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ABSTRACT (C)

\ _

N one Mi8 tank, three ML commender's cupolas, and three M3 com-
-mnder's cupolas were submitted ¢o-Abendesn—Proving—Orownd-for bal-
iistic evaluation. Openings on the hull and turret as well as the
openings on the cupolas were investigated for passage of bullet frag-
ments into the vehicle end the keying and locking of close-toleranced
surfaces by projectile impacts into and adjacent to thesc areas. Also
the direct and indirect vision devices were evaluated as to the pro-
tection they afforded against ballistic attack. In the case of the M3
cupolas additional splash guards were installed and tested in an effort
to reduce the apparent lethality of the fragment spray vhich entered
the .cupola from projectile impacts around the machine gun mantlet and
hatch seams. The results of the test indicate that the M8 tank and
the two models of .cupolas tested can be sufficiently dameged by small-

~.~ arms fire so as to compel the tank to withdraw from combat. It is
‘.7 . recommended that the deficiencies outlined 2 the test be corrected
.~ by redesign of the vulperable areas or additicis of nylon splash shields
and armor deflecting strips.
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1. (C) INTRODUCTION

The United sStates Army Armor Board in 1957 conducted limited bal-
listic tests on the Mi8 tank (frontispiece) utilizing small arms fiicd
at the various openings on the venicle. The results of these tests in-
dicated that certain areas aznd components of the hull and turret were
susceptible to dansge from small-srms fire; these were the openings
around the gun shield, the visica devices, the clearance opening be-
tween the turret and hull, and the cupola.

With the axistence of these conditions a question arose concerning
the actual vulnerability of the M48 tank against ground weapons such
as the Soviet 7.62-mm rifle and the Soviet 14.5-mm antiaircraft machine
gun.

In view of the results obtained from the Armor Board's test
& decision was made by Crdnance Tank-Automotive Command to request
Aberdeen Proving Ground to conduct & thorough vulnerability analysis
of the Mi8 tank when attacked with small-arms projectiles. In addi-
tion, three Ml commender's cupolas as issued with the MiBA2 tank and
three Ml3 commander's cupolas as used on vehicles of ti¢ M59 armored
personnel carrier class were also submitted for test.

The object of these proposed tests was not only to determine
the vulnerability of the previously mentioned areas to bullet splash
and projectile penetration but also to ascertain the effect of small-
arms projectile impects possibly keying and locking close-tolerance
surfaces. A hindering or immobilization of cne or more operations uf
the main armament would cause the tank to withdraw from combat without
accemplishing its assigned mission.

At the beginning it was felt that Soviet weapons and ammunition
should be used in conducting these tests. The unavailability of many
of these items precluded this desirable feature, hence the comparable
U. S. weapons were used.

Table I, comparing NATO/US small arms with their counterpart
Soviet weapons, has been prepared to ald the reader in forming a
comparison of these weapons.

5
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Table I.

NATO/US

ML Rifle

Celiber - 7.62-mm NATO

1 (@ (3) .
Ball 1k6.5 2750
API  1k6 2750

MAF0 Mechine Gun

Caliber - T7.62-mm NATO

) (2) (3)
Ball 146.5 2750
AP 146.5 2750

Browning Machine Gun, HB, M2

calider .50
(1)  (2) (3)
AP 718 2930
APT 622 3050
\PIT 624 3050

T1TES Machine Gun (Discontinued)
celiber .60
(1) (2)
APY 1146

(3)
3510

6
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(S) Summary of NATO/US vs Soviet Small Arms

SOVIET

SKS-Semi-Automatic Carbine

Caliber - 7.62-mm ML9%3 Shcrt

(1) (2) (3)
Ball 122 2411
API 119 No data available

SG-43 Machine Gun (Goryunov)

Caliber - T7.62-mm Long

(1) (2) (3)
Ball 185 2625
AP 184 2625

DSbK M2938 Machine Gun®

Calib - 12.7-mm
(1) (2) (3)
VI (- 2622
API 745 No data available
APIT 681 Xo data available

Penetration = 0.71 in. at 600 yd.
ZPU Machine GunP®

Caliver -~ 14.5-pm

(1) (2) (3)
APT 979 3281
API 994 3281

with Tungsten core

_ Penetrates 0.79 in. &t 1100 yd.

~
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NATO/US SOVIET
M2L Autcmatic Aircraft Cannon VYa Automatic Aircraft Caﬁnon
Caliber - 20-mm - Caliber - 23-mm
(1) (2) (3) (1) (2) (3)
API 2006 2730 API 3019 2980
HEI 2035 2730 : HEIT 3086 2980

(L) = Type projectile; (2) = Grain weight of projectile;
(3) = Muzzle velocity.

?Information reveals this weapon is used singly on & ground mount by the
Soviet forces and on a quadruple mount by the Czech Army.

bData available indicates this weapon may be encountered singly, in twins
and in quadruple mounts and its use is extensively employed by the
Soviet forces.

The information on the Soviet small arms was supplied by the Ordnance
Technical Intelligence Office, Aberdeen Proving Ground, Maryland.

2. (U) DESCRIPTION OF MATERIEL

One Tank, ¢T-.s G:i, M8, Serial No. USA 9A6943 was made available by
0CO for this testu. .. addition three Ml commander's cupolas and three M3
commander's cupcliay were also submitted for test.

ﬁ 3. (C) DETAILS OF TEST

3.1 Procedure

The damage assessments made during this test were performed in
accordance with the criterion agreed upon during the Fourth Tripartite
Conference on Armor held in Quebec, P. Q. Canada on 21 to 25 October 1957.
: This criterion is listed below:

a. A tank is knocked out if the main armeament is put out of action
either because the crew has been rendered incapable of operating
it or because the armament or its associated equipment has been

! so damaged as %+0 render it inoperative and irreparable by the
i crew on the battlefield.

SECRET
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b. A tank is immobilized if it is incapable of executing controlled
movement and is irreparable by the crew on the battlefield.

c. A tank is destroyed if it is knocked out, immobilijed and dameged
beyond repair.

This criterion has been applied to the test results in the left-hand
margin of the results section of this report, using the same numerical desi~-
nation as used above.

On each projectile impact that caused damage to the vehicle &nd
required immediate repair before procceding wit the test, the total number
of hours for effecting this repair has been crecorded. These tgtal hours are
based on the use of an experienced three-ran crew, the availability of an
overliead crane at the test site, readily accessible flame-cutting and welding
equipment, and all daylight hours of operation. Thus it can be readily seen
that under combat conditions and possibly night operation considerably more
time might be required to effect repairs of the nature covered in this report.

In order to avoid confusion over the many areas and components sub-
Jected to a ballistic test in this program the testing was divided into two
stages. Stage I dealt with the Mi8 tank and Ml cupolas and Stage II reports
the results obtained in the testing of the Mi3 cupolas. Each stage was fur-

' ther subdivided into phases which referred to explicit areas, components or

conditions of attack.
3.2 Results

3.2.1 Stage I. Phase 1. The initial phase of testing consisted of
impacting small-arms projectiles into the 1/2-inch opening between the tur-
ret and hull. This was done in an attempt to key or immobilize the turret,
thus eliminating or reducing the efficiency of the main armament of the tank.

3.2.1.1 Direct Frontal Attack. Ten rounds of caliber .30, AP, M2 pro-
Jectiles were first fired into this opening. No damage to the traversing
operation resulted from these impacts; -however, one round did produce a
condition which required a slight extra effort to achieve menual traverse
40 the left. This condition was quickly overridden and gave no additional
trouble.

The turret was completely locked in left traversee by one round
of caliber .50 ball, M2 ammunition impacting in this opening. This pro-
Jectile penetrated the 5/16-inch dust or labyrinth ring that was tack-
welded to the hull. A 3-1/4 inch section of this ring was sheared off
at one tack weld and vetalled invc the corresponding dust ring of the
turret with sufficient force to prevent any left traverse of the turret.

8
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To relieve this condition it was necessary to remove the turret from the
vehicle before the petalled rortion of the ring could be removed. This

work was accomplished in five bours (Figure 1).

Figure 1 - 229051:
witnh Celioser .50 Ball Projectiles.

Typicel Damage o HuUll Labyrinth Ring When Impacted

The sext stage of testisg consisted of firing five rounds of calibver

.20, API, TsY srojectiles into tais opening with the following results noted.
Zound 1 resulted in a slight hindrance to left traverse bu* was easily over-
ridden manually and gave no addaltional trouble after the initial cffort.
Round 3 impacted 1-1/4 inckes below the hull mounting ring and scooped up-
ward into the flat portion of this ring aree raising 1/4-inch-high petals
but did no damege to the traversing operation. Round 4 hit 3/4 inch above

8. the bottom edge of the turret and producel a towing or bulging effect exten-
ding dowmward 3/C inck. When assessed alone peither of these impacts had any

CONFIDENTIAL
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effect on the traversing operation but would stop all traverse when the

two areas would contact eack other. This condition was relieved in 5

minutes by cuttirg ff the petals on the hull with & cold chisel. Rc:nd

5 wed;ed a b-inch section of the hull dust ring against the turret ring in
such a manner as to perm.t only a 349 right traverse and a 270° left traverse.
The turret had to be removed from the vehicle to relieve this condition &and
restore fres traverse. Apprcximately -1/2 hours were utilized in correcting
this condition.

3.2.1.2 90° Flank Attack. One round of 20-mm, AP, M95 was fired in a
direct flank attack through a fender bax, ixpecting 1 inch below the opening
buetween the turret and bhull. This projectiie scooped upward into tne base of
the turret, closing the l/2-inch opening and lotking the twrret in the traverse
operation. Fifteen mimutes of labor with a cutiing torch was required to free
the turret (Pigure 2).

Figure 2 - B29723: Turret Locked in Traverse by 20-mm, AP, M35 Projec-
tile Penetrating Fender Box and Impactin; into Turret and Hull Opening.

CONFIDENTIAL
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3.2.1.32 15° Cverhead Atua~k. 1In an effort to ascertain the height of the
vulncrable area above the 1/2-11ch opening between the turret and the hull,
several rounds of caliber .€D ari 2G-mn projectiles were impacted on the lower
edge of the side wall of the turret et predetermined distances above the opening.
This was done to determine the possibility of impacts from overhcad fire, as
from strafing aircraft, striking on the lower edge of the turret and suffi-
ciently depressing the armor so as to close the 1/2-inch opening, causing a
keying condition on the hull surface and thus locking the main armament in
traverse operation.

Two rounds of caliber .60, API, T39 projeciiles impacted at
3/8 inch and 5/8 inch, respectively, atove the bottom :dge of the turret,
succeeded in depressing the armor along the edge, closing the 1/2-inch open-
ing and completcly locking all traverse operation of the turret (Figure 3).
Onc projectile impacting
3/4 inch above this open-
ing resulted in u locking
of the left traverse only.
In each of the three pre-
ceding instances 10 minutes
of labor with a cutting
torch was required to re-
store the turret to normal
operation.

Cne round of cali-
ber .60, API, T39 wes
impacted on the hull
iedge beneath the bot-
tom edge of the turrei to
deternmine 1f projectiles
irmpacting in this area
would ricochet upward into
the bottom edge of the tur-

SR ‘ ‘ - ret and hamper the traversing
Figure 3 - B29722: Turret Locked In operation. This projectile
PTraverse Operaticn by Caliber .60, API, scooped into the opening
T39 Projectile Impact. between the hull and turret,

bending the hull dust ring

into & hock shape and
Jamning the turret in left traverse. Approximetely three hoirs were required
to remove the turret from the vehicle, cut off the dust ring and reassemble
the turret to the hull.

Two rounds of 20-mm, AP, M35 projectiles were elso impacted against
the bottom edge of turret from the 15° overhead position. Onme projectile strik-
ing 3/8 inch ahove the bottom edge of the turret failed to produce any hindrance
to the traversing operation. The seccnd round, impacting 1/2 inch ebove the bot-
tom edge of the turret, penetrated the turret on a downward courcge with the pro-
jectile nose keyed in the flat hull surface beneath the turret edge. This impact

CONFIDENTIAL
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completely locked all traversing opcrations. Four hours were required te reumove
the turret, relicve the keying condition and reessenble the turrcet to the vehicle.

The round-by-round data for Phasc I cre contained in Appendix B.

3.2.2 Stage I. Phase II. The second phase of testing consisted of an
evaluation of the protection afforded by the 36 (T36) driver's periscopcs
wnen subjected to attack with small-arms projectiles. During testing cach
periscope was pleced in the iorwvard periscope slot in the driver's coumpart-
ment and subjected to & projectile impact as follows:

No. of Type of
Periscopes Projectile ttack
2 Cal .30; AP, M2 0° - Normal tu block.
L Cal .50, AP, M2 0° - Norzal to block.
2 20-rm1, AP, }95 15° Overhead - Normal to block.

The two periscopes attacked with the celiber .30, AP, M2 projectiles
suffered 50% and 89% destruction of visibility, respectively. MNo glass frag-
ments were displeced frcm either eye prism and each periscope could have been
rzadily replaced by the driver from within the vehicle without outside assis-
tance (Figure 4).

Tarec of the periscopes impacted with the caliber .50, AP, M2 pro-
Jectiles sustained 1005 destruction of visibility. In each of these three
instances the plastic body of the perlscope was sheared and the top prism
corpletely ddsplaced from its normal position (Flgure 5). In all three of
those cases the driver would have been able to effect a rapid, unassisted
change from within the vehicle under fire.  The fourth periscope in this
rroup suftered 75% destruction of visibility and no shearing of the plastic
body occurred. Although this item suffered the least damege of the four
periscopes attacked with the caliber .50 projectiles it was this last unit
wthich would kave ceused the tank crew the most trouble in making a replace-
mert under fire. A 2- by 2-5/8 inch opening on the rear of the metal top
prism freme petalled out cver the limits of the periscope slot and would not
permlt the periscopz to be withdrawn into the driver's compartment for re-
placement without assistance from someone on the exterior of the vehicle
(Figurc 6). The cyc prisms of the four periscopes were badly cracked but
no glass fragrments vere displaccd to injure the driver's eyes, although
soume glass dust was observed to filter down into the driver's compartment
as a result of the srojectile impacts in the upper prism.

‘fhe two perascopes impacted with the 20-nca, AP, MOS projectile
from e 15° overhead attack suffered 1004 destruction of visibility. Both
plastic codics were shearcd off at the top »f the cye prism and the top
zeeticons were corplesely displaced from the Herac:inpe slot. (On one periscope
tuwo plass fragaeats measuring 15/16 by 1/2 inch and 7/16 by 1/8 inch were dis-
placed from the eye prlsm. None of the displaced fragments retained a residual

12
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veloclty sufticient to mark a piece of light cardboard suspended behind and
underncata the periscopes. Some glass dust did filter down through the peri-
scope opening into the driver's compariment as a result of th: projectile im-
pacts shearing the plastic bodies (Figure 7).

In one instance the 20-mm, AP, 195 projectile, after passing through
the top prism of the periscope, scooped across the hull top and locked the
driver's hatch in the closed position. This hatch could not have been freed
‘by the driver from the interior of the tank. Twenty minutes of labor by two
men, working on the ciiterior of the vehicle, using hemmers, cold chisels, and
wrecking bars was required to release this hatch (Figure 8). The round-by-
round data for Phase II are contained in Appendix C.

3.2.3 Stage I. Fhase III. The third phase of testing consisted of an
attempt to key or lock the mailn armament of the tank by impacting 20-mm, AP, }O5
‘projectiiles in and around the mantlet or gun shield. All firing in this phase
was conducted rrom & 15° overhead attac:t simulating aircraft fire.

The first stapge of this phase consisted of & 90° flank attack, mea-
sured 90° off the longitudinel axis of the turret on the right side with the
20-mn, armor-piercing projectile fired into the area between the forward edge
of the turret and the rear of the gun shield. Four impacts in this area failed
to produce any hindrance to the elevating or depressing operation of the main
weapons. One round did penetrate the coaxial telescope mounting area in the
mantlet and would have destroyed the usefulness of this scope had one been
mounted in position.

Two rounds werce fired at the top of the mantlet between the turret
and gun shield in a direct flank condition in an effort to wedge the projec-
tile in the opening between the top of the shield and turret, thereby locking
the gun in elevation and depression. Both rounds were observed to ricochet
harmlessly off the mantlet and neither impact caused any damage to the ele-
vating or depressing operation of the main weapon.

No testing was conducted in e direct frental attack condition due
to the fact that the opening on the front of the turret i1s adequately pro-
tected against overh d attack by the mantlet or gun shield with the QO0-rm
gun at 0° elevation. :

The round-by-round date for Phase III are contained in Appendix D.

3.2.4 Stage I. Phase IV. Tke fourth phase of testing consisted of an
attempt to irmobillize the traversing operation of the ML commander's cupola
mounted crn the M48A2 teank. Testing in this phase was corducted from a 15°
cverheed position simulating battle strafing aircraft attack and cnemy small-
aras fire from elevated positions such as hilltops and the second or third
story of a building. The cupocla was subjected to attack by caliber .30, AP,
12, caliber .50, AP, !2 and caliber .60, API, T39 projectiles.

16
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Figure 8 - B29721: - Objective Prism Displaced and
Driver's Hatch Keyed Shut by One Impact of a 20-rm, AP,
M9S5 Projectile.

Six rounds of caliber .30, AP, M2 projectiles were fired into the
area at the base of the cupola and the top of the turret. None of these
impacts produced a keying condition that hindered the traversing operation
of the cupola.

A total of six rounds of caliter .50, AP, M2 projectiles were fired
into this area with a partial keying condition resulting from one impact. 1In
this instance the core of the projectile passed through the base rim of the
cupola, fractured, and left a plece of the core sticking in the top of the
turret beneath the cupola. The cupola could not be traversed to the left
from its position at point of impact but could be traversed 360° to the right
until contact was made betweean the dameged arees on the underside of the
cupola and turret top. Ome bour was required to pull the cupola and clear
the ring area using hammers and cold chisels to restcre the traversing oper-
ation. No damage to the operation of the cupola was noted on the remaining
five impacts.

Two rounds of caliber .60, API, T39 projectiles were also fired at
the base of the cupola. Both rounds succeeded in completely locking the
cupole in pusition. In the case of Round No. 1, a 1-7/8 inch section of the
cupola dust ring was displaced and lodged against the turret, locking the

18
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cupcla in place. In addition, the retaining ring on the underside of the
cupola was bowel downward 3/h inch, resulting in a locking «nndition on the
turret top. One hour was required to relieve these locking conditicns and
put the cupola back into operation. The =uall section of dust ring was re-
moved with a hammer and cold chisel and the bowed section of the retaining
ring was removed by flame cutting. It should be noted that after the sec-
tion of the retalning ring wes removed the traversing operation of the
cupola was not so easily accomplished due to the loss of some of the plas-
tic ball bearings from the cupola ring. However, *ad a spare cupola not
been readily avallable this tank could have been back in action in one
hour as a result of these hasty repairs. The second impact with a celiler
.60, AP projectile also locked the cupola in the traverse operaticn. 1In
this instance a large bow of the retaining strip measuring 4 inches along
the cord line and 3/& inch in depth locked the cupola to the turret top.
No effort was made to repair this damage. =

The round-by-round data for Phase IV are contained in Appendix E.

3.2 7 Stage I. Phase V. This phase consisted of ballistic attacks
on the cupole vision blocks with caliber .30 and .50 armor-plercing and
ball armunition. The blocks were subjected to attacks from 15° overhead
and 0° to the block with the caliber .50, and at 15° overhead attack with

with the caliber .30.

large pieces of glass were displaced from the rear of the two
vision blocks attacked with the caliber .50, AP, M2 proJjectiles, fired
from 15° overhead. All of the blocks suffered a complete penetration
by the projectile and the other block deflected the projectile upward
into the top of the vision block fre..c in the cupola wall. In view of
the apparent vulnerab:.lity of the vision blocks to the caliber .50, AP
projectiles in this attack condition, one vision block was subjrcted
to attack with a caliber .50 ball projectile fired from the 15% overhead
position. 1In this case the core of the projectile penetrated the vision
block causing demage to the block similar to that caused by the armor-

piercing projectiles.

In an effort to evaluate the efficlency of a metal-rimmed
clear plastic shield, provided by Detroit Arsenal, two rounds of caliber
.50, armor-piercing ammunition utilizing reduced charges were next im-
pacted ageinst two vision blocks. This metal-rimmed clear plastic shield
wes ftabricated to a slightly larger coafiguration than the rear surface
of a visiorn block and was mounted to the rear of the block by the three
Yoits locking the block-retaining wedge in place. The purpose of these
shields was to determine if such an item would effectively trap any small
fragments or glass dust which might be dislodged from the rear of a vision
block by piojectile iwmpacts, hence adding further protection for the tank
commander's eyes (Figure 9). These two rounds were fired at an estimated
striking velocity of 2500 fps. On the first block, without the shield,
the projectile lodged in tke block, displaced two large fragments plus
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ouzerous small fragments and glass dust from the rear of the block. The
second block, with the shield in place, was renetrated by the projectile

and the shield was destroyed.

The next stage of testing consisted or impacting two vision blocks

Figure 9: Metal-Rimmed Shield With
Clear Plastic Removed.

with the caliber .30, AP,
M2 projectiles, fired at
service velocity, from
the 15° overhead position.
Neither block was penetra-
ted by the projectiles but
some fine glass fragments
were displaced from the
rear of each block. ‘rhe
fragments off the second
block were effectively
trapped and contained by
the experimental shieid.

The last two vision
blocks were tested with the
caliber .50, AP, M2 projec-
tiles, fired at service
velocity, at 0° elevation
normal to the glass. As

in the case of the latter two blocks, neither one was penetrated by the pro-

&~

Jectile but some fine glass fragments were displaced from the rear surface.
Again the experimental shield effectively trapped all fragments displaced

from the second block.

The round-by-round data for Phase V are contained in Appendix F.

3.2.6 Stege I. Phase VI. The‘sixth phase of testing consisted of subjec-

ting the Ml cupola to bullet-splash and keying tests around the machine gun (M;)

mentlet or cradle and the hatch cover on the rear of the cupola. In order to
ascertain the density of bullet splash caused by ball ammunition striking and

bresking up in or near the various openings of the

cupola each area tested

was sealed off with heavy brown (Kraft) wrapping paper on the interior of the
cupola. The caliber .30, ball, M2 projectile, fired at service velocity, was

used throughout the testing conducted in Phase VI.

The first area tested for bullet splash was the opening on the right
front surface of the MG cradle through which the barrel support and barrel of
the celiber .50 MG protrude. Testing was accomplished with a caliber .50 MG
in position with the ballistic ring in place. This ring clamps over the rear
portion of the barrel support, which remains within tke interior of the cra-

dle and is designed to close any tolerance between
opening in the cradle when the M3 1s positioned in

of caliber .30 ball ammunition impacted in this area resulted in the passage of

the barrel support and
the cupola. The +wo rounds

murerous fragments into the cupola as shown in the following tabulation:
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Size of Fragment Holes in Splash Paper

Round No. 1 in. 3/4 in. 1/2 in. 2/8 in.
1 0 1 1 34
2 1 0 1 57

The second projectile impact located in this area sheared the ballistic
ring locking strap and bent the ring out of line (Figure 10).

The second area, the opening
on the side between the M: mantlet
and the front of the cupola, was
tested for a keying condition. This
area was subjectzd to a direct flank
‘attack with the wespon at 0% eleva-
tion. Ome rou:ad of caliber .30 ball
ammunition impacting in this opening
completely locked the MG in eleva-
tion and depression. Fifteen min-
utes of work with barmers and cold
chisels was required to release
this keying condition.

The third aresa, the opening
between the bottom of the M; cradle
and the bottom of the cradle opening,
was subjected to a bullet-spnlash test
fired as a direct frontel attack with
the MG in maximum elevation. Three

Tgure 10: Damage to Ballis- rounds of caliber .30 bell projec-
tic Ring Resulting From One Impact tiles were impacted intc this opening
of Caliber .30 Ball Ammunition. and produced such a dens= fragment

pattern in the cupola thst the i(raft
paper was completely destroyed after
each round.

The secan eround the sides of the hatch on the rear of the cupola
was the fourth area tested in this phase. This sean was subjected to a
bullet-splash test with celiber .30 ball projectiles. Three rounds were
impacted on this seam and no fragment passage into the cupola was noted.

The last area subjected tc a bullet-splash test on the ML cupolias
was the seam at the bottom of the cupola hatca and the base of the cupola.
T™wo rounds of caliber .30 ball projectiles impacted on this seam resulted
in the passage of fragments into the cupola as follows:
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Size of Fragment Holes in Splash Paper

Round No. 3/4 in. 1/2 in. 3/8 in. 1/4 in. 1/8 in.
1 2 1 1 L 103
2 0 0 0 1 62

The fiist projectile impacted 1-1/8 inches right of the left bottom
edge of the hatch cover. A 5/6-inch hole was noted in the fragment trap or
dust ring on the cupola base as a result of this impact. The second round
impacted 5/8 inch right of Round No. 1, displacing & portion of the rubber
water seal around the perimeter of the hatch cover.

Tke round-by-round data for Phase VI are contained in Appendix G.

3.2.7 Stage I. Phase VII. The final phase consisted of resistance-to-
penetration tests of the armor of the Ml commander's cupola. As outlined
in the directive protection bdallistic limits were to be obtained on the
cupola from a 15° overhead position and also at 0° elevation.

The first area subjected to a resistance-to-penetration test was
the machine gun mantlet with a measured obliquity of 35°. This area was
att cked with the caliber .50, AP, M2 projectile fired from the 15° overhead
position. The second area test was the right side of the cupola, above the
vision blocks, with an obliquity of 42°. Thickness measurements of this

ca ranged from 1.08 inches to 1.25 inches with an average thickness of

1.17 inches. This section was attacked with the caliber .50, AP, M2, and
20-mn, AP, M5 projectiles fired from the 15° overhead position. The third
area subjected to the resistarce-to-penetration tests was the hatch at the
rear of the cupola. Thickness measurements in the area subject t. ballire-
tic attack ranged from 0.84 inch to 0.94 inch with an average thickness of
0.89 inch, and a 37° obliquity. This area was attacked with the 20-mm, AP,
M95 projectile fired from the 15° overhead position from direct rear.

In rnone of the three areas outlined above was it possible to ob-
tain a protection ballistic limit. No complete penetrations of the cupola
armor resulted from projectile impacts although in cach condition of attack
the strixing velocities of the impacting projectiles exceeded the muzzle
velocities of service ammunition for their respective calibers.

The round-by-round data for Phase VII are contained in Appendix H.

3.2.8 Stage II. Phase I. The first area of the M3 cupolas subjected
to 2 bullet-splash test was the opening for the caliber .50 Mi ir the right
front s.:face of the MG cradle. This area was subjected to three impacts
by caliver .30 ball ammunition around the perimeter of the calibver .50 M
barrel support and none of the fragme=nts from these rounds was observed to
enter the interior of the cupola.
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The second area subjected to a bullet-splash test was the opening
between the bottom edges of the MG cradle and the cupola ring. One round
of caliber .30 ball ammunition was fired tc impact 1 inch above the bottom
edge of the cradle in a direct frontal attack with the M in meximum ele-
vation. This round resulted in such a dense fragrent spray into the cupola

that the Kraft paper was destroyed. In view of ‘this result testing in this
area was suspended.

The third area tested for & bullet-splash cczdition was the cupola
bhatch seam. This area was subjected to a 9% flank attack with two rounds
of caliber .30 ball ammunition. As a result of these two impacts on this
seam the following fragments were noted to have entered the cupola:

==~~~ "Hole Size In Splash Paper

Round No. ' 3/4 in. 1/2 in. 1/h in. 1/8 in. Total
1 0 2 0 5 1
2 1 3 4 1k 22

A 3-3/4 inch section of the dust shield was also benmt out of
shape as a resuit of Round No. 2.

The round-by-round data for Phase I are contained in Appendix I.

3.2.9 Stage II. Phase II. The second phase of tusting was also a
bullet-splash test with special splash guards welded into place around
the Mz cradle and hatch-cover seam. These special splash guards were
assembled to the cupola at this proving ground. These guards were in-
stalled to very close tolerances around the openings in an effort to re-
duce the lethal fragment spray entering the cupola.

The first area subjected to test with the new guards in place
wa.s the ovening between the bottom of the MG cradle and the cupola base.
Two rounds of caliber .30 ball were fired at this opening, one at the
bottom edge of the cradle and one directly into the opening; with the MG
in maximum elevation. Both impacts resulted in such a deuse fragment
spray entering the cupola that the Kraft paper was completely destroyed.
On the third impact into this area the cradle was depressed four turns
under maximum elevation and the projectile impacted on the cradle 1 inch
above the opening. One 5/16-irch, one l/k-inch and twenty-two 1/8-inch
perforations from fragment spray were recorded on the Kraft paper (Fig-
ure 11).

In an effort to effectively trap the consistent fragment
spray through this opening an aluminum shield was clamped to the cupola
frame to the rear of the Mi craedle. This aluminum shield was used in
addition to the splash guards that had been inctalled previously.
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Figure 11: Elack Arrows Indicate Splash Guard Installed at Bottom of
MG Cradle and Cupola Bas..

Three rounds of caliber .30 ball amminition were fired in this area with the
following results:

Rd : nt Size Damage to
No. Location of Impact - 1/6 in. 1/16 in. Total Aluminum Shield

1 On the opening Destroyed paper - Badly bent
2 2-1/4 in. above opening 11 1 22 No damage
3 3/4 in. above opening Destroyed paper - Badly bent

The abr .2 rounds impacted on the cradle from a direct frontal attack with
the M ~radle in meximum elevation.

The next area subjected to & bullet-splash test with the splash
guards welded in place was the opening between the top of the MG cradle
and the cupola top. This area was subjected to an impact with one caliber
.30 ball projectile fired from a 30° overhead attack with the Mi in maximum
depression. This projectile struck on the top edge of the cradle, glanced
into the opening ard the resulting fragmenl spray destroyed the Kraft puper
(Figure 12).

The final area to be tested against bullet splash with the new
splash guards in place was the seam at the base of the cupola hatch and the
cupocla base ring. One round of caliber .30 ball ammunition hit directly on
the opening, and produced one 1/8-inch hole and thirty 1/16-inch holes in
the Kraft peper. The aluminum shield which was in place for this impact was
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Figure 12: Biack sfrrows Indicate Splash Guard In-
stalled at Top of Mi Cradle and Top of Cupolsa.

also bent. No fragrnentation on the interior of the cupola was noted from two
succeeding rounds irmpacting on the edge of **c ouw.la ring (Figure 13).

The detalled test data for Phace II are c¢onitined in Appendix J.

3.2.10 Stage 1I. Phase III. The third phase of testing consisted of
attempts to immobilize the elevuiting and depressing action of the MG cradle
and the traversing operation of the cupola by impact of small-arms projectiles
at critical points.

The M mantlet was subjected to a direct flank attack using the
caliber .30, AP, M2 projectile. Cne round impacted 3/8 inch below the frame
and scooped into the side of the cradle. The second projectile impacted on
the forward edge of the frame and also <cooped in the side of the cradle.
Heither impact resulted in any damsge vo the elevating and depressing action
of the Mi cradle. One caliber .30, AP, M2 projectile fired from a 30° flank
attack hit in the opening between the M; cradle and the frame member and com-
pletely locked the elevating and depressing operations of the cradle.

a5
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The second erea to be suvjected to an irmobilization test w«as tnc
opening vetween the cupola and the cupola base ring. Five rounds ¢l -zaliber
.3C AP armmnition were impacted into this opening before the traversing oper-
ation of the cupola was prevented. After the first two impacts a grinding
rolse was heard and manuel traverse began to get more difficult. Tnese con-
ditions progressively increased with each succeeding impact until impact num-
ber 5 locked the cupola to a T3° right traverse and 73° left traverse (Figure 1k4).
One other M3 cupc'a was subjected to the immobilization test of the travers-
ing operation In this casc one round of caliber .50 AP emmunition was fired
into the opening between the cupola and cupola base ring and completely locked
the cupola sc that it could not be traversed (Figure 15).

.  Figure 14 - B32060: Demage to Figure 15 - B32061: Demage -to
Cupola Mounting Ring and Bearings Cupola MHounting Ring and Bearings
Resulting From Five Impacts of Cal- Ceused by (me Round of Caliber .50,
iber .30, AP, ! Projectiles. AP, 10 Ammunition.

The detailed test data for Phase III are ccotained 11 Appendix K.
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3.2.11 Stage ITI. Pbase IV. The fourth and final phase of tectirg of the
ML3 cupola consisted of a resistance-to-penetration test of the cupola armor.
This was done in order to determine the level of protaction afforced by these
cupolas to direct attack by smell-arms projectiles. The four ar=as subjected
to attack and the results are outlined as follows:

Protcction Bal-  Ecuivalent

Projectile Area Tested listic Limit, fps Rawge, yd
Cal .30, AP, M2 Right side - 90° Flank No BL(P) obtained
Above vision blocks Hi PP(P) = 3430 -
Cal .50, AP, M2 Right side - 90° Flank 2463 380

vove Vision Blocks

cal .50, AP, M2 Cupola Roo? - 15° overhead No BL(P) obtained
Hi PP(P) - 2864 -

Cel .50, AP, M2 Cupola Hatch - 15° overhead 2382 L4o -

Equivalent range is based on a muzzle velocity of 2935 fps for the caliber
.50. AP, M2 projectile.

Round-by-round dats for Phase IV are contained in Appendix L
3.3 (bservations

3.3.1 Stage I. Tbe results obtained in Phase I indicate that the opening
between the t.~ret and hull is vulnerable to small-arms attack from both di-
rect and overhead fire. The labyrinth ring can be damaged by projectiles
of the caliber .50 class and larger, so as to seriously impede the traversing
operation, and the 20-mm AP projectile can completely prevent the traversing
operation of the turret when this area is subjected toadirect attack. Also
the traversing operation can be prevented when the clearance is attacked
from the 15 overhead position simulating strafing aircraft fire by both the
caliber .60 and 20-mm projectiles. These impacts key the 1/2-inch opening
between the turret and hull. It is possible that a heavy flange could be
welded to the bLottom edge of the turret which would effectively protect
this opening against small-arms fire.

The protection afforded against ballistic attack by the M36
driver's periscope, tested in Phase II, was deemed adequate. Although a few
glass fragments werc displaced from the eye prisms by the 20-mm projectile
impacts it was observed that these fragments dld not appear to bave sufficlent
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velocity tu injure the driver's eyes. The fact should be ncted that in the
design of future periscopes consideration might be given to discarding the
retal case around the sides and rear of the outer prism. It is felt that
by this action the possibility of having a damaged periscope Jjaumed in
position by petal®ing of the rear metal case would be eliminated and re-
placement by the driver from within the 'buttoned-up" vehicle would be
facilitated.

The area around the gun shield opening, tested in Phase III,
successfully withstood any keying or locking conditions as a result of
small-arms impacts.

The traversing operation of the Ml commander's cupola as re-
ported in Phase IV, withstood attack from the caliber .30 projectiles but
suffered partial immobilization from caliter .50 projectile attack. Com-
plete traversing immobilization was encountered from the caliber .60 pro-
Jectiles ponctrating the base of the cupcla and bowing the remaining strip
50 a5 to press on the turret top. It is thought that a flange welded to
the base of the cupola wvould sufficiently strengthen this area and prevent
projectiles of this type from penetrating the base and causing this lock-
ing condition.

Due to the extreme vulnerability of the cupola vision blocks,
encountered in Fhase V, when attacked with small-arms projectiles, it is
suggested thet sericus consideration be given to the adoption of indirect
vision deviczs in the design of future cupolas.

In view of the heavy concentration of fragments from impacting
vrojectiles entering the cupola around the Mo mantlet opening on the for-
wmrd portion of the cupola, 1t is fz2lt that a nylon splaesh shield might
be installed in the cupola and effectively reduce this hazard to the con-
mander. In the case of the projectile striking botween the MG shield and
forward edges of the cupola an extension of the gun-shield to the sides
would protect this arca from projectile impacts. A suggestion is also
offered that in the case of the fragment passage to the interior of the
cupola at the seam on the bottom edge of the cupola hatch, a correction
cen be made by the installation of a splash shield on the inside perimeter
of the cupola ring.

The results obtained in the resistance-to-penetration tests of
the cupola armor covered in Phase VII show the protection afforded by the
armor to be adequate against the calibers of projectiles used in the test.

The vulnerability of the clearances on the }43 tark and ML
cupola to bullet splash and immobilization does not scem to be a sig-
i~ent factor when the size of each area of clearesnce is considered
individaally. The condition does become important for consideration
when it is realized thet nearly all of the clearance areas are subject
tc attack at the seme time and do present a sizeable target when con-
sidered as 2 unit. The probability of a hit on the clearances, from straf-
ing aircraft or harassing fire from a ground-mounted heavy machine gun

29
CONFIDENTIAL



CONFIDENTIAL

of the Soviet ZPU type, is a~factor that must be studied in determinirg re-
guirements for corrective design.

3.3.2 Stage II. A study of the results obtained from the bullet-splash
t~zts around the Mi cradle and hatch cover of the ML3 cupolas shows the de-
gree of vulnerability of these areas to small-arms projectiles which strike
nezar openings. The projectiles fracture and follow the contour of cupola
components into the cupola itself and mey injure or kill the vehicle com-
mander. The fact 1s readily apparent that the splash shields, especially
designed to reduce this hazard, did not measurably add to the level of
protection against these fragments. It is felt that possibly a nylon splash
shield attached to the interior of the cupola would increase the level of
protection to an acceptanle degree.

To avoid the keylng of the Mi cradle in its elevating and depres-
sing action the flange-like shield on the exterior of the MG cradle could
be extended to the sides so as to furnish more protection to this area. The
irmobilization of the cupola with respect to traverse operation, by projec-
tiles hitting in the opening between the cupola and cupole base ring, may
be corrected. The installation of a circular deflecting shield around the
circumference of the cupola so that it covers the opening completely would
deny access to small-arms projectiles.

L. (C) CONCLUSIONS

L.l sStage I

a. The opening between the turret and hull is vulnerable to
small-arms attack from both direct and overhead fire.

b. The M36 driver's periscopes afforded adequate protection
agalnst vallistic attack.

¢c. Small-arms attack directed intc the area around the gun
shield will not cause immobilization of the gun and
gun shield.

d. The traversing operation of the ML commander's cupola
can be partially impaired by caliber .50 attack and
completely immobilized when attacked with caliber .60
API projectiles.

e. The cupola vision blocks are extremely vulnerable to
ballictic attack with small-arms ammunition.

f. The openings around the machine gun mantlet of the ML

cupola are extremely vulnerable to bullet splash and key-
ing from small-arms projectile impacts. ’
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L.2 Stage 1I
&. The arcas around the mechine gun mantlet and hatch cover ‘

of the M3 commander's cupola are extremely vuinerable

. to the passage of bullet splash.

The additional metal splash shields installed in the Ml3
cupola did not measurebly increase the protection against
bullet splash.

The elevating, depressing and traversing operations of the
ML3 cupcla are subject to immobilization by attack with
small-arms projectiles.

A visual inspection of the vision blocks in the ML3 cupole
shows their obliquity is less than the vision blocks of
the ML cupola and therefore the ML3 cupola vision blocks
may be expected to be more vulnerable to small-arms fire
from the ground.

5. (C) RECOMMENDATIONS

5.1 Stage I
It is recormended that:

a.

The 1/2-inch opening between the turret and hull of the M3
tank be protected from small-arms fire by the eidition of
a heevy armor flange welded to the bottcm edge of the turret.

The metal casing around the objective prism of the M36
driver's periscopes be eliminated.

A flarge bs welded to the base of “he ML commander's
cupola to prevent locking of the traversing operation
when attacked with small-arms fire.

Due to the extreme vulnerability of the vision blocks of
the ML cupola when attacked with small-arms projectiles,
sericus consideration be given to the adoption of indirect
vision devices in the design of future cupolas.

A nylon splash sbield be installed ou the interior of the
ML cupcla around the openings of the machine gun mantlet
to trap the lethal fragment spray encountered in this
area.
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f. An extension be made to the "ears" on the flanges in the sides
of the machine gun rantlet to prevent small-arms projectiles
from impacting in the area between the machine gun shield and
the forward edges o’ the ML cupola and tbus locking the mant-
let in'elevation and depression.

€. A splash shield be installed on the inside perimeter of the
cupcla ring to prevent passage of bullet splash from small-
arms projectiles impacting on the bottom edge of the ML cupola
hatch.

W
n

Stage II
It is recommended that:

a. A nylon splash shield be installed on the interior of the M3
cupola arcund the machine gun mantlet to trap the lethal frag-
ment spruy encountered in this area.

b. Metal splash shields be installed around the hatch cover of
the M13 cupola to deny entrance into the cupola of bullet
splash resultirg from impacting smnll-arms projectiles.

¢. An extension be made of the "ears"” on flanges on the sides of
the machine gun mantlet to prevent small-arms projectiles from
impacting in the area between the machine gun shield and the
forward edge of the ML3 cupola frame aud thus locking the mant-
let in clevation and depression.

d. The small opening between the ML3 cupola body and cupola bai-
be protected from small-arms fire by the addition of a circular
deflecting shield welded to the circumfecrence of the cupola body.
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APPENDIX A

Correspondence

8Q304021.1-11-15504~00-0-523 Basic
Page 2 ¢I 7 Pages

INDUSTRIAL DIVISION
INDUSTRIAL ENGINEERING ERANCH

TEST DIRECTIVE Ro: IT 5098
DATE: 13 ¥eb 58

Project: Vulnerability Evaluation M4S Tank and Cupolas M-l and M-13.

‘Qojective: To determine keying resistance of tviret hull and gun
shield turret clearances, splash resistance of cupola clearances, and
penetration resistance of cupola armor from attack by U. S. weapons most
representative of the 7.62mm, 1k.S5mm, 23mm and 37mmn USSR types.

-Background: In 1357 the United States Armor Board conducted some
ballistic tests on the M43 tank. The results of their testing indicated
that certain areas of the vehicle, i.e., gun shield, cupola, turret rings
and vision devices, were susceptible to damsge by small arms Tire. This
subsequently raised the question of actual vulnerability against such
ground weapons as the Soviet 7.62mm rifle and the Soviet 1h.5mm anti-
aircraft machine gun and such aircraft weapons as the 23mm and 3ITmm
autamatic cannon. Similar vulnerability information has been solicited
regarding the M-13 iight cupola.

Ballistic tests to determine resistance to penetration of roof and
cupola armor from 23mm and 37mm aircraft fire will not be vequired.
Similarity of armor design will permit the use of test data obtained from
testing the M4T vehicle. The results of this testing are reported in
APG Piring Records P-59793, P-61112, and P-61T16.

The fo.lowing program shall be conducted to ballistically evaluate
the questionable items and areas against American weapor - :0st representa-
tive of the USSR types indicated above.

Jtem Description:

a. M4BA1 Tank (Registration No. 9A9%3) with commander's
cupola M-l.

b. Two (2) extra commander's cupolas (M-1) (Without M.G.).

¢. Three (3) Ml3 Cupolas and t~st stand. (Without M.G.).
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1. Preparation for Test:

a. Turret telescopes and range finders should be removed.
Telescopes however should be simlated. .

b. Cupola machine guns will be similated.

¢c. When deemed necessa.  witness material shall be utilized to |
facilitate damage assessment.

2. Description of Test:
a. Hull (M48)

(1) Vision Slocks (Driver)

(a) Weapons & Conditions of Test

1. 20mm AP M95 at 15° above horiz. - normal to
block at M. V.

2. Cal. .30 AP M2 at 0° above horiz. - normal to
block at M. V.

3. Cal. .50 AP M2 at 0° above horiz. - nommal to

block at M. V.
(b) Test dbjective
1. 20mm phase - block shearing, residual damage.
2. cCal. .30 phase - Res. to penetration, residual
damage.
3. Cal. .50 phase - Res. to penetration, residual
fieege.

b. Turret (Mif)
(1) Gun Shield
(a) Weapons & Conditions of Test
1. 20mm AP M95 at 30° above horiz. - at M. V.
a. Direct frontal

b. Direct Flank

(0) Test Objectives

A-2
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1. Susceptibility to immobilization
(2) Turret Ring
(a) Weapons & Conditions of Test*

1. Cal. 30 AP M2 at 0° - at M. V. A number of

these firings
2. Cal. 50 Ball M2 at 0° - at M.V. will be attempted
' through fender
3. Cal. 60 AP at 0° - at M. V. boxes.

(v) Test Objectives

- 1. Susceptibility to immobilization and influence of
-external objects to decrease hit probability.

¢. ML Commander's Cupola (Mi8)
(1) Vision Blocks **
(a) Weapons & Conditions of Test

1. Cal. 50 AP M2 - 30° above horiz. - normal to
block - at M. V.

(b) Test Objective
1. Resistance to penetration - residual damage.
(2) Cupola Armor **
(a) Weapons and Conditions of Test

1. Cal. 50 AP or 20mm - 30° above horiz. and

Direct frontal

|

b, Direct flank

« Direct rear

{0

d. Roof (30° above hcriz. only)

*. Subsequent testing with the larger caliber projectile wilil be
discontinued should jmmobilization occur with the smaller caliber
projectile.

#* Testing shall be conducted vith cupola off vehicle.

A-3
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Page 5 of 7-pages

(b) Test Objective
| le Ballistic limit (protection)
(3) Cupole Ring
(a) Weapoms & Conditions of Test *
1. Cal. 30 AP M2 at 0° - at M. V.
2. Cal. 50 AP M2 at 0° - at M. V.

. Cal. 60 AP at 0° - at M. V.

| 93

(b) Test Objective
1. Susceptibility to immobilization
(4) Cupola Openings
(a) Weapons and Conditions of Test
| 1. Cal. 30 Ball M2 at M. V.
a. Hatch clearance on roof
b. Machine gun openings
(b) Test Objectives
1. Susceptibility to brllet splash.
d. M3 Commander's Cupola
(1) Cupola Armor
(&) Weapons and conditions of Test
1. Cal. 30 AP M2 - 30° above horiz. and 0°
a. Direct flank

b. Roof (30° above horiz. only)

* Subsequent testicg with the larger caliber projectile will be
discontinued should immobilization occur with the small caliber
projectile.

A-l
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80304021 .1-11-15504-00-0-623 Basic
Page © of 7 peges

Cal. 50 AP M2 - 30° above hor. and O°

iro

a. Direct flank
b. Roof (30° above horiz. only)
(b) Test Objective
1. Ballistic limit (protection)
(2) Cupola Ring
(a) Weapons and Conditions of Test
1. Cal. 30 AP M2 at 0° - at M. V.
(v) Test Objective
l. Susceptibllity to immobilization
(3) Cupola Openings
(a) Weapons and Conditions of Test
1. Cal. 30 Ball M2 at M. V.

Hatch clearance on roof

1

b. thhine gun openings
(b) Test Objectives
1. DSusceptibllity to Bullet Splash.

3. Photographic Coverage:

Photographs will be taken of those test conditions and results
considered necessary for clarity to :represent the damage incurred on the
item tested. Unique damage results shall also be photographed.

4. Reports:

One formal report will be required. 1In addition to the basic
distribution established by the Industrial Engineering Branch, Industrial
Division, OTAC, the following are required:

Headquarters, OTAC, Detroit Arsenal
Center Line, Michigan

Attention: ORDMC-II.60 - 1 copy
Attention: ORDMC-RM.1 - 1 copy

A-5
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Page 7 of 7 pages

5. Agencies Involved:

&. Ordnance Tank Automotive Command
Industrial Division
Industrial Engineering Branch
Miterials Section

b. Aberdeen Proving Ground
Development and Proof Services
Automotive Division
Armor Branch

6. Item Avallsbility. Ome (1) M4BAl tank, Registration No. 9A943 avail-
2ble at Armor Branch, Automotive Division, APG, with one (1) M-1 cupola. Two
(&) addational M-l cupclas complete with vision blocks will be availlable to
arrive APG by March 5, 1958. Turee (3) M-13 cupolas complete with vision
blocks and test stand will be shipped to arrive at APG by March 20, 1958.

7. Desired Completion Datc: It is desired that M8 vehicle and M-1
cupola testing be completed by March 15, 1958 and M-13 cupola testing be com-
pleted by March 28, 1958 Preparation and distribution of finmal report is
. requested on or before 1 June 1958.

8. Disposition of Items: Upon completion of testing, all cupolas may be
disposed of in accordsnce with existing regulations. Vehicle may or may not
be subject to repcir. Disposition will be made on completion of tests.

NOTE: Dates indicated under par. 6 and 7 are subject to change dependent upon
approval and release of needed items including test priorities from

higher authority
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APPIDIX B
3 Apr 58
Doteilel Test D to

It i, 1

—— s .

A

o me i

b

4.8 Jurret Rin; - Tracbilization

(Firing imo 1/2" wide oponing bstween Turret & Inll)

Cal .50 4112
it botwoen twrret and hull - no dame to traversing operation
Jisreperd

Hit betwoen turret and hull = slirht extra rressure noeded to manually
ovarride small cetch in left treverase

Dieregard
#it betwoun turrct and hull - no damage to traversing operation
Hit betweon turrst uni hull - no damage to traversing operation
Marocard
EDLaregard
Disrecard

frojoctile glanccd off lcwer edgo af turret arn’ enterod ring Arca - nc
damaro to traversinz operation.

Cal .50 Bnll 12

Disregard
Asroard

¥it bstweon turrot an! hull - locked turret to lift hand traverse - the small
tackvelded dust rin, on <he hull measwing 5/16" hich x 3/16" thick was sraarcd
by this impact ani a s>ction of tho dust ring 5—1/h" in lenyth was potalled
into the turret dust ring with sufficismt farce so as to forestall loft henlea
movemont of the turrot. liccussary t pull turret from the vehicle to rulieve
this condition,

/N . o
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Rd. No.

Rd. No.

CONFIDENTIAL

v, Apr S8

oal .60 API 739

Hit bastween turrot and hull - siicht oxtra pressure meded to manuaily
truverse to the leoft on initial try. Very easily overrod:and no extra
eflort necded after initial effart was moeded.

Disregard

Disregard = Hit 1i" below hull mounting ring. Ssooped up into flat
portion of hull mounting ring with one-quarter inch high petals -
lio darmze to traversing operaticn,

Disragard - Hit 3/4" sbove bottam edge of turret ring with three-eighths
inch bulge, Turret completely locksd to left traverss when the two
damaged aress of rounds 3 & L are brought into ocontact. This condition
was oompletely relivod in 5 miuutes by use of a o0old chisel to relieve
ths petalled areas,

Hit betwosn tha turret and hull, A L" section of the hull dust ring
was wedged in‘s the turret ring in such a manner as to permit a 3°
right traverzs and a 270° left traverss, Twrret had to be pulled from
the veshicle to relieve this condition.

15° Overhead Attack

Oal .60 API T39
Dupacts on Dotton Tdze of Turret

Hit on bottom edge of turret - no hinderance to traversing operation

Hit 3/8" above bottom edge of turret. Bowed bottom edge of tauret
dowmward olosing 1/2" opening and completely looking all traverse
operation of turret. 10 minutes labor with outting tardh required to
free turret.

Disregard

Hit 1" above bottom edge of turret, Bowed turret dust ring dowmsrard
slightly. MNo hinderame to turret operation.

Hit 5/8° above bottam edge of turret. Bowed bottom edge of turret
dowmward and olosing 1/2% opening anmd oompletely losking all traverse
eperation. 10 minutes labor with outting toroh required to free twrret.

Hit 3/4" above bottom edge of turret. Locked turret in loft traverse at
point of impmote. 10 minutes labor with outting torch required t free
twerot,

B-2 ~
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Rd, No,

Rd. No.

+NOTB: All
. the

CONFIDENTIAL

Impact on lhchined Sdge of Hull

Hit on ledge on hull and scooped in betweon hull and turret. Bent hull
dust ring into hook shape jamming turret ir left traverse. Approximately

5 hours required to pull turret, cut off dust ring and reassemble turret
‘to hull, '

15° Overhead Attack

20=MM AP MO5

Impaocts on betiom ego of turret

Hit 3/8" above bottom edge of twret. No hinasrance to traversing operation.

Hit 1/2% above bottom edgs of turret, Projectils pemstrated turret with
nose keyed in hull, Locked turret to traversing operaticn. L hours
required to pull turret, remcve keying condition and resssemble turret
to hull.

shooting in this area was stopped due to the deteriorated condition of
hull dust ring,

90° Flank Attack « Left Side

20 -tmAP W95
Impact through Fendsr too] bax Inmlo Turret and Hull opening

Hit [9-1/4" from front edge and 2" below top edge of box, FProjectile
penetrated box and hit 1% below opening between turret and hull,
Projectile scooped up into base of turret olosing the 1/2" opening
and locking the turret in traverse operation. 15 minutes labor with
cutting terch required to free the turret.

B-3
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Rm No. 1

Rourd No. 2

rRowad Mo, 1

Round MNo. 2

Round No, 3

Round No, h

CONFIDENTIAL

15 april 1958

Pv_ oLl

Datailed Firing Data
DCU_ L

Phase I

Drivers Pariscopes M36(T36)

0° (bliquity-Normal to the zlass

Cal ,30 AP 12

Hit 13" right of ocenter and 1-3/8" below top edge -
50% visibility destroyed - no glass displaced from eys prism

Hit 5/8" right of ceater and 1-13 16" below top edge -
857 visibility destroyed - Maximum length of oracking in plastic
bedy 3-3/8" - Eye prism cracked but no glass displaced,

‘16 April 1958

Cal .50 AP W2

Hit 1/8" left of center and 1-5/8" below top edge. Displaced
periscope hatch oover - 100X destruction of visibility - Sheared
plastioc body in half. Eye prism badly oracked but no glass dis-
phcﬁdo '

Hit hull and glanoed throug” tn periscope 1/8" laft of center
and 2" below top edge = ocamp. .:'y sheared plastic body with
1004 destruction of visibility - Fye prism badly oracked but no
glass displaced,

Hit 7/8" ripght of center and 1-1/8" below top edge - 75% visibility
destroyed = 2% x 2-5/8" opening on back of metal frame - maximum
aracking = 2 2-1/2" irregular orack on right side - eys prism
oracked but no glass displsoced,

Note: This perisoope could not be replaced by the driver from
within the vehicle dus to petalling of metal case awrounding
top prism.

Hit 1/8" left of cemter and 1-1/2" below top edge - opening of
4" on metel case - sheared plastio body = displaced top portioan

of periscope - 100% destruction of visibility - eye prism oracked
but no glass displaoced,

¢ -1 ~—
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CONFIDENTIAL

17 April 1958

159 Cverhead Attack

Normal to the §hu

20mm AP W05

Round No, 1 = Hit in center of and 1-1/4" below top edge = 100X destruotion
of visidbility - shattared plastic body down to e @ prism -
Displaced top prism - yory fine fragments inside tank, Two
irregularly shaped pieces of glass displaced from eye [wisa
measuring 15/16" x 1/2° and 7/16" x 1/8".

Round Mo, 2 « Hit 1/B" left of center and 1" below top edge - 100X destruotion
of visibility - displaced top prism - shattered plastioc body -
small amount of glass dust entered drivers oompartment. Small
plece of glass measurirg 3/8" x 1/8" displaced from eye prism,
Projeotile penetrated top prism causing a 7/8" x ¥ scoop in
the armor behind the prism and locking the drivers essaps hatch
shut. Twenty minutes labor by two men using ocold chisels,
hazmers and wrecking bars were neseded to free the drive-'s hatoh,

C..n
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APPIIDIN D 18 April 1958

Detailed Firing Data
Stagce I.
Phaso III

MLS Gun hield

Arect Flank Attaok-Right sids

15° Overhe:1 Attack

20-mm AP MOS

Round No. 1 = Hit bstween turrot and gun shield -~ Gun at CY elevation =
Entrance diameter 3/L" x 1" - Projecti’ fraotured - part in plate =
1/2" high petalling = &. ‘amage to vating operation

Round No. 2 = Hit between turret and gun shield - Gua at 0° elevatior
Entrance diamster 1" x 1" - Prujectile fractured - part in plate -
no measwrabls petalling -~ do iammge to elevating operation,

Round No. 3 = Hit between twurret and gun shield ~ Gun at 0° elovation -
Entrance diameter 7/3" x 1" - Projectile pemstratec gun shield and
passed into Co=AX scope tube = this round would have destroyed
scope = no damage to elevat ng operation.

Round No. 4 = Hit between turret ezd gun . atelu - Gun at 0° elevation -
Encrame diameter ] 34" x 1' - Projectile fractured - part in
plate - no damage -~ 3alevatirg opsration.

Top of Gun shield

ac ck
rhea vy
cO=gmn AP O

Round No. 1 = Disregard
Round No., 2 = Disregard

Inel3 -
D-1
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Round

Round

Round

Round
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Round

Round
Round

Round

Round

No.
M.
A,
Nieo

No.

BO.

Xo.

No.
No,

No.

Ho.

n

[« . JAN ; B o W

= it at base of cupola

CONFIDENTIAL

APPENDIX E
21 April Y. .

-@.2_'ed Testl Data
S.eyge .
FrlllL IV

"1 Cupola

i~ obilizantion of Cupcla Moo

43° Cvorhead gttack

Cal .30 AP 12

no Jamage to traversing operatiorn

it at base of cupola - no :amage to traversing operation
Disregard
deregard

Hit at base of cupcla - no damage to traversing operation

{iit at base of cupcla - no dama;e to traveraing operation

Cll oso Ab 12

Disregard
Nsreperd

Hit at bace of oupola - Projectile penetrated through base,
frocturod and stuck in mounting ring on turret top. Cupola
could be traversod to the richt until it met this stuck
srojectile. Cupola could not by traversed tc the left past
this pieco of projectile. Ome hour was required tc pull the
cupola and clear race ring using a harmer, and cold-ohisel.

Hit at base of cupola - no damage to traversing operation
Hit at base of cupola - no damage to traversing operation
Hit at base of ocupola - nocdnage to traversing operation

22 April 1958
Cal .60 API T59

v 34" above buo ~f cupvlia - cupola completely lociked in
position = i.-7/c" section of dust ring displaced from oupolu end

lodged against ring or turret rouf - retaining ring or underside

of ocupola bowsd 3/," dowomrd. Cupola was pulled from turret, bowed

and damapged area flame ocut from supola, and cupola replaced uni

operating ut.iumctaorilyxt_ai one hour.

CONFIDENTIAL



CONFIDENTIAL
' Pago 2

Cal .60 API T39

Round Yo, 2 = Hit 7/8" above base of ocupola = oompletely looked oupola in
traverse = & bow with a longth of L insher along the ocordline
3/4" ®ep rosulted fram th s impaot. Vo effort was made to
Topair oupols,

E~

2
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APPENDIX F

Gotnilosl oLt oritn 25 April 158
1

éMn‘o' V )

M1 Coranderts Cupola

15° Ovorhoad attack

. Cal ,50 AP 12

Round ¥o, 1 « Hit 5=3/4" from left edge and 1-1/8" below tup odpe -
Projectils ponstrtted block - five large irregularly shaped
plecos of glass mosswring 3" x 1-1A4"; 4" x 1-1/2") 2-1/2" x 1%
2% x 1-1/2%; 2" x 7/3" displaced from rear. Numorcus pin hole
ponstrations in cardbomrd back-up material.

Round No. 2 = Hit 3-1/2" fram left edgeand 1-1/2" below top edge -
Frojectils stuck in top of vision block frame - large pieoce of
glass L, x 1-7/8" displaced from roar - most of glass retaimed
by mastio layers in metal case - no fragmnts pemstrated oard-

v board back-up material,

Cal .50 Ball 12

Round No. 1 = Hit 4" from left edge and 1-1/4" below topedge -
: Projectile jacket stripped from cove - oove panotrated vision
block - part of Jjacket retained in glass - three large pleces aof
glass displaced from rear measuring 5-1/2" x 1-7/8"; 5=7/8" x 1-7/8";
3-7/8" x 1-7/8" - numercus {ine glass fragmonts displaced.

Cal .50 AP M2(reduced oharges estimated M.V, 2500 fpe)

‘Zo Shield

Rownd ¥o, 1 = Hit L=1/8" fram loft edge and 1-1{2" below top edﬁo.
Projectils lodged in blook. Two large fragmemts L" x 1-7/8"
displaced from roar with numerous small fragments and powdered glass,

w/5hield

gound No. 2 = Hit 9" fram l~ft edge and 1-1/L" below top edge. Projectile
penotrated “icok - four large iragments measuring L-1/2" x 1-7/8";
3-1/2% x 1-7/8%; >BA" x 1=7/8" and 2-3/L" x 1-7/8" displaced
from rear - oardboard penetrated by fragmomts - shield destroyed.

-

P oas vl
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nomd No. l -

Round o, 2 =

Round ¥o, 1 =

CONFIDENTIAL

2, april 1958
Cal .30 AP M w/o hield '

Hit 4" from left edge and 1-5/8" from top edge
Projectile scooped with top edge of face mounting ring -
displaced a rew fins glass fragments from rear of blook,

Ht 3=7/8% from laft edge and 1-1/4" below top edge.

Prop otile scooped into top edge of face mounting ring - displaced
& fow fine glass fragments from rear of blook = no fragaents passed
exporimontal shield in rear of block,

Cal .50 AP M2

0° Attack
w/shisld

Disregard

Round No, 2 = Disregard

Round No, 3 -

wno.h-

Hit L" from left »tke and 1" below top edge =

Projeotils did :. . nmnetratse blook - numerous small
fragmuts displace. f o rear of bloock - shield contained &ll
fﬂgbntl.

25 April 1958
ufo Shield

Hit L=1/4" from left edge and 1" below top edge =
Projectile did not pemnetrate block - mmerous smll fragments
displaced {rom rear of block,

CONFIDENTIAL 6570204



Round No, 1 -
Round No. 2 =
Round No. 3 =
Round No. 4 =

J'

io\md No, 5 -

mm lOo 1l
Round No. 2 -

CONMFIDENTIAL

APPENDIX G
DUTAILED TEST DATA
Stage 1.
PHASE VI
M Cupola
Splash Around Machine Gun Opening
Direot Frontal Attack
Cal .30 Ball M@
25 April 1958
Disregard
Disregard
Disregard
Hit on farward edge of machine gun barrel support tube

on right side of gun = oonocontrated blast pattern tare
Kraft paper 7" in direct line with point of impeot -
ons 1/2" - oms 3/4," and 3, L 1/8" holes in paper from
fraspants,

Hit on forward edge of machims gun barrel support tube

on right side of gun - oms 1" and one 1/2" hole + 57 L 1/8"
pin holes from fragments counted on paper. Projectils hit

locking strap on mochins ,cJun baliistio ring, shearing strap
md bending ballistio ring out of line.

Opening Between M3 Mentlet & Cupola Front

Direct Flank pttack - Left Side

Disregard

Hit in opaning between MG mantlet and forward edge c¢f aupola -
Locked MO ocampletely ir elevation and deprossion operation.

15 minutes required to free ksying condition using hemmers and
s0ld chisels.

M 6 G-l | M;"?O"g/ ,
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Opening Bstween Bottom Ed;o of M6 Femtlct and Cupols Bottom

)G in Maximom Elsvation

Direc¢t Frontal Attack
Cal ,50 Ball )12

Round No. 1 - Hit in opening on under side of M} mantlet and oupola bottom =
campletely shredded Kraft paper placed behind opening.

Round No, 2 = Hit in opening on umler side of MG mantlet and ouypola bottom -
oampletely destroyed Kraft paper placed behind opening.

Round Yo, 3 = Disregard

Round No. 4 - Hit in openiang on urder side of MG mantlet and oipola bottom -
canpletely destroyed Kraft paper placed behind opening.

Splash Test Apound Hatch Cover Seam

‘. 90° Flank Attaok - Left Side

Cal 030 Ball W

Round No, 1 - Hit 10-5/8" sbove bottom edge - no splash in ouéoh
Round No., 2 = Disrsgard '

Round No., 3 = Disregard

Round No, L - Hit 8-1/8" above bottun edge - mc splash in oupola

Round No. 5 = Hit 7-1/2" above bottom edge - no splash in oupols.

Splash Test at Seam at Bottam of Hatoh Cover

Cal .30 Ball )R

Round No. 1 « Hit 1-1/8” right of left edge of hatoh on bottam edge -
5/8" hole in fragment ring on base of cupola - two 3/L* = one
3/8% = four L 1/4" fragment holes in Kraft paper - out rubber
seal,

Round No, 2 - Hit 1-3/4" right of left edge of hatch on bottom edge -
Displaced bottom portion of rubber ring - one 14" - &2 L 1/8°
fragnant holes in Kreft peper, . -

P
G-2 Als70 > 26

CONEIDENTIAL



CONFIDENTIAL

o e et o APPIIDLL N
D tatled T.--::t Dto
SiAge I
PHASE VII
BALLISTIC TESTS OF ARMOR
upola No, 88
pETAITED Bata
PROJECT NO. __ JT=50%8 DATE OF TEST_20 Jprld 1w
NOMINAL ACTUAL
PLATE NO, HEAT HO. . THICKNESS . ''HICRKNESS (AVG)
BRINZZL HARDNESS CHAKPY IMPACT AT -L0 F FT 1533
PROJECTILE Caliber .50 AP.MR2 PLATE OBLIQUITY 29°

Meohine Gun Mantlet = Direct Frontal Attack -

15° Overhead Piring

RD | STRIKINGC
NO | VELOCITY | PENEFRATION RESULT - ARMOR RESULT - PROJECTILE
; .
1 lost | PP(p) Face = Scoop 13" x #" Shattered
. Rear =« No bulge
"2 | Loat , PP(>) Face - Sooop = 5/8" x 1 PIP
| 7/8" Crack - Rear - No lge
X 2197 " PP(p) | Face = Sooop = 24" x 3" Shattered
; Rear = No bulge
o 2870 ! PR(p) . Face - Sccop 13" x 5/8" Shatterad
! ‘ ' Two oracks 7/8" x 1
| _ Rear - No bulge
* [No protection Ballistia Limit cbtainsd - High PP(p) 2870 fps
‘ ' |
‘ ' Direot Flank Attack
‘ ! 15° Overhe:d Piring = Right Side - L,2P Obl,
i B
1 . 2853 . PP(p) ' Face - Seoop 1-7/8"x7/8" - | Shattered
| ! ' Rear ~ No bulge i
. No proﬁoction Ballistic Limit obtained - High PPlp) = 2853 fps.
Direct Flank atteck
i 15° Owerhead Firing - Right Side - 29 mbl,
} 20zm AP M5
1| 2366 | ep(p) Face - Scoop 1-3/8"x7/8"x5/8" Shattered
' ' Rear = Slight bulge - no
oraocking.
—— - .i.;.-:l-_«.' —emd oo —— e —— —— —,
. SRMY 4 LRI NOFEN PROVING GROUND WD T X0
sl ] S I
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OKDHU-« 2204 - Rept 5i

i PHASE VII

BALLISTIC TESTS OF ARMOR

1a Cupoh No, 88
DETAILED DATA

PROJECT NO, _IT=04 .. paTE OF TEST X April 1938

, NOIMAL ACTUAL
PLATE %u. HEAT NO. __ __ THICKNESS THICENESS (AVG)
BRINE-L HATDNESS " CHARPY IMPACT AT -4O F Fr 183
PROJECTILE _ Culiber .50 AP 12 PLATE OBLIQUITY 9°

Nachine Gun Mantloet = Direct I'?ogul attaock = 159 Overhead Firing

RD | STRIKING
NO | VELOCITY | PENETRATION RESULT - ARMOR RESULYT - PROJECTILE
2 2620 PP(p) Feoe - Socop 2"x2§" B = Bu P~ NIP
. Rear - Slight bulge. No
¢ eraoking.,
3 2863 PP(p) Faoe=-Sooop 1-7/8"x1-1/2" B =-5bup - NIP
Roar - 3light bulge. ¥No
. oracking.
L 2929 PPLp) Faos = Saoop 2" x 13* Sattered
Rear - Slight bulge. Mo
""')un&o '

s Yo protection Ballistic Limit obtained - High PP(H) = 2529 fps

I%toh Cover = Direot Rear 4 15° Overhead Piring
20mm AP M95

1 2858 PP(p) Faoe - Sooop 2-1/8"x1" Be=Bul~ NIP
Bear - Slight bulge = no
oracking.
2 28l1 PP{p) Paoe - Soocp 23" x 18"

~ Rear - Slight bulge -
¥o oracking

ol protqotion Ballisfio Limit obtained - High PP(H) = 2858 fps.

ARKY . 08 -ABGADEEN PROVING SROUND. He-- 720

pSr02C8
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S R P
DETAILED TEST DATA
M3 = CUPOLAS

5//} < /j._
PULSE I
Bullet Splash
Cal .50 MG Opening
Diroct Promtal Attack
Cal .30 Ball X2

Round No. 1 = Hit 3/B" above MG Barrel support at 11 o'olock
Displaced 1-3/1" x 3/8" piece of exterzal ballistis ring =
No frepmsnts entercd cupcla,.

Rou.nd No. 2 = Hit at opening between MG berrel support end externml
ballistic ring at 9 otclock - No fragments ia oupola,.

Round Ko, 3 = [laregard
Round No. L = Disregard
Round No. 5 = msi’egard
rﬂ Round No. 6 =~ Disrepgard
Round no.. 7 = Dlsregard

Round Nc;. ‘8 « Hit at odening between exterior ballistic ring and NG craale =~
No fragments in gupols.

OPENING AT BOTTQM OF MG CRADLE & CUPOLA RING
MG - MAXINUM ELEVATION

Round No, 1 ~ Hit 1" above opening on bottam edge of oradle - Destroyed Kraff paper
BATCH OPENING SEAM ~ 90° FLANK ATTACK

Round No. 1 = Hit 3-5/8" above bottom and 53/16" right of seam - 2 holes 1/2"
: 5 holes < 1/8"

Bound No, 2 - Disregard
Round No. 3 = Disregard
Round No, l = Hit 1-1/2" above bottom idge & on seem ~ 1 hole 3/4"; 3 holes

<2/ L holes <IA"; 1 holos <1/8". Bent 33/ section
“of dust shield on hatch.

Rourd No, 5 = Disrcead

Round No, 6 = Disroperd

Round No. 7 = Dimregsrd

CONFIDENTIAL
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APPLIDIX J

Detniled Tost Datn
PHASE II :

Bullst Splash with Special Splash Guards

Cal .30 Ball X2 = Opening at Bottom of Cradle & Cupola Ring

Mo=-Maximum Slevation-Uirect rrontal Attack

Round No. 1 =~ Hit 3/B" above opening - destroyed Kralt paper

Round No. 2 = Hit direotly in opening - destroyed Kraft paper

i Turns in Depression-under Maximum Slevation

Round No. 3= Hit 1" above opening = 1 hole 5/16"; 1 home 1/4"; 22 holes < 1/16"
in rraft paper. '

30° Overhoad Attack
Opouing between top of G cradle and Cupola top
MGe=Maxirum Depression

Round Ne. 1 = Diaregard

Khound No. 2

Ait on top of oredle ard glanced into opening - destroyed Kraft paper

Opening at bottom of Cradle & Cupola
w/Aluninum Splash Guard in Place
LG-Maximum Elevation

Round No, 1 - Hit on opening - destroyed Kraft papor ~ bent aluminum splash guard

Round No. 2

Round'NO. 5

Rourd No. 1
Rournd No. 2

Round Mo. 3

Rounti ¥o. L
Round No. 5

Round Bu. 6

Inol 2

Hit 1-1/4" above opening - 11 holes {1/8"; 11 holes  <1/16" irn Kraft
paper.

Hit 3/L" abovo opening = destroyed Kraft papsr - badly bent aluminum
shield,

Opening at Bottom edze of Hatch & Cupola Base
special Splash Guards & Aluminum Shield

Disregard

Uisrogard

#it on opening - 1 hole 1/8"; 30 holes <{1/16" in Kraft paper
bent aluminum splash shield.

Hit on edge of ring - No splash in cugols
Disrepaxrd

it on edge of ring - No eplash. in oupola. -

J-1 NsFo>1> |
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APPLIDIX X
Detalled Test Data
PHASE II1
IMMOBILIZATION
)G Cradle
c‘lo .30 AP W

90° Flank Attack
Round No. 1 ~ Disregard

Round No. 2 - Hit 3/8" below frame and scoopad into side of cradls - mo hihdsn.nco
to elevating or depressing operation,

Round No., 3 = Hit on forward edge of frame end scooped into side of oradls -
no damage to slevating or depressing operation.

30° Flank Attaok

Round Mo, 1 = Hit at opening between cradls and frame - Lookesd oradle in elevation
and depression.

Cupola Base king
Hold down bolts tightened to 85 lbs torque
90° Plank attack=Cal .30 2P W2
Rowd No. 1 = Hit on bese ring « no dsmeage to traverse

Round No. 2 = Hit on base ring « no damege to traverse - grinding noise present
' when traversing cupola,

Round No. 3 = Hit on base ring - no damage to traverse -~ inoreased grinding noise.

Round No. l « Hit on base ring - inoreased grinding noise = cupola harder to
traverse.

Round No. 5 = Hit on base ring - mnual treverse looked Lo 72° R & 732° L.
90° Flank - Oal .50 AP K&

Round No. 1 = It on base ring - Looked cupola in position

K.' A'OJ'?J P
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APPEIMIX L

etaile cst
PEASE IV D iled Test Data

Rosistance-to~Penotration
Direct Flank - Right Side

Above Vision Blooks - Cal ,30 AP W2

Rd.

Moo Wwlooicy(fpe) CP/PP Remarks

1 2535 ' Disregard

2 2623 PP(P) No damage

3 3130 PP(P) Slight bulge on reer

L 357 PP(P) 5licht bulge on rosr

5 3,30 PP(P) large bulge ~ Fine hair cracks

No BL(P) obtained = Hi PP(P) » 3430 fps.
Cal ,50 AP W

1l 2705 Msregard

2 Lost CP(P) ED = 5/8" x 5/8"

2 Lost - Disrogerd

L 2948 CP(P) ED = 5/8" x 1/"

i5 2257 PP(P) large bulge = Punching Started
-6 2331 PP(P) large bulge = Fine cracking

7 24,03 Disregard

8 24,01 PP(P) largo bulge - No cracking

) 21,80 CcP(P) ED =1}

*10 2445 PP(P) Large ulge - No craacking

sProtoction Ballistio Limit = 21563 fps,

Cupola Roof
15° Overhead Attack
Cal .50 AP W
1 273 PP(P) No bulge on rear
2 2791 PP(P) lio bulge on rear
3 284, PP(P) Yo bulge on rear

s No BL(P) cbtained = Hi PP(P) = 2864 fps.

Cormanderts Hatah
15° Overhead attack

Cal .U AP 2

1 1929 PP(P) ledium bulge = No craoks

2 2063 PP(P) Mediun bulge - No oracks

3 lost PP(P Medium bulgs = No cracks

L Lost PP(P ned.ium bulge - )lo cracks

5 2606 CP(P 3/8 x5

3 2l CP(P . ED= \\
7 2336 PP(P Medium bulgo « No orscks

8 2362 Pp(p Im-ge bulge = Hair oracks

¢ ?rotaction Ballistio limit = 2
inole 4
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APPENDIX M
Distribution

COPY NO. - NAME .-"D ADDRESS . NO. COPIES

Chief of COrdnance

Department of the Army

Washington 25, D. C.
3 ATTN: ORDIW 1l
4 : ORDIT 1l

Commanding Officer
Diamond Ord Fuze Laboratory
Washington 25, D. C.
5 : ATTN: Tech Ref Section 1

Commanding General
Ordnance Tank-Automotive Command
Center Line, Michigan

6 ATTN: ORDMC - REM.1

7 ORDMC - RRD.2

8 ORDMC - RRS.3

o ORDMC - RET.-.3

0 ORDMC - RET.1

1! ORDMX - AA

R S

Commanding Cfficer
Watertown Arsensl
Watertown 72, Mass.
12 ATTN: Materlals cng Lab 1l

Commanding General
Frankford Arsenal
Philadelphia 37, Pa.
13 ATTN: Reports Group 1

Comnanding Generszl
Crd Tank-Automotive Command
1501 Beard Street
Detroit 9, Michigan
14 ATTN: ORDMC - FM 1

Canadian Army Staff
2450 Massachusetts Ave., N. W.
' Washington 8, D. C.
15, 16 THRU: OCO-ORDGU-SE 2

Ministry of Supply Staff
British Joint Sves Mission
1800 K Stree:, N. W. T~
Washington, D. C.
17, 18 THRU: OCO-ORDGU-SE 2
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COPY NO.

19 thru 28

29, 30, 31

[Vl ]

NAME AND ADDRESS

Commender

Armed Services Tech Inf Agency
Arlington Station

Arlington 12, Virginia

CONARC Liaison Office
Aberdeen Proving Ground, M.

Technical Library
Aberdeen Proving Ground, ).

M-2

"NO. JOPIES

10

Criginal
1 Reference
1 Record



IR WL | 4 IR & Y BN L R SR R BRTIEESY. T

S U

FOR ‘ | | Reproduced From
MICRO-CARD - . Best Available Copy

CONTROL ONLY

Armed Services Techuical Information Agency

ARLINGTGN HALL STAT):)N; ARLINGTON 12 VIRGINIA

-

La— . s . -
. b ]



