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Description

BACKGROUND OF THE INVENTION AND PRIOR
ART

The present invention concerns elements for mak-
ing a protective reactive armour to be fitted on the out-
side of an enclosure liable to be exposed to attack by
shaped-charge warheads and kinetic energy projec-
tiles. Such an element is described in FR-A-2632059
which forms a basis for the preamble of claim 1. The
invention concerns also a method for protecting such an
enclosure. Examples of enclosures protectable by a re-
active armour made of elements according to the inven-
tion are land vehicles such as battle tanks, armoured
personnel carriers, armoured fighting vehicles, ar-
moured, self- propelled guns; armoured static structures
such as buildings, above-ground portions of bunkers,
container tanks for the storage of fuel and chemicals;
etc. A reactive armour element according to the inven-
tion may be a basic type armour made integral with a
conventional passive armour, or alternatively be of the
add-on type.

Warheads with shaped-charge munition, also
known as hollow charge munition, are known to pierce
armour and thereby destroy the protected object from
within. This capacity of a shaped charge results fromthe
fact that upon detonation there forms an energy-rich jet
also known as "thorn" or "spike" which advances at very
high speed of several thousand meters per second and
is thereby capable of piercing even relatively thick ar-
mour walls.

In US-A-4,368,660 there is described an arrange-
ment which purports to afford protection against the
penetrating effect of an exploding shaped charge. Ac-
cording to that proposal there is provided a continuous
wall structure having an explosive layer sandwiched be-
tween two wall members of an inert material, e.g. a met-
al, and being so arranged that the axis of an impinging
projectile and of the jet formed upon detonation, in-
cludes with the surface of the wall structure an acute
angle of say 45°. According to the said U.S. patent,
when a jet of a hollow charge warhead penetrates the
upper surface of such a protective arrangement, it initi-
ates the explosive layer and in consequence the walls
thereof are thrown apart in opposite directions, both es-
sentially normal to their surfaces. Thus one of the wall
members moves in the direction of the protected sub-
strate, while the other moves away and in consequence
and due to the acute angle included between the jet and
the wall member surfaces, the jet is successively inter-
sected by different portions of the moving wall members
with the consequence that the energy and mass of the
jet are rapidly consumed whereby the jet is attenuated.

A similar arrangement is disclosed in GB-A-
1,581,125 with the sole difference that in accordance
with that disclosure the arrangement of the layer of ex-
plosive substance may optionally be covered only on
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one side by a layer of a non- combustible material.

An improved protective armour is disclosed by the
present Applicants in their US-A-4,741,244 and the cor-
responding EP-B1-0 161,390. This improved protective
armour is of the add-on type and consists of a plurality
of elements each comprising a cover member having
suspended therefrom on the side that faces the sub-
strate at least one explosive insert comprising an explo-
sive layer sandwiched between two metal plates such
that when the element is mounted on a substrate the
explosive insert remains distant therefrom.

Allthese prior art reactive armours are based on the
mass and energy consuming effects of moving plates
and their functioning is conditional on the existence of
an acute angle between the jet of an oncoming hollow
charge threat and the armour itself, since only in such
a case the jet is attenuated by being successively inter-
sected by different portions of the thrown-apart wall
members of a hit protective element. Such an acute an-
gle does however not always materialize, typical exam-
ples being the roof of an armoured land vehicle which
is liable to be hit by a shaped charge projectile such as
a cluster bomblet arriving normal or near-normal to the
surface, i.e. at an angle of about 90° or close thereto,
or bazooka plate liable to be hit by anti-armour war-
heads which may, i.a. arrive normal to such plates. In
such an event conventional reactive armours do not per-
formtheir function and the jet generated by an oncoming
shaped charge warhead is not significantly attenuated,
if at all.

It has already been suggested to overcome this
problem by mounting reactive armour elements on the
roof or on bazooka plate armour askew with respect to
the oncoming jet. However, such a solution is only of
very little practical value, because the protection afford-
ed in this way is limited to the case of shaped charge
warheads arriving at a narrow range of angles at which
the reactive armour is effective.

It is the object of the present invention to provide an
element for a protective reactive armour that is suitable
for affording protection against shaped charge war-
heads regardless of the angle of attack, including cases
of normal or near-normal hits. It is a further object of the
invention to provide an element of the kind specified that
is also effective against armour piercing and kinetic en-
ergy projectiles.

SUMMARY OF THE INVENTION

In accordance with the invention there is provided
an element for making a reactive armour having the fea-
tures mentioned in the characterising part of claim 1.

A reactive armour element according to the inven-
tion may be made integral with a basic armour element
or alternatively be of the add-on type.

The invention further provides enclosures fitted with
a reactive armour consisting of elements of the kind
specified. Enclosures included within the scope of the
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present invention comprise armoured land vehicles
such as battle tanks, armoured personnel carriers, ar-
moured fighting vehicles, armoured, self- propelled
guns; armoured marine vessels; armoured static struc-
tures such as container tanks for holding fuel and chem-
icals, armoured buildings and the like.

The protective effect of a reactive armour made of
elements in accordance with the invention is based on
a new concept by which the moving apart metal plates
of conventional reactive armour are replaced by an inert
body which functions by way of a so-called dynamic col-
lapse. Thus, a jet generated by an oncoming shaped
charge warhead initiates the explosive layer and in con-
sequence a pressure builds up and acts on the inert in-
termediary body. Such pressure in combination with the
action of the jet, sets into operation a chain of succes-
sive dynamic collapse cycles each consisting of a first
phase at which a crater is produced in the inert interme-
diary body by the action of the penetrating jet, and a
second phase at which said crater is re-closed in con-
sequence of the said pressure. In the course of such
succession of cycles the jet progresses across the inert
intermediary body with each tailing jet portion encoun-
tering a re-closed portion of the body. In this way the
mass and energy of the jet are successively consumed
and the jet is thus attenuated, deviated and scattered.

As distinct from known reactive armour, the reactive
armour according to the invention is highly effective re-
gardless of the angle of attack of a jet produced by an
oncoming hollow charge warhead, and thus affords pro-
tection also against hollow charge warheads that arrive
normal or near-normal to the reactive armour surface.
Accordingly, a reactive armour fitted onto a static or
movable enclosure may be made entirely of elements
according to the invention. In the alternative, it is possi-
ble to produce a reactive armour from elements accord-
ing to the invention only at those locations such as the
roof or a bazooka plate of a battle tank where normal or
near-normal hits are expected, and from conventional
reactive armour elements at other locations where any
shaped charge threat is expected to arrive at an acute
angle.

If desired, it is possible to incorporate in the reactive
armour element according to the invention one or more
further explosive layer, e.g. between the intermediary
body and the base plate and/or within the inert interme-
diary body so that the element actually comprises two
inert intermediary bodies sandwiching between them an
explosive layer.

Where in such an embodiment the reactive armour
is spaced from the basic armour and a jet produced by
an oncoming hollow charge warhead forms an acute an-
gle with the armour surface, the base plate together with
the overlaying explosive layer produce a conventional
reactive effect additional to the dynamic collapse effect
according to the invention, which is an added benefit.

An external fuel or water tank of a land vehicle or
marine vessel may, when full, serve as an inert interme-
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diary body in a reactive armour according to thc inven-
tion. The same also applies to container tanks. Accord-
ingly, by a further aspect of the invention there is also
provided a method of furnishing reactive protection to a
portion of a structure holding an inert body, comprising
applying to the outer face of such structure a covered
explosive layer. In this way there is formed in situ a com-
posite body of the kind described hereinbefore.

One of the purposes of the outer cover in a reactive
armour according to the invention, is to afford physical
protection for the explosive layer. Accordingly the outer
cover may optionally either be a metal plate similar to
the base plate, such metal plate being instrumental in
directing inward the pressure buildup resulting from in-
itiation of the explosive layer; or simply a suitable weath-
er-resistant material, e.g. sheet metal, plastic material,
fiberglass and the like. In the latter case the cover does
not direct the pressure inward and consequently the ex-
plosive layer may have to be thicker.

There are no critical limitations on the material of
the intermediary body which may be solid or liquid, me-
tallic, e.g. aluminium, or non-metallic, e.g. glass ora ce-
ramic material. As a rule, such materials will be pre-
ferred which on the one hand produce a pronounced dy-
namic collapse effect, while on the other hand are rela-
tively light so that the reactive armour should not add
too much weight to the vehicle.

Where it is desired to provide protection also
against armour piercing, kinetic energy projectiles or ar-
tillery fragmentations, the material of the intermediary
body will be selected accordingly, a typical example be-
ing ceramics.

Due to the fact that there is no need for moving
plates in the course of operation, reactive armour ele-
ments according to the invention need not be spaced
from the basic armour and may be mounted in close
proximity thereto whereby the total armour volume is re-
duced. However, if desired the reactive armour accord-
ing to the invention may be spaced from the basic ar-
mour.

A protective armour according to the invention has
the further advantage that there hardly occur ally im-
pacts upon the basic armour of the kind that are usually
experienced with conventional protective armours and
which are due to the fact that upon detonation the inner-
most of the two metal plates which between them hold
the explosive layer, is hurled onto the main, passive ar-
mour of the vehicle. Thus in accordance with the inven-
tion the phenomena of spalling, deformation, mechani-
cal shock and vibration, which characterize convention-
al reactive armour, are practically eliminated.

The invention also provides a method of protecting
an enclosure against shaped charge warheads and op-
tionally also against kinetic threats, wherein such enclo-
sure is fitted on the outside with a reactive armour com-
prising elements of the kind specified.
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DESCRIPTION OF THE DRAWINGS

For better understanding the invention will now be
described, by way of example only, with reference to the
enclosed drawings in which:

Fig. 1 is a fragmentary section across a reactive ar-
mour element according to the invention;

Figs. 2a -2d show diagrammatically various oper-
ational stages of a reactive armour element accord-
ing to the invention;

Fig. 3 is a fragmentary section across another em-
bodiment of a reactive armour according to the in-
vention; and

Fig. 4 is a fragmentary section across yet another
embodiment of a reactive armour according to the
invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

The protective armour element shown in Fig. 1 is a
multilayer body comprising an outer cover plate 1, e.g.
of steel, an explosive layer 2, an intermediary inert body
3, e.g. of aluminium, and a base plate 4 which again
may be of steel.

The various phases in the operation of a reactive
armour element according to the invention are shown in
Fig. 2. Fig. 2a shows a jet 5 produced by an oncoming
shaped charge warhead and approaching the armour in
a direction normal thereto.

In the operational phase shown in Fig. 2b, jet 5 has
penetrated into the explosive layer 2 by which an explo-
sion was initiated which resulted in a pressure build-up
and exertion of pressure on the intermediary inert body
3, while cover plate 1 is thrown in the opposite direction.
In that phase a front portion of jet 5 has already pene-
trated into inert body 3 and formed a crater therein.

In the operational phase of Fig. 2¢, the initial crater
in body 3 has closed in consequence of the external
pressure resulting from the initiation of explosive layer
2, and two different openings 16, 17 which were succes-
sively formed, are shown. This signifies the chain of suc-
cessive dynamic collapse cycles which occurs in the
wake of jet 5 and which consists of rapid succession of
openings by the action of jet 5 and reclosures by the
action of the external pressure as specified. It is further
shown in Fig. 2¢ that portion of jet 5 which is already
within body 3 is deviated, scattered and attenuated.

In the operational phase shown in Fig. 2d, the dy-
namic collapse effect is in its final stage while the scat-
tered and attenuated segments 18 of the jet have per-
forated bottom plate 4.

The embodiment of a reactive armour element ac-
cording to the invention shown in Fig. 3 is basically sim-
ilar to that of Fig. 1 with the addition, however, of a sec-
ond explosive layer 6 which is sandwiched between in-
ert body 3 and base plate 4. This addition improves per-
formance in particular in cases of threats that arrive at
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an acute angle, such as threat 7 in Fig. 3.

If desired the inert body 3 may consist of two or
more strata of different inert materials.

In the embodiment of a reactive armour element of
Fig. 4 yet another explosive layer is provided. As shown
this embodiment comprises a cover plate 8, a first ex-
plosive layer 9, a first intermediary body 10 and a sec-
ond intermediary body 11 which sandwich between
them a second explosive layer 12. Intermediary bodies
10 and 11 may be of the same material or of different
materials. Underneath body 11 there is provided a third
explosive layer 13 and then there follow a baseplate 14.

Claims

1. An element for making a reactive armour, being a
multilayer composite body in which each layer tight-
ly bears against each contiguous layer, which mul-
tilayer composite body comprises an outer cover (1;
8), at least one explosive layer (2 ; 6 ; 13), at least
one intermediary inert body (3;10;11) and a base
plate (4;14), characterized in that said at least one
intermediary inert body (3;10;11) is juxtaposed to
each of said at least one explosive layer (2; 6 ; 13)
and is thicker than an aggregate thickness of the
outer cover plate (1;8) and any juxtaposed explo-
sive layer (2), the arrangement being such that on
initiation of said explosive layer by a penetrating jet
of a shaped charge warhead a succession of dy-
namic collapse cycles occurs in which said at least
one intermediary inert body collapses into a crater
formed by a penetrating jet.

2. Ancelement according to Claim 1 being integral with
a basic armour element (14).

3. An element according to Claim 1 being of the add-
on type.

4. An element according to any one of Claims 1 to 3
comprising a second explosive layer (6) between
the intermediary inert body (3) and base plate (4).

5. An element according to any one of Claims 1 to 4
comprising a third explosive layer (12) sandwiched
between two intermediary inert bodies (10, 11).

6. An element according to any one of Claims 1 to 5,
characterized in that said at least one inert interme-
diary body is of a single material.

7. An element according to any one of Claims 1 to 5,
characterized in that said at least one inert interme-
diary body comprises two or more strata of different
materials.

8. An enclosure fitted with a reactive armour elements
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according to any one of Claims 110 7.

An enclosure according to Claim 8 being an ar-
moured land vehicle.

An armoured land vehicle according to Claim 9 be-
ing a battle tank.

An armoured land vehicle according to Claim 10 be-
ing a personnel carrier or an armoured fighting ve-
hicle.

An armoured land vehicle according to Claim 11 be-
ing an armoured, self-propelled gun.

An enclosure according to Claim 8 being a marine
vessel.

An enclosure according to Claim 8 being a contain-
er tank.

An enclosure according to Claim 8 being a building.

A method of protecting an enclosure against
shaped charge warheads and optionally against ki-
netic threats, characterized by fitting the enclosure
on the outside with a reactive armour made of ele-
ments according to any one of Claims 110 7.

A method according to Claim 16, characterized by
applying to the outside of an inert body contained
within said enclosure a covered explosive layer.

A method according to Claim 17 wherein the enclo-
sure is a land vehicle or marine vessel and charac-
terized in that a covered explosive layer is applied
to the outside of a liquid holding compartment.

A method according to Claim 18, characterized in
that said compartment holds fuel.

A method according to Claim 18, characterized in
that said compartment holds water.

Patentanspriiche

1.

Bauteil zum Herstellen einer reaktiven Panzerung
als Mehrschicht-Verbundkérper, in dem jede
Schicht fest an jeder benachbarten Schicht anliegt,
mit einer &uBeren Abdeckung (1; 8), wenigstens ei-
ner Sprengstoffschicht (2; 6; 13), wenigstens einem
inerten Zwischenkérper (3; 10; 11) und einer Grund-
platte (4; 14),

dadurch gekennzeichnet, daf3 der genannte wenig-
stens eine inerte Zwischenkérper (3; 10; 11) Gber
jeder der genannten wenigstens einen Sprengstofi-
schicht (2; 6; 13) angeordnet und dicker ist als eine
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10.

11.

12.

13.

14.

15.

16.

gesamte Dicke der duBBeren Abdeckplatte (1; 8) und
jeder darunterliegenden Sprengstoffschicht (2), wo-
bei die Anordnung so ist, daf3 bei Ziindung der ge-
nannten Sprengstoffschicht durch einen Detonati-
onsstrahl eines Hohlladungs-Sprengkopfes eine
Folge dynamischer Kollapszyklen stattfindet, bei
denen der genannte wenigstens eine inerte Zwi-
schenkdrper in einen durch einen Detonations-
strahl erzeugten Krater kollabiert.

Bauteil nach Anspruch 1, das mit einem Panze-
rungs-Grundteil einstlickig ausgebildet ist.

Bauteil nach Anspruch 1, das anbaubar ist.

Bauteil nach einem der Anspriiche 1 bis 3, mit einer
zweiten Sprengstoffschicht (6) zwischen dem iner-
ten Zwischenkérper (3) und der Grundplatte (4).

Bauteil nach einem der Anspriiche 1 bis 4, mit einer
dritten Sprengstoffschicht (12), die zwischen zwei
inerten Zwischenkdrpern (10, 11) angeordnet ist.

Bauteil nach einem der Anspriiche 1 bis 5,
dadurch gekennzeichnet, daf3 der genannte wenig-
stens eine inerte Zwischenkdrper aus einem einzi-
gen Werkstoff hergestellt ist.

Bauteil nach einem der Anspriiche 1 bis 5,
dadurch gekennzeichnet, daf3 der genannte wenig-
stens eine inerte Zwischenkdrper zwei oder mehr
Lagen verschiedener Werkstoffe umfaBt.

Hulle, die mit Bauteilen einer reaktiven Panzerung
geman einem der Anspriiche 1 bis 7 versehen ist.

Hulle nach Anspruch 8, die ein gepanzertes Land-
fahrzeug ist.

Gepanzertes Landfahrzeug nach Anspruch 9, das
ein Kampfpanzer ist.

Gepanzertes Landfahrzeug nach Anspruch 10, das
ein Mannschaftstransportfahrzeug oder ein gepan-

zertes Kampffahrzeug ist.

Gepanzertes Landfahrzeug nach Anspruch 11, das
ein gepanzertes selbstfahrendes Geschiitz ist.

Hulle nach Anspruch 3, die ein Wasserfahrzeug ist.
Hulle nach Anspruch 8, die ein Behaltertank ist.
Hulle nach Anspruch 8, die ein Gebdude ist.
Verfahren zum Schitzen einer Hiille gegen Hohlla-

dungs-Sprengkédpfe und wahlweise gegen kineti-
sche Bedrohungen, gekennzeichnet durch Anbrin-
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gen einer reaktiven Panzerung aus Bauteilen nach
einem der Anspriiche 1 bis 7 an der AuB3enseite der
Hulle.

Verfahren nach Anspruch 16,

gekennzeichnet durch Anbringen einer abgedeck-
ten Sprengstoffschicht an der AuBenseite eines in
der genannten Hille enthaltenen inerten Kérpers.

Verfahren nach Anspruch 17, bei dem die Hille ein
Landfahrzeug oder ein Wasserfahrzeug ist, das da-
durch gekennzeichnet ist, daB eine abgedeckie
Sprengstoffschicht auf die AuBenseite einer eine
Flassigkeit enthaltenen Kammer aufgebracht wird.

Verfahren nach Anspruch 18,
dadurch gekennzeichnet, daf3 die genannte Kam-
mer Brennstoff enthalt.

Verfahren nach Anspruch 18,
dadurch gekennzeichnet, daf3 die genannte Kam-
mer Wasser enthalt.

Revendications

Elément pour réaliser un blindage réactif, constitué
par un corps composite multicouche dans lequel
chaque couche porte étroitement contre chaque
couche contigué, lequel corps composite multicou-
che comprend un recouvrement extérieur (1 ; 8), au
moins une couche explosive (2 ; 6 ; 13), au moins
un corps inerte intermédiaire (3; 10 ; 11) et une pla-
que de base (4 ; 14), caractérisé en ce que ledit au
moins un corps inerte intermédiaire (3; 10 ; 11) est
juxtaposé a chacune desdites au moins une couche
explosive (2 ; 6 ; 13) et est plus épaisse que la som-
me des épaisseurs de la plague du recouvrement
extérieur (1 ; 8) et d'une couche explosive (2) jux-
taposée, l'agencement étant tel que, lors de la mise
afeude ladite couche explosive par un jet pénétrant
d'une téte offensive & charge creuse, il se produit
une succession de cycles d'effondrement dynami-
que dans lesquels ledit au moins un corps inerte
intermédiaire s'effondre dans un cratére formé par
un jet pénétrant.

Elément selon la revendication 1, qui est d'une seu-
le piece avec un élément de blindage ordinaire (14).

Elément selon la revendication 1, qui est du type
surajouté.

Elément selon une quelconque des revendications
1 a 3, comprenant une deuxidme couche explosive
(B) entre le corps inerte intermédiaire (3) et la pla-
que de base (4).
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Elément selon une quelconque des revendications
1 & 4, comprenant une troisiéme couche explosive
(12) interposée entre deux corps inertes intermé-
diaires (10, 11).

Elément selon une quelconque des revendications
1 a5, caractérisé en ce que ledit au moins un corps
intermédiaire inerte est fait d'une seule et méme
matiére.

Elément selon une quelconque des revendications
1 a5, caractérisé en ce qu'au moins un corps inter-
médiaire inerte comprend deux ou plus de deux
strates de matiéres différentes.

Enceinte équipée d'un élément de blindage réactif
selon une quelconque des revendications 1 a 7.

Enceinte selon la revendication 8, qui est un véhi-
cule terrestre blindé.

Véhicule terrestre blindé selon la revendication 9,
qui est un char de combat.

Véhicule terrestre blindé selon la revendication 10,
qui est un véhicule de transport de personnel ou un
véhicule de combat blindé.

Véhicule terrestre blindé selon la revendication 11,
qui est un canon automoteur blindé.

Enceinte selon la revendication 8, qui est un navire
marin.

Enceinte selon la revendication 8, qui est un réser-
VOoir.

Enceinte selon la revendication 8, qui est un im-
meuble.

Procédé pour protéger une enceinte contre les té-
tes offensives a charge creuse et éventuellement
contre les menaces cinétiques, caractérisé en ce
qu'on équipe l'enceinte extérieurement d'un blinda-
ge réactif composé d'éléments selon une quelcon-
que des revendications 1 & 7.

Procédé selon la revendication 16, caractérisé en
ce qu'on applique sur la surface extérieure d'un
corps inerte contenu dans ladite enceinte une cou-
che explosive recouverte.

Procédé selon la revendication 17, dans lequel I'en-
ceinte est un véhicule terrestre ou un navire marin
et caractérisé en ce qu'on applique une couche ex-
plosive recouverte sur la surface extérieure d'un
compartiment contenant du liquide.



19.

20.

11 EP 0 689 028 B1

Procédé selon la revendication 18, caractérisé en
ce que ledit compartiment contient du carburant.

Procédé selon la revendication 18, caractérisé en
ce que ledit compartiment contient de l'eau.
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