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Prodlen No, B-31

ARMCR_PLATY

Metallurgical Ixamination of German~Armor
from a Pz, Kw, 111 Tank

J,r X

47’&4 egmmer ol This sty

Loas Do canduct a metallurgical exanmination of three face-hardensd and two
homogeneous sections of Germsn armor .which had Yeen previously subjacted
to ballistic tests at the Proving Center, Aberdsen Proving Ground.g::

gt
v 5 A B0 W S R o A 8

o

T SUMMARY 0F RESULTS
Ormof
1, §>The fiv\\ lates were composed of nteel of two distinct types!
(1) flame hardenea. mediun carbon, chrome-molybdenun-vanadium type de-
oxidized with aluninun,and (2) a flame hardenad and homogenesous medium

carbon, chrome-nmolybdenunm type deoxidized with aluminum and titanium, ,<¥£___

2. The five plates were heat treated as homogenevus armor to the
following hardness levels:

1 plate -~ 5/8" homogeneous armor - 375 Brinell
1 plate -~ 1-1/UM homogeneous armor - 331 Brinell

3 plates - 1-1/4" flame hardened armor =~ 363 and 388 Brinell

A subsequant operation, probebly flame hardening, wes employed
on the three face hardened plates to form a hardened face of 600 Brinell,
The thickness of this zone wes ,090"-,110" on one plate, .140"-,200" on &
second, and ,210"-,230" on the third plate.

3, The armor was composed of good quality cross-rolled steel in
which no undesirable nonmetallic segregations were observed, Oonsiderable
banding was present in the microstructura indicaeting the prevalence of
tha carbon and alloy segregations,

4. A splash shield on the back of the homozeneous armor escapa door .
wos composed of a 1/8" thick mild stael strip attached with an intermittent
weld deposit enalyzing approximately 5% nenganese, 114% chromium, and 1%
nickel,

F. A flange naction attached to one of the face hnrdennd platPB we.8

a .25% carbon mengonsse-chrone-molybdenun sieel
carburized, and hent treuted. CL ‘ i B'
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6. Comparatively poor penetration resisthnce of one of the flame
hardened plates when imvacted with 37 MM M80 A.P. projectiles is trace-
able to the relatively thin face hardened zone which was inadequate to
break up the projectiles.
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INTRODUCTION R
Upon request of the Chisf of Ordnsnce®, Aberdsen Proving Ground sub- ;fil;
mitted five armor plate sections® from a Germen Pz, Kw. 111 tank, The S
plates were subjected to extensive ballistic testsd at the Proving Center 9.
before being sent to this station. The individual sections were listed Lt
as follows: s
a. One homogeneous plate from beneath the engine ﬂ;.
(3/ )_',"xlu"len) . .._"_.".',
o ...
b. One face hardened plate (1-1/WMx230x71"), T

c. One face hardened plate (1-1/LHxl5"x75").
d. One face hardened plate (1-1/L"xlltxlgt),

One homogeneous armor escape door l-1/U" thick
(from the left side of the tank).

lo

Photographs showing the effeot of the ballistic tests on the five
plates, which were included in the ballistic report3 are omitted in this
report.

Since plates b, ¢, and 4 were similar to the fece hardened armor in-

vestigated previously™, a detailed metallurgical investigation was not
made on the subject plates.

TEST PROCEIURE

The plates were sectioned in the loneitudinal and transverse direc-
tions for hardness surveys, macroscopic, and microscopic examination.
Chemical analyses of the basa metal of the five plates and the flange on
plate ¢ were obtained. A partial analvsis of the weld metal on plate g
was obtained., A carbon analysis of the outer .020" layer and the next
.020" layer of the flange forging was made in order to confirm that this
section was carburized.

10.0. 470.5/12636, A.P.G. 470.5/4492, see Bellistic Renort, Aopendix A.
2W.A. 470.5/5631, A.P.G. U70.5/4492A, sec Apvendix 4.

3Ballistic Report No, 4D-121 by Aberdeen Proving Ground, see Appendix A,

uWatertown arsenal Report No. 710/458 - Metallurgical Examination of

Section of German Face Hardened Armor from the Front of e Pz. Kw. 111
Tank.
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RESULTS AND DISCUSSION

1. Visual Examination

The plates were painted overall with a dull red (iron-oxide type)
paint. On the back of plate a this paint was covered with a greenish-grey
paint which flaked off under ballistic impacts. The remaining four plates
were painted on the face with a light tan paint, a major portion of which
had already been worn off when the plates were received.

Some of the markings on the plates were .ost during the ballis-
tic tests, but those remaining were as follows:

Plate a
2HP66216
6741 012 ®02517 -

Plate b
K 2512
388612
60087
1l

1l2%®3
21161

Plate ¢
1241 325 6000 3 "Brinell Mark"
----- 6207

Plate 4
¥o distinguishable markings were observed.

Plate ¢
66217 AMP "Brinell Mark! |
34379 289 W 34 » .

The five sections contained rivet and bolt holes, many of which
were countersunk. A 1/8" thick splash shield was welded on the back of
the escape door (plate e). Tne steel stri, was tacked to the armor with
an intermittent weld whose sections were 2% to U" long. In several of the
sections the steel strip had separated from the base plate as a result of
the weld failure wrich occurred in the weld metal directly adjacent to the
mild steel and in the heat affected zone of the armor plate., In one area
a welding crack was observed extending into the base metal perpendicular
to the plate surface. Although this is a very undesirable condition, the
extensive ballistic tests did not enlarge this crack unduly.

2. Thickness Measurements

Micrometer measursments, which showed a varistion of as much as
.013" in thickness along a trensverss section of one of the plates, are
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given below for the five plates and flanse section.

Thickness of Plate in Inches Converted
Plate Left Edge Center Risht Zdge to MM,
a 622 622 622 16
b 1.232 1.245 1,240 31+
] [ 1,235 1.238 1.235 31+
4 1.232 1,237 1.233 31+
[ 1,200 1,210 1.200 31~
Flange on b 1.185-1.190 30

3. Chemical Analyses

Complete analyses of the five plates, the flange and stud on
plate ¢, and the mild steel splash shield and weld on plate e were obtained
and the results are as follows:

Section C M¥n Si S P Ni Cr Mo V Cu T1 Al

H. Plate & 52 .70 .58 ,029 .018 trace 1,39 ,20 trace .03 .065 .03
F.H. Plated .44 .97 .21 .026 .008 " 1,28 .38 .25 .19 nil .02

F.H, Plate ¢ .53 .71 .49 ,025 .015 "  1.47 ,18 trace .03 .C7 .Ok
P.H. Plate d .4g 1,03 .64 ,031 .007 " .83 .23 .23 .17 nil .o

H, Plate e 54,60 Mg 027 016 " 1.25 .49 trace .09 .07 .02
Carb. Flange .25 1.01 .63 ,028 .007 .18 1,27 .26 * .09 =il .01

Stud 35 .79 .29 .029 .007 trace ,99 .15 .18 .25 nil .02
Splash Shield .07 41 trace 077 .049 ¥ .05 nil nil ,10 nil .02

Weld on Splash
lein Jlash 519 .99 11,46

Carbon analysis of the outer .020" of the flange is .90%, and the
next .020" layer analyses .g3% carbon.

The 5/8" plate & and two of the 1-1/4" plates c and e are of
approximately the same composition, & chroms-molybdenum type similar to
S.A.E, 6150 with chromium and menganese on the high side. The 1-1/U" face
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hardened plates b and d are a medium carhon chrome-molybdenum-vanadium
type composition which is not equivalent to any of the S.A.E. or the new
N.E, type compositions. The flange was the only section kaving a compo-
sition similar to that used at the present time in Americen armored
vehicles, but even this section differed in that its chrome content is
higher. With regard to the other sections the most important difference !
is the carbon content, for in our practice a maximum of .30% carbon is Ry
desired to simplify the welding procedure.

° A
.

N

The analysis of the stud was similar to two German armor attach- . Slﬁ

ment bolts studied previously5. The alloy content is unusually high for o
a steel used in the given application. n
e

The weld metal is similar to that observed in a previous studyd. e

a"_-:',

4. Hardness Surveys Y,
Rockwell "C" and Brinell hardness surveys were made across the <R
thickness of sections of the plates and flange. Then Rockwell "C!" hard- A

ness surveys were taken on transverse sections, 1/16" from the edge of
the hardened face of the face hardened plates. The readings were taken R
every 1/8". Since the results were fairly consistent and varied S

g
cyclically, only every fourth reading was tabulated in the diagrams of L
Figure 1 which show the results of the hardness surveys. Where the L
hardened zone was very thin as in plate b, the hardness impressions C]
extended into the unhardened area, resulting in a low reading, i.e.: L
values of 45 and 53 on this plate. -}3:
e
A summary of the results are given in Table I. N S
TABLE I F]
Summary of Hardness Tests E?Et
Core Hardness dardened Zone
Section BHN Rockwell "GM Rockwell "M
5/€" Homo. Plate a 375 38-39 -
1-1/4* F,H, Plate b 388 38-40 55-60
i-1/4% F.H. Plate ¢ 352/ 363 37-40 55-58
1-1/4* F.H, Plate 4 352/ 363 36-38 57~61
- 1-1/4" Homo. Plate e  331/3W1 34-36 -~
o 1-1/4" Carb. Flange 363 35-38 57-62
o The results show that plate ¢ possessed a lower face hardness
_g[ than the other two flame hardened plates, and its hardened zone wag not

as deep. In the ballistic tests, the 37 MM M80 A.P. uncapped projectiles
were broken up by plate b with the formation of face spalls, whereas the

zg; projectiles did not break up against plate ¢c. Thus the ballistic limit
o was 500 f/s lowerJ.

é‘: JWatertown Arsenal Report 710/472 - Metallurgical Examination of Armecred
" Vehicle Components from a Germen Pz. Kw. 11l Tank,
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The core hardnesses of the 1~1/4" flame hardened plates and the RO
1-1, #' homogereous plate are somewhat higher than those desired in : ‘Q
American armor of the same thickness, Tor the subject armor probadly oo

would not have satisfactory shock properties against overmatching pro-
Jectiles.

}n
AL

The 5/8" homogeneous plate & possessed a slightly higher hardness
level than that desirsd in material exposed to overmatching projectiles.
This foct is borne out in the tests with 20 MM A.P. projectiles which
showed up the lack of ductility of this plate.

The hardness cf the stud used to fasten the flange to plate ¢
varicd from Rockwell "C" 31 in the threaded zone to 41 in the head. The
only explanation for this variation is the attemst to prevent failure of
the threaded area of the belts during a ballistic impact, because failure
of this type is quite prevalent.

Hardness of the weld metal attached to the escape door, plate s,
was found to be 380-UCO Vickers. The heat affected zone hardness was

542 Vickers, and the mild steel was 15U Vickers hardness. :;;}3
s '»"-:2:5

5. Macroscopic Examination ;gjgﬁ
.

Results of macroetching longitudinal and transverse sections bsipg

are shown in Pigures 2-5. ¥o undesirable nonmetallic segregations were Tf-ﬁg
observed in any of the sections examined. Since there was very little e
difference in etching characteristics between the longitudinal and trens- vj\j\
verse sections, it is felt that the steel was cross-rolled. Previous LTS

studies of German armor have shown that the. Germans strive for extremely
fine quality steel for use in armor plate 9.

T oo
L.

The flange was forged from good quality steel, and as has been
shown, was carburigzed.

The macroetching sherply delinested the hardened zone on the
face hardened plates. The contour and formation of this hardened zone
confirms the fact that it was made by a flame hardening operation. The
heating element or elements were aligned parallel to the transverse
direction of the plate and trsvelled at a uniform rate along the longi-
tudinal direction. The hardened zone was greater on pletes b and d than
on plate ¢ indicating that either the rate of travel of the heating
element was greater or the heating was less intense in the preparation
of plate c.

Measur=ments of the face ha’dened zone made on the macrostched
section are as follows:

Section Thickness in Inches
Plate b .210-.230
Plate ¢ .090-,110
Plate 4 . 1140~ 200
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7. Hicroscopic Examination

An examination of the steel in the unetched condition indicated ’ B
that the plate was made at two different facilities. Plates a, ¢, and ¢ -
contained both a sulfide type stringer and a titanium nitride type. RS
Plates b and d contained a polyphase globular type inclusion as well as TN
short stringers. All five plates were made from relatively clean steel oo
free from nonmetallic segregations. There was very little difference S
in the nonmetallic condition between the longitudinal and transverse ;l.j
direction. Tl

Flate a possessed an acicular tempered martensitic structure
having a severe degree of banding. (FiguresbA and B)

Plates b, d, and e were similar in structure, 2 sorbite having
undissolved carbides in the bended areas, (Figures 6D and 7B.) The
flame hardened zone of plates b and d was a martensitic struciure as
shown in Figure 7C. Since the structure of plate d was similar to b K
no vhotographs were obtained from this plate. o

Plate c was similar to plate a and a plate investigated in a

previous reportE in which extensive vhotographs were taken and, therefore, “”“;
no photogrephs of its microstructure are contained here. T
ol

The flenge is comvosed of a low carbon martensite in the core T

(Pigure TE) and a high carbon martensite in the case (Figure 7F).

The weld metal used in securing the mild steel strip to the back
of the door was completely austenitic, indicating that the Germans are RSN
succeseful in forming an austenitic weld deposit using a manganese- oo
cnrome-nickel steel. However, as was noted under the hardness test re- o
sults, this structure is much harder than the ductile 1€-8 austenitic -
deposits found in domestic welds.

8. General Considerations

Py .o
LIS B

a. Homogeneous Armer

The 5/8" homogeneous plate examined was made of good quality
steel which was heat treated to a uniform hardness ot 375 Brinell. Thsa
hardness is slightly higher than that desired in homogeneous armor of
this thickness. Although it exceeds our resistance to penetration re~
quirement by 60 f/s (Specification AXS-711), it did not withstand the
shock test of overmatching projectiles in that excessive back spalling
developed on complete penetrations,

The 1-1/4" homogeneous plate was made of good quality steel

f" which was heat treated to 331/341 Brinell. It passed the penetration ::ﬁf
; requirement of Specification AXS-488 by about UG f/s. Its hardness is 20N
3 higher than desired if plate is to nave good shock proverties against L
3 overmatching vrojectiles. e
- o
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b. Flame Hardened Armor

Two of the plates (b and d) were similar in composition and
flame hardening depth. Against Cavped nrogectllea they behaved similarly;
the 37 M4 V51 A.P.C. precjectile penetrated nlate b somewhat more success-
fully than the M59 did against plate 4 at normal incidence.

A marked difference in ballistic efficiency was observed be-

tween plates b and c when tested with the M80C uncapped projectile. Plate b

which nossessed » hardened zone of 15-20% of the thickness broke un the
projectiles. Plate ¢, which vossessed a hardened zone of under 10% of
the thickness as well as a slightly lower core hardness, did not break up
the projectiles, and the result was a ballistic limit 500 f/s. lower than
in ylate b. fThe ballistic efficiency cf the two plates probadly would n
be markedly different against capped 37 MM MB1l projectiles.

Overmatching projectiles wculd be expacted to show up the vpoor
ductility of all three flame hardened plates.
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WA. 470.5/5631 Decemdsr 10, 1942 )
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Subject: Metallurgical Investigation of German Armor

To: The Commending Officer (33
Watertown aArsenal . 3
Watertown, Mass, Ly

1. By order of the Chief of Ordnance, letter of Kovembver 27, 1942, j

0.0, 470.5/12636, A.P.G. 470.5/uU92, we are forwardir to your station bt

via express, Shipping Order 7260, the following plat _ﬂ.f%
1 Plate from benerth engine of German tank P2111, 14t x 31% x 5/8" 4

(Act. thickness 3/4m) R
1 Door escape, from left side of German Tenk PZKW1ll - 1-1/4M thick. E.«;.wai

o
1 Plate from PZKW1ll German tank ~ 1-1/4% x 71" x 23* g
1 Plate from PZKW1ll German tank - 1-1/4" x 75" x 150 a
P
1 Plate from PZKW1ll German Tonk -~ 1-1/4M" x 14" x Lgv (two |
pleces, small piece broke off during ballistic test). Y
2. 4 copy of the results of your investigations is requested by ;}gﬁ
this station, AR

3. A cony of the ballistic results obtained on these vplates is
being forwarded to your station at an early date.

For the Commanding General:

(s) H. J. ROUSE

.;',:_ (T)y 6, G, 2dday

E':-:' 001., ord. Deptu
::_::; Assistant
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THE PROVING ~"WTER frr-o=
ABERDEEN PROVING GROUND, MARYLAND . i}:y
ARMOR TEST REPORT o
0:: .‘:
OBJECT: Ballistic Investigation of German Report No.: AD-121 . :‘*f
Pz. XKw. 111 Armor Sheat 1 of: 5 FEN
Date of test: Dec. 3 & 4, 1942

SUBMITTED BY: Project No.: P~2-ﬁ 119636 0
References: 0.0, 470,5/12063 e
APG, 470.5/uh492 —
Photo. Nos.: TU656, 74657, TU655 Frery
74658, 74659 R
MATERIAL TESTED: i
° ::"_:“!:-
1., The following armor from the Germsn Pz. Kw. 111 Tank was tested: E*5%
a.. One plate from beneath the engine 3/U" x 14" x 31 5§:f
b. One face hardened plate - 1-1/4 x 23" x 71* e
c. n " n f 1,_1/14,11 T 15% £ 5" NS
d. " " " " 1-1/4n 3 1Ln x Lge cok
s MM " escape door 1-1,4" thick (from left side of tank). ?*“ﬁ
CONCLUSIONS AND REGOMMENDATIONS:
1. From the data obtained in this firing it is indicated that German ?ch
armor of this type is inferior to American homogeneous armor of cerresponding SR
thickness.. [
FF3E
2. The face hardened plates were inconsistent in their resistance tq A
penetration qualities. They cannot be compared to domestic armor since no ;, >
Americen face hardened armor of this thickness is manufactured. e

*y 5y

wTrre
%,ﬂ' PO
i ; PR

3. In order to obtain more accurate information regaerding the ballistic
qualities of this armor against domestic models of armor piercing projectiles
it is necessary to test more samples.

—
. .
.
hY
R
‘v
LE o P}

o g gy —
s 1 s

’ 3
AL

g

[

4. This station is of the opinion that some domestic armor shouid be
tested with armor piercing projectiles of German design fired from German
anti-tank guns. 3By changing the comvonents of these tests as stated complete

results of this type of testing could be obtained. CEE
APPROVED: _ BY: :::;:::::
e | i~
W. B. HARD] 7 (s/T) 6. G. EDDY (s/T)G. C. AUMENT : e
. Col., Ord. I=pt. Col., Ord. Dept. Asst. Eng. Alde AR
- Director Officer in Char Proof Officer g

%e
o, Proof Departmen o
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THE PROVING CENTER
ABERDEEN PROVING GROUND, MARYLAND

Report No.: AD-121
Sheet 2 of 5

OUTLINE OF TEST:

1. The plates were tested as Follows:

a., Army and Navy tallistic limits on the 3/U4* x 14" x 31" at 0°
and 30° and Aruy B.L. only at 20° with 20 mm, M75 A.P. projectiles. 4n army
ballistic at normal impact with cal., .50 M2, A.P.

b. A4rmy and Navy ballistic limits at normal with 37 mm. M74 A.P.,

37 mn. M51 4.P.C. and 37 mm. M80 4.P. projectiles on the 1-1/4" x 23" x 71
plate.

¢. Army and Navy ballistic limits with the M80, A.P, at normal and

" at 20° with HS1, A.P.C, ageinst 1-1/4" x 15" x 71" plate.-

d. Army and Navy ovallistic limits with 37 mm, M5 A.P,C. at normal
only on the 1-1/4it x 14m x UgH,

o. hArmy ballistic limit with 37 mm. M51 A.P.C. prcjectiles at normal

on the small escape door 1-1/4" thick.
RESULTS OF TESTS:

BALLISTIC
THI CK- LIMITS
PLATE NESS BHN AMMUNITION OBLIQUITY _ARMY NAVY
1hnx3yn 3/4"  Face-418 Cal..50 M2 A.P. 0° 1666.5
Back~364 20 mm., M75, A.P. o° 1026 1155
20° 1679 -
70° 1694 20U44.5
23Ux71"  1-1/4" Face-600 37 mm, M7L, A.P. 0° 1735 1865
Back-320 37 mm. M51, A.P.C. 0° 1368.5 1395
37 mm, N80, A.P. 0° 1611 1896
15"x75"  1-1/W% Face-578 37 mm. MBO, A.P. 0° 1052 1353.5
Back-U418 37 mm. M51, A.P,C. 20° 1646 1646
lhnxlgn  1-1/4" Yace-600 37 mm, M59 &.P.C. 0° 14h3 1469.5
Back-402 -
Bscepe Door 1-1/ut - 37 mm. M51 4.P,C. 0° 1340 -
COPY
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THE PROVING CENTER
ABERDEEN PROVING GROUND, MARYLAND

Report No.: AD-121
Sheet 3 of §

DETAILED RESULTS OF TEST:

1. The 3/4" x 14" x 31" plate had all the characteristics of hard
homogeneous plate, of approximately 400 BHN., The Army Lallistic limit &t
normal with cal..50 M2, a.P. was 213 f£/s, lower then the applicable speci-
ficaticn AXS 711, On the 20 mm. firing excessive back spalling occurred at
normal impact when the striking velocities were 1088 f/s., 1090 f/'s., 1120
f/s., and 1122 f/s. The resulting exit diameters of penetraticn ranged
from 1-3/U" x 1-3/4" to 1-7/8" x 2"; this indicates lack of ductility of
the plate.

2. Ths results of the firine on one Germen 1-1/4% x 23" x 71" face
hardened plate (BHN, face-600, back-320) with the 37 mm., M51 A.P.C. orojec-
tile at normal impact show the army ballistic limit to be 323 f/s. velow an
average army ballistic limit of eight (8) 1-1/2" face nardened domestic
plates at normal impact. No existing specifications apply to American armor
of this type and thickness. The Navy ballistic limit was only 27 f/s, higher
than the Army ballistic limit, which that after the face hardening 1s pene-
trated very little additional velovity is requirad to eneble the projectile
to pass through the plate. 3Back spalling occurred at normal impact with the
M51, A.P.C. but wes notv excessive, according to existing American Specifica-
tions. The 37 mm. M74, A.P. orojectile was much less effective than the
M51, A.P.C. sgainst this armor due to its face-hardening. Neither the M7U
4P, nor M80 A.P., projectiles are designed for face-bhardened armop, however,
thﬁ 1480, A.P. proved to be more effective against this armor than did the
M74, AP,

3. The 1-1/4" x 15" x 75" face-hardened plate had & very low ballistic
1imit with the M80 projectile at normal. This plate had e BHN of 578 on the
fece and Y18 on the back. The ballistic 1imit, bein~ 1052 £/s. with the M80,
could not have been obtained with the M51 A,P.C. assuning tr * the difference,
of 242 f/s., between ballistic limits with the two vrojectiles on the same
plate, is fairly constant. The difference, of 242 f/s. between the }80, A.P.
ballistic limit and the M51, A,P.C., ballistic limit, was found on the 1—1/““
x 23" x 71" plate. The Army and Navy ballistic limit of the 1-1/U" x 15" x

75" plave at 20° obliquity with the M51 A.P.C. was the same - 16Ub f/s, which

compares closely with the average ballistic limit (1692 £/s.) of the eight
(8) 1~l/2”. face hardened American plates previously mentioned, which were
fired at normal.

4, Since the M59 projectile is cepped it should be as effective as the.
M51 against this plate. The MHQ ballistic cap contains more metal than the
ballistic cap on the M5l because the M51 cap is threaded so & windshield can
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THE PROVING CEJTER
ABFRDEEN PROVING GROUND, MARYLAND

Report No.: AD-121
Sheet U of 5

DETAILZD RESULTS OF TEST (CONT!D)

be attached. This threading also weskens the ballistic coo of the M51. The
srmy ballistic limit witk the M59 asainst the 1-1/W% x 1ut# x L8 face
hardened plate was 1443 £/s, and the Navy ballistic limit was 1470 f/s. at
normal, showing a difference of 27 f/s. as was the case with the M5l A,P.C.
at normel against the 1-1/U% x 23" x 71" plate. Assuning that the M59 is

as effective as the M5l azainst this type of pnlate, this particular plate
would have betier resistence to penetratior qualities than any of the other
German plates. This plate was the driver's door on the German Pz. EKw. 111
Tank &2} had a BHN of 500 on the face and 3€U on the back.

5. The remaining piece af l~1/h" face hardenad armor was the escape
doer on the left side of the German Tark and had an Aray ballistic limit of
1380 f/s. with the M51 4.P.C. at normal. This ballistic limit is 29 f/s.
iower than the srmy ballistic linmit of the 1-1/U" x 23" x 71" piece at normal.
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WAR DEPARTMAIT L
H F”"':*-;
€.0. 470.5/12636 OFFICZ OF TEE CHIZF OF JRONANCE NS
KPG. 470,5/4ug2 o
WASE INGTON Loy
SPORT Intel. O

Hovember 27, 10U2

Subject: Tests on Armor Plate

Tos The Director
The Proving Center
Aberdeen Proving Ground, Md.

ATTR: Major G. B. Speir - Foreicn Materiel Secticn

1. In reference to the miscellsneous piaces of armor plate
from a German Pz, Kw. III which are now et aberdeen Proving Ground,
it is requested that the following tests be made:

(a) Obtain the ballistic limit on the four (4) leree
pieces of 1-1/4" armor plate with Shet, A.F., 37 mm
Mg0; Shot, A.P,, 37 mm M7+4; and Shot A.P.C., 37 mm M51.

(b) Obtain the ballistic limit on tae 14" x 31"
piece of 5/8" armor plate with Skot, A.P., 20 mm, M75.

2. At the completion of the firing tests, the samples should
be sent to Watertown Arsenal for metollurgical, physical and chemical
tests,

By Order of the Chief of Ordnance:

/s8] 3. S. DAVIS
Capt., Ord. Dept.
As-istant
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’ OBJECT H Bal listic Investi i,&*i oen of German Rep Ort.‘ u’O: - A D"ldl
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‘ Nabc of *osb: Dac. 2 & L, 192
SUBKMINTRD BYS FProject No.: pap-2

References, 0,0, 470.5/12434
APG, L7C. 5/LLoe
. Photo. Nos.: 7l6%5, 14657, 1LHS5

LS8, TLES9
: PATORTAL To07EDs
1. ~he following armor fren the German Pz, Kw. 111 Tank was tested:
/ &, OCne plate from beneath the engine 3/L" x 14" x 31" .
T, One fuce ‘mrdered plate = 1-1/" x 23" x 71"
e . -c.. n " " l-l/h" x 15" x 75"
’ ‘ . qd. n " " " 1_1/)4 l’-&" x 1;8"
e, " " " escape door 1= l/h thick (from left side of tank,)
.- "o
COMCLISTICUS A7 WRCOTEIDATIONS o T : e

ring it is indicated that German armor of
Homcgencous armor of corresponding thickness,

1, Fron the das :a obtained in +h.
, this type is inferior to Americ

L. 2. The face ened vlates were inconsistent in their resistince to penstration N
b gialities, T cannct he compared to domestic armor since no American face hardened }3
| armor of ¥his thickness is manufactured, H

-« . i : -

B 3. In order to ottain more accurate information regarding the vallistic quali- £

L, ties of this armor against domestic nodels of armor piercing vrojectiles it is necesss I

: ary to test more samples, © N

[

". ’ lic This s*stion is of the opinion thai some domestic armor should be tested with .b:
aruor piercing projectiles of German design fired from Gerran anti-tark guns. By e

changing the components of ‘hese tests as stated complete results of this type of 34

testing could he ohtained, o

i
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THE PROVING CENTER
ARFRDZEN PROVI¥C GKC 'ND, VARYLAND

Report No,: AD~121
Sheet 2 of 5

CUTLIRE CF TWRT:

1, The plates were tested as follows:

a. Aruy and Navy tallistic limits oc the 3/L" x " x 31" at 0° and 30°
and Army F.L, only at 20° with 20 mm. M75 A.P. projectiles. An army ballistie
.- at normal impact with eal. .50 M2, A.F.

b. Army and Navy *sllistic limits at normal with 37 mm, M74 A.P., 37 mm.
151 A P.CT and 37 mm., MB0 A.P. projectiles on the 1=1/4" x 23" x 71" plate.

LA T PP S e

5

ce Arwy ard Nave balligtic limits with the M0, A.P. at nermnl and at N
20° with B51, AJF.C, a ainst 1=1/" x 15" x 71" plate,

,« .,
Y Pt !

%
Laas

de Amy and Navy ballistic limits with 37 nm. M59 AP.C. at norral only

on the 1-YT/L" x 1" x lov. ?‘

e. Army ballistic 1li-dt with 37 mm, M51 A.F.C. projectiles at normal ﬂ

on the small escape door 1-1/4* thick. ., g
H

*H

R:-SULTS CF TROTS: 4

BATLISTIC B

, THICK= LI¥ITS 5

o PLATE NESS  BHN AN URITION OBIT/UTTY ARMY NAVY ¢

G e ' o

) 14tx31 3/" vace~lji8  Cal..50 ¥2 A.P. 0° 1666.5 ti

. Back-36l 20 nm. ¥75, A.P. 0° . 1026 1155 i

. 200 1679 - g

30° 1690 20L).5 3

23"x71"  1-1/L" Face-400 -37 mm. M7L, A.P. 0° 1735 1865 B

Back=320 37 mm. 151, A.P.C. o° 1366.5 1395 b

37 mm, M8O, A.P. 0° 1611 1896 ?‘

¥

15"x75"  1-1/" Face~578 37 mm. M50, A.P. 0° 1052 1353.5 g

Back=L18 37 mm. M51, AJP.C, 20° 1616 16L6 B

Urxls"  1-1/4"  Face~600 37 mm. M59 ALP.C, 0° U3+ 1469.5 3

Back-102 - 4

RE b

Escaps Door 1-1/" = 37 mm. M51 A.P.C. 0° 1340 -

(5;;;
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. x 71" plate,

1. The 3/4" x 14" x 31" plats hacd all ths characteristics of hard homogeneous

plate, of approximately LOO BY¥. The Army tallistic limit at nornal with cal..%0

M2, AJP. was 213 f/s. lower than the applicable specification AXS 711,
20 mn. firing excessi ve back spalling occurred at normal impact when the striking

velocities were 1088 f/s., 10% f/s., 1120 f/s., and 112¢ f/s,

dianeters of nane-ration ranged fron 1-3/1" x 1=3/l" to 1=7/0" x 2"; this indicates

"

lack of ductility of the plate,

2,. The res lts of the firiug on one German 1~1/)" x 23" x 7i" face hardered
plate (B, face=600, hack=320) with the 37 mm, M51 A,P.C. projectile at normal
impact show the Amay ballistic limit to be 323 £/s, telow an average army ballistic

imit of eight (8) 1-1/2" race lardened domastic plates at normal impsct. No
existing specificationd apply to Anerican armor of this type and thickness, The
Navy ballistic limit wes only 27 f/%. higher than the Army ballistic limit, which
that after the face hardening is penetreied very little additional velocity &s
required to enahle tho projectile to pass through the plate,
at noreal impact with the }¥51, A.P.C, but was not oxcessive, according to existing
American Specifizatiorns, The 37 mm., M7k, A.P, vrojectile wus much lcss effective
then +he MH1, A.P.C. ajainst this armor due tc its face~hardening.
M7l A.P. nor ¥G0 A.P, projectiles are desipyned for face-hardened armor, however,
the M50, A.P. proved to be more effective a,ainst this armor than did the ¥7l, A.P.

3, The 1-1/L" x 15" x 75" face-hardened plate had a very low ballistic limit-
This plate had a BHN of 578 on the face and
The hallistic 1imit, being 1052 f£/s. with the M80, could not
have been obtained with the ™1 A.P.C, assuring that the difference, of 2.2 f/s.,
betwecn hallistic limits vith the two projectiles on the same plate, is fairly

The differsuce, of 242 f/s. hetween the MS0, A.P. tallistic limit and

with the M0 projeclile at normal,

518 on the back.

conatant,

the M51, A.P.C, ballistic 1imit, was found on the 1=1
Army and Navy ballistic limit of the 1=1/1* x 15" x 75" plate at 20° obliguity
with the M5l A.P,C, was the seme - 16L6 f/s, which comparus closely with the aver-
age ballistic limit (1492 £/s,) of tha eipht (B) 1-1/2", face hardened Americar
plates previously mentioned, which were fired at normal.

L. Since the ¥59 projec‘'ile is capped it should be es effective as the ¥el
The M59 ballistic cap containe more natal than %he ballis*ic
cep on the XYY hocause the MOl cap is threaded sc a windshield can be atitached,
This threading also weaens the b:1listic cap of the M51,
limit with the 459 against the 1-1A" x 1L x L8", face har’ened vlate wes 1L13
f/%. and the Mavy ballistic limit was 1470 £/, at normal, showing & differance

of 27 £/s. as was the case with the HE1 A.T.C. at normal apainst the 11/ x 23*
Assumirg that the M59 is as e¢ffective as the W51 ageirst this type
of plate, this pa'ticular pla%e wculd have botter resistance to penetration quali-
ties than any of the other Gorman plates.
the Gernan Pz, Uw, 111 Tank ard had a BN ef 600 on the face and 364 on the back,

apainst this plate,
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5, The remaining piece of 1-1/L" face hardened armor ims the escups “oor
on the left sidv of the German Tank ani had an Army bsllistic limit of 1340 £/s.
with the ¥M51 A.P,C, at normal, This hallistic linit is 2% f/s. lowar than the

‘ Army ballistic lirdt of the 1-1/4" x 23" x 71" pieze at normal,
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S o S8ubject: Toats on Armor Plate

To t The Director
The Proving Center
Aberdeon Proving Ground, Md.

ATTN: Major Go.B, Speir - .Foreign Materiel Section

1o In reference to the misceéllaneous pieces of srmor
" plate from e German Pz.Kw, III which ars now at Aberdeen
* " Proving Ground, it is requested that the following 'toata be
" npades - -

(a) Obtain the hallistic limit on the four (h) large S
places of 13" armor plate with Shot, AsFe, 37 mm MBOs
311012‘ AoPOD 37 ma u’"-“ and Shot Ao?oCo' 37 “510 :

X (b) obtain the ballistic limit on the " x 31" ' N
o o _ piece of 5/8" armor plate with smt. A.PN 20mm, ¥75.

2+ A% the complotion of the fxr:mg tosts, *Eha sample-
should be sent to Watertown Arsenal: for metallurgical, phynical

o oo and chemical tesfs. - \
b . .
g By Order of the Chiof of Ordnance: -0
; - ¥
/s/ E. a. DAVIS . - = S ,
P ) ’ clpt ([ ¥) Ord ° mptp o l
! Assigtant , ;
A . . ;
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