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CONFIDENTIAL

BALLISTIC RESEARCH LABORATORIES

Nm RANDum REPORT No. 767

JDPatterson/Jdenig/ekb

Aberdeen Proving Ground, Md.
March 1954i

-AIR MLAST MEASURE4ENTS AROUND MOVING EXPLOSIVE CHARGES

ABSTRACT

On th. basis of a prelimi~nary phase of the experimentation, a
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:

Side -On Terminal Velocity

2000 feet/second

Parameter 0 ft/sec Angular Position from Direction of Flight

. .Pea Prsue s 7 075

Impulses psi -ms 7.8 l14.4 13.0 7.0

The explosive spheres were propelled from a smooth bore t 7mm gun
tube using 8 ounces of double base propellent powder. Three ounces of

abobent cotton inter spaced between the explosive and the propellant

sered ars th a b8oun. spheeobae explosive was Cotonsition flgtbynu'n

aelectric co t in a s tonars loa ted central w lointh of
by of a properly timed pulsed magnetic field.
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NI TRCDUCTION

During the course of aircraft vulnerability firings both in this country
and in the United Kingdom, and during Swiss firing trials" of 20mm Oerlikon
ammunition against box structures, it has been noticed that air blast damage
to targets is increased in the direction of motion of a detonating 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.

Soue investigators have formulated simple mathematical models of the
problem. Thornhill and Hetherington4 have solved the characteristic Riemann
integral for plane flow simultaneously with the three Rankine - Hugoniot
conservation equations and 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. Cole6 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 observ-

* ations that blast is enhanced 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

I a. Projecting an explosive at a desired terminal velocity.

b.. Detonating the explosive at a desired position in space, and

c. Measuring the blast around the moving detonation of explosive.

It has taken about one and a half years to resolve all the difficulties
of each of these experimental phases. At the time that the conclusion was
reached that data on moving charges could be obtained by this procedure, it
also became evident that certain improvements in the installation of the
equipment would result in a more effective means of procuring the data. Before
such improvements were made, however, it seemed desirable to get blast data for
at least one condition: 3/8 pazAi 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 comparison of the blast frcm a moving charge to that
from a stationary charge.
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t Projection of the Charge

Since the effect to be investigated pertains primarily to bombs and
missiles which cause damage bVy blast, it is desirable to have at most a! ~relative'y light-metal case on the explosive charge. Even 'a light case,,

Showevers produces fragments of sufficienmt size and velocity to interferet ~with the recording of the 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 explvsive. A spherical
shape was chosen to avoid complicaticos due to initial asymmetry of the blast.
There remained the selection of the eight and the means of projection.

Ideas on the use of air guns, inagnetic devices, etc., were abandoned in
favor of the use of a conventional ca•i for the propelling device. The
large sarplus of 57rnm guns, Nl., deterduid the selection of. caliber, with the

j result that the weight of 3/8 pound fIc the explosive was used. This charge,
in the form of a sphere, Just fits Into a 2.293-inch diameter hole, the final
diameter of the 57mm gun bore when rend out smooth.

Now that the 57n gun and the 3/1 pound spherical charge had been chosen,
the next problem was to project the cherge from the gun. This involved the
selection of the best performing amount and composition of propellent powder

• ael s thi proper type of sabot to cradle the charge. After trying various
types of. (both slow and fast burning) -ropellent powders, with various web
sizes and numbers of perforations, and after using different loading weights,,
a standard 37km gun propellent powder was chosen because of its uniformity of
burning oben using an 8-ounce load. This propellant is single perforated, and
double based, and has a web size of 0.031 inches. A standard Arrv T-51 electric
primer in an M 23-2 57mm cartridge case was used to initiate the propellant.
Cardboard discs and tubing above the powder confined the powder to the bottom
of th- cartridge case and thus provied for more uniformity in burning and
final velocity of projection by preventing initial scattering of the powder.
Spherically shaped balls of plaster of Paris was propelled for this part of
the tests.

Having selected the propellant, it was now necessary to design a sabot
that would protect the explosive clarge from shattering within the gun tube
and also that would disengage itself from the charge when outside the gun
tube. This by far posed the most difficult part of the experimentation. -Ita
types were designed and tested. -S~m were made from bakelite, aluzinum, balsa
wood, cellotex, sponge and solid rub-er, and combinations of these. However,
none of these prevented the charge frcn shattering mechanically in the tube.

At no tize did a charge explode in the tube.

6
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"Finally, absorbent cotton, consisting of three separate wads which w.mighed
approxi-ately 3 ounces coribincd, wvas ,,;ed as a sabot, yieldiing a terninal
velocity of about 2000 feat/second. This rnteria-l Cave gocd results, but
further investigation ims indicated since 50 percent of the cha.rges s1hattered.

At this stage of the developrent the 3/3 round chargeo was being cast

from 5q/50 pentolite. In an effort to reduce the T crcentage of rounds shatter-
ing an explosive having greater strength was sought (see Table I). Of the
various explosives tested, reclaimed* Composition "B" proved to be the strongest
and accordingly was used. The break-up was reduced to about 1 in 8, A Potter
electronLc counter was used to measure the charge velocity. The breaking of
two wire screens by the passing explosive charge triggered the counter. The
velocity of a moving charge was 1980 feet/second t 3 percent (standard deviation).
This velocity was believed to be great enough to show at least some effect of
motion on blast.

TABL3 I

TIFE CF HI TEST-E FOR BREAK-UF

No. of
Types of IM Tested Rounds Dreak-up

Pentolito wAl-36 Det. & Coil 42 50.0 1

M-2 wA4-36 Det. & Coil 3 103.0 "'J
Cyclotol wA4-36 Dot. & Coil 2 100.0 5

Composition "B" (Reclaimed), Pent-
olite Center w1I-36 Dot. & Coil %1 57.1%

Composition "B" (New), Pentolite
Center wA4-36 Det. a Coil 62.5 K
Composition "B" (R~eclaimed),

-� uAI-36 Dot. &Coil 37 13.5

Corposition "3" (Reclaimed), irt 7-130
Booster, :i-36 Dot. & Coil 25.0, 1
Composition "B" (Reclaimed, V7ater
Cooled), w64-18 Booster, M-36 & Coil 23 39.0 "

Recla in'Td Composition "3" consists of a mixture of lOX, TI-T, and a very soiall

percentage of paraffin desensitizer. This ridxturc is aged and nalted more
than once, thus bein. designated as reclaimed.

CONFIDENTIAL

S. . . . . . . . . . . . .



CONFIDENTIAL

Detonation of the Char-e

The second phase of the experimentation consisted of devising a way to
detonate the charge, while in motion in free air, at a desired position.

Inductive pickup by a fine coil of wire bridged to a detonator (11-36)
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 4 copper wire approxi-
mately 7 1/2-inches in diameter. The coil bridged to the detonator consists
of ten feet of number 23 enamel or "formex" coated copper wire 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 diagram
of the magnetic pulser. The operation of the unit is as fiollos: Wihen the
wire is broken, a positive voltage pulse is applied to the grid of the 2D21
tbyratron which causes it to fire. The output of the 2D21 is then applied to
the grids of the paralleled 5C22 hydrogen thyratron4 which causes them to
conduct. The charged condensers (C1 and C2 ) discharge through the tbyratroi
and through the coil L2. This causes a large oscillating magnetic field to
be built up in coil L,. The coil which is in the movIng charge (and now in
the field of L2) deve ops a large induced voltage. Using a duiuy detonator
with bridged coil it was found that the peak current induced is about 30
amperes, more than enouh to detonate a 11-36 cap. To insure high-order deto-
nation of the explosive an 11-18 booster was abutting the M1-36 cap. It is
noted that unfavorable orientation of the coil in the moving charge withrespect to L2 may cause a low induced voltage and hence failure to detonate.

1Measurenent of the Blast

The standard method of measureing blast was used, namely, measurement of
the time histories of the shock wave about the explosive charge by the use
of piezoelectric gages and associated oscillographic recording equipment. A
block diagram of the equipment is shotm in Figure 2.

The placement of the gun, gages, and cameras is shcun in Figure 3. A
point 54 feet dowm range and 2.3 faot from the ground w-as chosen as the point
of detonation. Five -iezoelectric gages were placed at angular positions as
shci.m in Figure 3 in the sane horizontal rlane as the point of detonation ard
equidistant from the point. The centerlines of the gages coincided -rith 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 approxhiately 100 pounds/square inch and a positive impulse
of approximately 10 peund ms/square inch. For the conrarative firings, e..P hasIs
was placed on findi!.g the ratio of peak pressure or imp-ulse from a moving charge
as con'ared to that fron a static charge. These ratios have the advantage of

8
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being independent of gago calibration. Care was taken to fire alternately
moving and static charges to mininize the effacts of chlnin.g atmiospheric
conditions and possibly other uncontrollable factors.

Although the piezoelectric gages were arranged equidistant from the
intended point of detonation, the charge did not always detonate at the
desired pos tion. To locate the actual point of detonation in space, two
Rapatronic 0 shuttered cameras positioned in the same horizontal plane as
the gages and 900 apart were used to record the point of detonation photo-
graphically. :

i ~RESULTS AND FUTURE, W.ORK

Figure 4 is a typical photograph taken with the Rapatronic camera of
the moving spherical charge detonated within the stationary coil. 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
generalize 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 thorodghly with larger charge weights, different velocities, and in

a wider rahge of directions from the moving charge.

vJAM D. PATTERSON II
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