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’ The Hollow. Charge d
Introduction
In‘l939 when the mighty German Arﬁy swept through Poland they
revéaled to a sfartled world, new and terrifying methods of warfare.
Their Blitzkreig (lightning war) involying armor and massed assault
formations sooﬁ overran most of Europe, These tactics caused all
gatioﬁs opposing them or expecting to oppose them, to férmulate measures
of qeé*ense againét this n;aw type §f land warfare., With the fall of
France and the German Armies' suecessful reduetion of fortnesseSsthét
once had been conglidered impregnable, new and more pointed emphasis
was placed on the use of high exp;osive principles as a means of '
oﬁfense as well as defepse. One of these principles was known as the

hollow or shaped charge.

History

;t is a known fact, fhat iﬁ‘an explosive with a flat surface is
placed ageinst a steei plate: scme damagp'to thevplate'will result;
and if the plate is thin enough or the explosive in enough guantity,
penetration will be obtained. Furthermore, for a long time it has
been known that if some explosive near the plate was removed, greater
penetration would be obtained, although the hole would be smaller in
~diameter. Also experiments have shown that if the shaped or scooped
out portion of the explosive be lined with a comparatively thin ma-
terial, still greater penetration would ocecur.

This phenomenon has been the cause of a great deal of research. ,
It was first discovered by Charles E. Munroe in the 1880's, while

working at the Naval Torpedo Station at Newport, R. 1. He noticed
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the cavaties in bl&cks of éuncotton were feproduced in the 1ron plates
used in test firing. Expermmentlng further along these llnes he found
.tgat'this effecthgould be produced with almost any type of high explo-
siye”by simply cutting a cawity in the side of the explosive which was
placed toward the object to be damaged.

'_ ngqlition‘nen, nﬁpers. and quarry men have long applied this same
prippip}e by egtting oqt small chunks of dynamite from the stick be-‘
fore placing if in use.

This phenomenon has been variously termed the Munroe effect,
Neumenn effect, hollow charge and shaped charge----all of which mean
the same.

Prior to World Wer II commercial explosive companies in the United
States experimented at some length in attempting to turn out an ex-
plosive: that would incorparate this effect without field expedieﬁts on
the part of the user. fhey realized that herein lay great potential-
ities, bot£ in quarry work for use in springing holes end making bore
holes and also in the field of under-water demolition. Thus, when the
.war opened up the field of high explosives, much research had elready
been done along these 1inésg and. this knowledge was to aid thg U.S.
Army Ordinance and Engineers greatly when they undertook the develop-
mept of the hollow charge along military lines. One of the most im-
portant developments of Vorld War II is the application of this theory
to the désign of emmunition, It has been used ;n rifle grenades,‘
rockets, artillery shells, aerial bomﬁs, demolition charges and even
fuze detonat&nsa;

Frcm the very outset, Arerican development followed two distinct

patterns. Army Ordinance> undertook the developgent of all types off
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ammunition‘;nco;porating this theory; énd the Corps of Engineers
at Fort Belyoir. Virginia, began tésts to develop a packaged qhargé
that could be used in bore hole:-work and in fortress redugtion.

JIn l9hi Army Ordinance came out with a rifle grenade; and while )
‘ a}l tésts ghowed a successful application, it was felt that it was'not
the cc@plg?e answerubeﬁause of the riéfle recoil., A short time later
using tge rocket prineciple asYa means of propellant, our first bazocka
cameﬂinto being. While it qontaiﬁed several bugs, it still was con- '
sidgred a fcrmidable weapon; and ouf infantry took it with them to
Afr;ca ig 19&2'where it inmediately proved its worth as the doﬁgh-
boys! close-up anti-tank weapon.

Meanwhile our enemies.were not ignorant of the military capabil-
ities_of the shaped charge. The Germans had used this principle as
an aerial bomb and demolition cﬂ;rge. but fram all availaﬁle records
it was not until our bézooka proved its worth in Africa that they

considered this theo:y in anti-tank defense. ItfifSt made its appear-
ance in @ermen hands after the invasion of Europe, as the now well-
known Panzerfaust. They also attempted to use this effect in artillery
shells but penetration failed to meet standards because of the lack

of suitable explosives.

Our U.S. Army Engineers By this time had deweloped the M-1 and

M~-2 shaped charge which were used extensifély in both theaters of
comba; as a demolition charge for reducing enemy bunkers and pill ‘
boxes.

Operation

While this theory is subject to extensiwe research the actual
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effect itself is e;éily understobd, (F1IG. Ij As the detonating
explosive moves foreward and reaches'the_apexzbf the lihen; the waves:
areilx'éfrgcted inward at almost right angles to the vliné.r; 'tfhen rein-
forcingAthemselvgs, they move out along the axis. This action sets
up ?_5§t with a.ve;oc§ty at least as high as that of the expldsives
itse}f. This jet is usually composed of three sections. (FIG.II)
Eirgt.»g ﬁave front or pressure wave usually moving at-a vglocity that
isvgreafter than that of'the explosives' rate of detomation, -This .
wave is fqlléwed by sane . finely divided material also traveling at
a rate.exceeding that of detonation. This in turn is followed sometimeé
by_a;gnﬁion of the liner (particularly when the liner ié of metallic
" nature) not brokeq into fine particles but traveling in the farm of
a slug at a rate less than that of detonation speed.

The above jet therefore gets its penetration qualities from the
extremely high velocity and energy plus the great pressure and heat
produced. .Ther.e' are also certain other factors which will affect

penetration, but this is best explained by a diagram (FIG. III).

Explosives: Used

fhe penetration depends on the velocity of the jet; and since the
jet depends on the accumlation of shock waves, the higher the velocity
. of explosive detonation, the greater the penetration. The explosive
itself must have a fairly high sensitivity for ease of initiation and
also mus# lend itself to be easﬁly worked into such forms as flakes
and cast.

First tests were conducted.using flaked T.N.T. which has a velogity
of detonation of 21000 ft. per secomd. The Bngineers used T.N.T. in

their first M-1 shaped charge. Later tests using Pentolite®proved very
*50% TeNeT. and 50% PEIN.
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'ef:f‘.jc-;c,tive with a velocity of 25,000 to 26,000 ft. per second, and
th_isAgxplosive was used as the explosive fillef in most of our missiles
: throughqut t'hve‘reaentb wWar.
Exper:fux;ents are sti}l__contipuing, using various R.D.X. compoaiﬁion‘s

including cyclonite and eyclotol,

New Dewelopments

‘Wit‘h ‘t;he above data in mi_nd. it shou_ld become apparent that thisq
hollqw clgarge principle will play a major role in 'fp.ture developmentsy
alqng both projected and stationary explosive lines. Qne drawback to
this prix;qiple exists in its use as an artillery shell, It has been
found that rotation of the shaped charge at the 10,000 R.P.M.'s which
is prpduced in artillery shells reduces: penetration effect By as much
as 50%. This .is regretable sigce artillery shells depend upon ro-
tation fdr stability in flight. Experﬁments aré contionuing to find
means to.counteract this deffect,

However, both as a stationary explosiwve: and as an unrotated
projectile, the hollow charge principle has uniimited possibilities.
As a stationary explosive in a modified form it could well replace:
the conventional anti-personnel mine because of its. longer range and
pin-point éccuracy. It could be used to cover defiles and dead spaces
in defensive positions and as a stationary anti-tank obstacle. This
principle when incorparated: into the standard anti-tank mine will prove
.& formidable weapon, since it v)ill not only dis_able the tank, but by
piercing the armor, prove a éasualty'—producing agent as well,

/‘In the unrotated projectile field, only the means of propelling

!

and the wem:ght factor pose any problem, and present experiments indicate
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that new bazookas Qd rockets will far surpass our Qsent day models.

Defense -

‘ Thug far we l}ave spoken only of the terrific offensive power of
the _hvoZ_L;ow'charg,e. How_evcer_:, six}cé the effect is known als§ fo other
n._afbliorlxs.f it is logical to{conclude that they too ax'fé” investigating
this ffie»ld.. ' Most defensive methods now in use in our Army are'higlla.ly
classified, bt}t it .woul'd be well here to dwell on three gene_ral methpds.

The first method is the use of mil.jl‘céry» tactics to reduce effect-
iveness, but since this is a problem for field commanders it will not
be discussed here.

Method number- two, is the treatment of the armor surface to pre-
vent the missile from f_,?orining a workalle jef. This method hés been
tried-in geveral forms; the use: of plates set at an ax_lgle to prevent
the fuze from warking properly; the use of spikes to' break up qnd dis-
perse the jet after it was formed; and the use of spaced armore. None
, of the apove mentioned methods ‘prowed'i. satisfactory although spaced
armor did help in some instances. Rapidly rotating shells and those
hollow charges that lose their penetrating power rapidly with standoff
are in this class. However, modern.unrotated_projecti}es actually in-
crease their power when strkking spaced armor. They explode at stand- .
off values smaller than their optimum; therefor_e'. spaciing increases
their standoff and consequently their effectiweness.

Method number three is‘ the use of material of certain densities
vto stop or absorb the jet after it has been formed., This seems to hold
tk;e most promise of. any method yet tried.

As stated before, the tremendous penetrating power of the jet is

due to its great length, high speed, and sxﬂall\ area of impact athe
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target._- The basic frinciple in sfopping this jet lie:;. in the fact
that “th’e front end of the je"c is being constantly removed as it passes
th_J‘:'wough the tax_‘get n;at’e:;:ial. The rate at which this jet is.removed i._s
prqportiorial to the gquare root of the density of the target material.
With t_his simple theory in ﬁxind it would then seem that the use of

light material in front of armor would give more protection. thannextra

plating. However, materials in actual practice must be able to stand

the impact of the missile. This would mean spacing some light, dense

inateri_al with homoplate and then supporting this material on the sur-
face of the base ste;el aﬁnor. .At this point ax"mo:; thickness begins to
pose a i_imi;ing consideration anci.rma.st be borne in mind in future:
experiments_.

With the above principle as a basis, much research is being ex-
fendedil;ln the fields of plastics and other light materials, which, _
when incorporated with homoplate will give added protecfion to armored
~ vehicles against the shaped charge effect., |

However, it can only be concluded that present defensiwe measuregf
agaiﬁst the holl_ow charge are inadequate and that as an offensive

weapon it stands paramcunt in the field of high explosives.
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