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NOTE ON SECOND PRINTING

This second printing of the Critical Review has been made to ful-
fill requirements for additional copies.

Incidental to the reprinting the following minor corrections have
been made:

Page TT7 - Cone thickness corrected.

Page 191 - Denominator of last equation corrected.

Page 209 - Reference 15 corrected.,

Page 221 - Editorial note corrected. -
Page 250 - Interior changed to exterior.

Page 311 - Howitzer caliber corrected.

ii













The cooperation of many other people, too numercus to name, in the
preparation of the material for publication is also gratefully ac= 3
knowledged. In particular, however, the work done in this cannection
by Mr. John L. Squier, the associate editor; warrants special attention.
His supervision of the final manuscript premration and proof reading
as well as his attention to the many details of figure preparation and
pagination constitute major contributions to the value of this volume.

L. ZERNOW

Editor-In=Chief
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- CONFDENTIAL

Because of the secrecy restrictions and the lack of an effective
System of liaison, the various laboratories worked almost independently
until January of 1943. Each laboratory had its own theory which seemed
to explain its own experiments. To remedy this lack of coordination, a
Joint Army, Navy, N.D.R.C. Committee on Shaped Charges was set up. The
comuittee consisted of Col. C, H. M, Roberts, chairman for the Army;
Lieut. Commander E. H. Ohl (later replaced by Commander Stephen Brunauer)
for the Navy; and Dr. G, B, Kistiakowsky (later replaced by Dr, D.P.
MacDougall) for the N D.R.C. This committee performed three very
important functions;

1. They organized a system for distributing reports within
the security regulations. This System included exchange
of reports with Great Britain

2. They organized symposia that were attended by representa-
' tives from each group.

3> They persuaded the N.D.R.C. to place new contracts for
résearch in areas that were not being covered adequately.

The Gulf Research Laboratory at Harmarville, Pa, was awarded

a contract under Dr Morris Muskat to develop a ”follow;through"
projectile,

The Carnegie Institute of Technology was awarded a contract
to develop methods of defeating shaped charge weapons, Originally
the theoretical part of this defense contract was under Drs, Frederick
Seitz and Otto Stern while the experimental part was under Dr. Turner L. Smith
and the author. Shortly, however, the first three moved to other projects
leaving the author and a few graduate students to carry on the work,

The new system for distributing reports was an enormous impr0vement,
but even so, the coverage was necessarily spotty and there were long
delays. The N.D.R.C Set up a service library of all classified reports
at Princeton. In 1943 this contained mostly British reports but became
more complete, esSpecially in American reports, by the end of 194,

The improved liaison and distribution of reports was certainly
responsible for the rapid development of the theories in this country
and in England., The fact that the distribution was necessarily slow and
Spotty; caused much of the work to be done independently in the two
countries and makes it very difficult to plot the logieal historical
development of the theory. In view of these facts, this history will be
limited pPrimarily to the development of the theory in this country, but
will show how it was influenced by British developments.

Influence of Foreigguggyglggggnts

e am,

Shortly after hostilities ended in furope, groups of scientists
-and engineers from England and the United States visited laboratories
and factories in France and Germany. They brought back reports showing
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estimate as to how close to the original position of the liner base the
Jets broke into particles,

It was gratifying that the theory accounted for the well known fact
that depths of penetration into armor were almost as great as in mild
steel; since the penetration by a given charge should depend only on the
target density, However, the fact that penetrations into armop were
Somewhat less than into mild steel showed that some modification based
upon target strength should be introduced into the theory. Some shots
1nto lead ¢ylinders, showing much deeper total penetrations than were
predicted by the theory, had clearly demonstrated the need for such a
modification.,

YacDougall early recognized (L) that veneirations by the front of
the jet depended largely upon the target density while tota] penetra=
tions depended on target strength, He presumed that the additional
renetration into soft targets was due to residual momentum’ continuing
to open the hole after the last fast Jet particle had struck,
Lichelberper demonstrated (10) that the rear of the jet was responsible
for the deep renetrations observed in lead. By placing armor plate
(1/2 in, thick) at various depths in a stack of lead plates, he found
that a very small total penetration was obtained when the armor was in
the proper position to stop the rear of the jet, In my first paper (7)
I included a crude empirical attempt, based upon MacDougall's assump-
tion, to take account of the target strength,

The difficulty in accounting for the strength of the target could
be avoided by using a standard target material to absorb the rear of
the jet after the front of the Jet had been absorbed by any target
material that wasg being tested., Thus in searching for target materials
useful for defense, I emploved standardized mild stee] tarpget plates to
measure the residual renetration. The use of the residual penetration
as a means of testing materials made it possible for me to develop with
%:. L. Fireman (11); a "residual benetration theory" which should be
practically independent of target strength. Actually this "presidual
penetration theory" and the velocity equation applied to the front of
the jet are the only ones that should be called "density laws," since
they are the only ones that have succeeded in predicting results with
many materials,

Y i S

*1his point of view was retained by the author until Eichelberger
pointed out that the low velocity tail-end of the jet was responsible
for the added penetrations observed in low strength targets.,
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I look back on the Shaped Charge Symposium held at 1703 Thirty-
Second St Washington, D, C. .on March 29, 1943, where I was first =
introduced to this subject, as the most interesting symposium I have
attended. The list* of individuals who attended that meeting assured
that it could not be dull. Seeger presented von Neumann's theory of
intcracting shock waves as an explanation of the unlined cavity effect,
MacDougall presented the ERL theory of jet formation with 1ined cavities,
which was based on von Nevmann's theory for unlined cavities. He also
presented his model for jet renetration which I have discussed, ‘he
early British view of penetration was not presented because no cne was
there to sponsor it. W. &, Lawson presented the LuFont theory of Jet
formation, _

*The minutes of this meeting list the names of the following persons as
being vresent.
Joint Committee on Shaped Charres:

s e

L, lJ‘l'J‘__,

it M, Hoberts, Chairman, Cffice of Chie

E Ay rdnance,

Lt. &, N, Chl, Bureau of Naval “rdnance

B, Kistiakowsky, National Defense Research Comittee
Office, Chief of Crdnance (Aemy) :

Mark F, Massey

Navy Bureau of Crdnance:

R. J, Seeger
Vs B, Land
National Defense lleszarch Conmittec: 7

2 J G HMaclongall
Jo T, Kirlkiood

e | 5 (o - T > .y 3 .
Johns lHonkins university:

e Sy WOo0Q
HEW LorK Universit.:

S

I'.-T'u

Pallistic nescavel Laboratories aterdeen Frovin - o

’

Jeblen

Jdo I, Irazep

2ans Lewy

lartin cchwarzechild
H. Kent

-

Cevelorment and “roof lervices Aberdecn “roving Cround:

C. 4. Hawk
&, I, DuFont deNemours and Co:
N

re Q¢ Dayis

W. L, Lawson

Leslie 2, ceely, Jr.

Melvin A. Cook =

=

Ficalinny Arsenal:
J. . Givens
(ulf Research:
Morris Muskat
3 R 4 Parker
12
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Both of the theories of jet formation were ingenicus and appeared
to explain many of the cxperimental results. ERL experiments favered
the ERL theory, DuPont experiments favored the IuPont theory. The
dicussion became very heated, At one point, a member of the group said
to Kistiakowsky, "Then you do not believe in experimental evidence,"
to which he quickly and emphatically rejoined, "Yes I do, when properly
interpreted." The rejoinder was a classic that conld not be forgotten.

A few weeks later I was fortunate to be visiting J.,C. Clark at
B, R. L. when he obtained his first good radiograph %lu) of a collaps=-
ing liner. We had just been carrying on a lively discussion of the
merits of the two theories and had favored opposite sides of the gquestion.
Vhen the negative came out of his dark room still wet, he held it up to
the light. We looked long and hard and simultaneously agreed, "They are
both wrong."

Birkhoff visited Clark a week or so later and after looking at the
radiographs is said to have written down his hydrodynamics theory (15)
on the spot. Tuck in Ingland obtained radiographs much like Clark's,
which prompted Sir Geoffrey Taylor (16) to formulate a hydrodynamic

Footnote continued from preceding page.

Carnegie Institute of Technology:
fmerson M. Pugh
Frederick Seitz

Explosives Research Laboratory:

M., A, Paul
kugene H, Eyster
George H. Messerly

At the June 30 meeting, this same group were in attendance and the
following names were added to the list of those present.

J. E, Mayer
Capt. J, €, Clark
L, R, Littleton
J. von Neumann
Col. S. B, Smith
Ms Fa Roy

W, Kehl

E, B. Wilson

Otto Stern

* These radiorraphs were obtained on a cooperative program between
DuPont (Jr. L. B, Seeley) and BRL (Dr. J. C. Clark),
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Emerson M, fugh, Bibliosrarhv, Transactions of Svmposivm on chaped
= s 3 =

Charges held at Pallictic llesearch Laboratories lov. 13-16, 1951,
ERL Report No., 37, Appendix T,

R, W. VWood, "Optical and Chysical Effects of Hirch Explosives,"
Proc. Hoy. Soc, London 157,249 (1936). vood credits #W. E. Lawson

of L. I, Dulont de Nemours, Inc., with assisting him with these
experiments.

C. 11, Slack and L. F, Ehrke, Journ. Appl. rhvs, 12, 165, 1941,

G. B, Kistiakowsky, Y. P. Machougall, and G, i, Messerly, "The
Mechanism of Action of Cavity Charges," 0D 1338, april 1943,
Kistiakowsky informed me that the penetration theory in thi:

X

report was due to MaclDougall.

pxplosives liesearch Laboratory interim reports from CF-=3 (Nov. 15,

1942) to CF=-12 (fue, 15, 1943) and in S5C-1 (Sept. 15, 1943) and
o=z (Oet, 15, 1953),

Louis %ernow, o, Kromman, J. Faszek and B, Taylor,
rediosrapnic otudy, of Jets from Unrotdted 108mm “ha
ransactions of Gymrosium on chaped Charges held at

sesecarch Laboratories Nov, 13-16, 1951, i feport lio, £37.

et ey

D€y

Lmerson M. Fugh, "A Theory of Jet Penetration," CCRL No. 3
June §, 19ulL.

Hiy ':i-l.-l, - i, Mottt and D, Tl. ."-'"iﬁ":-'.l, nl_{;’.l‘,l't'_‘f"'i'='.!-'),". ';':,r '_U_n"_‘d\e Jets U
A, C. 5796, Peb. 16, 18hl.

wosivm on vhaped Charces," CORD No. 57SL, Har 9, 1945,

Wi
- o A P T

Y

R. J, Dichelberrer, "Fundamental Frincinles of Jet Penetration,”
OSRD No. L1l8g, pp. 36-37, Jept. 15, 194!,

Honthly Report OTE-8h, (Gl L829h, HDRC Div, 2 (March 15, 1945),
B, M. “ugh, &, J. Sichelberger and R. Heine-Celdern, 0S5l lo,

S Ar .8 il
oLGZe, pp. 45=-31, Aug. 15 P L=,
CIT-tiD-l1, Sect., B (Cet, 1952).

e B. Seeley and J. C. Clark, "High-vpeed Racdiography (tudies of
Controlled Frawments," LOL lipt. 368 June 16, 1543,

Garret Birkhoff, "Mathematical Jet Theory of lined ilsllow Charges,"
B.R,L., No. 370, June 18, 1943.
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17,

18,

19.
20,
21.

22,
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Go I. Taylor (later Sir Geoffrey Taylor), "A Formulation of
Mr. Tuck's Conception of Munroe Jets," AC 372h, May 27, 1943.

6, I, Taylor, "The Explosion of Long Cylindrical Bomb," RC 193,
date unkdom .

W. S, Koski, F. A. Lucy, R. G, Shreffler and F. J, Willig. Jour, Appl.
Phys. 23, 1300-5, (Dec. 1952).

E. M. Pugh, R. J. Eichelberger and N. Rostoker, Jour. Appl. Phys. 23,
No. 5 pp. 532-536 (May 1952).

R, J. Eichelberger and E. M, Pugh, Jour. Appl. Phys. 23, PP. 537~
5h2 (May 1952). '

. I. Breidenbach,"The Zvolution of Jets from Cavity Charges as
_Shown by Flash Hadiographs," BRL Rpt. 808, April 1952,

L. Zernow, S. Kromman, F. Rayfield and J. Simon, "Flash Radiography
of Collapsing 105mm Shaped Charge Liners," BRL Rpt. 846, Feb. 1953.
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FIGURE 30

FIGURE 29























































































































































































0.43 inches |

64T

Direction of flight

FIG. 4a. Enlarged view of setback leaf assembly for T208, arrows show directions of leaf movements
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TGT

. k
Wire duct Insulator stackup Ba TiO3 Nose

element

T208E2 Base element

Inner cone

Test plug
(used only
ety : - > . in experi-
Rt biad it s BBl 1 bbb it | mental
models)

FIG. 5. T208EZ PIBD fuze assembly in 90mm, 108E16 shell cutaway to show mounting details




FIG. 6. TI108E16 90mm fin stabilized HEAT rounds with T208E2 fuzes fired against 5 inch
armor, plate, Aberdeen Proving Ground, December 1950 and January 1951
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T224 Fuze showing the integrator leaves in the unarmed posi

tion




AN2INT

d¥3 WIRany

'TI398 LVEH 8811 I0F A[quasse azny ur-8nig $271 €l an8ry

!

7 SN NINR

/ \ ,T: 3 \
/ |___ SHOLY SN / /r
FARD0 WAL IND0 HINNEY N 3aVIHHT EFSRELL,: __'._rnuﬂ INOD

| \

— HOLY WISNI “aznd vzzp

16l




























Fuze ﬁercussion, D.A., No. L9 Mk. 1

FIG. 17.

Z

On Firing

Percussion fuze - direct

Armed

action type




Fuze, percussion, D.A., No. L9 Mk. 2

Serrated Pin

Washer

Arming Slee
g 5 Cap

Striker

Steel Balls

Striker Spring

Striker Guide

Arming Spring
Body

Washer

Detonator Holder

Detoni tor

FIG. 18. Percussion fuze - direct and graze action type
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Internal Safety Devi ce

GLT

On firing, shroud
has set back and

is moving forward

\

up the zig-zag track

Safe

FIG. 19. Internal safety device




T

channels cut in the central tube. In the safe position the shroud is
held by a spring which forces the studs to the dead end of the shorter
channel, On setback, the shroud moves rearward against the spring and
oscillates about its axis because of the stud engagement with the
shorter gig-zag channel. This oscillation similar to the motion of a
wheel and pallet escapement adds a time delay to the action of the force
and therefore prevents operation on instantaneous shocks. Similarly
when the shroud reaches bottom and setback ceases, it is moved back by
the spring with a time delay controlled by the longer zig-zag path.
When it reaches the end of the track, there is no further constraint
and the spring ejects it into the front part of the body clearing the
hole for passage of the nose detonator "spit".
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FIG. 2. Radiograph of jet from 105mm copper liner, rotated at 15rps
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FIG. 3. Radiograph of jet from 105mm copper liner, rotated at 30 rps
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Radiograph of jet from 105mm copper liner,

FIG. 4.
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EFFECT OF ROTATION ON PENETRATION
AT VARIOUS STANDOFFS
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Radiograph of jet from 105mm copper liner after FIG. Ib. Radiograph of jet from 105mm copper liner after
passing through six inches of 1020 mild steel passing through five inches of glass protected by
1/2" steel and 1 /4

rubber

"Photographs by courtesy of L. Zernow and J. Simon,
261 Ballistic Research Laboratories. '
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TABLE ZXI

FROBABILITY OF RANDOM HIT FALLING ON TOTAL
FRESENTED AREA OF JSIII CAUSING KTLL

Projectile Kill Category
M F K
90mm T108 of LR 08
5" HC (Cu lined) b9 $30 .17
6.5" ATAR (Steel Lined) S5 WML 26

Comparison of Tables XVII and XXI shows the requirement for larger shaped
charge rounds when inaccurate fire is to be used,

The following table gives a Summary of vulnerable areas on the
T34/85 Russian Tank to the 2.36 in and 3.5 in Rockets,

TABLE XXII
VULNERABLE AREA OF T3L/85 - FT?

Ground Attack

Angle of Attack Presented 2,36 HEAT M6 3,5" HEAT M28

Area Ft° M F K M F K

Front us 7 5 b 9 6 5

Ls° 95 7 Ty S %0 93 o

Side 97 3% 3138 i i/l B ¢

135° 95 3 . 11 e a3k

Rear L5 23 - 8. =8 LN R

30° Air Attack

Front 87 39 ATy 18 2. 19 16

Ls° 135 0 16 -3 % -2 17

Side 140 38 18 16 I 23 39

135° 135 §5 27 oAl 81 20 1y

Rogar. 5 87 T S M SRR SR
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Table XXIII gives the vulnerable area of the “26 to the 3.5 inch
rocket.

TABLE XXIIT

VULNERABLE AREA OF M26 TO 3.5" ROCKET Ft°

Angle of i1l
Attack Category
Front T 7 2
30° o A MR
60° 3 A
Side 9623 1Y
120° AR s T g
150° 27 8 %
180° 27 3

tome calculations using an approximation of the vuinerable area
technique have teen made using the product of the probability of a
perforation averaged over the cxpected angles of attack and the prob-
ability of a kill in the unarmored components of the tank averaged
over the expected anrles of attack. Ualculations were made for the
average of the front and sides of the tanks only. These calculations
approximate the nrobability of a random hit being a kill on the
ultimate penetrable area, which is the penetrable area a tank presents
to a round of infinite penetration.

TAELE LXIV

APPROXTMATE PROBABILITY OF & RANDOM HIT On ULTLMAIL FEUBTRALLE
AHLA OF SEVERAL SOVIBET ARMCKED VoHICLES GIVING A KILL

Tank/Round [6mm HEAT 90mm HEAT 105mm HEAT
A N i e T
JoIII .20 ,16 .08 e = i R~ 5 T 1o B
T34/85 146 .36 .22 L7 439 423 W53 B2 26
JSU 152 Al o3h .19 L9 O a2k W53 b2 426
SU 100 b o34 419 148 U0 23 .Sk Bk 27
Tank/Round Cnerpa Rifle Grenade
M F K
L
JSITI .09 .08 0l

T3L4/85 38 «31 «17
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20,
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25.
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28.

FVDE AT320 Energa Grenade vs German Panther Tank

FVDE AT320/1 Effect of Energa Grenades Against Live Ammunition,
Petrol and Diesel Fuel.

FUDE AT320/8 Ammunition Fires in AJF.V, s

"Investigations of the BEffects of Shaped Charges Beyond Defeatable
Armor," NOTS TM NO, L62 (Problem G of Phase 1, Task Asstgnment
NOTS RE 2C-L6-1-81B) U.S, Naval Ordnance Test Station, Inyokern
China Lake, California. 27 June 1952 (Confidential),

"Method for Increasing the Lestructiveness and Lethality of Lined
Cavity Charges," BRL Report No. 848 (Project TB3-013L4), Aberdeen
Proving Ground. March 1953,

BRLIN 592 = A Partial Evaluation of the Comparative Effects of tle
9Omm T108 HEAT Round Apainst The Russian JSIII Tank

BiLM 590 - Range and Angular Distribution of AP Hits on Tanks
BRLTN 735 - Vulnerability Firing Against Tank Fuel Containers
E&LM 612 - Distribution of Soviet Armor

Summary of Firings of 3.5 in Rocket, 90mn T108E15 and 90mm MCTSOEL
VS spaced armor, AR=-1850
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CARTRIDGE, HEAT, T108, 90MM GUN W/FUZE PIBD T208E"7
Reference: WDA, OCO, Vol 1, Apr. 1953

Muzzle Velocity: 2800 f/s
Explosive Charge: Composition B

Reference: OCM 33185, 16 Feb. 1950
Penetration Requirements: Through 5'" of Homogeneous Armor at 60° Obliquity

Penetration References:

APG FR 49200, Sept. 1951 APG FR 55338, Oct. 1952 B
APG FR 51386, Apr. 1952 APG FR 55812, Mar. 1953
APG FR 52898, Aug. 1952 APG FR P-59892 (Not yet published)

WDA OCO, Vol. 1, Apr. 1953




GRENADE, RIFLE, HEAT, M31 (T378l) W/FUZE, GREWADE RIFLE, PIED M211

Reference: AFF Board No. 3 Report F2543, Mar. 1953

Fin Stabilized
Cone Characteristics:

Material: Corper
Apex .ingle: 1,50
Cone Diameter: 2" (Approx.)

Explosives: 0,78 1b,Composition B
Total Weight: 1.6 1b.

Reference: WiA, OCC, Vol, 2, Nov, 1953

This round is to replace Grenade, Rifle, 1128

Penetration References:

AFG Report, Project TA3=5911/1, June.1952
AFG Report, Project TA3=5911/2, July 1952
AFG Report, Project TA3=5911/3, Nov. 1952
WDA, 0CO, Vol. 2, Nov, 1953

ROCKST, HEAT, 3.5", T230

Reference: DA, (CO, Vol, 2, Nov. 1953

to the T205 except that the round will have
Total weight of round is to be 4,511b,

Similar in most respects
a maximum velocity of T00 fps.

e




GRENADE, RIFLE, HEAT, M28 (T41E1) ¢

¥4
FLASH BARRIER

DETONATOR

51 /'8¢ hbmARce senest
4. /{ m-:f"ﬂ een. m

GRENADE, RIFLE, HEAT, M28 (ENERGA) T41
Reference: WDA, OCOQO, Vol. 2, Nov. 1953

This round is the American version of the Belgian Energa and is to be replaced by Grenade,
Rifle, HEAT, M31

Reference: AFF Board No. 3 Report P2543, Mar. 1954
Muzzle Velocity: 174 f/s
Reference: OIO 325, Sept. 1947

Explosives: 0.75 1b. Composition B
Total Weight: 1.45 1b.

Penetration References: APG Report, Project TA3-5911/1, Jun. 1952
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SHELL, HEAT M30TAl TCR 57134 RECCILLESS RIFLE

Reference: Ord.Dwg. 75=2=35k; 28 Apr. 1953

Liner Characteristics:
Hemispherical tyre with Spitback Tube

Material: Copper
Wall Thickness: LOL8"
Liner Diameter: 1.6" (Approxe)

Radius of Curvature: O0.8L"
Reference: Firing Table FT57-E=1
Muzzle Velocity: 1200 £/s
Riflings’ 1 Twist/30 Caliber
Spin Rate of Shell: 213 Revolutions/sec .

Penetration References: APG FR PLh9028, 21-28 Apr. 1951

SHELL, HEAT, M310A1 FOR 75MHM RECOILLESS RIFLE

Reference: AFG FR 50546, 6 Nov. 1951
Striking Velocity: 1000 f/s
Reference: Ord. Dwg. 75<2=315, 17 Mar. 1953

Cone Characteristics:
Material: Copper
wall Thickness: 073"
Cone Diameter 2,%“ (Approx.)
ipex Angle: L2

NOTE: The same liner as is used in the 75mm Howitzer
HEAT pound M66 is used in this round.

Reference: Firing Table FT=T5=BB=~2

Mazzle Velocity: 1000 £/s
Rifling: 1 Twist/22 Caliber
Spin Rate of Shell: 185 Revolutions/sec.




ROCKET, HEAT, M28, (T80E2)
Reference: OCM 32304, Aug. 1948

Modified to M28A2 by replacing the base fuze P, D.
T2000E2

Fin Stabilized

Muzzle Velocity: 325 f/s

Explosive: 1.93 1b. Composition B

Reference: Ord. Dwg. 82-5-131, 28 Mar. 1952

Cone Characteristics:

Material: Copper
Wall Thickness: 093"
Cone Diameter (Approx. ): 3. 08"
Apex Angle: 420

Penetration Requirements:
Defeat 12" of armor 60% of the time
Defeat 11" of armor 100% of the time

Penetration References:
AFF Board No. 3, P-2579 APG FR R2889, Jul. 1952
APG FR R2888, Jul. 1952 APG FR R2890, Jul. 1952
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ROCKET, HEAT, T205, 3.5" W/FUZE PIBD T2030
Reference: APG Report, Project TU-2-1015 A/1, Jul. 1953

Cone Characteristics:
Material: Copper
Wall Thickness: .075"
Cone Diameter: 3.09"

Apex Angle: 45°
Muzzle Velocity: 440 1/s
Explosive: 1.5 1b. Composition B

Reference: OCM 32753, Feb. 1949

Penetration Requirements:
Defeat 12" of Armor at 0° Obliquity )
Defeat 7.9" of Armor at 45° Obliquity) 20%of the time
Defeat 4.7" of Armor at 600 Obliquity)

Accuracy Specifications:
75% probability of hitting a target 7' wide x 8' high
at 500 yards with first round.

Penetration References:

APG FR 3036, Jun. 1953 APG Report, Project
TU2-1015 A/1, Jul. 1953
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ROCKET, FFAR, 2.75" T2016 W/F PI T2023 (ROCKET HEAD T208)
Reference: US NPG Report 779, May 1951

Striking Velocity: 2100 {/s
Explosive: -9 1b Composition B
Cone Characteristics:

Material: Copper

Wall Thickness: . (096"

Cone Diameter: 2.33" (Approx. )
Apex Angle: 429

Spitback Tube

Penetration References:
Report No. 779, May 1951, U.S.N. P.G. APG FR R2923, Oct. 19

g
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SHELL, HEAT, M67, 105MM HOWITZER
Reference: Ord. Dwg. 75-4-107, 29 Aug. 1950

Cone Characteristics:
Material: Steel
Wall Thickness: . 103"
Cone Diameter: 3. 23" (Approx.)
Apex Angle: 42°

Reference: Complete Round Chart, Apr. 1954
Explosive: 2.93 lb. Composition B
Reference: Firing Table, FT 105-H-4

Muzzle Velocity: 1020 /s
Rifling: 1 Twist/20 Caliber
Spin Rate of Shell: 148 Revolutions/second

Penetration References:

APG FR 33438, Sept. 1944
APG FR 34445, Nov. 1944
APG FR 36802, Apr. 1945




SHELL, HEAT, M324 (T43) FOR 105MM RECOILLESS RIFLE
Reference: Ord. Dwg. 75-4-107, 29 Aug. 1950

Cone Characteristics:
Material: Copper
Cone Diameter: 3.23" (Approx. )
Wall Thickness: . 103"
Apex Angle: 420
The cone dimensions are identical with the cone
prescribed for the 105mm M67 shell.

Explosive: 3.00 lb. Composition B
Spin Stabilized (Pre-engraved Band)
Muzzle Velocity: 1250 f/s

Penetration References:
APG FR 48650, 18 Jul. 1951 APG FR 52363, 23 Jul. 1952
Reference: Firing Table FT 105-AH-2

Muzzle Velocity: 1250 £/s
Rifling: 1 Twist/20 Caliber
Spin Rate of Shell: 181 Revolutions/sec.
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SHELL, HEAT, M344, (T119E11) W/F PIBD
T208E7 (ELECTRIC) FOR 106MM RIFLE

Reference: OCM 34899, 1 Jul. 1953

Folding Fin
Explosive: 2.79 1b. Composition B
Muzzle Velocity: 1650 f/s

Reference: Ord. Dwg. 75-2-510, 31 Mar. 1954

Cone Characteristics:
Material: Copper
Wall Thickness: .100"
Cone Diameter: 3. 56"
Apex Angle: 420

Penetration References: 1st Memorandum report on the
"Lethality Tests of 106 mm Shell,
HEAT, T119E11 (M344) "Pro-
ject TA1-1540 Jul. 1954, from
APG to OCO.
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SHELL, HEAT, M66 FOR 75MM HOWITZER
Reference: Ord. Dwg. 75-2=315, Rev. 17 Mar. 1953

Cone Characteristics:
Material: Copper
Wall Thickness: 073"
Cone Diameter: Z.Jd" (Approx.)
Apex Angle: 42
Explosives: 1'1b. Composition B

Reference: Firing lable FT=75~1~3
Muzzle Velocity: 1000 £/s
Rifling: -1 Twist/20 Caliber
Spin Rate of Shell: 200 Revolutions/sec.

Penetration References: AFG FR P33263, Sept. 194l

AFG FR L8h2L, Mar, 1951




APPENDIX II

FORLIGN TYPES OF AMMUNITION (SOVIET)

oovielt HduAT Frojectile for
lQ?mﬂOW., P':Od o 38 ¢« & ® ® W 8 €® ® o @ 312

Soviet EAT Frojectile for
76421711\1 hegts Gm ltlod e 2? ¢ o 8 & & * 8 8 313

Hollow Charge Shell 7.5cm GR 38 . . . . » 31L
Soviet Grenade, Hand, HIAT, Model RPG-6 . 315

Soviet Grenade, Hand, AT, Model 1943 . . . 316

REG U3

Intelligence Reports on Miscellaneous ., . 317
Soviet HEAT Ammunition

NOTES: All references cited are available at the Technical Information
oranch, Aberdeen Proving Ground, Maryland. Abbreviations used in
designating references are as folliows:

DA=PAM - Department of the Army - ramphlet
CIN =(Ordnance Intelligence Number

Ordnance Technical Iptellipgence Office
OITI0 = Ordnance Technical Intelligence Office
OIS = Ordnance Technical Intelligence Section
ST=F = Special Text = ¥oreign
"1 = Technical Manual

As will become apparent from a perusal oi the following pages, there
is a severe lack of information regarding Soviet Ammunition.
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4.308"
A
o 4.215
i
- 5B
— 4.917" DIA.

=
____—_

SOVIET HEAT PROJECTILE FOR 122MM HOWITZER - MODEL 38

References:
ST-F-87 p. 261 OIN 3317 ST-F-66
TM-30-240 p. T2 OIN 4204 ST-F-T74
OIN 5451 OIN 5050 OTIO Dwg. No. 40
OIN 4920 OIN 2009 APG TMI-5002/3
Cone Characteristics:
Material: Ferrous, Cast
Wall Thickness: . 106"
Apex Angle: 40°
Explosive: 3.19 1b. Cyclotol

Penetration against homogeneous armor plate, statically fired: Max. penetration 5. 5"
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2.360" DIA.

SOVIET HEAT PROJECTILE FOR 76. 2MM REGIMENTAL GUN, MODEL 27

References:

ST-F-87 p. 190-193 ID 588910 p. 109
ST-F-66 TM 30-240 p. 54
ST-F-T4 OIN 3352

Weight of Projectile: 8.7 1b.
Explosive: 1. 14 1b. Cast Cyclotol

NOTE: Tracer element in base of shell.
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OIN 4617
OIN 3197
OIN 4178
OTIO Dwg. No. 22




HOLLOW CHARGE SHELL, 7.5CM GR 38

References:
ST-F=-87 p. 190~193 OIN 3352
ST=F=66 OIN L617
ST-F=TL OIN 3197
10588910, p. 109 OIN 4178
TH 30-2’-‘0’ po 5l-|- MIO Dﬂg. NO' 22

Static Fired Penetration: 1.8" at 302 Obliquity
2.17" at 0° Obliguity




()Handle Assembly

(D safety Lever

(® stabilizing Ribbon

(1) Safety Cap (Check Ball Retainer Cap)
(® Pull Pin and Tab

@Striker

(7) Striker Retaining Pin and Spring
(#) Anti-Creep Spring

(W)Striker Body

() Striker Lock

() Detonator Booster Assembly

> X 12) Grenade Bod
(1) HANDLE ASSEMBLY (4) SAFETY CAP (CH (%Check e

SOVIET GRENADE, HAND, HEAT, MODEL RPG-6

Reference: DA PAM 30-2, p. 13 Reference: OIN 5050, p. 4
Penetration: Up to 3.94" armor Explosive Filler: TNT
2 Reference: DA PAM 30-50-1, p. 102 Averags Raags: b 2

Radius of Fragmentation: 26 yds.
Effective against concrete pillboxes
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(D)Handle Assembly
(2)Safety Lever

(1) Pull Pin and Ring

(1) Stabilizing Cap

(5) Stabilizing Cap Spring
(® Fabric

(7) Safety Pin

(3)Safety Screw
(9)Detonator Booster Assembly
(i) Grenade Body

(i) Safety Spring
@Firing Pin

(1) Closing Cap Disc

() Closing Cap

SOVIET GRENADE, HAND, AT, MODEL 1943 RPG 43
Reference: APG-0S-501-C

Weight of Grenade: 1, 200 gms.
Penetration in Armor: Up to T5mm
Not recommended for use against the track of suspension system of a tank.




INTELLIGENCE REPORTS ON SCVIET HEAT AMMUNITION

Panzerfaust: A copy of the German Panzerfaust 150 which
had a range of 16% yards and the ability to penetrate ¢"
into armor, Hef: =PAl=30-2

Rifle Grenade Model VPT-5-L1: Armor penetration given as
1.8%" Ref: DA-PAY S 30~2-

Hand Grenade;, Model

2.95" thick. Kef
Average lLange L? 22
Explosive Filler: 1.

3:  Effective against armor up to
AM

o Ws

"U =

-3
yds. DA=-PAN-30-50-=1
35 1bs cyeclotol OIN 5950

Anti-Tank Rifle urpnadsi ?PQ

Hef IS File

Range: 50-=75 meters
Explosive Charge: 33Lgms. of Compressed THNT
Penetration: Armer at 60° Obliquity: 30mm
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APPENDIX III

FOREIGN (MISCELLANEOUS)

Heller ] -] o o -] o L] -] o -] -] @ - ] 320

Ser 08rTikon o o 478 5 & o' b o o o 3OL
Panzerachrectlt . « ¢« & & s e o 322
FengerBust v o s s 56 s B e w323

NOTE: All references are available at the Technical Information Branch,
Averdeen Proving Ground; Maryland., Abbreviations used in designating
references are as followss

CARDE = Canadian Armament Research and Development Establishment
NAVORD = Navy Ordnance Reports

APG=FR = Aberdeen Proving Ground = Firing Record

ID Intelligence Department

> Ordnance Technical Intelligence Office




~FRONT
CONNECTCR

- _PELLET PELLET, (TETRYL)

HOUSING | — HE FILLING
(COMP. "B"~ RDX-TNT)

—H.E. FILLING

o i 1
)
CONE LINER
— 1 CONE- COPPER
(THICKNESS-
093 * 004
& 3 VARIATION IN
~—— a2 . =
; THICKNESS — . 0015)
' 4 \
{" BALLISTIC
..I‘ CAP = 2 .84 -
: ~ 2.88 -

FUSE, BOOSTER

WARHEAD DIMENSIONS

ROCKET, HELLER, 3.2" W/FUZE M52
Reference: Miscellaneous Report 51/53, CARDE, Nov. 1953
Total Weight of Round: 8.5 lb.

Muzzle Velocity: 720 f/s
Dispersion at 500 yds: 1.2 mils
Penetration: 10 to 11" homogeneous armor
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11 OERLIKON (SWISS) AIRCLAFT ROCKETS

fteference: Navord Report 1901, 16 Aug. 1951

Weight of Explosive:

1.4 1%,
Maximunm Spin Rate Due to 8 Canted Nozzles: 1200 rpm
Penetration into Plate: At O  Cbliguity: 7.09"

heference: APG Firing Record R=-2617, 26=28 Feb. 1951

Explosive Loading: DPentolite
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PANZERSCHRECK
Reference: ID 945677/13, dated 1949

Maximum Range: 150 meters

Penetration: 7.9" Armor




PANZERFAUST
References: ID 945677/13 dated 1949 DA - PAM 30-2, p. 22

Explosive: 3.5 1b. 55/45 Cyclotol
Penetration: 7.9" Armor

ARMY::-O8---ABERDEEN PROVING GROUND, MD--







Tank, Soviet, 98 III . . » » » « » « 326

Pank Soviet T3U/85 - + v « « + + « + 327

Self ~Propelled (un, Soviet, SU=100 . 328
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——HULL, FRONT, TOP - ROLLED

23 IN' @ 80°

NOTE: ALL ANGLES MEASURED FROM THE VERTICAL.

_ TANK, SOVIET, JS II







CUPOLA, SIDE, CAST OLA, TOP, ROLLED e
2.2 IN. CURVED BN @ 90 @ =
SUPERSTRUCTURE NOSE, CAST :&Egmﬁé' sor'
4.0 IN. CURVED
SUPERSTRUCTURE, REAR, HULL, TOP, ROLLED
@ I—aou.zn. 18 IN. @ 0° 8 IN. @ 90°

MANTLET, CAST,
4.0 IN. CURVED = 7

no
(@=]

5 - &
~h g2a
======]

I I
HULL FRONT, LOWER, ROLLED ggf?.'elg:pm'
30IN. @ -60° \ LB IN. @ 45°
REAR, LOWER,
| \ ROLLED, 1.8 IN.
_— @-45‘
[7 A\

\—Huu.. SIDE, LOWER, \—HULL. SIDE, UPPER,
FRONT, ROLLED, ROLLED, I.BIN. @ O° ROLLED, 1.8 IN. @ 45°

3.0 IN. @ 50° SUPERSTRUCTURE SIDE,
ROLLED, I1.8IN. @ 20°

NOTE:
ALL ANGLES MEASURED
FROM THE VERTICAL. —
4 _ J BELLY ARMOR THICKNESS= I.IN.
. - SELF-PROPELLED GUN, SOVIET, SU-100
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pxplosive Charge ( ontinued)
Detonation of (Continued)

T11lt of detonation front, 133
Velocity of 122, 123, 12k, 13i
Pin technique for obtaining, 22
Explosive "Compensated" charges, 99
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Cylindrical vs tapered charges, 107
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fundamental procedure in, 130
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Mass distribution of, 23, 27
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Jets (Continued)

Ultra fast jets, 27
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Velocity of jet vs liner apex angle, 89, 91, 93, 257
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Velocity of jet tail, 99

Velocity of jet under peripheral initiation, 32

Velocity of jet vs velocity of penetration, 7, 8

Velocity of penetration of, 7, 30

Velocity ratio slug/jet, 20, 22

Jones' equation of state, 122
Jones, H,, 122
Jones; W. N., 5

Kanders; Erich, L
Kerr cell photography, 177
Kessenrich; G. J.,
Kistiakowsky; G. B.y, 5, 6

Lawson, W. E., 12
Leonard -~ Jones = Devonshire equations of state, 122
Liners .
Alignment of liner in charge, 112
Apex
Angle ' .
Apex angle vs penetration, 60, 62, 257 (See also "rotation")
Apex angle in projectiles, 109
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Liners (Continued)
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Configuration (Continued)

Spherical capped, 45, 82
¥Spiral" fluted liners, 35
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Design parameters for, 52, 104, 107, 109, 110 (See also "Spin Compensation")
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Fluted (See "Spin Compensation®)
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Tapered walls of, 83, 8L, 85, 109
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Penetrations (Continued)
Rounds - Penetration Performance (Continued)
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Scaling penetrations for different calibers, 193
Standoff as effecting penetration
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Theory
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Hill - Mott = Pack, Equation for penetration, 30
"Residual" penetration, 10, ®, 10L, 256, 257
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Reducing Effects of fiotation (Continued)
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- Fin stabilization, 215, 250
Fluted explosives, 247
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Peripheral jet engines, 215, 249
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Reducing Effects of Rotation (Continued)
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