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BALLISTIC RESEARCH LA.BO‘RATORIES

MEMORANDUM REPGRT NO. 767

JDPatterson/JWenig/ekb -
Aberdeen Proving Ground Md.
March 1954 -

-ATR BLAST MEASUREMENTS AROUND MOVING EXPLOSIVE CHARGES

- ABSTRACT

On the basis of a preliminary phase of the experjmentatn.on,
tentative comparison is made of the blast at a distance of about 2 1/2
feet from a 3/8 pound sphere of bare explosive of Composition B,
detonating both as a stationary charge and at a terminal velocity of
approximately 2000 feet/second:

-

» . v " . B 4

Side - On | Terminal Velocity

Plast ' 2000 felet/second‘
Parameter 0 ft/sec  Angular Position from Direction of Flight
15° T - 108°
Peak Pressure, psi 73 109 - 87 55
Impulse, psi - ms 7.8 - 1hJ 13.0 7.0

The explosive spheres were propelled frem a smooth - bore S7mm gun
tube using 8 ounces of double base propellsnt powder. Three ounces of
absorbent cotton interspaced bstween the explosive and the propsllant
served as the sabot. The explosive was detonated in flight by inducing

an electric current in a detonator, located centrally within the explosne,‘

by means of a properly timed pulsed magnetic fisld.
3
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INTRODUCTION
During the course of aircraft vulnerability firings both in this country
and in the United Kingdom, and during Swiss firing trialsl of 20mm Cerlikon
ammunition against box structures, it has been noticed that air blast damage
to targets is increased in the direction of motion of a dstonating shell and
is reduced in the opposite direction. Several possible qualitative explan-
ations 2,3 of the dependence- of damage on shell motion are (1) the strength
of the air shock formed about an exploding shell, being dependent on ambient
pressure conditions, will be enhanced about the nose (immediately behind the
bow wave or ballistic shock) where the ambient pressure is highest, and-
weakened behind the base, where the ambient pressure is lowest and {2) the
air shock will be stronger in the direction from which air flows into the
shock. ) :

Some investigators have formulated simple mathematical models of the
problem. Thornhill and Hethe have solved the characteristic Riemamn
integral for plane flow simultaneously with the three Rankine - Hugoniot
conservation equations armd also with the polytropic gas equation of state,
From this they obtained initial shock velocities for various ambient air
wind velocities and concluded that the initial shock velocities in winds can
be obtained approximately from initial shock velocities in still air by simple
vectorial addition. Cole® has shown by means of linearized acoustic equations
of flow that pressure is enhanced in the direction of motion of an exploding
shell, These studies serve to confirm theoretically the experimental cbserv-

ations that blast is enhancec_i in the direction of motion.

In order to properly evaluate the effectiveness of blast type warheads
against targets, quantitative data are needed of the peak pressures and
impulses in airblast waves around moving explosives. It was felt at the
Ballistic Research Laboratories that such data could be obtained directly by

a. Projectirig an explosi#e at a desired terwinal velocity.
b.. Detonating the explosive at a desired position in space, and
C. I~Ieasuring the blast around the moving detonation of explosive.

It has taken about one and 2 half years to resolve all the difficulties
of each of these experimental phases. At the tize that the conclusion was
reached that data on moving charges could be cbtained by this procedure, it
also became evident that certain irprovements in the installation of the
equirment would result in a more effective means of procuring the data. Before
such improvements were made, however, it seemed desirable to set blast data for
at least one condition: 3/8 pourd explosive, 2000 ft/sec terminal velocity, at
a distance of 2 1/2 feet from point of detonaticn., The blast evaluation was
made on the basis of a compariscn of the blast frcem a moving charge to that
from a stationary charge.

CONFIDENTIAL .
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EXFERTMZVTIL FROCEDURE Y

Projection of tlie Charge | X

Since the effect to be investizated pertains primarily to bombs and
missiles which cause damage by blast, it is desirable to have at most a i
. relatively light metal case on the explosive charge. Even a light case, -
however, produces fragments of sufficient size and velocity to interfere
with the recording of ths blast wave; ballistic waves set up in the air by
passing fragments are recorded by blast gages and obscure the record. It
was decided, therefore, to try using a bare charge of expiusive. A spherical
shape was chosen to avoid complicaticns due to initial asymmetry of the blast.
There remained the selectitn of the weight and the means of projection,

Ideas on the use of air guns, magmetic devices, etc., were abandoned in . o i
favor of the use of a conventional cammom for the propelling device. The
large surplus of 57m guns, Ml, determined the selection of caliber, with the
result that the weight of 3/8 pound for the explosive was used. This charge,
in the form of a sphere, Just fits into a 2.293-inch diameter hole, the final H

diameter of the S7m gun bore when reamed out smooth.

. Now that the 57mm gun and the 3/B pound spherical charge had been chosen,
the next problem was to project the ctarge from the gun. This involved the

. selection of the best performing amount and composition of propellent powder

as well as the proper type of sabot %o cradle the charge., After trying various

- types of (both slow and fast burning) propellent powders, with various web .
sizes and mmbers of perforations, and after using different loading weights,

a standard 37m gun propellent powder =as chosen because of its uniformity of

burning yhen using an 8-ounce lcad. This propellant is single perforated, and »
_double based, and has a weh size of 0.031 inches. A standard Army T-51 electric

primer in an M 23-A2 5T cartridge case was used to initiate the propellant.

Cardboard discs and tubing above the powder confined the powder to the bottom

-of thr cartridge case and thus provided for more uniformity in burning and

final velocity of projectior by preventing initial scattering of the powder.

Spherically shaped balls of plaster of Faris was propelled for this part of

the tests. . : : ' ,

T RN WAL 0 350 5 NTIE Y e Sy,

. Having selected the propellant, it was now necessary to design a sabot
that would protect the explosive crarge from shattering within the gun tube
and also that would disengage itself from the charge when outside the zun
tube. This by far posed the most difficult part of the experimentation.- Many - :
types were designed and tested. -Sc=e were made from bakelite, alumimm, balsa !

wood, cellotex, sponge and solid rutter, and combinations of these. However%_ - : |
none cf these prevented the charge fram shattering mechanically in the tube. ;

oy

* At no tige @id a charge explode in tZe tube.
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Firally, absorbent cotton, consisting of thrce separate wads which weighed
apprax::zately 3 ounces corbined, was used as a sabot, yielding a teriinal
velocity of about 2000 fect/second. This mterial save good results, but
further investiration ims indicated since %0 rercent of the charzes shattered,

At ihis stage of the developrent the 3/0 pound charge was beinz cast
from 50/50 rentolite. In an effort to reduce the percentage of rounds shatter-
ing an explosive having greator strength was sought (see Table I). Of the
various explosives tested, reclaimed® uo'nposition #B" proved to be the strongest
and accordingly was used. The break-up was reduced to about 1 in 8, A Potter
electromic counter was used to measure the charge velocity. The breaking of
two wire screens by the passing explosive charge trigzered the counter. The
‘velocity of a moving charge was 1980 feet/second * 3 percent (standard deviation).
This velocity was believed to be great enough to show at least gome effect of
motion cn blast.

TAZLE I

TYFES OF HE TESTZD FOR BREAK-UF

: No. of pe .

- Types of HE Tested Rounds Break-up
Pentolite w/i-36 Det. & Coil n2 50,0 5
PIX-2 w/M-36 Det. & Coil 3 100.0 &
Cyclotol w/4-36 Det. & Coil 2 100.0 &
Composition "B" (Reclaimed), Fent- -
olite Center w/x~x-36 Det. & Coil 1 571 &
Composition "B" (New), Pentolite -

Center w/}-36 Det. & Coil 2 6.5
Composition "B" (iteclaimed),

B} w/t1-36 Det. & Coil 37 13.5 &
Corpositicn "3" (Heclaimed), w/'=13 '
Booster, 1i-36 Det. & Goil A h 25.0 5
Composition "B" (Reclaimed, Vater
Cooled), w/¥-18 Booster, ¥-36 & Coil 23 3905

* Reclaimed Composition "3" consists of a mixture of i, THT, ard a very small
percentage of paraffin desensitizer. This mixture is aged and nelted nore
than ence, thus beinz designated as reclaimed,

7
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Detonation of the Charce

. The second phase of the experimentation consisted of devising a way to

~ detonate the charge, while in motion in free air, at a desired positiom.

Inductive pickup by a fine coil of wire bridged to a detonator (il-36)
was used as a source of energy for detonating the moving charge ( a steady

" magnetic field would have proved to be impracticable). At the instant the

explosive enters a stationary coil of copper wire a "pulsed" strong magnetic

. field is formed by discharging a large condenser through the ccil, The

stationary coil is corposed of three turns of number li copper wire approxi-
mately 7 1/2-inches in diameter., The coil bridged to the detonator consists
of ten feet of number 28 enamel or "formex" coated copper wires wound on an
iron nail. : :

The trigger mechanism for discharging the condensers is the breakage by
the passing explosive of a fine wire screen., Figure 1 is a pchematic diagran
of the magnetic pulser. The operation of the unit is as Tollows: when the
wire is broken, a positive voltage pulse is aprlied 4o the grid of the 2221
thyratron which causes it to fire., The output of the 2D21 is then applied to
the grids of the paralleled 5C22 hydrogen thyratrons, which causes them to
conduct. The charzed condensers (C, and 02) discharge through the thyratroms
and through the ccil L,. This causés a large oscillating magnetic field to
be built up in coil Li. The coil which is in the moving charge (and now in
the field of L2) develops a large induced voltage. Using a dumy detonator
with bridged coil it was found that the peak current induced is about 30
arperes, more than crouzh to detonate a M=36 cap. To insure high-order deto-
nation of the explosive an 1-18 booster was abutting the 1~36 cap. It is
noted that unfavorable orientation of the coil in the moving charge with
respect to 1.2 may cause a low induced voltage and hence failure to detonate.

leasurenent of the Blast

_ The standard method of measureing blast was used, narely, measurement of
the time histories of the shock wave about the exrlosive charge by the use
of piezoelectric gages and associated oscillographic recording equipment. a
block diagram of the equipment is showm in Figure 2.

Tre placement of the gun, gages, and cameras is shown in Figure 3. A
point 54 feet dewn range and 2.3 feet from the ground was chosen as the point .
of detonation. Five riczoelectric gages were placed at angular positions as
shovm in Figure 3 in the same horizontal rlane as the point of detcnation ard
equidistant from the point. The centerlines of the gazes coincided with radial
lines from the point of detonation and were directed towards the point of
detonation. The distance from the point of detonation to the gage was set at
2,36 feet which for the static detonation of the charge was predicted to yield
a peak pressure of aprroximately 100 pourds/square inch and a positive irpulse
of approximately 10 round ms/square inch. For the comparative firings, exphessis
was placed on finding the ratio of peak pressure or imrulse from a nmoving ctarge
as comared to that fron a static charge. These ratios have the advantage of

8
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being independent of gage calibration., Carc was taken to fire alternately
moving and static charges to minimize the effects of chanzing atmospheric
conditions and possibly other uncontrollable factors.

Althcugh the piezoelectric gages were arranged ejuidistant from the
intended point of detonation, tlie charge did not always detonate at the
desired position, To locate the actua.l point of detonation in space, two
Rapatronic O shuttered cameras positioned in the same horizontal plane as
the gages and 90° apart were used to record the point of detonation photo-

grarhically.
RESULTS AND FUTURE %CRK

Figure L} is a typical photograph taken with the Rapatronic camera of

the moving spherical charge detonated within the stationary coll, The .
average results of four rounds which detonated at the approximate intended
point are shown diagrammatically in Figure 5, The figure is an attempt to
generalizs a limited amount of data and is a plot of peak pressure and im-
pulse versus the angle from the direction of motion of the charge. Although
this information is certainly not conclusive it does seem sufficient to show -
_that an effect on blast does exist as a result of the velocity of the charge

"at detonation,
It is planned to investigate the blast contours about moving charges

more thorcughly with larger charge weights, different velocities, and in
a wider range of directions from the moving charge.

JAMES D. PATTERSON IT

Soe 2.,
JACOB WENIG “)/

)1
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DEPARTMENT OF THE ARMY
UNITED STATES ARMY RESEARCH LABORATORY
ABERDEEN PROVING GROUND, MARYLAND 21005-5066
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REPLY TO

CEATETHF (380) 28 July 2000

MEMORANDUM FOR Defense Technical Information Center, ATTN:
DTIC-BCS, 8725 John J. Kingman Road Suite 0944,
Ft. Belvoir, VA 22060-6218

SUBJECT: Distribution Statement for BRL Memorandum Report No. 767
1. Reference: Ballistic Research Laboratories Memorandum Report
No. 767, “Air Blast Measurements around Moving Explosive Charges”,

by J. Patterson II and J. Wenig, March 1954.

2. The correct distribution statement for the referenced report
is:

Approved for public release; distribution is unlimited.
3. Request that you mark your copy of the report with this

distribution statement. Our action officer is Mr. Douglas J.
Kingsley, telephone 410-278-6960.

Team aﬂef, Se r"y/ I Office
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