620

N
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v _’
! TABLE B-Il {C),CLASSIFIU/AVION OF RES'T.IC
Fragments snd "ullets Versus Soviet
Loduman o0 Ziler, Vrec Lie CoL) vontineedd )
brageent Impact
Mess Jeloeity
“rreins) ‘mps ) Results
LoD Jon Prce tile wall perforeted. fzplocicne
. vurned for L oitinutes.

120 AR Fregment hi* one inch low of "l -
‘ended impact poin'.. Froletile usll
serforsted, Sliph. turnirng.

r Lo 1300 w0 perforation cr exuwlosive res -“.ion

o4 1b:] Fragrent hit one inch bizh cf ‘the
invended peint of improt. Protecs .le :
wgll cerforated, Slichr turiire,

zho 1 , Fragmen® Lii: one inch low of the
intended point' of impsci. Frojectile
wa)l perforated. Sli,sht surning,

2490 102k Low order resu:‘ ion,

240 1608 Low order res:'icn.

2Lo 17c0 Low order resction.

b0 1204 Low order reaction,

LR XN A .52 cal, ball bullet was uced in :

this “est resulting in & low order
I reac'ion,
]
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TABLE B-LI1 {(C).

“CONFIDENTIAL

CLASSIFICATION OF RESULTS -
Fragments Versus Soviet lh4Omm HE Eocket.
frojectiles +TRT) ‘U)

Fragrent Impart Weedl Obliqui?.yr
Massa Velocity | Thi-kness Angle l Tesulte
«grains) {mps) ({:iches) | (degrees)

aLo 1830 0.375 0 Low Order.

ehe 1678+ 0.375 0 Wall pertorated. o ex}lod
sive reuuction.

2L0 167/8+ 0.375 0 Fregrmerl imps-ted Llein:h
Lo the right ~f desired
impact point.  vell purio-
rated. Mo explocsie reac-
vion. )

2Le 1531 0.375 o) wull pertoreted. Slight

. burring.

2Lo 1824 0.1375 0 Ligh "rder.

2Lo 1835 0.275 b5 Wall perforated. lLuplosivd
burned for ¢ -minutes.

2Lo 1844 0.%0 b} iiigh “rder. i

2L0 1794 0.60 ) Wall verfer: ved. Lo explo- |
sive reuwutiv,

240 1779 0.60 ¢ Wall perfora‘.cd. v exple-
sive r«action,

L80 1120 ¢.375 0 Freagment izpzcted l-inch iq
the rignu of d=sired inpact
Point, Wull perforated. Hd
explosive resctllon,

L8G 1115 C¢.375 0 Well perforeted. Ho expled
sive reacticen.

480 1785 c.37% , 0 Wall perforated. Ne explc1
sive reaution.

y|

* Lerimated Velocities

fY)
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TABLE B.III (C). CLASSIVICATION ¢V FSULTS -
Sroeccenls Versus Gevie' LhTmm N Rocken

Proje:tiles 1 :'7)  (continued) (V)

Impact wall cblig it
_ Velvoity rhi s I8 Regults
TN TS s ) “inches) “degrenn)
Lok, 1.1t S - fraceent impu o ed l-inceh

i *c the rirht ¢! dezired
X impal joirnt. Lo extlusivg

o e e ————— -

\ resction.
o 12 Solow - vWull perforate?. Lo mxnlce
. sive renction,
)
oo 1 Tl o tio wall pertoratice. o

explosive rea:tior.,

-~ a

41
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TABLE B.IV  (C)e CULASSIFICAITOL CF EFSILIC
Frengments and HMullets Veraus O viet
152mm HE Artillery Projectile - (Ni) (U).

Frucrent Impact
Muss Velocity
‘grains) ‘mps) ferul's
) RIAE treoment failed o perfornte
’ reolectile well,* N> burninge
or exrlosivs renction,

129 2081 rrepren $7iind to pericre e
profe tile well., v burnine
cr explcsoive rea-:t.iun

120 231¢ bragment, foiled ‘o perforste
protefile wall, No turting
or explusive reoaction,

120 231c Fragment. fsiled to perfoury's
Frojectile woll. i Lurtlng
cr explosive rer-cticn,

120 2309 Frugment failed tu rerforva'e
prolectile wall. N¢ burting
or explosive rescctien.

120 2392 Fragment fsiled to perforite
projectle well., iio Luruing

| or exr-« .ve reac’ion.

120 237 Fragment foiled to perforste

rvaiectile wall, Ic burnir,
~t explosive ree«-.ion.

2ko 1799 Fregmen'. failed to ferforste
projectile well, No burning

o1 explosive rescticn.

ol 713 1044 Frogmen* foiled *o perfore‘es
projectile wall. No¢ burning

or explosive rescticn,

'80 869 A .70 asl. beall bullet wag
impacted ot nn coliquicy
angle of cero deirees resulte

ing in o low crder res o' len,

g0 oe9 A .50 <al, boll bulle' was
impect=d 8t on obliquily
engle of L4 degrees result-
| ing in & low order renction,
*The sim point was one inch below the bourrelet. (i wall
thickness ot this point it 0.730 in. All fragmen's wirse aimed
to impact at an obliquity angle of zero degrees,
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(CONFIDENTIAL) APPENDIX C

86001 Prn;-incl Versue U.S. 8lmm
and Soviet/CHICOM Mortar Projectiles (U)

¥3 The following page is blank.
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TABLE C-I (€). CLASSIFICATION OF RE3ULTS —
Fragments Versv. U.S. &lmm Mcrtar
Projecia:w8 {TNT) (U)

f ragment lopact _ ﬁbliquity{
tlass Yelocity Angle asking | Fuze Results
(grains) | (wps) {degrees)

L S RAVS 0 3/%" to | Perforation. Small smount
Pine of HF bLurned, Impacted
2" below cas check bands,

1.0 1Eky 9 " No Saell amount of HE burned.
Part of the plastic nose
cap broken. Impacted 27

below gas check bands,

120 1047 0 None No Some ME burned. Nose cafp
knocked off. Unburned HE
scattered around. Impsct
' below gas check bands,

120 1891 0 None Ho Mild low order reaction.
ot “| Reund broke up into o few
large pieces. Impact be-
low ges check bands.

120 2135 0 3/4" | No | A flash observed as the Il
Pine burned. No breakup of th
projectile, Nose plug
knocked off. Impact below
gas check bands,

120 1801 0 " No Some of the HE burned.
Nose pluc knocked off.
Tmpact below ges check
bands.

120 1€90 o] " No Same &g previous round.

12C 2130 0 " No Same &s previous round,

120 2135 0 " No Impacted on gas check
bands, Some HE burned.
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CTABLE C-1 (C). (Continued)
CLASSIFICATION OF RESULTS -
Fregments Versus U.S. Slmm dMortar
Projectiles (TWF) (U)

Impact

rragment
Mass
{grains)

Velocity
(mps)

Cbliquity
Angle
(degrees)

Masking

Fuze

Results

122 2135 0 3/L" | Yes

Piae

Fuse arsed with safe'y
devices a.tactied. HNMild
lovw order. Frojectile
casing opened completely.
Impacted one inch telow
gas check bands,

120 2135 No Perforation, no barning.

Impact on gas chesk bands

120 2135 No Same as previous round.

2Lo 1830 0 " No Mild low order, proJectil*
fractured into three

piecey, Sugtuining wcod
. fire started ir packing
box below the round. Im-

pact on gas check bands,

2ho 1594 No Scwe HE burned, Impacl on

gas check hands,

2o 1kL27 No Some HE burred, Ur.burned

HE scattered avcut. Impacy -
on gas check tandc.

1830 No Three rounds placed in &
six~round Soviet Lype cound
talner, A weighted wooder
box placed abcve. Frag-
ment impacted on gas checH
band, low order reaction
of the impacted rowud.

Other rounds slightly dam{

aced.
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TABLE C.I (C), (Continued)
CLASSIFICATION OF FESULTS -

Fragments Versus U.S. 8lmm Mortar
Projectiles (INT) (U)

L
I'ragment | Impact Obliquity
Mass Velocity Angle Masking | Fuze Results
(grains) | (mps) (degrees)

120 2135 0 None Ne Impacted one inch below
gas check rings. Mild
low order reaction. Pro-
Jectile broke into three
sections.
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TAGLE €-11/C), CLASSIFICATION OF RESULTS —
Fregments Versus Soviet/CHICOM t2mm IE
Mortar Projectiles (THT) (U)

T
Fragcaent | Impact | obliquity| Fuze

Mess Velocity Anzle | (Unarmed) Results
 mrains) ‘mps) | (degrees) )
Y aké 0 Yes Fragment. impa ‘ed s a° on the

wiarmed fuze, il plas.ic luze
wes shatlered. o explosive or
burnir; rea.tion cbzerved.

129 1891 0 Mo Fracment Impazted on ges ~heck
rirngs. The cast iron projec'ile
fractured into ten pieces, lic
explosive rea:ticn or burning
observed.

jal My} oLs 20 Yes Fragment irpa:.ed one inh ve-
low the fuze, 20° off the nose.
Top section of tne prejetile
fructured into scversl pleces,
Fuzes, undanaed, thrown ai.out
ten feet. llo explosive or !urn-
ing reaction observed.

2ho 1686 o] No Proje:tile, impeclcd on ces
check rings, fractured into
twelve pieces. lo exzplosive or
burning reection obgerved. .

240 1330 0 Yes Projectile, impacted une inch .
below gas check rings, fractureJ

into 26 pieces. No explosive or

burring reaction obLserved.
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(CONPIDENTIAL)  APPENDIX D

Steeal Pragments Versus
U.8. Sub-Missile Munitions (U)

89 The following page is blank.
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{ CONPIDENTIAL) APPENDIX B
Enginsering Dravings of U.S. Artillery Projectiles,

Soviet Acrtillery and Rocket Projectiles,
U.8. and Soviet/CHICOM Mortar Projectiles (U)
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Figure E-2. Shell for U.S. 105mm Artillery Projectile
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Figure E-4. Shell for U.S. 175m Artiilery Projectile
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Shell for Soviet 152mm Artillery
Projectile (U)
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Figure E-8 (C). Shell for Soviet 140mm Rocket Projectile (U)
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