UNCLASSIFIED

AD NUMBER
AD016754
CLASSIFICATION CHANGES
TO: uncl assified
FROM: confi denti al

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Controlling DoD Organi zation: Ofice of the
Chi ef of Ordnance, Departnent of the Arny,
Washi ngt on, DC 20310.

AUTHORITY

ARRADCOM Itr dtd 4 Sep 1981; ARRADCOM Itr dtd 4
Sep 1981

THISPAGE ISUNCLASSIFIED




CONFIDENTIAL

13\
N
e TWENTY-FOURTH
~ 5 PROGRESS REPORT
= OF
-
% THE FIRESTONE TIRE & RUBBER CO.
ON

105 MM BATTALION ANTI-TANK PROJECT

Contract No.
DA-33-019-ORD-33 (Negotiated)
RAD ORDTS 1-12383

THE FIRESTONE TIRE & RUBBER CO.
Defense Research Divisicn
Axron, Ohio

sULY, 1952

CONFIDENTIAL



1P — ————

I1.

III.

IvV.

VI

INDEX

. Abstract

The Weapon System

T138 Projectile

T119 Projectile

. Penctration Studies

Fuzes

Page

15

21

=

th&.'s'.'ml:'i\'}.- Bl

.

LI

=3




o~

CONFIDENTIAL
ABSTRACT

Four Firesrone BAT weapon systems, localed at Fort Benning, Aberdeen
Proving Ground and Erie Ordnance Depot (2), are being used in varnous cests
of weapons and ammunition. The components cf each system are given and the
status of four weapon systems being manufactured is presented. Twe direct sights have
been returned 10 Frankford Arsenal for inspeection and reconditioning. Four T 6
spotting rifles were returned to Springheld Armory for installation of hardened bolt
locking scats and for general overhaul.

The T138ES7 rounds fired at Aberdeen Preving Ground, as a part of the
BAT demonstration, keld or July 23, 1952, are reported and the data presented.
A test to deteninine the match between the spotting rifle and the major caliber nifle
is discussed and results given.

The firing tests with the T119 projecrile, during this report period, were
associated with the demonstraticn of BAT weapons and ammunition at Aberdeen
Proving, Ground on July 23, 1952, The test results are presented and discussed.
The derivation and application of a foria factor and ballistic cocfhicient for the T119
projec:ile is a part of this report.

There were no tests conducted this month with the T171 projectile.

Three series of rounds were fired at Erie Ordnance Depot to investigate three
phases of penetration phenom. (1) the effect of the tee of the T138E57 projecule
on peneteation, (2) the effect of boester cavity on penctration and {(3) the effect
of receining DRB 398 copper liners. The data are presented and discussed.

Invesugations involving the fuzing system were concerned with (1) the
effect of shock waves upon the output of barium titanare crystals and (2) projectile

retardation  (T138E57) on  graze impact. Tests iavestgating these phases are
reported.
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THE WEAPON SYSTEM

As reported in the Twenty-Third Progress One Unit — Scheduled for completion by
Report, four BAT weapon systems, each con- August 15. I
sisting of a T137E]1 rifle, T1S2E2 mount, T46
spotting rifle, M62E4 direct sight, and T183 Two Units — Scheduied for completion by
sight mount, are mouated cn M38 trucks and September 15.

are in use ac the following locations:

Sighting System
Direct Sight

- Sl

One Uait ~ Fort Benning Georgia, for in-
formal evaluation tests of weapon and

ammunition, One direct sight, telescope M62E4 No.

18005 and T183 mouat No. 1, was returned to

Two Units ~ Erie Ordnance Depot for Frankford Arsenal on July 28 for recondition-

Firestone weapon and ammunition studies. ing.

One Unit — Aberdeen Proving Grouad for A second direct sight unit, consisting of

ammunition evaluation. M62E4 telescope No. 18000 and T183 mount

No. 4, was shipoed to Frankford Arsenal on

Four additional BAT weapon systems are July 31 for inspection and repair. This sight
being manufactured. These systems will each was ip use on units at Aberdeen Proving
consist of a TI137E2 rifle, TI52E4 mouat, Ground and became unserviceable due to the

T46 spotting rifle, T183 direct sight mouat, accumulation of moisture in the telescope.

M62E4 direct sight and M3Al modified indi-

rect sight. The status of each of cthese units Spotting Rifle
is as follows:

Four T46 spotting rifles, numbers 1, 19, 26

One Unit — Complete =xcept for new fire and 32, were returned to Springfield Armory
coaicol handwheels. Will be compieted ta July for installation of hardened bolt lock-
by August 15. ing seats and for geaeral reconditioning.

Future Program

1. Continue stress analysis studies of 4. Study mouanting of system on M38 truck to

T152E2 mount. determine possibility of simplification in

remoal from truck and in installation on

2. Continue design study of an aluminum revised M38 truck.

mount.

S. Study fire contrcl system and make a )

3. Continue design layouts of semi-automatic single fire control button to fire both

rifles. majcr and minor caliver rifles.

2
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T138 PROJECTILE

Testficings wete madain July with T138ES7
inert rounds and T138ES7 HEAT rounds at
Aberdeen Proving Ground. Th~ tests were
made in connection with the I3AT demonstra-
tion held on July 23.

Tast 1
To Determine the Match Between the
Spotting Rifle and the Major Caliber
Rifle.

Three lots of caliber .50 ammunition were
available for use at Aberdeen Proving Ground.
Samipies of each were fired at arange of 1000
yards and the center of impact for each lot
was estimated, Five rounds of TI38ES7,
inert, were fired for comparison. The data

are presented 1n Takle [ and ace corrected
for coincidence of boresights and the 1000
yard reticle marking at the center of the tar-
get.

Test 2
To Test T138E57 HEATY Rounds For Func-
2ioning and Penetration.

Sixteen T138ES7 HEAT tounds, from three
loadiog lots, were fired for penetration studies
at Aberdeen Proving Grouad. The projectiles
were fired from a T137E!l gun at homogeneous
armor plate inclined at 60-degree obliquity.
The TI138ES7 rounds fired had thig-walled
tee caps, DRA 695-3, shown in Fig. 1. A

summary of these penetration firings appears
in Table II.

-pos

.785
655

-
|
130 DIA ‘
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7,008

+ 0/0

1.055

]

Fig. I. Thin-Walled Tee Cap.
Firestone Drawing DRA 495.3

Table 1
Firing Data

To Determine Match Between Spotting and Major Caliber Rifles

|

Mulule N N C fl (mils)

Velocity o. o. enter of Impact (mils - |

Ammunition (ft/sec) Rds. Hits V

T138ES7, inert 1737 5 5 +1.33 ~1.70

T177, caliber .50 Tracer, 1656 (nom) 2 1 -3.50 -
Lot FAX+50+1710

T177, caliber .50 Tracer 1825 (nom) 10 10 +1.33 kS
Lot FAX-50-1675

T175 raliber .50 Spotter 1908 (nom) 10 10 42.00 - .75
Lot FAX-5C-1735% l

The data of Table | show that the T177 tracer (Lot FAX-50-1675) and the T175 spotter

(Lot FAX-503-1736) satisfactorily match.

3
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Table I
Penetration Firing

T138E57 Projectiles at Aberdeen Proving Grcund

Lot Ne. No. Fired No. Functioned Penetration (Inches)
PA-E9604 b 3 12.4, 12.0, 10.5

PA-EQ405 S 5 12.0, 10.8, 13.2, 12.0, 12.0
PA-E9616€ S 4 10.5, 12.5, 15.9* plus
PA-E9616 1 1 Bursting Screen (functioned)

* Indeterminate because jet hit left bottom of plate.

In the demonstration three TI3BES7 pro,cc-
tiles, fired against 5-inch armor plate at 60
degree obliquity, at a range of 500 yards, func-
tioned and penetrated the target completely.

4
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T119 PROJECTILE

The firing tests with the T119 projectile in
this report pertod were associated with the
demonstration of BAT weapons and ammuni-
tion held at Aberdeen Proving Ground on July
23, 1752, Seventeen rounds were fired prior
to the demonstration for charge development
purposes and to test the penetration results
with live rounds. The data for these rounds
are given in Tables LI, IV, V and VL.

Since the sight had range scales tnscribed
for the T138ES7 projectile it was necessary
to adjust the velocity of the T119 projectile
to give a recasonabiy good match with the re-
ticle at the demcastration ranges of 500 and
1000 yards.

Except for one round, which gave less than
9 inches of horizontal penetration, the perfor-
mance of the live rouads was satisfactory.
The dispersion of the inert rounds at 500 yards
and at 1000 yards was greater than anticipated.

T119 Rounds Fired On July 21, 22
and 23

On July 21 one tnert T119 round was fired
by the Fort Benning gun crew at a vertical
plate located 500 yards distant(approximately
8 ft. by 10 fr. target). The projectile struck
the target.

On July 22 one live T119 round was fired
at 500 yard raage by the same crew at a S-inch
thick plate of armor taclined 60 de grees :o
the vertical. A !4-inch witness plate was

Future

(1) Plans to fire a combined accuracy and
penetration program ustag the T119 projectile
and an M27 rifle have been deferred since the
projectiles scheduled for this program were
expendcd 1n the demonstration,

(2) The first shipment of forged fins for the
pilot lot of 500 TI119 projectiles has been

placed a few feet behind the target and a ply-
wood panel was placed behind the steel wit-
ness plate. The projectile struck the target
and gave complete penetration.

Oa July 23 four T119 HEAT rounds were
fired at a 5-inch plate target located SO0 yards
disrant inclined 60 degrees to the vertical.
The first round struck the target, near the cea-
ter, and gave complete penetration. The sec-
ond round was not observed and did not de-
tonate. The third and foarth rounds appeared
to detonate low on the target but subsequent
examination of the target area revealed that
these rounds struck four feet short. It was
determined that the second round, not observed
when fired, passed just under the armor plate,
as evidenced by the position of a projectile
hole found in the witaess plate. Fin marks
and the projectile chamber were fouad in a
cross timber.

‘the vertical dispersion of the last three
T119 rounds of the preceding paragraph, when
referred to a vertical plane through the target
center, was 12 inches. The first round was
36 inches above the highest of the last three
rounds. The dispersion, considering the four
rounds, was greater than expected.

Three tinert rouads (T119) were fired at a
tank silhouette moviag in a plane perpendicu-
lar to the line of fire and at a distance of 1000
yards. All rounds were short of the target.
The spotting rifle was not used to '‘range in"’
and there was no observer to direct the fire.

Program

5

received. C-liveries of orojectile assemblies
to Picatinny A:isena!l for lcading :re scheduled
beginning Aucust 8, 1952,

(3) A combincu accuracy an«t peac:itation pro-
gram, using T119 projectiles tiom che pilot

lot is planue. tor August 25, 1952.
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Table Il

T119E4 Projectile Specifications
See also Table VI

=
W ° g
Component Crowing No. Material Weight (lbs.)
Nose DRB-145 SAE1020 4.00
Body DRC-111 24STH4 3.96
Housing DRB-169 24STA4 .98
Chamber¢ CRB-168 24ST4 2.21
Piston DRB-55 SAE41490 51
Stop DRB-56 SAE4140 .38
Fins DRB-49 24STH4 .98
Pias ———— Steel .08
Assembly DRD-103
Inert L.oad Plaster 4.40
Projectile Weight (Calculated) 17.50

C. 2. .93 Cal. From Hinge Pid Ccater Line, Fins Open
C. G. 2.32 Cal. From Hinge Pin Center Line, Fins Open

Total Length — Fins Closed 32.14 in.

PRVE PRENIBISSEE TN SV £ S S 4
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Yable IV

T119€E7 Projectile Specifications
See also Table VI

Component Drawing No. Material Weight (Ibs)
Nose DRC-342 SAE1020 3.75
Body DRC-392 SAE1045 5.47
Housing DRB-197 24ST4 .85
Chamber DRC-393 24ST4 1.60
Pistoa DRB-198 SAE4140 52
Stop DRA-173 SAE4140 .09
Fins — Caated DRB-285 24STH4 .94
Pins 3/4" LG.X.2505 SAE1020 .06
Nose Cap DRA699 SAE1030 .23
Plug DRA288 24ST4 .11
Obturating

Band DRB420 Copper .20
Cone DRB398 Copper .90
G-Ring Ckcx3-1/8 x 3 7/8 Rubber .01
Gas Seal Picatinny Arsenal

D%G. 75-14-38
PcMKE Copper & Lead .03

Base Element DRAS79 —_—— .33
Wire & Tape DRAG628 Nylon & Copper
Nose Element DRA496 Barium Titanate .02
Pin Strip DRA454 Bakelite -
Grommet DRA492 Nylon -
Shock Pad DK A493 Felt —_
Shock Pad DR A491 Fele -
Sleeve DR A498 Turbosil Silicone Glass ——
¥asher
R.C. Assy. DRA598 ———— -
Insulator DRA460 Felt -
Assembly DRD332
Composition B 2.79
Projectile Weight (Calculated) 17.84

C. P. .67 Cal. From Hiange Pin Center Line, Fins Open
C. G. 1.75 Cal. From Hinge Pin Center Line, Fins Open

Total Length — Fins Closed 28.08 in.
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Table V

T119E8 Projectile Specifications
See olso Table V!

Component Drawing No. Material Weight (Ibs)
Nose DRC342 Malleable lron 3.49
Body DRC341 SAE1045 5.58
Housing DRC412 24ST4 1.76
Piston DRB198 SAE4140 52
Stop DRA173 SAE4140 .09
Fins DRD334 24ST4 Forging 1.01
Pins DRA730 SAE1020 .06
Nose Cap DR A699 SAE1030 22
Plug DRA288 24ST4 .11
Plug DRB419 24ST4 .58
Obturating

Band DRB420 Copper .20
Cone DRB398 Copper .93
O-Riag Ckcx3-1/8'x3 7/8'" Rubber .01
Gas Seal Picatinny Arsenal

DWG. 75-14-38

PcMKE Copper & Lead .03
Base Element DRAS79 ———— .33
Vire & Tape DRA628 Nylon & Copper -
Nose Element DRA496 Barium Titanate .02
Pin Strip DR A454 Bakelite -
Grommet DR A492 Nyloa -
Shock Pad DR A493 Felt -
Shock Pad DR A491 Felt -_
Sleeve DRA498 Turbosil Silicone Glass —-—
Washer
R. C. Assy. DRAS98 ——— ==
fnsulator DRA460 Feli -
Assembly DRD262

Composition B
Projectile Weight (Calculated) 17.82 lbs.

C. P. .68 Cal. from Hinge Pin Center Line, Fins Open
C. G. 1.73 Cal. from Hinge Pin Center Line, Fins Open

Total Leagth — Fins Closed 28.21 in.
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The Derivation and Application of a
Form Factor and Ballistic Coefficient
for the T119 Projectile

Derivation

The form factor and ballistic coefficient of
the T119 projectile were calculated by the use
of Stacci theory and experimentally determined
elevations for three different ranges.

The data shown in Table VII were obtained
from firings of the T119 projectile. The pro-
jectile weight was 17.50 pounds and all muzzle
velocities were corrected to 1700 ft/sec in
determining the center of impact of the group
of projectiles.

1t — form factor (Ratio of the projectile’s
drag coeffictent to that of the standard
projectile chosen).

d — diameter of the projectile in inches
(4.134).

x — range in feet.
6 — angle of elevatioa.

o~ — tatio of density of the air to the den-
sity of air under standard conditions

(0= 1 1is assumed in all calculations).

S,A,I — symbols denoting certain Siacci
integrals which are functions of velo-
city (u), subscript(o)indicates a value
at muzzle velocity (up).

Table VIii
Data From Test Firings

Range Elevation Vertical Center Elevation With Firestone Report .
(Yds) (Mils) of Impact eport

(Mils) Respect to V.C.I. Table Page No.
1029 21.5 ~1.009 22.51 X 27 15
1507 37.0 - .890 37.89 X1l 21 18
2044 59.0 - .483 59.48 Vil 15 19
Choice of Drag Curve Calculation

Standard drag curve G, had been used pre-
viously to determine elevations for firing at
1500 and 2000 yards (See Nineteenth Progress
Report, page 14), but a consideration of the
various shapes of the standard projectiles in-
dicated that standard curve G, should give
the best fitc. This conclusion was based on
the fact that standard projectile No. 2 has
dimensions (in calibers) of body and nose
similar to the T119 projectile (It is the only
standard projectile with a conical nose). The
G,, tables were used since they are a refined
version of the G, tables.

Formulas

THE FOLLOWING FURMULAS WERE USED:
(1) x =% (5-S.)
(2) sin 28 = %[‘;_S: -

Where
c:" ,J': ballistic coefficient
, -

m — mass of projectile in pounds.

Since range, elevation and muzzle velocity
were obtained from the experimental data x ,
6,,S. , Ay, and I, were the known quantitics
in the two equations, leaving three unknowns
(C,A,S) to be determined. A trial and error
method was employed to obtain an approximate
solution for each of the three sets of equations.
Various values of C,, that would give a value
of @ reasonably near the observed value were
plotted against sin 26,. From this curve a
value of C,, could be obtained which agrced
very closely to the observed sin 26,. This
process was carried out for each set of equa-
tions (i.e. for each range and corresponding
elevation), resulting in chree diffeient valucs
of C,2 each fitting its own range within 40.10
mil of the experimeantal data. By simultane-
ously adjusting these three values of C;,, a
value was determined which would fitall three
ranges and give minimum deviations from the
experimental data,

The besi result of C,, was found :o be
.6326 and 1,, = 1.6187. Using these values
of C,, and i_z.zv the calculated and cl.rpe.ri-
mental elevations have a maximum deviarion

of .05 mil.
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Application

Having obtained an optimum form factor and
ballistic coefficient, the next objectives were
the determination of

1. Elevations aand terminal velocities for
ranges from 100 yards to 2500 yards at
100-yard intervals.

2. Trajectories for 1000, 1500, 2000 and
2500 yards.

3. Time of flight for 500, 1000, 1500, 2000
and 2500 yards.

4. Angles of fall at 500, 1000, 1500, 2000
and 2500 yards.

S. Retardatioa factor in the region of the
muzzle,

6. The effect of muzzle velocity differ-
eances on impact points.

7. The effect of projectile mass variatioas
on impact points when muzzle velocity
is constant,

8. The effect of projectile mass variations
on impact points when initial kinetic
energy is constaat.

Elevations and Terminal Velocities

To determine the elevations and terminal
vclocities the mass of the E8 projectile

(17.70 Ib) was employed since the form factor
had been found to be 1.6187, the value of C,,
became 0.6398. The muzzle velocity used
was 1700 ft/sec.

Equations (1) and (2) were utilized in this
application.

(1) x=9%. (5-5)
@ sinze, = Y[ A

s %/

The procedure involved using the known
values of x and C, , to solve for (§-S,).
Since the value of Sy is taken from the G, 5
tables, values for S at each range follow
easily., Since S is the value of this particv-
lar function at a position x, interpolation in
the tables gave values of uy, the velocity
remaining at the target.  For the purpose of
determining A, this velocity was computed
to .001 ft/sec. The results of this calcula-
tion are shown in Table VIII.

Table VIIl

Elevations and Terminal Velocities

T119E8 Projectile. See Table V
Cop = .0398 Y, = 1700 f1/sec
Ronge Elevation Terminal Range Elevation Terminol
(Yds) (Mils) Velacity (Yds) (Mils) Velocity
(ft/sec) (ft/sec)
0 0.00 1700 1400 33.99 1035
100 1.69 1642 1500 37.51 1016
200 3.53 1585 1600 41.17 998
300 S.40 1528 1700 44.98 981
400 i 7 1473 1800 48.93 965
500 9.41 1418 1900 53.01 249
600 11.62 1365 2000 57.24 934
700 13.91 1314 2100 61.59 219
80J 16.41 1263 2200 66.10 904
900 18.88 1214 2300 70.72 890
1000 21.57 1167 2400 75.48 876
1100 24.43 1123 2500 80.41 862
1200 27.45 1083
1300 30.64 1056

11
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Trajectories

To determine the trajectories for 1000, 1500,
2000 and 2500 yards the equation (3) was
used.

3) Yx=Tan6, - 35 S/ 5552~ 1, |

Where
xandy are respectively the horizontal
and vertical instantancous coordinates
of the projectile relative to the muzzle
(meusured in feet.)

All Siacci functions involved in this
equation were handled as in previous-
ly explained applications.

The value of Qused i1s the elevation

for the particular range whose trajec-
tory 1s to be determined.

S and A depend on the poini: along the
range,

Other symrcols agree with previous
definitions.

The values of y were calculated at in-
cervals of 100 yards along the range.
For results see Fig. 2.

Time of Flight

To calculate the time of flight for the pro-
jectile at ranges of 500, 1000, 1500, 2000 and
2530 yards, equation (4) was used.

4 t-= % sec 6, (7-7)

Where
t—time o€ flight in seconds.
T - Siacci 1ntegrai,
T,~ Value at muzzle velocity.
Other symbols agree with previous def-
initions. The calculations are summarized in

Table 1X.

1000
Range ( yds)

Fig. 2. Trajectories for Four Ranges.
TI19 Projeciile — 1000, 1500, 2000 and 2500 yerds.

fable 1X

Time of Flight
T119E8 Projectile

"R_ange

12

Elevation Terminal Time of Flight
(Yds) (Mils) Velozity (Sec)
. (Mils)

500 9.41 1418 0.966

1000 21.57 1167 2.132 176
1500 . 37.51 1016 3.530 9.6
2000 57.24 934 5.077 e
2500 80.41 862 6.763 gy
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Angie of Fall

In finding the angle of fall for ranges of
500, 1000, 1500, 2000 and 2500 yards equa-
tion (%) was used.

(5) 77670 & - 35 Sec’, (I-1.)

Where
[ is a Siacci integral.
lo represents the value at the muzzle.
Octher symbols agree with previous def-

initions. The calculations arc summarized in
Table X.

Retardation Factor

The following equation (6) can be derived
from Siacci theory.

6) R=% G Sec &,

Where Ua-u
R‘—'if—:x: retardation factor in ft/sec.
G is a function of velocity.

The velocity used to determine G from
the tables is the velocity of the pro-

jectile at the point where the retarda-
tion factor is desired. This velocity
is obtained by using equation (1) as
previously explained. For projectile
E8, R =.1936 ft/sec/ft.

The Effect of Muzzle Velocity Differences
On Impact Points

The equations previously used to determine
elevations were used to determine the effect
of muzzle velocity diiferences on impact
points. Using the E8 projeciile mass (17.70
1b.) and ballistic coefficient (0.6398), the ele-
vations were determined for velocities from
1650 ft/sec to 1750 ft/sec at 10 ft/sec inter-
vals. The differences in these elevations
gave the vertical differences in impact points.

This effect was calculated at ranges of
$00, 1000, 1500, 2000 and 2500 yards. The
results are shown in Table XI.

The positive sign of the vertical deviation
means that as the initial velocity increases,
the impact point becomes higher.

Table X

Angle of Fall
T119E8 Projectile

o Terminal

Range Elevation Velocity Angle of Fall

(Yds) (degrees) (ft/sec) (degrees)
-

500 0 32° 32 1418 -0 36’35
1000 1 14° 8 1167 -1 35° 25"
1500 2 853" 1016 -3 424"
2000 3 16° 33" 934 -4 52’22
2500 l 4 35° 50" 862 l -6 58°18°‘

Yable XI

Effect of Muzxzle Velocity Variations

Range (yds)

Vertical Deviation

(Mils/ft/sec)

500
1000
1500
2000

2500

+.011
+.C027
+.047
+.065
+.083

CONFIDENTIAL




(5 )

CONFIDENTIAL

The Effect of Projectile Mass Variations On
Impact Poii:ts — Muzzle Velocity Constant

The same generai procedure was followed
in this calculation as in that involving muzzle
velocity differences except that muzzle velo-
city was held constant (u, = 1700 ft/sec)
while elevations were calculated for masses
frcm 17.35 ib to 17.85 1b at 0.05 1b intervals.
These calculations wecre made at ranges of
500, 1000, 1500, 2060 and 2500 yards. See
Table XII.

The positive vertical deviation indicates
that as the projectile mass increases, the im-
pact point becomes higher.

The Effect of Projectile Mass Variations On
Impact Points —Initial Kinetic Energy
Constant

Uander usual firing conditions, the amount

Table Xil

Effect of Projectile Mass Variations
Muzzle Velocity Constant

of powder used is constant, so that other tac-
fors being uniform, it can be assumed that the
initial kinetic energy of the projectiles is con-
staut. Thus any differences in projectile
mass will involve a difference in muzzle vel-
ocity.

The vertical dispersion resulting from such
circumstances was calculated in the same
manner as in the preceding example except
the initial velocity used for each mass was a
value such that the initial kinetic energy would
be constant. This was the energy of a pro-
jectile of 17.60 It with a muzzle velocity of
1700 (t/sec. Elevations were calculated for
ranges of 500, 1000, 1500, 2000, 2500C yoards,
using masses from 17.35 to 17.85 lb. (See
Table XIII).

The negative vertical deviation shows that
as the mass of the projectile incceases, its
impact point becomes lower.

Table Xiii

Effect of Projectile Mass Variations
Initial Kinetic Energy Constant

Ve:ticol Deviation
Range (yds) (Mil per 0.1 Ib) Range (Yds) Yerticol Deviotion
500 +.003 500 -.050
1000 +.034 1000 -.102
1500 +.096 1500 -.136
2000 +.162 2000 -.158
2500 +.246 2500 —.160 |

i4
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PENETRATION 5TUDIES

Effec? of Tee on Penetration

In the development of the T138ES7 pro-
jectile the tee configuration bhas been ex-
tremely important. The exterior shape has
a pronounced influence upoa the flight sta-
bility of the projectile, and the interior con-
figuration of the tee has been largely con-
trolled by the effect of the tee cavity on the
action of the jet.

The great majority of penetration firings
bave been made with nose rings in place of
regular tees but at various stages in the de-
velopment the actual tees have been check-
ed for interference.

Data presented in the Twenty-Third Pro-
gress Report indicated that the tee on the
T138ES57 assembly, shown in Fig. 3, does
oot interfere with penetration results at a
spin rate of 25 rev/sec but chat it reduces
peactration substantially at zero rev/sec.
This investigation has coatinued during this
report period.

Thirty rounds were fired at Erie Ordnance
Depot ia continuation of the study of the ef-
fect of the tee on penetration results. The
data for these rounds are givea in Table
XIV. Two different penetration round as-

DRB - 360 ROTATILG BAND

_ORA -288 ALUGy X

semblies were used and each type was fired
both with and without tees. The combina-
tions used were:

WITH NOSE RINGS (at 0 and 25 rev/sec)

(1) DRC 376 body, ring and plug assembly,

DRB 398 pressed cone. See Fig. 4.
(2) DRC 15-6 body and plug assembly,
DRB 2 machined cone. See Fig. 5.

WITH TEES

(1) DRC 376 body and plug assembly,
DRC 314 tee, DRB 398 pressed cone.
See Fig. 6.

(2) DRC 15-6 body plug assembly, DRC
314 tee, DRB 2 machined cone. See
Fig. 7.

The data from the firing in Table XIV show
that in the case of DRC 376 assemblies
(Figs. 4 and 6) the DRC 314 tee reduces
peactration by at least 3 inches at zero rev/
sec, but seemed to have little, if any, effect
oa penetration at 25 rev/sec.

In the case of the DRC 15-6 assembiies
with DRB 2 conical liners (Figs. 5 and 7)
the penetration results were noi influcnced
by the presence of the tee at zero rev/sec
spin rate. This confirms results obtained in
caclier tests, (Tenth to Thirteenth Progress
Reports).

c-LRC_321 BQRUx

\
| X
| TSRS SO ,
\ v ” , it gy o il
L Py ﬂ“ ”1
! . - - aa .y oa.- N A‘!.
B S v & . |
i ; !_LL_ZL/ [/ F SV S e

—DRB-410_ PLLG

Fig. 3. TI38ES? Projectile Assembly.
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Fig. 4. Penetration Assembly.
DRC376 Atsembly, DRBI98 Prested Cone.
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Fig. 5. Penetration Assembly.
ORCi5-6 Assambly, DRB2 Mechined Cone.
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Penetration Assembiy.

DRC!5.6 Assemb!y,

DRB? Machined Cone.
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Table XIV

Penetrotion Data
Effect of Tee on Penetration
Firings at Erie Ordnance Depot

Round Booster Pounds Penetration Max. Std.
Mo I o3® [Ceavity Cone | compB || (inchesM.S) |Spreadin)Dev. (in)
Q9 Ring Yes DRB393| 2.46 | O 19.31
QSS 1" " 1 2. 50 " 18. 00
Q56 Gl Ul e 2.48 ty 18.06
Q57 Ay 1 o 2.48 0 20.56
Q59 e i e 2.46 e 20,06
Avg. 19,20 2.56 £1.16
Ql0 Ring Yes DRB398| 2.46 25 15.69
Q45 " ug i 2.50 o 16,00
Q46 Lt Ul e 2.48 " 15,00
Q58 L i 1 2.46 A 15. 44
Q74 i i g 2.46 d 14, 00
Avg. 15.23 2.00 | .78
Q471 Tee Yes DRB398| 2,48 | 0 16,62
Q474 e iy g 2.48 i 16,44
Q579 . = " 2.46 oy 16,06
Q580 " Ll " 2.46 0 15.94
Q591 U iy UL 2.48 U 16.44
Avg, T6.28 0.68 | +.29
Q320 Tee Yes DRB398| 2.48 25 12,81
Q463 1" " 1" 2.50 " ]3.69
Q470 U u d 2.48 0 14,25
Q472 U 1 Ul 2.46 o 14,50
Q473 i " " 2.46 i 15,75
Avg. 14,40 2.06 +.83
FS541 Ring None DRB2-
with S.B. 2.52 0 18.18
FS542 g o L 2.56 | 18,62
FS543 14 1 it 2.54 b 18.69
FS544 UL i it 2.56 g 18. 38
FS545 i U n 2.54 i 17.94
| Avg., T8.36 0.75 | 4.3l
FS546 | Tee None DRB2-
with S.B.] 2.50 0 18.06
FS547 B Y u 2.52 ty 17.56
FS548 Ul n it 2.52 o 17.62
FS549 o " L 2.54 " 18.62
FS550 1y 4 Ui 2.50 ag 17.94
| Avg, 17.96 1.06 +.43
17
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Effect of Booster Cavity On

Penetration

Ten rounds were fired at Erie Ordnance
Depot to detarmiae the effect of a T208 base
The data are

element cavity on peaetration.

WITHOUT BOOSTER
CAVITY INM HIOH EXPLOS/VE

CONFIDENTIAL

given ia Table XV.

The test assemblies

used are shown tn Fig. 8. The results show

renetration
better
position.

/
/7

¥
o
N T e A

4 ) i 4 »
N . *'.(,-.\.h e
| P :;‘.'i/ 4/// /_
WiTH BOESTER CAvITY
IN AIGH EXPLOSIVE

Fig. 8. Test Assemblies.
Booster Cavities.

Table XV

Penetration Data
Effact of Booster Cavity
Firings at Erie Ordnance Depot

IS N
YA

to he epnraximately 2 tnches
.ith the boosiwer ‘n a more rearward

R

zd' Nose Boogter Cone LDS: Re Penetration LM“' Std.‘
0. Cavity CompB Zec. (inches M.S) Spread(in)|Dev.(in.)
Q9 Ring Yes DRB398 | 2.46 0 19.31
Q")‘S 4 ] " 2.50 T 18, 00
Q56 1 1" " 2.48 " 18. 06
Q57 " " " 2.48 1" 20,56
259 e 1 ' 2.46 20,06
Avg. 19,20 2.56( 1,16
Q3 Ring None DRB398| 2.58 0 20, 88
Q4 " 1" ' 2.58 t 21.38
Q5 ' " ' 2.54 v 20.50
Q6 " " " 2.581 " 21.56
Q7 " " " 2.56] 21,06
| Avg. 21.08 |  1.06 :.42
1¥
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Penetration Results With Recoined
Conical Liners

Nine test assemblies with recoined DRB
398 liners and fifteen control rounds using
standard DRB 398 conicai liners were fired
to determine the effzct of the recoining oper-
ation. In the coining operation a standard
DRB 398 copper cone is pressed between
matching steel dies under a load of 900 tons.

DENTIAL

The main effect of this final press is to
straighten the walls and reduce the maximum
waviness from about .006 inch to less than
.001 inch. The penetration data are given
in Table XVI.

These data indicate that under the test
conditions there is no substantial difference
between the performance of the standard and
recoined DRB 398 liners.

Table XVi

Penetration Data
Results With Recoined Conico! ilners
Firings ot Erie Ordnance Depnut

2. DRC376 Test Assemblies
3, Standoff = 7.50 inches

Spin Rote Penetration Max.Spread | Std. Dev
Lbs. Comp.B ) :
Round No. PB | (rev/ssec) (inches MS} i s (in)

FS555 2.48 0 20.18
FS557 2. 44 I 18,62
FS558 2. 44 " 16,25
FS559 2.48 1y 19.50
FS560 2.44 " 20,62

Avg., 19,63 2.00 +.79
FS551 2. 46 25 14,38
FS552 2.46 " 14,12
FS553 2.46 " 14,06
FS554 2.48 " 13,75

Avg. 14,08 0.63 +.26

Notes:

1. Loaded at Ravenna Arsenal, BAT Load Lot No. 12, Holston 3-126

Controls for above

Q567 2.50 0 21.56

Q587 2.48 0 20.88

Q588 2.48 0 20,50

Q589 2.50 0 20,94

590 2.50 0 20.44
Avg. 20,86 1.12 +.45

Q441 2.48 25 14, 31

Q465 2.48 " 13.38

Q466 2.48 " 15.69

Q467 2.50 " 15. 81

Q475 ..48 " 14.56
] 14, 75 2.43 +1.02

Q469 2.48 30 12. 44

Q539 2. 46 " 11.88

Q513 2.48 " 12.06

Q565 2.48 " 12,00

Q566 2.48 " 12.12
Avg., 12,70 0.56 $.21

19
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Future Program

(1) Conduct penetration versus standofftests
for 45° and 20° copper cones (100-inch wall)
with head of H.E. held constant at 3.63 in.

(2) Evaluate the influence of DRC 314 tees
made of(a) mild steel (b) high ductility mall-
eable iron, and (c) low ductility malleable

==y

iron.

(3) Conduct tests to determine the effect of
interior tee cornfiguration on penetration re-
sults. DRB 398 ccnes will be used in
T138ES7 test assemblies with various tce
modificatioas.
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Effect of Shock Waves Upon the
Output of Barium Titanate Crystals

In further consideration of the sensitivity
of barium titanate crystals a number of tests
have bevn made in which a shock wave is
allowed topass through anunconfined barium
citanate crystal and the output of the crystal
is estimated. Figure 9 is a schematic draw-
ing showing the two laboratory setups used.

Heatsiwb
N

-

Mo scope
= M

, I,

\\._\ _\\

T2z2wone © LA N

. O
VISE JAWS COVERED V\-omQN-,\b\
WITN RUBBER .)SOIN. THICH Yook Vp
Bgrivm Tikanoate
Crysta/ ‘= Copper Contact
(a)

- >

Test 3
When a steel rod 4.5 in. diamecter and 6 in.

long replaced the rods of Tests 1 and 2, ce-
peated hammer blows failed to function the

BS28 indicator.

Test 4

A steel hoop, 10 in. I.D., made from Il-in.

9
3
T v
]
1 .
83y \
STEEL NHoor g- ! Eg
=
s | Lo
ZESNENT REMOVED || g I
OR CRYySTAL | g

S/aormnce between
Cryste/ 4nd hoop :}
approx. oo "

Fig. 9. Two Laboratory Test Setups.
Effect of Shock Waves on Barium Titanate Crystals,

Test 1

A steel rod, .75 in. diameter and 21 inches
long was clamped in a vise as showa in

Fig. 9 (a). The barium titanate crystal,
1 in. diameter and .0€2 ia. thick, was taped
to the end of the rod. A light hammer blow
on the exposed end of the steel rod fired the
BS28 indicator. A similar result was obtain-
ed when T222E3 nose elements (DRA 496-2,
Fig. 10) were used.

Test 2

An aluminum rod, .75 in. diameter and
8 in. long was substituted for the steel bar
of Test 1. Again a light hammer blow on the
exposed ead of the rod was sufficient to fire
a BS28 indicator.

square bar was clamped as shown in Fig. 9
(b). The gap in the hoop allowed about .005
in. clearance for the T222E3 nose elements.
A light blow on the ring with either a hammer
or wooden rod was sufficient to fire the BS28
indicator tegardless of the direction or loca-
tion of thc blow.

{If!;‘gﬁ

fnl

Fig. 10. Nose Element Assembly.
Firestone Drawing No. DRA496.2,

Zl
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Test 5§

A tee and nose element assembly from a
TI138ES57 projectile was clamped in the vise.
A BS?8 indicator, ccanected <o the leads,
could be fired by light hammer blows on the
tear or side of the tee.

Discussion of Tests 1 to 5§

Ii al) of these tests (1 to 5) the crystal
was unconfined, that is, one side of the cry-
stal was left unblocked. ln ecach case the
crystals remained intact, showing that the
vibration did not cause large distortions of
the crystals. The veoltage-time curves of the
output of the crystals show that the crystal
is oscillating and that it is alternately com-
pressed and relaxed during the oscillating
cycle. If the amplicude of the oscillating
motion is sufficiently large and if the fre-
quency is sufficiently high the crystal would
be expected to generate sufficient energy to
tire the BS28 indicator.

ln any event, these experiments show that
the T222E3 nose element will function a
BS28 indicator when vibrated, and that high
pressures and gross distortions are not ree
quired.

Range Firing Tests Jsing T222E3
Nose Elements

Test slugs weighing fifteen pounds have
been fired from a 75 mm gun at TI38ES7 tee
assemblies having T222E3 nose elements.
A BS28 indicator and an oscilloscope were
connected in parallel across the output ter-
minals of the crystal assembly. Attempts to
photograph the voltuge-time trace have been
unsuccessful because of insufficient seasi-
tivity of the photographic film. Attempts to
obtain piciuresusing presensitized film werc
also unsuccessful. A new oscilloscope tube
has been ordered which should reduce the
photographic probiems. The voltage-time

22

curves could be observed visually and in
cach case in which the indicator functioned
a voltage was also observed on the oscill-
oscope.

The variations of nose element mouatings
shown in Fig. 11, was tested. The data are
shown in Table XVII. In eleven of the
twelve tests the BS28 indicator functioned.
In the one non-functioning case a question-
able tee assemnbly was used. This assembly
had been hammered repeatedly in carlier at-
tempts to presensitize f:lm and obtain photo-
graphic records of the voltage-time trace. It
was used only because substitute assemblies
were not available. In one test the slug
barely grazed the end of the tee cap buc the
BS28 indicator functioned. In test Il of
Table XVII the tee was reversed so the slug
struck the base instead of the nose cap and
the indicator functioned.

T138E57 Projectile Retardation On
Graze Impact On Grass Sod

A group of T138ES7 projectiles were fired
to determine the retardation or loss of velo-
city on graze impact with grassy sod. The
projectiles were fired so as to strike che
ground at nominal angles of 40 miautes, 3
degrees and 6 degrees. The velocity of the
projectile was determined both before and
after ground impact. The data are recorded
ia Table XVIIIL.

At each of the three angles of impact test-
ed the projectiles dug a furrow in the ground
8 to 16 ft. long. The velocity of the rounds
afier graze seems to be independent of the
angle of impact and averages 428 ft/sec for
the eight rounds for which exit velocities
were determined. Thus, it is concluded that
the decelerativn of the projectile upon graze
impact is sufficient to permit the use of aa
inertia type fuze mechanism on HE or WP
shell.
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Table XVl

Ronge Firing Data
Testing T22252 Nose Elements

Cap Clesr- I Special
Round Squib Wall ance Description Results
No. Resistence (in) (in)
1 = 100 .032 Fig. 11(a) Squib Functioned
No Photo
2 - 03¢ - Fig. 11(b) Squib Functioned
No Photo
3 - .030 .022 Fig.11(c) oL
4 . .030 .000 Fig. 11(d) B0
5 3000 - - Data Lost s
6 1900 - - No tee cap. Top half
of Lucky insulated out *
of circuit with tape Fig.11(e)
b 1000 .120 .041 This Lucky had been
observed as having poor =
activity according to
electrometer reading.
8 3700 .030 .023 Fig.11(d) except Lucky "
Not cemented down.
9 1250 .049 .031 Same as 8 '
10 2800 .050 .026 | Same as 8 '
11 1800 .G50 .037 Same as 8. Projectile *
shot at base.
12 1900 .030 .020 Same as 11. Nose had Squib did not
been hammered coasiderably. function. No
Lucky crumbiing prior to photo.
firing.

Note: 75 mm projectile, weight — 15.03 Ib. Velocity — 1280 ft/sec.

24
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