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Abstract. The hereby work describes the examples of pratectif light fighting
vehicles armoured with additional reactive armourke way of protecting of light
fighting vehicles with the use of composite-reagtarmours against penetration with
HEAT projectiles (with a penetration ability of 36@m RHA) and against small calibre
(up to 14,5 mm) armour-piercing bullets are showntlbe example of the BWP-1.
Technical parameters of the CERAWA-1 armour andagsembly on BWP-1 are
presented. The work also presents the results adfc stests of several variants of
reactive-passive panels light fighting vehicles against PG-7 projectilegrforation at
the angle of 60° and 72bm normal to the cassette surface. Dependindherstirface
mass of the light reactive-passive armour pandfferent levels of damage to the
armour witness plate were achieved.

Keywords. materials technologyexplosion, explosive reactive armour, shaped charge
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1. INTRODUCTION

Armours of fighting vehicles after the II World Wand other wars,
especially in the Middle East, usually reached ghhdegree of resistance to
perforation of shaped charge projectiles.

* Presented at'8International Armament Conference on ,Scientifispacts of Armament and Safety Technology”,
Puttusk, Poland, 6-8 October, 2010.
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It concerns first of all: HEATHigh explosive antiank) hand grenades, tank
rounds and guided missiles with the penetratiohtwalof up toh = 1300 mm of
the RHA folled homogeneous armgyd.-3].

Armours of such vehicles must effectively distufie penetration of
shaped charge projectiles and be resistant todtandtion of large quantity of
high-energy explosive, contained in the shapedgehprojectiles. Such quantity
of explosive in guided missiles and in shaped ah@rgjectiles as well as thick
casing of such projectiles, effectively destroy ER#active armours usually
situated as additional protection [3]. Only a fewnstructions of reactive
armours, eg. ERAWA-1 and 2, are minimally sensitteesuch destructive
effect [3].

The armours of light and medium fighting vehicledBWP), are not
resistant to perforation even by typical HEAT hagibnades, eg. RPG-7.
Nowadays such vehicles are protected with the Gsgher, lighter than RHA
armours from the perforation of RPG-7 hand grenad#sthe PG-7 projectiles
(the most often used in the world) with the perraability of h = 300 mm of
the RHA and against AP bullets of the calibdss 7,62+14,5 mm. The BWP
protection from the perforation of PG-7 projectilssprovided by different
reactive armours (Fig. 1).

Fig. 1. Light fighting vehicles with ERA casset{@$ protecting from PG-7 type shaped
charge projectiles; a — Bradley with different moadular cassettes,
b — FV432 Mk3 BULLDOG with modular cassettes

For a large quantity of light western LFVs and Rars8WP-1 type LFVs
made around the world, as well as the proposalth&tr modernization by the
Polish [4] industry, the necessity arose for insieg the protection level of this
type of armours. It is for this purpose that thedolar CERAWA-1 composite-
-reactive armour [5, 6] which protects against pleeforation of shaped charge
projectiles with the penetration ability di=300 mm RHA and against
14,5 mm AP bullets has been developed.

This armour, with the mass of 920 kg and the afex%nT protects front
upper, bottom and side parts of the hull and thetfand side part of the turret.
During horizontal firing, the CERAWA-1 cassetteagclined at some angle,
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effectively shield the whole front plate, despite fact that their area is much
smaller than the area of this plate. This armoastehed on the BWP-1, was
displayed at the Il International Exhibition of f2ace Industry — Kielc&5 in
Poland. Thanks to its full modularity, small thigles and easy assembly
method, the CERAWA-1 [7] armour can be appliedtteeofighting vehicles.

2. TESTSOF THE REACTIVE-PASSIVE ARMOUR

The static tests which were carried out, testedptéective ability for the
reactive-passive armour panels with ERAWA-1 rea&ctoassettes composed
from an aluminium alloy, during penetration witlslzaped charge jet generated
by a PG-7 projectile [8]. Three different constionts of armour panels
(Fig. 2) have been used and on every panel, the tath the use of shaped
charge projectiles placed at anglesocf 60° ando = 72° from normal to the
surface of the external cassette were carried out.
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Fig. 2. The arrangement of the PG-7 shaped chaajeqile in relation
to the ERAWA-1 reactive cassette

The panel of the reactive-passive armour (Fig. 8hsisted of the
ERAWA-1 cassette (1) made of an aluminium alloy ahhivas screwed on to
the steel channel section (4) with the length & B0On by means of nuts (7).
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Fig. 3. Reactive-passive panel — version 1:
1 - ERAWA - 1 cassette, 2 — steel plate 1, 3 — Rittte 2 (witness),
4 — steel channel section, 5 — sleeve, 6 — screwput
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This channel section was screwed with screws (&)dcsteel plate 1 (2) to
which the sleeves (5) with screwed holes were welite The channel section
with the ERAWA-1 cassette was placed on the stemloar plate 2 — the
“witness”, with the thickness of 8 mm (3) withoudditional fixing. The steel
plate 1 (RHA or St3) with the area of 500 x 500 mias supported in two
places on the RHA plate 2 (withess). The RHA pRatwitness) with the size of
600 x 500 x 8 mm was arranged on two channel sectighout any fixing.

Setting of PG-7 shaped charge projectiles in @tatd ERAWA-1 reactive
cassettes [8] and parameters of all panels witthé#ight ofc < 160 mm were
shown in Table 1.

TABLE 1. Parameters of panels of passive-reactive asnour

No. of panel Setting angle of PG-7 Material of | Surface
/No. of projectile in relation the plate 1 mass of
variant surface of panel,

ERAWA-1 cassette, deg m [kg/m?]
1/1 72 RHA 227
2/1 60 RHA 227
3/2 72 St3 211
4/2 60 St3 211
5/3 72 RHA 221
6/3 60 RHA 221

The view of panels of version 1 with ERAWA-1 cassetbefore and after
the initiation of the PG-7 projectile is shown iiglres 4-5.

b
Fig. 4. Panel 1 with the ERAWA-1 cassette befoeritiitiation of the PG-7 projectile
at an angle of. = 72° (a) and the RHA 2 plate (witness) afteritfigation
of the projectile (b)

On the armour plate 2 (witness) no traces of dhagwarge jet were
ascertained. The PG-7 shaped charge jet was stdppdte detonation of
explosive in the ERAWA-1 cassette as well as theARMate 1 which was
damaged in the place where the cassette was fixed.
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Fig. 5. Panel 2 with the ERAWA-1 cassette befoeritiitiation of the PG-7 projectile
at an angle of. = 60° (a) and the RHA plate 2 (witness) afterittigation
of the projectile (b)

The shaped charge jet pierced the RHA plate 1 anthe witness armour
plate a trace appeared in the form of a copper ffgen the shaped charge jet,
but the penetration of the armour witness platendictake place.

In the following version 3 (Fig. 6-7) instead betRHA plate 1 the steel
St3 plate 1 with the area of 500 x 500 mm was aselthe remaining elements
of the armour were exactly the same as in testaiRa

a

Fig. 6. Panel 3 with the ERAWA-1 cassette befoeritiitiation of the PG-7 projectile
at an angle of = 72° (a) and the RHA plate 2 (witness) afteritfigation
of the projectile (b)

a - b
Fig. 7. Panel 4 with the ERAWA-1 cassette befoeritiitiation of the PG-7 projectile
at an angle of. = 60° (a) and the RHA plate 2 (witnhess) afterittigation of the
projectile (b)
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The shaped charge jet pierced the St3 steel ptatgr@netrated the armour
witness plate in the depth &P = 4,5 mm. As a result of the detonation of
explosive in the shaped charge projectile and i teactive cassette the
deflection of the armour witness plate about 8 nisn accurred.

The shaped charge jet pierced the St3 steel phatealso pierced through
the armour witness plateBP = 8 mm. The deflection of the upper metal sheet
as a result of the initiation of the explosive lne tshaped charge projectile and
in the reactive cassette amounted to 22 mm.

In the subsequent version 3 of the reactive-pasaiwnour (Fig. 8) its
construction with relation to variants 1 and 2 whanged so that the steel plate
1 with the area of 500 x 500 mm was supported rieetiplaces on the armour
plate 2 (witness), i.e. every 150 mm — in the @aoé centres of following
aluminium ERAWA-1 cassettes. This three-point suppzaused that the
construction in variant 3 to became stiffer than variants 1 and 2.
The distances between plates 1 and 2 in variahtlf®eganel were smaller than
the distances in variants 1 and 2.

| 7 —= V

: t t t
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Fig. 8. Panel of the reactive-passive armour —ioRI3:

1 - ERAWA -1 cassette, 2 — steel plate 1, 3 — Ridde® (witness),
4 — steel channel section, 5 — sleeve, 6 — screwnut

The view of panels with ERAWA-1 cassettes in varsddoefore and after
the initiation of the PG-7 projectile is presentedrigures 9-10.

a

Fig. 9. Panel 5 with the ERAWA-1 cassette befoeritiitiation of the PG-7
projectile at the angle of = 72° (a) and the RHA plate 2 (witness) afterittigation
of the projectile (b)
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The shaped charge jet was stopped by the detonatierplosive in the
ERAWA-1 cassette and by the RHA plate 1, and thigeckon of the RHA
plate 2 (witness) was 11 mm.

Fig. 10. Panel 6 with the ERAWA-1 cassette befbeeititiation of the PG-7
projectile at an angle af = 60° (a) and the RHA plate 2 (witness) afteritiigation
of the projectile (b)

The shaped charge jet pierced the RHA plate lhemitmour witness plate
where a trace appeared in the form of a copper fagm the shaped charge jet,
but the penetration of the armour plate 2 (witnetig) not take place. The
deflection of the armour plate 2 (witness) amourited3 mm. The list of the
results of static tests with the use of shapedgeh®G-7 projectiles and panels
of reactive-passive armours is shown in Table 2iarkigure 11.

TABLE 2. Results of the firing at panels of passive-tigaarmours with the use of
PG-7 projectiles

No. of panel /| Material of steel plate 1 Sizes of holes in RHA plate Deflection
No. of / penetration depth of 2 (witness), of RHA

variant / RHA plate 2 (witness), axb[mm] plate 2

setting angle DP [mm] inlet outlet (witness),

of PG-7,0 [°] d [mm]
1/1/72 RHA/ - - - -
2/1/60 RHA/1 ~3x3 - -
3/2172 St3/4,5 51 x13 - 8
4/2/60 St3/8 34 x 17 10x6 27
5/3/72 RHA/ - - - 11
6/3/60 RHA /2 ~3x3 - 13
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Fig. 11. The depth of penetration of the platehé&, RHA plate 2 (witness) and the
deflection of the RHA plate 2 (witness): in the étion of mass of the armour panel for
the angles of = 72° (a) andv = 60° (b), in function of the height of the armqamel

for the angles = 72° (c) andr = 60° (d)

3. CONCLUSIONS

On the basis of tests carried out, the followingatosions can be drawn:
1. The panel of the reactive-passive armour with ERAWAassettes from

aluminium alloy can protect light armoured fightinghicles against the
perforation by PG-7 projectiles hitting this armoat an angle of

60° <a <72 (18 <B < 3¢ from the surface of the armour).

After the perforation of the reactive-passive armon the surface of the
hull of protected vehicle, small craters with a ttlepf several millimetres

and traces of dispersed copper from the shapedyeljat of PG-7 can

occur.

The best protection was provided by the reactissipa armour in

version 1. The shaped charge jet did not piercée dlawith the size of

500 x500 mm both for the angle ef= 72° as well as foa = 60°. There

was also no deflection of the steel armour witnglsse with the size of

600 x 500 x 8 mm as a result of the initiationha explosive of the shaped
charge jet projectile and the ERAWA-1 cassette.
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4. The protection against the perforation of the sHaglearge jet was also
provided by the reactive-passive armour in versgorDeflections of the
steel armour witness plates (11 mm — panel 5 andnt8 — panel 6)
occurred fora = 60° anda = 72° setting angles of the shaped charge jet
PG-7 projectile in relation to the normal extersaiface of the cassette; the
deflections were caused by the smaller distancegelea plates 1 and 2 and
also because of the greater stiffness of plate & assult of its being
supported in three places on the plate 2 (witnasd)as a result of smaller
distances between plates 1 and 2 in variant 3eopémel than the distances
in variants 1 and 2.
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