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OBJECT

To determine the time interval between impact of a 75 mm T165E11
Composition A-3 HEP-T shell on a target and deflagration of the explosive
charge in the shell.

SUMMARY

Effective HEP shell functioning requires fuze action before the explosive
charge deflagrates. It is therefore necessary to know the length of time
between impact and deflagration in order to design effective HEP shell.
Accordingly, Picatinny Arsenal began an investigation to determine this
time interval at varying velocities and angles of obliquity.

At impact velocities beginning at about 2400 fps and decreasing by
steps of approximately 100 fps to a minimum impact velocity of about 1150
fps, 75 mm T165E11 HEP-T shell loaded .with Composition A-3 and assembled
with inert-loaded M91Al fuzes were fired to impact armor plate at both 0°
and 30° obliquity. Inert control rounds were also fired at each velocity to
aid in distinguishing between plate flash and deflagration. No deflagration
occurred at velocities up to and including 1750 fps at 0° obliquity and 2000
fps at 30° obliquity. Deflagration occurred at velocities of 1934 fps and
higher at 0° obliquity and 2070 fps and higher at 30° obliquity. The interval
between impact and deflagration varied from a maximum of 193 microseconds
to a minimum of 23 microseconds, with the time decreasing as the velocity

was increased.
CONCLUSIONS

It is concluded that deflagration may occur at impact velocities above
1900 fps normal to the target, the interval between impact and deflagration

decreasing with increasing impact velocities.
Effective HEP shell functioning at high impact velocities is impossible

unless a means of increasing the time interval between impact and defla-
gration is developed.

RECOMMENDATION

It is recommended that no further work be conducted to determine the



relationship between impact velocity and the time interval between impact
and deflagration, because of the promising results being obtained with
inert nose pads as a means of extending this time interval.
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INTRODUCTION

1. The objective of HEP shell design is to produce a projectile with a
thin ductile nose, which when loaded with an explosive of high brisance
can defeat armor plate by spalling. When the shell impacts armor plate, its
nose crushes so that the explosive mushrooms against the armor plate. The

fuze then detonates the explosive from the rear of the shell, directing the
explosion front against the armor plate. This causes a violent separation
of a section of the armor plate (the spall) from the opposite side of the plate.
The spall’s size and velocity depend upon the plate area in contact with
the explosive charge at detonation. This contact area is governed by the

amount of crush-up which takes place before detonation.

2. Effective spalling requires not only the proper amount of crush-up,
but also that the fuze functions before the explosive deflagrates by impact.
When deflagration occurs before fuze action, either very poor spalling or no
spalling at all may be expected. This is because the interference by defla-
gration prevents the explosion’s full force from being directed toward the
plate. Therefore the time interval between impact and deflagration must be
known in order to design effective HEP shell which will crush to a suitable
extent before fuze action, but will detonate by fuze action before deflagration

occurs.

3. Accordingly, Picatinny Arsenal initiated an investigation to determine
the cime interval between impact and deflagration of HEP shell, at varying
velocities and angles of obliquity, and selected the 75 mm T165E11 Comp-
osition A-3 HEP-T shell as the test vehicle. Because it is difficult to
distinguish between plate flash and deflagration, inert-loaded rounds were
used to help determine which action occurred upon impact. This report covers
the results of this investigation.

RESULTS

4. Tables 1 and 2 present the results of firing 75 mm T165E11 Composition
A-3 HEP-T shell to impact 3-inch-thick armor plate at velocities beginning
at about 2400 fps and decreasing until no deflagrations were observed, both
at 0° and 30° obliquity. For those rounds which deflagrated, the time interval
between impact and deflagration was determined by examination of streak
films of each impact. Figure 1, showing plate flash, and Figure 2, showing



deflagration, are enlargements of typical streak films taken during this test.
Pertinent data may be summarized as follows:

Angle of Impact Time Between Impact
Test Obliquity, Velocity Deflagration and Deflagration,
Number Degrees feet/sec Visual Camera Microseconds
1 30 2395 yes yes 9
2 30 2310 yes yes 51
3 30 2261 yes yes lost
4 30 2173 yes lost lost
S 30 2070 no yes 112
G thru 17 30 1996 down to 1577 no no e
18 0 2341 yes yes lost
19 0 2268 yes yes 23
20 0 2177 yes yes 124
21 0 1934 no yes 193
22 thru 43 0 1795 down to 1157 no no -

DISCUSSION OF RESULTS

5. The authors of this report examined streak films (Fig 1) of the inert-
loaded control rounds impacting on armor plate to determine the character-
istic markings caused by plate flash on streak films. Application of this
knowledge to subsequent examination of streak films (Fig 2) of HEP rounds
impacting on armor plate allowed positive differentiation between plate flash
and deflagration for these rounds.

6. Test results indicate that HEP shell probably will not deflagrate
upon impact at velocities of 1750 fps or less, at 0° obliquity, the most criti-
cal condition. At 1900 fps and above, deflagration can be expected. Analysis
of the limited results shows that the time between impact and deflagration
decreases with increased velocity. For example, at 0° obliquity deflagration
occurs 193 microseconds after impact at 1934 fps impact velocity and only
23 microseconds after impact at 2268 fps. Because so few rounds defla-
grated, additional tests of a considerable number of rounds fired within the
velocity range of 1800 to 2400 fps would be necessary to more accurately
establish the relationship between impact velocity and deflagration time.

7. It is desirable that HEP shell have exterior ballistics comparable

with those of equal caliber HE shell. This requires impact velocities as
high as about 2700 fps. Because at such velocities HEP shell may deflagrate

~GONFIDENTIAL



in even less than 23 microseconds after impact, and because the M91A1
fuze now used with HEP shell requires about 210 microseconds to function,
it would appear that a new and faster fuze or a means of extending the time
between impact and deflagration is necessary for such high velocities.

8. But use of a fuze which would act before deflagration at 23 micro-
seconds or less would not result in effective spalling. Data obtained from
test firings (Ref A) which related crush-up with resultant spall size indicate
that the crush-up after 23 microseconds would be far less than enough for
effective spalling. For example, at 1950 fps impact velocity, about 270
microseconds must elapse after impact before 75 mm T165E11 HEP shell
crush sufficiently to produce optimum spalls. Consequently, a means of
extending the time between impact and deflagration is of primary importance
if effective HEP shell action is to be obtained at higher velocities.

9. It now appears that a means of extending this time interval beyond
that necessary for normal fuze action has been developed. Preliminary re-
sults (Ref B) of an investigation conducted by Picatinny Arsenal showed
that when 76 mm T170E3 HEP-T shell containing nose pads of inert material
in place of the first increment of Composition A-3 were fired at 2600 fps
velocity, no deflagration occurred and adequate spalling took place. At
2800 fps impact velocity no deflagration occurred but the metal parts failed
on impact prior to fuze action. Hence, the use of nose pads apparently ex-
tends the time between impact and deflagration beyond that necessary for
the fuze to act. The results of additional tests now in progress should
further confirm the effectiveness of inert nose pads in HEP shell.

10. Because of the promising results obtained with inert nose pads as
a means of extending the time interval between impact and deflagration, no
further work on determining the relationship between impact velocity ana
this time interval is necessary.

EXPERIMENTAL PROCEDURE

11. The 75 mm T165E11 HEP-T shell used as the test vehicle during
this investigation is shown in Figure 3. The explosive charge was Compo-
sition A-3, Spec JAN-C-440, dated 31 January 1947. The inert charge was
a blend of the following components:

a. Potassium sulphate, Spec JAN-P-193, Amendment 1, dated




15 October 1952, except that the granulation was 100% through No. 20 sieve,
100% retained on No. 200 sieve---30%.

b. Borax, Type B, Spec SS-D-611, Amendment 1 dated 8 January
1942---65%.

c. Graphite, Grade I, Spec JAN-G-155 dated 13 December 1944---5%.

12. T165E11 shell were press-loaded with Composition A-3 and with
inert filler as follows: Both types of filler were pressed in 5 increments
(12 0z, 1202, 10 oz, 6 oz, and 4 oz, in that order) by a 1.984-inch-thick-
diameter punch under a force of 12.4 tons (8000 psi). The minimum accepted
specific gravity was 1.57.

13. The base plug and fuze cavities were then drilled to the dimensions
shown in Figure 4. Shell were then assembled in accordance with Figure 4,
except that inert-loaded M91A1 fuzes were used.

14. The shell were assembled to stock components and fired at a 6-foot
square of 3-inch-thick armor plate, 300 feet from the muzzle of the gun. A
streak camera was placed 100 feet to the side of the plate and aligned with
the plate face. A Fastax camera was placed 35 feet to the side of the plate
and about 4 feet forward (toward the gun) of the line of vision of the streak
camera. The cameras and the electrical lanyard puller were all connected
to a common circuit that allowed the cameras to reach satisfactory speed
before the weapon was fired. Copper screen wire, mounted on insulation
frames, was placed over the face of the armor plate with about one-inch
clearance between plate and screen wire. M36A1 electric detonators were
placed alongside the plate and connected in an electric circuit through the
screen and the plate. When the projectile pressed the screen against the
plate it completed the circuit and fired the detonator, providing a mark on

the streak camera film to indicate the exact moment of impact.

15. Firing in both the 0° obliquity and 30° obliquity phases was initiated
with a Composition A-3 loaded shell and M1 propellant adjusted to give
112% of service pressure. After each live shell was fired, an inert-loaded
shell was fired at the same velocity and angle of obliquity to assist in
distinquishing between minor deflagration and plate flash. The impact ve-
locity was lowered by adjusting the propellant charge until no deflagration



or plate flash was observed. Additional rounds were fired to insure that
the minimum impact velocity had been reached at which no deflagration
occurred. Complete details of this test are given in Reference C.

REFERENCES
A. Jefferson Proving Ground Firing Record, No. A-13698.
B. B. A. Rausch, D. E. Seeger, K. G. Sheffield, Effect of Inert Nose Pads on
Functioning of TI7T0E3 76 MM HEP-T Shell, PA Technical Report 2207,
dated October 1955.

C. Jefferson Proving Ground Firing Record, No. A-8321.




TABLE 1
Results of Firing 75 MM T165E11 Campasitian A-3 HEP-T Shell

at 30° Obliquity and Varied Velocities
at a 3-Inch-Thick Armar Plate

Time between

JPG Impact Impact and
Test Round Velocity, Deflagration Deflagration,
No. No. feat/ see, Visual Camera microseconds
1 196 2395 yes yes 921
2 198 2310 " 3 51
3 200 2261 . 2 lost
4 202 2173 el lost lost
) 204 2070 no yes 112
6 206 1996 " no
7/ 208 1933 a .
8 211 1802 o 4
9 213 1749 " "
10 215 1760 g "
11 216 1637 i i
12 218 1577 " "
13 220 1577 & "
14 221 1594 " 5
15 222 1600 B i
16 223 1592 ¥ !
17 224 1600 " !

NOTES:

a. Inert-loaded control rounds were fired at each of the velocities listed above to
characterize plate flash on film, so that in the case of the HEP rounds deflagration could
be distinguished from plate flash.

b. Data presented above are extracted from JPG Fiting Record No. A-8321, except for
the impact to deflagration times, which were determined by an analysis of streak films
which were evaluated by the authors.




TABLE 2

Results of Firing 75 MM T165E11 Composition A-3 HEP-T Shell
at 0° Obliquity and Varied Velocities
ot 0 3-Inch-Thick Armor Plate

Time between

JPG Impact Impact and

Test Round Velocity, Deflagration Deflagration,
No. No. feet/sec. Visual Camera microseconds
18 231 2341 yes yes lost

19 233 2268 L " 23

20 235 2177 " " 124

21 238 1934 no 2 193

22 240 1759 " no

23 242 1633 " &

24 244 1741 Y .

25 245 1632 " .

26 246 1584 " =

27 247 1526 " "

28 248 1525 L .

29 249 1509 ! "

30 250 1529 " "

31 251 1523 " "

32 252 1514 " Y

33 255 1453 " Z

34 257 1377 " "

35 258 1361 . g

36 259 1266 " "

37 260 1262 i b

38 261 1159 N =

39 262 1157 " "

40 263 1451 " i

41 264 1464 " "

42 265 1467 " "

43 266 1469 b e

NOTES:

a. Inert-loaded control rounds were fired at each of the velocities listed above to
characterize plate flash on film, so that in the case of the HEP rounds deflagration could
be distinguished from plate flash.

b. Data presented above are extracted from JPG Firing Record No. A-8321 except for
the impact to deflagration times, which were determined by analysis of streak films which
were evaluated by the authors.
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