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E \ ABSTRACT
On May 19, 1952, The Firestone Tire and Rubber Company,
Defense Research Division, participated in a BAT weapor. demon; :
@ stration held at Aberdeen Proving Ground. The activities of this
group in the demonstration are reported. Photographs of the Fire-
sto'ne weapon, the firing crew, and the an_nmunition are presented,
The weapon assemblies completed to this time are accounted
for and the test status explained, A propos‘ed.reversed flow pro-~
pellant-shell case system is illustrated and discussed,
The data assembled in the firing' of seventy-six rounds of T-
138'E57 ammunition to test fuze functioning is pre;énted‘ The tests
show a very definite influence of the tee cap on fuze funétioning.

There wére no firings with the T-171 projectile during the month

of May.

. ~The T-119 projectile was fired as a part of the BAT weapon dem-
onstration and the data are given,

Two series were fired in the penetration studies, The tests
were made to compare target materials and to study the effect of
length and diameter of spitback tubes on penetration. The firing data
are given, |

The activities in the study of fuzes are presented and discussed.

A propcsed wiring modification and a suggested nose element de-

sign are illustrated,
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BAT WEAPON DEMONSTRATION
Absrdeen Proving Ground, May 19, 1952

The Firestone Tire and Rubber Com-
pany, Defense Research Division, was
invited by Office, Chief of Ordnance to
participate in a BAT weapon demonstration
to be held at Aberdeen Proving Ground
on May 19, 1952,

The demonstration featured the fol-
lowing weapon assemblies and ammu-
nition: (1) the M-27 recoilless rifle (jeep
mounted) firing T-184 and M-324 ammu-
nition; (2) the T-135 recoilless rifle
(jeep mounted); (3) the T-136 recoilless

‘rifle-¥jeep and ground mounted firing

T -118 2pmunition; (4) the six-gun ONTOS
mount and {5) the T-137 recoilless rifle
(jeep and ground mounted) firing T-138
and T-119 ammunition, Certain of the
weapon assemblies and ammunition were
used in a demonstraticn of accuracy and
penetration.

Three Firestone weapon assemblies
each consisting of a T-137 El rifle, T-152
E2 mount, T-46 spotting rifle and M-62
E4 elbow sight; and two types of ammu-
nition, T-138 E57 and T-119, were pre -

oA d

Fig. |I. Weapon Assembly on M-38 Truck.

pared for the demonstration, Figures 1,

2, 3and 4 are four views of the weapon.

assembiy mounted on an M38 truck. Fig-
ures 5 and 6 show the projectile assem-
blies,

The .50 caliber spotting rifle ammu-
nition used in these tests had a velocity
designed for matching the Frankford Ar-
senal T-118 projectile. The spotting rifles
were therefore '"biased in" so that the
centers of impact for the .50 caliber and
T -138 ammunition were coincident at
approximately 950 yards. The velocity
of the T-119 was then adjusted to match
both the spotting bullet and the T-138 at
950 yards,

. The bias required for the .50 caliber
‘rifle was - 2 1/2 mils elevation and +2
mils azimuth at approximately 950 yards..

One mil right bias was required on the
sight, M62 to cause the optical axis and
the center of impact for the T-138 pro-
jectile to be coincident,

T-137 €1 Rifle, T-152 E2 Mount, T-4b SpoMting Rifle, M62 B4 Elbow Telescops,
Breech open, mejor celiber slightly eleveted.
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Fig. 2. Weapon Assembly on M-38 Truck.

Comporent Parts Same as Given in Fig. |.

Roteted 90 degrees from noimal travel position.

L
L 4
Fig. 3. Weapon Assembly on M-38 Truck.
Component Parts Same o5 Given in Fig. L
4 Elevated and rotated from normal.
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Fig. 4. Weapon Assembly on M-38 Truck.
Parts Same as Given in Fig. L

Componen!
latt. Note toggle clemps.

Rotated 90 degrass

Fig. 6. T-119 HEAT Cartridge

: 4
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Handling of the Weapon

Although the normal crew for the 105
mm BAT weapon is expected to be five
men, it was found, during preparations
for the demonstration, that the T-137
rifle and T-152 mount can be handled
as a complete unit by a three-man crew.
Figure 16 illustrates the weapon assembly
and a three-man Firestone crew,

In one phase of the demonstration the
three-man crew removed the weapon

assembly from the M38 truck and put
it into firing position in 45 seconds. Fig-
ures 7, 8, and 9 show the steps in re-
moval of the assembly from the truck.
The gun and mount were disassembled
into three pieces (chamber, tube and
mount), carried approximately 30 feet
and reassembled on the jeep in traveling
position in 1 minute and 40 seconds, Fig-
ures 10, 11, 12, and 13 show steps in the
disasscibiy and Figures 14, 15 and 16
illustrate the steps in reassembly.

Fig. 7.
Toggles Unclamped, Front Leg Removed from Clamp Bloct.

5

First Step in Removal from Truck.
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Fig. 8. Second Step in Removal from Truck.
Astembly Moved With One Leg Remaining On Bed.

Fig. 9. Third Step in Removal from Truck.
Assembly Lowered to Ground As Shown.

6
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Fig. 10. First Step in Disassembly.
Chamber and Bresch Assembly Unlocked, Rotated and Removed.

Fig. 11. Second Step in Disassembly. -
Chamber and Brasch Assembly Removed, Tube Being Removed.
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Fig. 12. Three Disassembly Units.

Fig. 13. Close-Up of Three Disassembly Units.
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Fig. 4. First Step in Reassembly On Teruck.

Mount Assambly in Position.

Fig. 15. Second Step in Reassembly.
Mount Assembly and Tube in Position.
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Fig. 16. Weapon Assembly and Three-Man Firestone Crew.
Chamber and Breech Assembly in Position. Rifle in Trave! Position.

Penetration Firing

As a part of the demonstration of May
19 three T-138 HEAT rounds were fired
from the T-137 El rifle. The homogeneous
armor plate, 5-in, thick and at an ob-
liquity of 60 degrees,was placed at a range
of 500 yards. The three rounds (Lot
PA-E 9404 functioned and effected com-
plete penetration of the armor.

Accuracy Firing

The accuracy demonstration with the
BAT system consisted of firing the spotting
rifle to "line-in'" on a moving target and
then firing the major calibe» weapon.
These firings were conducted from both
the jeep and ground mount. The target,
a tank silhouctte, was moving perpendic-
ular to the line of fire at a range of ap-
proximately 900 yards,

Two tynes of ammunition, T -138 and
T-119, were fired in the tests, Figures

17, 18, 19 and 20 show the weapon in op-

erating position on truck and ground.

Three rounds of T-138 E57 ammu-
nition were fired from the T-137 El rifle,
mounted on a jeep and three hits were
obtained on the target.

Three rounds of T-138 E57 ammunition
were fired from the T-137 El rifle mounted
on the ground and one hit was obtained
on the target.

Four rounds of T-119 ammunition were
fired from the T-137 El rifle mounted
on the ground and three hits were ob-
tained on the target.

Procedure in T-138 E57 Firing

" (1) Move up into position on the firing

10

line,

(2) Line-in on the target with the spot-
ting rifle. '
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(3) Fire 3 rounds of T-138 E57 pro-
jectiles (inert),

(4) Remove the weapon from the jeep
and place on the ground in the firing

position,

(5) Line-in on the target with the spot-
ting rifle,

(6) Fire 5 rounds of T-138 ES7 HEAT
(inert) ammunition,

Procedure in T-119 Firing

The details of the T-119 firing are con-

tained in the section of this report titled
T-119 PROJECTILE, The procedure
in the firing was:

(1) Line-in on the target with the spot-
ting rifle,

(2) Fire 3 rounds of T-119 ammunition,

The system tests indicated a high per -
centage of first round hits with the major
caliber weapon, On all of the above tests
from jeep and ground and with both T-138
E57 and T-119 ammunition the first round
fired with the major caliber weapon hit
the target,

_ Fig. 17. Weapon Assembly and Firestone Firing Craw.
Gunner at Controls, Assistant in Position to Survice Spotting Rifle and to Operate Bresch; Loader Inserting T-138 ES7 Cartridge.
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Gunner at Controls.

Fig. 18. Weapon Assembly

Assistant in Position ta Service Sp

otting Rifle, Loa

and Firestone Firing Crew.

der in Reediness With Certridge Assambly.

Fig. 19. Weapon Assembly
Bresch Open, Cartridge Being lnserted. Right Hendwheel is Tr

averse Control,

12

and Firestone Firing Crew.

Mejor Caliber Firing Button in Center o
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Fig. 20. Gunner at Controls.
Sighting Into M82 T4 Elbow Telescope, Left Hand on Elevation Control, Firing Button for Minor Caliber Rifle
in Center of Elevating Handwheel.
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; - THE RIFLE

The Firestone BAT weapon system

consists of the following parts: T-137 El

rifle, T-152 E2 mount, T-46 spotting
rifle, T -183 sight mount and M-62 E4
sight;and M-341 El indirect sight, The
assembly may be mounted on an M-36
1/4-ton truck. Except for the indirect
sights, which are not yet available, three
complete units,mounted on M-38 trucks,
are in use as follows:

Unit 1. Fort Benning, Georgia,for weapon
system and ammunition evaluation tests,

Unit 2.  Erie Ordnance Depot, Ohio, for
weapon system and ammunition evaluation
tests,

Unit 3, Defense Research Division, Fire-
stone,Akron,for engineering design studies.

A fourth unit,consisting of a T-137
El rifle, T-152 E2 mount, T-183 sight
mount, and an M-62 E4 sightis in use
at Aberdeen Proving Ground for ammu-
nition evaluation tests,

The major components for four addi-
tional T-137 El rifles have been manu-
factured and are available in Akron. T-
152 E2 mounts are being manufactured,
and M-64 E4 sights have been allocated
for use with additional urits,

Informal Evaluation Tests

A Firestone BAT weapon system was
delivered to Army Field Forces, Board
No. 3, at Fort Benning, G_eorgia, during
the week of May 4, 1952, The board set
‘up a tentative test schedule for the in-
formal evaluation of the weapon system and
it is anticipated that a report from the
board will be forthcoming when the evalu-
ation has been completed. -

CONFIDENTIAL -
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New Developments

A reversed flow propellant-shell case
system has been devised and is being con-
structed. The essential difference be-
tween this and the more conventional
system is that the propellant is contained
in an annular section of the shell case
and upon burning, the exhaust gases dis-
charge inwardly through the perforations

of the inner wall and leave the chamber
through a single center venturi. The
principle of operation is disclosed in
Figure 21 which shows how a T-19 cham-
ber may be modified to evaluate this de-
velopment.

One or more of the following advantages
may result from the use of the reversed
flow system:

(1) Reduction in the amount of un-
burned powder, If the powder can
be initiated properly on the inner sur-
face it would burn so that all unburned
powder would be trapped in the annular
chamber,

(2) Considerable reduction in the weight

of the breech mechanism. If the cen-
tral nozzle is made an integral part
of the shell case the balancing thrust
can be transmitted through the case
to the gun and assist in holding the
shell case in the chamber during the
firing cycle.

(3) Automatic shell case ejection - by
using the gas pressure remaining after
the projectile has left the gu'n tube,
to eject the spent cartridge case,

(4). Elimination of perforated case - by
using a combustible inrer case,

(5) Elimination of the breech block - by

~using the internal chamber pressure
to expand the outer shell case suf-
ficiently to lock the case in the cham-
ber, N ’
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Fig. 21. Test Assembly for Evaluation
9@ of Annular Ring of Propellant.

Future Program
l. Evaluation of any design changes

that may be suggested as a result of the
Fort Benning tests,

"\.

2. Conduct trajectory-matching studies
of spotting and major -caliber rounds.

® | 3. Conduct stress analysis studies
of the T-152 E2 mount using strain gages.

15
CONFIDENTIAL




CONFIDENTIAL
T-138 PROJECTILE -

Performance Studies Usmg T-138 E57

; I-IEA'I' Projectiles

The Twenty-First Progress Report
presented the firing data for thirty-four
T-138 E57 HEAT projectiles from Pica-
tinny Arsenal Lot PA-E 9068, Seventy-
six additional T-138 E57 projectiles have
been tested in an effort to identify the
cause or causes for the malfunctions
of the rounds in the PA-E 9068 lot, Table
I is 2 summation of the data for the 110
rounds tested. Table II shows similar
fuze functioning data for nineteen T-264
WP rounds. These latter are shown
because the HEAT and WP rounds employ
the same base element and nose ele-
ment systems. .

A discussion of the various tests fol-
lows:

Test 1
T-138 E57 Projectiles; Fired Statically
‘Without Rotation; Lot PA-E9404

Two rounds were X-rayed, disassem-
bled and reassembled with the base ele-
ment rotor in the armed position in each
case., Auxiliary M36 detonators were
placed in the base element cans with the
firing wires running through the tops of
the cases. The rounds were suspended
horizontally from wires and fired against
nine inches of homogeneous armor placed
normal to the line of fire,

An attempt was made to detonate the
first assembly by striking an auxiliary
tee and crystal assembly, located a safe
distance from the round, with a 2-1b,
hammer. When three blows were with-
out effect a hand generator was attached
to the M36 detonator leads and the round
detonated and penetrated 7-8 inches of
armor,

The second round was similarly sus-
rended and was successfully detonated

by the second blow of the two-pound ham-
mer. About 7-8 inches of penetration
was achieved.

Test 2
T-138 E57 Complete HEAT Rounds; Fired
Against Plate at Normal Incidence;
400-Ft. Range; Lot PA-E9404

Ten projectiles were fired at 400 ft.
against homogeneous armor plate at nor-
mal incidence. Each of the rounds func-
tioned, the first four penetrating 9 inches
of plate and registering on a witness plate

seven feet behind the target. The re-

maining sixrounds were fired against
12 inches of armor plate and all func-
tioned. Two rounds penetrated the 12
inches of armor and the remaining four
each penetrated between 9.5 and 10,5 in,

Test 3 =
T-138 E57 Complete HEAT Rounds; Fired
Against Plate at 60-degree Obliquity;
500-Yd. Range; Lot PA-E9404

Three projectiles were fired against
a target of homogeneous armor plate
five inches thick inclined at 60 degrees
and located at a range of 500 yards., Each
round functioned and perforated the target
(Minimum absolute penetration was 10
inches). )

Test 4

T-138 E57 Complete HEAT Rounds; Fired
Against Plate at 60-degree Obliquity;
400-Ft. Range

5 Rounds of Lot PA-E9507

(With Rubber Pads as Shown in Fig. 22)

5 Rounds of Lot PA-E9508

(Without Rubber Pads as Shown in Fig. 22)

5 Rounds of Lot PA-E9509

(With Rubber Pads as Shown in Fig. 22)

5 Rounds of Lot PA-E9510 -
(Without Rubber Pads as Shown in Fig. 22)
Lots PA-E9509 and PA-E9510 contained
projectiles loaded ot same time as
-fhose of Lot PA-E9404 of Tests 1, 2and 3

Having had two shipments of T-138 E57
HEAT projectiles with such different per-
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formance records (Lot PA-E 9068 giving
3 functions out of 34 rounds fired and
Lot PA-E 9404 giving 10 functions out
of ten rounds fired), a third shipment
was requested and received from Pica-~-
tinny Arsenal, This shipment contained
20 rounds of four different lot numbers:
PA-E 9507, PA-E 9508, PA-E 9509 and
PA-E 9510. Lots PA-E 9507 and PA-E
9508 were loaded on a different date from
either the PA-E 9509 and PA-E 9510 lots
or the PA-E 9608 lot (See Table I),
The ten projectiles of lots PA-E 9509
and PA-E 9510 were loaded with Comp.
B at the same time as lot PA-E 9404
(Scc item (1) Table 1), All twenty
rounds of the four lots were shipped from
Picatinny Arsenal as complete cartridge
assemblies (shell case, primer, pro-
pellant and projectile). Rubber pads
were used with the projectiles of lots
PA-E 9507 and PA-E 9509 while pads
were omitted in the rounds of lots PA-
E 9508 and PA-E 9510 (See Fig. 22).

All four lots were fired the same day.
The first projectile from each lot was fired
in rotation, followed by the-second, third,
etc. until all five of each of the four lots
were fired. '

Three projectiles of Lot PA-E 9507
functioned (3 of 5), four projectiles of

Lot PA-E 9508 functioned (4 of 5), three
projectiles of Lot PA-E 9509 functioned
(3 of 5) and five prujectiles of Lot PA-E
9510 functioned (5 of 5)See Table I.

Test 5
T-138 E57 Compiete HEAT Rounds; Fired
Against Plate at 60-degree Obiiquity;
Lot PA-E9588; 400-Ft. Range
6 Complete Rounds as Received

4 Rounds With Modified Tee Caps.

See Fig. 23

02 Ros

CLEARANCE TESTS .03

a:oa‘w’

NORMAL TEE CARP

MOOIFIED TEE CAP
FACE

FACE

Modified Tee Caps.
Used in Test 5.

Fig. 23.

Six projectiles of Lot PA-E 9588 were
fired at 60-degree plate at 400-ft. range
and failed to functlon

- Two additional rounds with a tee cap
modified so that the front face was 1/16
in, thick instéad of the usual 1/8 in, but

YT 1SN WAETAST T TR LR u‘:l&i&'—k—-“\ Gt E 2
Wit RUBBER Paps

. |\ r‘_

Fig. 22.
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T-138 E57 Complete HEAT Rounds.
With and Without Rubber Pads.
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with the usual clearance (at least . 039
in.) between cap and crystal, Fig. 23,
failed to function, Two similar rounds
(1/16 in, face) with a nominal crystal-to-
cap clearance reduced by ., 020 in, were
tested and one round functioned.

Test &6
T-138 E57 Complete HEAT Rounds; Fired
Against Plate at 60-degree Obliquity;
400-Ft. Range; Lot PA-E9604

Five rounds of a fifth shipment of pro-
jectiles were fired against 60-degree
plate at 400 ft, and two of five rounds
functioned.

Yest 7

T-138 E57 Complete HEAT Rounds; Fired

Against Plate at 60-degree Obliquity;
400-Ft. Range; Lot PA-E9605

Five of six rounds functioned when
fired against 60-degree plate at 400 ft.

and three of four rounds functioned when

fired against 60-degree plate at 500 yards.

Test 8
T-138 E57 Complete HEAT Rounds; Fired
Against 2-inch Bursting Screen; Without
Tee Caps; 400-Ft. Range; Lot PA-E9588;
See Fig. 24

Ten rounds of this lot were tested
with the tee caps removed (See Fig., 24).
They were fired at a 2-in, bursting screen
at a range of 4C0 ft, A five-inch steel
plate was placed ten feet behind the wood
bursting screen to serve as a witness
plate. Eight of the ten projectiles func-
tioned on the bursting screen, as witnessed
by the complete shattering of the bursting
screen and penetration of the jet and tee
into the witness plate. The other two
passed through the bursting screen and
detonated against the plate.

was found, indicating that the projectile

18

_ In each case
the punctured piece of the bursting screen

had passed through the 2-in. planks with-
out detonating. Since only one of ten
rounds of PA-E 9588 had functioned with
tee caps (Test 5) this experiment pro-
vided the first positive evidence that,
in some manner, the tee cap was in=-
terfering with the normal functioning
of the crystal assembly,

Test 9
T-138 E57 Complete HEAT Rounds; Fired
Against Bursting Screen; 400-Ft. Range;
Without Tee Caps; Lot PA-E9068; See
Fig. 24

As reported in the Twenty-First Pro-
gress Report the rounds of Lot PA-E
9068 had produced a low percentage of
functions (3 of 34). Only three rounds
from that lot remained and the tee caps
were removed from these. (Fig. 24).
The rounds were fired as described in
Test 8, Two of the three functioned on
the bursting screen indicating, again,
that a tee cap somehow interferes with
the functioning of the fuze assembly.

Test 10
T-138 E57 Complete HEAT Rounds; Fired
Against Bursting Screen; 400-Ft. Range;
With Cast Iron Tee Caps; Lot PA-E9588

Since the rounds of Lot PA-E 9588
had functioned well without tee caps (Test
8) and poorly with tee caps (Test 5) a
modification of tee caps was tested., This
modification consisted of a change of

i\\\\\\\

_Fig."24. "Tee Without Cap.
Used in Tosts 8 and 9.
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material from steel to cast iro.n. Three
rounds were fired and all three failed
to function on the bursting screen,

Test 11
7-264 (WP) Complete Rounds; Fired
Against Wood Bursting Screen; 400-Ft,
Range; Lots OAP-E187, 188 and 189

Eight T-264 complete rounds with
tee caps were tested and four appeared
to function. Three of the four which func -
tioned, however, coniained base ele-
ments from Lot PA-E 9556 instead of
the Lot PA-E 8853 elements which had
been used in all previous tests.

- Eleven T=-264 complete rounds without
tee caps were tested and eight functioned.
Seven of the eight functioning rounds and
all of the non-functioning rounds contained
base elements from PA-E 8853,

19

Since such a large proportion of the
T-138 E57 rounds have failed to function,
and a much higher proportion function
when the tee caps are removed, itis
clearly indicated that the nose element
assembly encased in the standard tee
cap does not deliver sufficient energy
to the detonator to assure functioning.
Since some lots of rounds with tee caps
have shown a high level of functioning=-
PA-E 9404, 9507-9510, 9605-it appears
that the energy required for detonating
the T18 detonators is quite variable and
that the energy generated by the crushing
of the nose element is prevented from
reaching the detonator by some mech-
anism, not yet understood, which involves
the tee cap. Experiments, designed to
eliminate the various possibilities, are
being conducted,
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T-171 PROJECTILE :

There were no firings involving the -
T -171 projectile during the month of May. a2
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T-119 PROJECTILE

The only firing test with the T-119
projectile during the past month was as-
sociated with the demonstration of BAT
weapons and ammunition heid at Aber -

deen Proving Ground on May 19, 1952,

That portion of the demonstration in-
volving the T-119 projectile consisted
of firing inert rounds at a tank silhouette
moving approximately perpendicular to the
line of fire at a range of approximately
900 yards.

A weapon assembly consisting of a
T -137 El rifle equipped with a tube rifled
one turn in 200 calibers, a T -152 E2
mount, a T-46 caliber .50 spotting rifle,
a T-183 sight mount and an M62 E4 elbow
telescope was used. The rifling of the
tube, and the range scales on the sights
were designed specifically for the T-
138 E57 projectile., Since the T -119 had

performed satisfactorily in earlier ac- -

curacy tests, when launched from either
a smooth bore or rifled tube (1 in 20),

Future

1. Projectiles have been assembled
for a combined accuracy and penetration
test., Sixteen projectiles will be live-
loaded, The firing of these projectiles
is planned during the last two weeks of
June, -

the use of the 1-200 tube was not expected
to cause trouble. Since the trajectories
of the T-138 E57 and the 1-119 projectiles
do not coincide, and since the sights had
range scales for the T-138 E57, it was
necessary to adjust the velocity of the
T -119 so that, at the range of 900 yards,
the two trajectories matched. It was
found that a fair match could be obtained
at a muzzle velocity of 1704 ft/sec using
7 1b, 11 oz. of M10 MP propellant, Lot
PA 30242, The required velocity for the
T-138 E57 was 1720-1730 ft/sec. The
charge development data are shown in

~Table III.

Four T-119 projectiles were fired from
the ground at the moving target and three
struck the target. One of the three hits
was obtained on the first round fired from
the major caliber, This test demon-

strates again that the T-119 projectile

has an effective accuracy when fired from
the rifled T-137 El gun,

'Prqg_ram

23

2. The manufacture of a pilot lot of
500 T -119 production-type projectiles
is continuing. A forged aluminum fin
will be used with these rounds and the
first dies have been cut,
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PENETRATION STUDIES

5
BT
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=

Compurlson of Target Materials gray cast iron, 302 stainless steel plate
) ' j ‘ and 302 cast stainless steel have been 3
A penetration program to study the used, Table IV shows the penetration
comparative resistances of various target data. The lead and cast iron plates were :
materials to shaped charges has been fragmented by the blast as well as pene- ¥
B ) completed, Targets of mild steel, lead, trated, E—‘!
Table IV

Comporison of Targat Plate Material
21 Rounds fired at Erie Ordnance Depot

i . tion .
ound No. | Sein Rate | Standoff il get Material
» R (rev / sec) (inches) ( inches) erg
e —— e e
P525 0 71/2 25,06 Lead Target 1
P529 0 ST/ 21.66 Lead Target 2
: Avg. 23.36 ' i
° P526 0 71/2 - 21.00 Cast Iron 3
P532 0 71/2 19,00 Cast Iron
P535 0 71/2 18, 38 Cast Iron i
Avg. T9.46 i
P517 0 71/2 17,00 | Mild Steel é 1
P518 0 71/2 18,56 _ Mild Steel B
® P519 0 71/2 17,00 Mild Steel i
: P520 0 71/2-- 18,38 | Mild Steel 3
P527 0 71/2 17.92 Mild Steel ;
P533 0 71/2 15.94 Mild Steel i
P536 0 71/2 16,81 Mild Steel £
Avg. 17.37 ' § !
' o) g . i%y
P528 -0 71/2 17.50 5x5x1 Stainless 3
P531 0 71/2 16,92 5x5x] Stainless ;
P534 0 71/2 17,75 5x5x]1 Stainless
| Avg, T7.39 1
® P530 0 71/2 | 16.25 5x5x3 Stainless §
P538 0 71/2 16,25 5x5x3 Stainless
P539 0 T.1/2 17.37 5x5x3 Stainless :
P540 0 71/2 15, 81 5x5x3 Stainless
pP522 0 71/2 17,06 5x5x3 Stainless .
P523 0 71/2 17.00 - 5x5x3 Stainless 2
_ . Avgo IE. 62 ’ - 3
TB_é 302 stainless steels used in this experiment had the follovifing-:j_hardness:. N -
' ; . BHN Rg !
Rolled 1-in, plate 207-228 85-91 :
; Cast 3-in. plate 149-163 78-80 |
. _ . .y

CONFIDENTIAL



I T N il

it PRI = U i R e

CONFIDENTIAL

Study of Spitback Tubes

Effect of Length and Diameter
On Peneiration.

. A comparison of the penetrations pro-

duced by 45-degree machined cones (DRB
2, .100-in, wall) having spitback tubes of
different lengths and diameters has been
made, The data are presented in Table
V. The length of the spitback tube is
measured from the top of the tube to the
intersection of the tube with the conical
section,

Figure 25 shows the accumulated data
for various lengths of spitback tubes and

Figure 26 shows the results for various
diameters of spitback tubes, There is
a slight increase in penetration with in-
crease in the length of the spitback tube
but the effect of increasing the diameter
of the spitback tube is much more pro-
nounced over the range investigated.

Increasing the length of the spitback
tube from , 25 in. to 2,80 in. increased
the average penetration .7 in,, from
17,36 to 18.18 in; increasing the diameter
of the tube from .25 in. to 1.0 in, in-
creased the average penetration by ap-
proximately 2.5 in, from 16.7 to 19,1
in,

Yable V

Effect of Spithack Tubes
Yo Study Effect of Length and Diemeter
81 Rounds Fired at Erie Ordnance Depot

NaT e
. -
B
\\.
-,
‘ F ey
]

C -

E ' |
SPITBACK

OPITBACH TuBE
DIAMETER

':—:l'__fvv X —-———r—- ¥ ) —
o T o

el
A

s = TUBE LENGTH

54 )
RoundNa|-2Rifback Tube SpinRate | Standoff | penetration oadad

ILength (in)| Diameter (in)| (rev/sec) | (inches) {inches)

Effect of Length
FS323 .25 .62 0 71/2 17.9 Rav. Lot 4
FS324 .25 .62 0 71/2 17.9
¥S325 .25 .62 0 71/2 17.8
F$326 . 25 .62 0 71/2 17.8
FS327 .25 .62 0 71/2 16.8

_ Avg, T7.6 - 5y

- |FSs223 $25 . .62 - 0 b2 e ©17.38 | PA-E 7003 |
1rs224 | .25 -} .62 S SR /20 R ARk
FS225 | .25 | .62 0 T1/2 | 0 17,44
FS226 Y L .62 0 71/2 17, 88
FS227 .25 .62 0 71/2 : 17,75
‘ Avg. 17,58
26
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Table V (Cont.)
RoundNa Splfbf:ck .TUbe —Spin Rate | Standoff | Penetration Looded
Length(in) | Diometer (ln-)l (rev/sec) | (inches) (inches)
Effect of Length (Cont.)
FS282 .25 .62 0 71/2 17,56 | Rav, Lot 3
FS294 .25 .62 0 71/2 17.69
FS295 .25 .62 } 71/2 17, 25
Avg. 17.50
FS328 .25 .62 0 71/2 16. 06 Rav. Lot 5
FS329| .25 .62 0 71/2 16, 81 :
¥FS330 .25 .62 0 71/2 18,18
FS331 .25 .62 0 71/2 16, 81
FS332 .25 .62 0 71/2 17.06
. Avg. 156,98
FS333 | .25 .60 0 71/2 17.62 | Rav. Lot 6
FS334 .25 .60 0 71/2 16.69
FS335 .25 .60 0 71/2 16.38 -
FS336 .25 .60 0 71/2 17.31
FS337 .25 .60 0 71/2 17.94
: Avg. 17.19
FS304| .25 .62 0 71/2 17,25 |Rav. Lot 7
FS305| .25 .62 0 71/2 17.31
FS306| .25 - .62 0 71/2 17.56
: | Avg. T7.37
P407 1 .62 0 71/2 17.8 PA-E 7746
P408 | "1 .62 0 71/2 17.1 : '
P409 1 .62 0 71/2 17.4
P410 1 T .62 0 71/2 17,
P416 1 .62 0 71/2 17,8
Avg. 17,5
P406 1.6 .62 0 71/2 Low Order ,PA-E 7746
P417 1,6 .62 0 71/2 17.0
P418 1.6 .62 0 71/2 15. 7
P419 1.6 .62 0 71/2 17.2
P420 1.6 .62 0 71/2 16,2
Avg, 16,5
P426 2.8 .62 ¢ 71/2 18.2 Rav, Lot 4
| P427 2.8 .62 0 71/2 __ 18.3 |
P428 a8 P 62 0 71/2 17,9 e
"Pa29 | 2.8 ‘-0 62 o SO P o K e 18,1
P430 2.8 «62 0 71/2 . 18,1
| Avg, T8, T.
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Yable V (Cont.)
, Length(in.)|Dicmeter (in)| (rev/sec) | (inches) | (inches)
Effect of Length (Cont) _ _
FS1 2.8 .62 0 71/2 18,0 - | PA-E 4155
L - | FS2 2.8 62 0 71/2 19,0 .
FS3 2.8 .62 0 71/2 16.3
FS4 2.8 62 0 . 71/2 18,2
FS5 2.8 .62 0 71/2 19,5
' Avg, 18,4
3 FS11 2.8 .62 0 71/2 17,38 PA-E 4947
Fsi2 2.8 .62 0 71/2 16,50
FS13 2.8 .62 0 71/2 17.31
FS14 2.8 .62 0 71/2 18.50
FS15 2.8 .62 0 71/2 18,44
Avg., 17.33
® Fs121 | 2.8 .62 0 71/2 17.38 | PA-E 5589
; FSl22 2.8 .62 0 71/2 18,50 | '
| FS125 2.8 .62 0 71/2 17.63
FS151 2.8 .62 0 71/2 19,69 PA-E 5871
Fs152 | 2.8 .62 0 7.1/2 18,06
. FS153 | 2.8 .62 0 - 71/2 . 17.88
3 . ' : Avg, 18,19 |
FS203 | 2.8 .62 0 71/2 18,31 | PA-E 7003
FS204 2.8 62 (- 71/2 17,75 |
‘FS205 2.8 .62 0 b71/2 17,88
: : Avg. 17.98
F3245 2.8 .62 0 71/2 17, 81 PA-E 8241
FS250 2.8 .62 0 71/2 17,31
FS242 2.8 .62 0 71/2 18,50
FS275 2.8 .62 0 71/2 18.75 | PA-E 7770
FS276 2.8 .62 0 71/2 19, 38
FS277 2.8 .62 0 71/2 17,50
: ' ‘Avg, 18,21
P391 2.8 .62 0 71/2 17.93 PA-E 7746
P392 2.8 .62 0 71/2 20,68 - ;
P393 2.8 .62 0 71/2 13,93% 2
P394 2.8 .62 0 7 Tf2- 17.93 | -
P395 - 2.8 .62 0 71/2 20,18 fg?
D . _ Avg, 19,18 3
*omitted ' %
28
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® Yabie V (Cont.)
Round No. SpbacR _Tube Spin Rate | Standoff | papetration | Loaded
Length(in.){Diameter (in.) | (rev/sec) |(inches) (inches) _ - 3
Effect of Diameter - - - ' 4
P426 | 2.8 | .62 0 71/2 18,2 Rav. Lot 4 H
S P427 2.8 | .62 0 S 71/2 18.3 g
pPs28 | 2.8 | .62 0 71/2 17.9 ?l
P429 2.8 .62 0 71/2 18.1 *_3 4
P430 2.8 .62 0 71/2 18.1 g
PR = Avg, 18,1 {2
P431 2.8 1.00 0 71/2 19.9  |Rav. Lot 4 3
& P432 2.8 1,062 0 71/2 19.6 E
P433 2.8 1. 00 0 71/2 19,1 §§
P434 2.8 1,00 0 71/2 18.6 3
Pass | 2.8 | 1.00 0 71/2 18.3 i!
Avg. 19,1 |
5
P436 2.8 .25 0 71/2 16.8  |RaVe Lot4 3
o P437 2.8 .25 0 71/2 17.2
P438 2.8 .25 0 71/2 16.3
P439 2.8 .25 0 71/2 16.3
P440 2.8 .25 0 71/2 16.5

[ /)

HE L :_5:rl_§iif_ L e RN el
- -y S Ly BHE-E § R WA R
111311111 Spitback Tube Length (inches) Jiiti:} 1,145

! 2 3
Fig. 25. Effect of Length of Spitback Tube.
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meter of Spitback Tube
h

I

]
g

SIS siibock Tube
BRRE _Tube

Diometer (inches)f ./ 1l
2% 1 e 8.9 W1

o

- R R

Fig. 26. Effect of Diameter of Spitback Tube.

00 125

= Future Program

1, Evaluation of the penetration of DRB
2 (,100-inch wall) cones in T-171 assem-
blies,

2. Penetration versus standoff for
45° and 20° copper cones (. 100-inch wall)
with the head of H. E. held constant at
3.63 inches,

.3, Efiect of rotation upon drawn DRB

30

398 cones,

4, Evaluation of the influence of DRC
314 tees made of (a) mild steel, (b) high
ductility malleable iron, and (c) low duc-
tility malleable iron.,

5. Comparison between DRC 314 tees
and nose rings with respect to their effect
upon penetration,
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5 | FUZES H
~ Firing Tosts of T-267 Fuze set for super quick or electrical action, %
‘ - One functioned as intended while the other fi..a«'
Two firing programs involving Fuze, failed to function; presumably because =1
PIBD T-267 Ell, shown in Figure 27, the rotor split at the thinnest point. The bs
are reported, 4 weak section can be strengthened by a 4
4 slight modification, In this fuze the M-2 i
Ten inert fuzes mounted in inert loaded = delay element and the M21 detonator were E
T-138 E57 projectiles were fired into not set off by the detonation of the T-18, a
the recovery box. Eight of the ten base hopeful indication of detonator safety.
elements functioned completely, the rotor Table VII is a copy of the firing record.
in one failed to turn and in the remaining '
one the M-2 delay element was assembled :
¢ backwards and fziled to function, Table Modification to PD T1-223 E1 Fuze 1
VI is a copy of the firing record, Preliminary to the loading of fifteen ;

i
;
3
&

PD T-223 El fuzes, a retest of the initi-
Five fuzes with detonators were fired ation of the M-21 detonator by the M2

through a two inch bursting screen into delay element was made. This retest
a recovery box. Three of the rounds was necessary because two of five fuzes
@ were set for .05 sec, delay action and . had failed in a previous test, After the
all functioned. The remaining two were cross hole between the cavities for the

125 O &AL ———
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® Fig. 27. PIBD T-247 Ell Fuze.
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detonator and delay element had been en-
larged, as shown in DRD 250-4, three
fuzes were tested and all functioned; one
with the small hole failed to functions

Performance Tests With PD T1-222 E4
Fuze

(T-222 E3 Nose Element, and FBE-6 Base
Element).

Nine T-138 E57 projectiles containing T -
222 E4 fuze systems, a spotting charge and
an extra tetryl pellet were fired through
a two inch wooden bursting screen, Table
VIO is a copy of the firing record., One
round missed the target, four rounds
functioned after passing through the burst-
ing screen, one round functioned pre-
maturely half-way down range, and the
remaining three failed to function,

An examination of additional base ele=
ment assemblies disclosed that the non-
functioning and delayed functioning of
these rounds may have resulted when
the sliding contact failed to make contact
with the base terminal as the rotor turned.
It is suggested that upon impact with the
bursting screen contact was established
dnd in four of the eight rounds there was-
enough charge remaining to set off the

rotor stop and sliding contact assembly
has been made in an effort to correct
this possible cause for malfunctioning.

Finish Requirements and Reproduci-
biiity of Action of Setback Pins.

A test was carried out to study the
effect of the finish of the pins and the
general reproducibility of functioning
of T-222 E4 base elements(DRD 260,
Figure 28 shows the set-back pin ap-
paratus used in the centrifuge for the
tests. Ten sets of three pins with each
of the following finishes were tested: (a)
32 micro inches, (b) 63 micro inches,
(c) 85 micro inches, Table IX shows
the data from the tests., In general, the

variation between pins with one finish

was as great as the variation between
the polished and the roughest pins. The
average acceleration required was 3044
G's, The pins of each given finish and

~group were selected randomly in the as-

~ quite consistent,

T -18 detonator. A modification to the

sembly process for groups I and IV and

groups Il and V and the functioning_is
It appears that tolerance ..~

variations are a more serious consider -
ation than the finish and accordingly that
pins made from drill rod stock or turned
on a screw machine can be used without
the necessity of a polishing operation,

AR RS

Fig. 28. Setback Pin Test Apparatus.
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T-138 E57 Fuze Sysiems

“Base Homoqt Wiring Modification

A change in the method of establish-
ing electrical contact between the T-208
base element and the nose element has
been suggested. Figure 29 (DRC 439)
shows the proposed wiring system. This
design is expected to result in a greater
ease of loading and in reduced chances
for short circuits, Thirty of these as-
semblies are being made for testing.
Twenty will be used in penetration tests
at Erie Ordnance Depot and the remaining
ten will be used in live T-138 E57 rounds
fired against armor plate.

Nose Eilement Design Modification

In an effort to reduce the number of
non-functioning T-138 HEAT rounds,
the nose element and cap assembly is
being redesigned. Figure 30 is a sketch

__of one suggested design,
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Crystai Energy Studies

A program to study the effect on elec-
trical output energy taused by changes
in (a) mechanical energy, (b) angle of
incidence,(c) crystal to nose cap clear-
ance, and (d) nose cap thickness was pro-
posed in the Sixteenth Progress Report.
An apparatus for these tests is shown
in Figure 17 of that report. This program
is now being advanced to aid in the de-

" termination of the causes of the mal-
functions in the T-138 E57 HEAT rounds.
The immediate program will be to de-
termine whether any one of the following
remedial measures will be effective; in-
clusion of a spring washer between the
crystal and the nose cap, insertion of
a spring washer between the tee and the
crystal to hold the crystal against the nose
cap during flight,

L1475 CLOULR LLAS DR 6k Lovem Wﬂ\@?{ RS

DRC I & TLLIRES, DEF B3] L AR RS,
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E-ig._29. Proposed Wiring System.
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. Table IX Tavie IX (Cont.)
& Setback Pin Tests | : l
. Centrifuge | Acceleration
Tria) | Centrifuge | Acceleration Trial  |Meter Reading | G's
Meter Reading G's ) ! .
Group IIl 854/ in, finish, pins tested
Group I 32 v in. finish, pins tested ad as received,
e received, 1 b 2700
1 26 3100 2 22 2300
2 21 2000 ° 3 26 3100
3 27 3300 4 27 3300 5
4 20 1900 5 21 2000 h
5 31 4300 6 30 4000 3
© *No, 2 pin was oversize, After reworkin# 7 23 2500 i
’ assembly was retested. 8 20 4000 -
9 22 2300 :
5 23 2500 10 22 2300 - ;
6 21 2000 Avg. 24.7 2850 - 3
7 30 4000 i
8 22 2300 Group IV 32 in. finish, burrs removed |
€ 9 27 3300 |before testing. :
10 ' 20 1900 1 20 1900 3
Avg. 23.7 2630 2 20 1900 %
3 .19 1800
Group II 63 4 in. finish, pins tested 4 27 3300 ‘
© as received. 5 26 3100 3
1 25 2900 f’, ;(3) 2500 £ s
2 28 3500 2009 i
3 37 6300 £ =0 3100
R 5 et 9 19 1800 g
g E <
Ay 5 30 4000 10 19 2800 £ 4
- ¥ : . 21.9 2310
o 6 24 2700 Avg. 2 23] i
7 Failed to function * Group V 63 in. finish, burrs removed o
7 - il . * before testing, : i
*No. 3 pin oversize, After reworkind 5
assembly was retested, 1 37 .6300‘ »'f
7 25 2900 2 28 3500 i
8 30 4000 3 217 3300 i
9 30 4000 4 26 3100 a:-
10 30 4000 5 33 4900 <
‘Avg. 28,9 3830 6 20 1900 =
7 29 3700
8 21 2000 7k
e 9 27 3300
10 30 4000
Avg.27.8 3600
@
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