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Description

[0001] The presentinvention relates to a method for a
multiple hollow charge for bringing about an increased
effect on or after penetration of protection, and a multiple
hollow charge comprising at least a first and a second
hollow charge arranged so as to act in essentially the
same direction against a protection in order to penetrate
the same, which hollow charges comprise an explosive
charge with a liner, and which multiple hollow charge
comprises means of detonation of the hollow charges, a
hollow-charge jet for action against the protection being
formed from each charge on detonation of a hollow
charge. In this context, hollow-charge jet relates to both
extending jets and jets which have the nature of a pro-
jectile.

[0002] Multiple hollow charges and in particular tan-
dem hollow charges of the above type have been known
for a long time, see for example GB 2 239 694. In the
known multiple hollow charges, the component hollow
charges act one after another in essentially one and the
same hole on penetration of a protection. This means
that the penetration capacity of the charges is added
completely or partly.

[0003] Another example of a multiple hollow charge is
known from FR-A-2 493 506. A said document is taken
as base for the preambles of both claims 1 and 9. Hollow
charge jets from at least two hollow charges are added
to each other during the generating phase of the hollow-
charge jets. The hollow charge jets are added directly in
the multiple hollow charge and any increased effect due
to this adding is effecting within the multiple hollow
charge.

[0004] Yetanother example of amultiple hollow charge
is known from US-A-3 750 582. In this case the slug of
a jet of arear charge is used to ignite a front charge. The
high-velocity part of the jet of the rear charge is design
to first hit the target. Then the high-velocity part of the jet
of the front charge reaches the target followed by the
slug of the jet of the front charge. As a last part the slug
of the jet of the rear charge may reach the target in a
weakened shape.

[0005] still another example of a multiple hollow
charge is disclosed in FR-A-999 974. The charges effect
the protection or target one by one in succession. The
effect of a charge is added to the effect of one or more
former charges. The effect in the protection or target of
each single charge is separated in time from the other
charges.

[0006] A still further example of a multiple hollow
charge is known from DE-A-24 60 303. The multiple hol-
low charge is intended for underwater applications and
a jet of a first initiated charge is used to create an air or
cavity hole for a subsequent jet generated by a second
charges.

[0007] The object of the present invention is to in-
crease the effect in connection with or after penetration
of a protection, in particular armour protection. This is
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achieved according to the method of the invention by
causing afirst hollow-charge jet from a first hollow charge
and a second hollow-charge jet from a second hollow
charge to collide in connection with penetration of the
protection. In this context, the expression in connection
with penetration of the protection means a period of time
which lasts from a point in time immediately before pen-
etration to a point in time immediately after penetration.
Inthe event of collision having started immediately before
penetration of the protection, it is a prerequisite that the
collision procedure continues at least during parts of the
penetration phase. The hollow charge according to the
invention comprises means for causing the hollow-
charge jets from at least the first and second hollow
charges to collide in connection with penetration of the
protection.

[0008] Whenthe hollow-charge jet formed last collides
with jet parts from the jet formed first, such as a slug, tail
fragments or other parts with lower velocity than the tip
of the hollow-charge jet formed last, on or after passage
through the protection, the material from both the jets is
spread. The spread material resultsin an increased effect
according to one or more of the principles below.

- Production of a radial spread of splinters from frag-
ments which collide, which increases the conven-
tional fragmentation effect within a protected space,
both because the number of splinters increases and
because the splinters are sent out in other directions
than is usual, that is to say from the inside of the
protection.

- If the collision takes place within the (armour) pro-
tection, the conventional hole diameter is greatly in-
creased on account of the radial force component
caused by the collision. This produces an increased
quantity of secondary splinters and thus a better ef-
fect. This phenomenon is particularly accentuated if
the collision takes place close to the inside of the
protection, that is to say at the end of the penetration
process. The conventional effect in the form of splin-
ters increases if the hole diameter increases.

- Combustion, alloying and other exothermic reac-
tions are improved by various mechanisms. The
spread of material leads to an improved oxygen sup-
ply and greater reaction surfaces. Furthermore, the
energy supplied when the collision takes place can
be sufficient to start reactions. The reactions have
an effect within the spaces fired upon, in the form of
an increase in temperature, pressure, hot splinters
and smoke and so forth.

[0009] There are a number of possibilities for causing
two hollow-charge jets to collide on or after penetration
of the protection.

[0010] According to an advantageous embodiment, a
control arrangement is adapted to initiate the second hol-
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low charge depending on the initiation of the first hollow
charge so asto cause the hollow-charge jets of the hollow
charges to collide.

[0011] According to another advantageous embodi-
ment, the geometrical distances between component
hollow charges are dimensioned so that the faster part
of the second jet catches up the slower part of the first
jet on or after penetration of the protection.

[0012] According to other advantageous embodi-
ments, the hollow charges have a different geometrical
shape and/or different explosive properties as a result of
the use of different explosive substances, initiation prin-
ciples or the like.

[0013] Examples follow below of parameters which
can be varied so as to change the properties of a hollow
charge, including the mass/velocity of the hollow charge
and the slug:

- the angle of the hollow-charge cone (the liner),

- the material thickness of the hollow-charge cone,

- the density of the hollow-charge cone,

- use of explosive substances with different detona-
tion pressures,

- agreater or smaller quantity of explosive substance
in the charge and the distribution of the explosive
substance in relation to parts of the cone/the liner
and the point of initiation,

- the selection of density and to a certain extent the
thickness of the case of the charge,

- theinitiation principle (central initiation/peripheral in-
itiation).

[0014] The component charges are preferably of the
jet-forming or projectile-forming type.

[0015] The ignition sequence of the hollow charges
can be either that the front charge of two hollow charges
is ignited first or that the rear charge is ignited first. In the
latter case, according to one embodiment, the jet of the
front hollow charge can also be included in a sectional
area, which is to a greater or lesser extent empty, in the
jet of the rear hollow charge. In this embodiment, parts
other than the tip and tail of the hollow charges can be
made to participate initially in the collision between two
jets.

[0016] The invention is described in greater detail be-
low with reference to the appended drawings, in which
Figure 1 shows diagrammatically the activation of a mul-
tiple hollow charge of the tandem type at five points in
time to illustrate the collision procedure, and Figure 2
shows diagrammatically a multiple hollow charge with a
control arrangement.

[0017] The multiple hollow charge 10 shown in Figure
1 comprises a first and a second hollow charge 11 and,
respectively, 12. The first hollow charge 11 comprises
an explosive charge 13 with an associated liner 14, and
the second hollow charge 12 comprises an explosive
charge 15 with a liner 16. The central axes of the hollow
charges coincide on a common centre line 17. No deto-
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nators are shown but are assumed to be included ac-
cording to any conventional solution.

[0018] Boththe hollow charges can be of the projectile-
forming type (V) or of the jet-forming type (lll). It is also
possible for one hollow charge to be of the projectile-
forming type and the other to be of the jet-forming type.
[0019] The activation procedure is described below.
[0020] Attime T1, the multiple hollow charge is under-
way towards its target but neither of the hollow charges
11, 12 of the multiple hollow charge has as yet been
ignited.

[0021] At time T2, the front charge 11 detonates. A
hollow-charge jet 18 is generated.

[0022] Attime T3, the jet 18 has moved forward a little
in the trajectory.

[0023] Attime T4, the rear charge 12 is ignited and a
hollow-charge jet 19 is generated. The charges follow
essentially the same trajectory towards the target.
[0024] At time T5, the jet 19 of the rear charge has
caught up with the front hollow-charge jet 18 and a col-
lision occurs between the faster parts of the rear hollow-
charge jet and the rear parts of the front hollow charge,
such as the slug, tail and other slow-moving parts. The
hollow-charge jets 18, 19 penetrate or have at this time
T5 penetrated a protection (not shown), for example ar-
mour protection on a tank. Arrows 20 indicate that great
radial forces occur.

[0025] A procedure in which the front hollow charge is
ignited before the rear charge has been described above.
In the event that the rear hollow charge instead is ignited
first, it must in some known way be ensured that the rear
charge ignited first is allowed completely or partly to pass
through the front charge. This does not form part of the
invention and is therefore not described further. Refer to
SE B 8205973-4 for examples of such charges.

[0026] The multiple hollow charge shown in Figure 2
is constructed in the same way as the multiple hollow
charge shown in Figure 1 apart fromthat fact thata control
arrangement 21 has been included between the two hol-
low charges. The control arrangement 21 delays the gen-
eration of the jet produced last of two hollow-charge jets
to such an extent that the tip of the hollow-charge jet
produced later catches up the slower parts of the hollow
charge produced first in connection with penetration of
the protection.

[0027] The delay between the ignition of two hollow
charges can be brought about in many different ways.
The decisive factors are inter alia the geometrical and
other conditions in the charges and the distance from the
charges to a predetermined collision point or a predeter-
mined collision area in the vicinity of which a target to be
combated is located.

[0028] An example of bringing about a delay is de-
scribed in the abovementioned SE B 8205973-4. In this
case, the delay is determined by the time it takes for the
slug of relatively great diameter of the hollow-charge jet
produced first to move to a predetermined position in
order to initiate in this case the front charge. Other ex-
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amples of known art are to use the delay which arises
when a shock wave is made to travel a given predeter-
mined distance in the shell structure or to include elec-
tronic delay circuits which prevent/delay initiation of
charge two. Such delays can also be brought about by
pyrotechnic or explosive elements or mechanical ar-
rangements. Combinations of the above delay methods
can also be used.

[0029] The invention is not limited to the exemplary
embodiments described above, but a number of alterna-
tive embodiments are possible within the scope of the
appended patent claims. The multiple hollow charge can
thus comprise more than two hollow charges. The hollow
charges can be ignited in reverse order, that is to say a
rear charge before a front charge and so forth. Further-
more, the hollow charges can have different calibres, dif-
ferent geometries moreover and contain different mate-
rials.

Claims

1. Method for a multiple hollow charge (10) for bringing
about an increased effect on or after penetration of
protection, a first hollow-charge jet (18) from a first
hollow charge (11) and a second hollow-charge jet
(19) from a second hollow charge (12) interfering
with each other, characterized in that the interfer-
ing of the first and second hollow charges (11, 12)
is caused to take place in connection with the pen-
etration of the protection by colliding the jets (18, 19)
in connection with the penetration of the protection.

2. Method according to the preceding patent claim,
characterized in that the geometrical distances be-
tween component hollow charges (11, 12) are di-
mensioned so that the faster part of the second jet
(19) catches up the slower part of the first jet (18) on
or after penetration of the protection.

3. Method according to either of the preceding patent
claims, characterized in that the component hollow
charges (11, 12) are given a different geometrical
shape in order that the faster part of the second jet
will catch up the slower part of the first jet in connec-
tion with penetration of the protection.

4. Method according to any one of the preceding patent
claims, characterized in that the component hollow
charges (11, 12) are given different explosive prop-
erties as a result of the use of different explosive
substances, initiation principles or the like in order
that the faster part of the second jet will catch up the
slower part of the first jet in connection with penetra-
tion of the protection.

5. Method according to any one of the preceding patent
claims, characterized in that the delay of activation
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10.

11.

12.

13.

of the second hollow charge (12) in relation to the
first hollow charge (13) is controlled so that the faster
part of the second jet catches up the slower part of
the first jet in connection with penetration of the pro-
tection.

Method according to any one of the preceding patent
claims, characterized in that the rear charge (12)
of two hollow charges is ignited before the front
charge (11).

Method according to Patent Claim 6, characterized
in that the jet (18) of the front hollow charge is in-
cluded in a sectional area, which is to a greater or
lesser extent empty, in the jet (19) of the rear hollow
charge.

Method according to any one of Patent Claims 1-5,
characterized in that the front charge (11) of two
hollow charges is ignited before the rear charge (12).

Multiple hollow charge (10) comprising at least a first
and a second hollow charge (11, 12) arranged so as
to actin essentially the same direction against a pro-
tection in order to penetrate the same, which hollow
charges comprise an explosive charge (13 and, re-
spectively, 15) with a liner (14 and, respectively, 16),
and which multiple hollow charge comprises means
of detonation of the hollow charges, a hollow-charge
jet (18, 19) for action against the protection being
formed from each charge on detonation of a hollow
charge, the hollow charge jets interfering with each
other, characterized in that the multiple hollow
charge (10) comprises means (21) of causing the
hollow-charge jets from at least the first and second
hollow charge (11, 12) to collide in connection with
penetration of the protection.

Multiple hollow charge according to Patent Claim 9,
characterized in that the geometrical distances be-
tween component hollow charges (11, 12) are di-
mensioned in such a manner that the faster part of
the second jet (19) catches up the slower part of the
first jet (18) on or after penetration of the protection.

Multiple hollow charge according to any one of Pat-
ent Claims 9-10, characterized in that the compo-
nent hollow charges (11, 12) have a different geo-
metrical shape in order to cause the hollow-charge
jets (18, 19) of the hollow charges to collide.

Multiple hollow charge according to any one of Pat-
ent Claims 9-11, characterized in that the compo-
nenthollow charges (11, 12) have different explosive
properties in order to cause the hollow-charge jets
(18, 19) of the hollow charges to collide.

Multiple hollow charge according to any one of Pat-
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ent Claims 9-12, characterized by a control ar-
rangement (21) adapted to initiate the second hollow
charge (12) depending on the initiation of the first
hollow charge (11) in order to cause the hollow-
charge jets (18, 19) of the hollow charges to collide.

Multiple hollow charge according to any one of Pat-
ent Claims 9-13, characterized in that the compo-
nent hollow charges (11, 12) are of the jet-forming
type or the projectile-forming type.

Patentanspriche

1.

Verfahren fir eine Mehrfachhohlladung (10) zum
Herbeifihren einer verstarkten Wirkung bei oder
nach Durchdringung eines Schutzes, wobei ein er-
ster Hohlladungsstrahl (18) von einer ersten Hohlla-
dung (11) und ein zweiter Hohlladungsstrahl (19) von
einer zweiten Hohlladung (12) miteinander wechsel-
wirken, dadurch gekennzeichnet, dass die Wech-
selwirkung der ersten und zweiten Hohlladung (11,
12) im Zusammenhang mit der Durchdringung des
Schutzes erfolgt durch Kollision der Strahlen (18, 19)
in Zusammenhang mit der Durchdringung des
Schutzes.

Verfahren nach dem vorausgehenden Anspruch,
dadurch gekennzeichnet, dass die geometri-
schen Abstéande zwischen Hohlladungskomponen-
ten (11, 12) so bemessen sind, dass der schnellere
Teil des zweiten Strahls (19) den langsameren Teil
des ersten Strahls (18) bei oder nach der Durchdrin-
gung des Schutzes einholt.

Verfahren nach einem der vorangehenden Anspri-
che, dadurch gekennzeichnet, dass die Hohlla-
dungskomponenten (11, 12) unterschiedliche geo-
metrische Form haben derart, dass der schnellere
Teile des zweiten Strahls den langsameren Teil des
ersten Strahls in Zusammenhang mit der Durchdrin-
gung des Schutzes einholt.

Verfahren nach einem der vorangehenden Anspri-
che, dadurch gekennzeichnet, dass die Hohlla-
dungskomponenten (11, 12) unterschiedliche Ex-
plosiveigenschaften aufgrund der Verwendung un-
terschiedlicher Explosivstoffe, Zundverfahren oder
dergleichen haben derart, dass der schnellere Teil
des zweiten Strahls denlangsameren Teil des ersten
Strahls in Zusammenhang mit der Durchdringung
des Schutzes einholt.

Verfahren nach einem der vorangehenden Anspri-
che, dadurch gekennzeichnet, dass die Verzoge-
rung der Auslésung der zweiten Hohlladung (12) in
Bezug auf die erste Hohlladung (13) so gesteuert
wird, dass der schnellere Teil des zweiten Strahls
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10.

11.

12.

den langsameren Teil des ersten Strahls in Zusam-
menhang mit der Durchdringung des Schutzes ein-
holt.

Verfahren nach einem der vorangehenden Anspri-
che, dadurch gekennzeichnet, dass die hintere
Ladung (12) von zwei Hohlladungen vor der vorde-
ren Ladung (11) geziindet wird.

Verfahren nach Anspruch 6, dadurch gekenn-
zeichnet, dass der Strahl (18) der vorderen Hohl-
ladung in einem mehr oder weniger leeren Quer-
schnittsbereichs des Strahls (19) der hinteren Hohl-
ladung eingeschlossen ist.

Verfahren nach einem der Anspriiche 1 bis 5, da-
durch gekennzeichnet, dass die vordere Ladung
(11) von zwei Hohlladungen vor der hinteren Ladung
(12) gezundet wird.

Mehrfachhohlladung (10) mit mindestens einer er-
sten und einer zweiten Hohlladung (11, 12), die der-
artangeordnetsind, dass sie im Wesentlichen in der-
selben Richtung gegen einen Schutz wirken, um die-
sen zu durchdringen, wobei die Hohlladungen eine
Explosivladung (13 bzw. 15) mit einer Auskleidung
(14 bzw. 16) umfassen, und wobei die Mehrfach-
hohlladung Mittel zum Detonieren der Hohlladungen
aufweist, wobei ein Hohlladungsstrahl (18) zur Ein-
wirkung gegen den Schutz von jeder Ladung bei De-
tonation der Hohlladung gebildet wird, wobei die
Hohlladungsstrahlen miteinander wechselwirken,
dadurch gekennzeichnet, dass die Mehrfachhohl-
ladung (16) Mittel (21) aufweist, die ein Kollidieren
der Hohlladungsstrahlen von mindestens der ersten
und zweiten Hohlladung (11, 12) in Zusammenhang
mit der Durchdringung des Schutzes bewirken.

Mehrfachhohlladung nach Anspruch 9, dadurch ge-
kennzeichnet, dass die geometrischen Absténde
zwischen Hohlladungskomponenten (11, 12) so be-
messen sind, dass der schnellere Teil des zweiten
Strahls (19) den langsamen Teil des ersten Strahls
(18) bei oder nach Durchdringung des Schutzes ein-
holt.

Mehrfachhohlladung nach einem der Anspriiche
9-10, dadurch gekennzeichnet, dass die Hohlla-
dungskomponenten (11, 12) unterschiedliche geo-
metrische Form haben derart, dass die Hohlladungs-
strahlen (18, 19) der Hohlladungen zum Kollidieren
gebracht werden.

Mehrfachhohlladung nach einem der Anspriiche
9-11, dadurch gekennzeichnet, dass die Hohlla-
dungskomponenten (11, 12) unterschiedliche Ex-
plosionseigenschaften haben derart, dass die Hohl-
ladungsstrahlen (18, 19) der Hohlladungen zum Kol-
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lidieren gebracht werden.

Mehrfachhohlladung nach einem der Anspriche
9-12, gekennzeichnet durch eine Steueranord-
nung (21) zum Ziinden der zweiten Hohlladung (12)
in Abhangigkeit von der Ziindung der ersten Hohlla-
dung (11) derart, dass die Hohlladungsstrahlen (18,
19) der Hohlladungen zum Kollidieren gebracht wer-
den.

Mehrfachhohlladung nach einem der Anspriche
9-13, dadurch gekennzeichnet, dass die Hohlla-
dungskomponenten (11, 12) vom strahlbildenden
Typ oder vom geschossbildenden Typ sind.

Revendications

Procédé destiné a une charge creuse multiple (10)
en vue de provoquer un effet amplifié sur ou aprés
pénétration de protection, un premier jet de charge
creuse (18) provenantd’'une premiére charge creuse
(11) et un second jet de charge creuse (19) prove-
nant d'une seconde charge creuse (12) interférant
I'un avec l'autre, caractérisé en ce que l'interféren-
ce des premiére et seconde charges creuses (11,
12) est forcée a avoir lieu conjointement avec la pé-
nétration de la protection en faisant entrer en colli-
sion les jets (18, 19) conjointement avec la pénétra-
tion de la protection.

Procédé selon la revendication précédente, carac-
térisé en ce que I'on dimensionne les distances
géomeétriques entre les charges creuses (11, 12) de
composition de fagon a ce que la partie plus rapide
du second jet (19) rattrape la partie plus lente du
premier jet (18) sur ou aprés pénétration de la pro-
tection.

Procédé selon I'une quelconque des revendications
précédentes, caractérisé en ce que I'on donne aux
charges creuses (11, 12) de composition une forme
géométrique différente de fagcon a ce que la partie
plus rapide du second jet rattrape la partie plus lente
du premier jet conjointement avec la pénétration de
la protection.

Procédé selon I'une quelconque des revendications
précédentes, caractérisé en ce que I'ondonne aux
charges creuses (11, 12) de composition des pro-
priétés explosives différentes, en tant que résultat
de I'utilisation de différentes substances explosives,
de différents principes d'initiation, ou autres, de fa-
¢on a ce que la partie plus rapide du second jet rat-
trape la partie plus lente du premier jet conjointement
avec la pénétration de la protection.

Procédé selon I'une quelconque des revendications
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10.

11.

12.

10

précédentes, caractérisé en ce que I'on contrdle le
retard d'activation de la seconde charge creuse (12)
par rapportala premiére charge creuse (13) de fagon
a ce que la partie plus rapide du second jet rattrape
la partie plus lente du premier jet conjointement avec
la pénétration de la protection.

Procédé selon I'une quelconque des revendications
précédentes, caractérisé en ce que la charge ar-
riere (12) des deux charges creuses est mise a feu
avant la charge avant (11).

Procédé selon la revendication 6, caractérisé en
ce que le jet (18) de lacharge creuse avant est com-
pris dans une section, plus ou moins vide, dans le
jet (19) de la charge creuse arriére.

Procédé selon 'une quelconque des revendications
1 a5, caractérisé en ce que la charge avant (11)
des deux charges creuses est mise a feu avant la
charge arriére (12).

Charge creuse multiple (10) comprenant au moins
une premiere et une seconde charges creuses (11,
12) agencées de fagon a agir essentiellement dans
la méme direction contre une protection afin de pé-
nétrer cette derniére, lesquelles charges creuses
comprennent une charge explosive (13 et, respecti-
vement, 15) avec un revétement (14 et, respective-
ment, 16), et laquelle charge creuse multiple com-
prend un moyen de détonation des charges creuses,
un jet de charge creuse (18, 19) destiné a agir contre
la protection étant formé a partir de chaque charge
sur détonation d’'une charge creuse, les jets de char-
ge creuse interférant I'un avec 'autre, caractérisée
en ce que la charge creuse multiple (10) comprend
le moyen (21) d'obliger les jets de charge creuse
provenant des premiére et seconde charges creuse
(11, 12) au moins a entrer en collision conjointement
avec la pénétration de la protection.

Charge creuse multiple selon la revendication 9, ca-
ractérisée en ce que les distances géométriques
entre les charges creuses (11, 12) de composition
sont dimensionnées de facon a ce que la partie plus
rapide du second jet (19) rattrape la partie plus lente
du premier jet (18) sur ou aprés pénétration de la
protection.

Charge creuse multiple selon I'une quelconque des
revendications 9 a 10, caractérisée en ce que les
charges creuses (11, 12) de composition possédent
une forme géomeétrique différente de fagon a obliger
les jets de charge creuse (18, 19) des charges creu-
ses a entrer en collision.

Charge creuse multiple selon I'une quelconque des
revendications 9 a 11, caractérisée en ce que les
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charges creuses (11, 12) de composition possédent
des propriétés explosives différentes de fagon a obli-
ger les jets de charge creuse (18, 19) des charges
creuses a entrer en collision.

Charge creuse multiple selon I'une quelconque des
revendications 9 a 12, caractérisée en ce qu’ un
agencement de contrdle (21) est adapté pour initier
la seconde charge creuse (12) en fonction de I'ini-
tiation de la premiére charge creuse (11) afin d’obli-
ger les jets de charge creuse (18, 19) des charges
creuses a entrer en collision.

Charge creuse multiple selon I'une quelconque des
revendications 9 a 13, caractérisée en ce que les
charges creuses (11, 12) de composition sont du
type a formation de jet ou du type a formation de
projectile.
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