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Jacketed prqjectile with™ a hard core The present invention relates to
a projectile according to the precharacterizing clause of Claim1.
Hard-core small-calibre ammunition is used in parti gul ar by
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Jacketed projectile with a hard core

.The present invention relates to a projectile with a core made
of steel, plated steel or brass, and to the manufacture

5 thereof.

Hard-core small-calibre ammunition is used in particular by
marksmen and is intended for the precise penetration of
armoured targets. Armoured targets within the mean.i}xlg uof .-'t.he'
10 subject matter of the invention are protective vests (for
people), armoured glass, steel plates and light-metal

armouring.

A wide variety of such ammunition is known. It can be divided
- 15 up into ammunition with steel cores, ammunition with hard cores
made of dense sintered material and ammunition with a medium
added to the hard ccre such as lead, aluminium and/or air. A
common feature of this ammunition is a steel jacket., generally
designed as a full jacket, a plated steel jacket or tombac
20 jacket, which receives the cores and media and encloses them at

least in a fluid-tight manner.

A jacketed projectile with a lead core in the shape of a
tfuncated cone at the tail and with a jacket encompassing the
25 lead core and made of steel or a tombac alloy is presented in
EP-A1-0 499 832. To reduce deposits in the barrel of portable
‘firearms, the jacket is additionally plated with a thin layer

of tin.
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mar ksmen and is intended for the precise penetration of ar nour ed
targets. Arnoured targets within the nmeani ng of the subj ect matter of
the invention are protective vests (for 10 people), arnoured glass,
steel plates and | i ght - met al ar nour i ng. A wide variety of such’
ammunition is known. It can be divided up into anmunition wth steel

cores ion with hard cores. 15 nade of dense sintered,naterial and-
mru i@ Smbbﬁ a medi um added to the hard core su%‘l:n'r?%a %Qll 34 uni ni um

and/or air. common feature of this amunition is a steel jacket,

general ly designed as a full jacRet, a plated steel jacket or tonbac

j acket, which receives the cores and nedia and encl oses themat 20 | east

in a fluid-tight manner. A jacketed projectile with a lead core in
t he shape of a

A further jacketed projectile is disclosed by GB-A-601 686
which has a special design of a hard and soft core favourable
in terms of fabrication. In this case, gaps and recesses are
5 provided between the cores and the jacket which result in a
certain compressibility of the projectile when it is being
pressed and closed, thereby allowing compensation for

fabrication tolerances.

10 The known ammunition has inadequate first-hit probability and,
with armoured targets, likewise ‘shows inadequate penetration

capability.

EP-A2-0 106 411 additicnally discloses small-calibre ammunition
15 and manufacturing processes therefor. The appropriately
optimized and manufactured projectiles serve mainly as infantry
combat ammunition and already have good aerodynamic properties.
However, this ammunition does not possess the high terminal
ballistic energy which is required by marksmen and is necessary

20 for the penetration of armouring.

It 1is therefore the object of the invention to provide
ammunition which does not have the disadvantages of the prior
art and in particular possesses a high penetration capacity
25 with armoured targets, low crosswind sensitivity and also

increased precision.
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truncated cone at the tail and Wt a Jacket—enconpassing the | ead core

and made of steel or a tonb resent ed in SM
Mini ti onsunt er nehmung AG aﬁ]lS%Lm%as Replaced 22035 PCT
(25.06.99) wm ' UI -2- EP-Al-0 499 832. To
reduce deposits in the barrel firearnms, the jacket is
addi tigpabsyrpjed ed with a thin |ayer of tin. PCT/IB98/01314
-3 -

The ammunition to be provided is intended to enable the
marksmen precisely to combat targets located behind glass

during a police operation.

5 This object is achieved by the combination of features in Claim

1 and by Claims 9 and 10.

It has been found that the form-fitting contact of the hard
core against the likewise ogive-shaped internal shape of the
10 jacket results in an extremely compact, rotationally
symmetrical and dimensionally accurate body with very good

aerodynamic, ballistic and penetration properties.

The front region, which is smaller by comparison with the
15 internal shape, of the hard core ensures the close fitting of
the latter against the extermal shape and encloses therewith an
air space which promotes the easy stripping of the jacket from
the hard core upon entry of the target [sic] into armouring, so
that the -hard core penetrates the armouring in the manner of
20 dart ammunition. In addition, this air space heips to
_compensate for manufacturing tolerances between the jacket and

the hard core.

The middle part, which is filled with a relatively soft
25 material, prevents inadmissible friction and thus additional
energy losses in the gun barrel, by virtue of its albeit low
deformability. Furthermore, this also results in lower barrel

erosion, which increases the service 1life of the weapon
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5 GB-A-592 538 discloses a small-calibre projectile in which the

core

I s nounted unsupported in the projectile jacket bet ween the front

har d

region of the latter and a body made of |ight netal, at the tail.
a result, the desired weight di stribution is-obtained, manufacturing
t ol erances conpensated 10 for, and in addition the friction in the gun

686

whi ch as a special design of a hard and soft core favourab

As:

barrelyor 9gyggdlos = A further Jacketed projectile is Qg 1?5 A—601

terms of fabrication. The hard core at the front has, for 15 this purpose,
in part, smaller dianmeters than the Tnterior of t he j acket ed
projectile; the hard core is |ikew se supported by a soft body nade of

i ght

front,

into
gaps
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metal, with an axial overlength, whi ch body has, at the

a recess which serves -for centring the hard core and nerges

amplloybdr, Theer isoflt- freapishapedthed| oflapgeelildi sogi vaeha i se to

and recesses
truncated-cone-shaped hard core, so that no unbalance results

upon the rotation of the projectile produced by the xrifling of

the barrel groove.

The end of the soft core is likewise configured in the shape of
a truncated cone; the jacket encompasses the soft core in a
form-fitting manner as well, and this in turn results in a high
dimensional accuracy and prevents swirling in the tail region
of the projectile, and among other things préduces the 1low

deceleration on the trajectory which is observed.

In terms of manufacture, there are no special requirements to
be met with this type of ammunition, apart from that of low
roughness of the hard-core surface in order to obtain the

desired form fit with the jacket.

According to the process, the prefabricated hard core is
tumbled in a water-filled drum for several hours until the
surface of the hard core is smocth and is visibly fine owing to

a dull gloss.

In dependent claims, preferred developments of the subject

matter of the invention are described.

Plating by means cf a copper/zinc alloy, known per se, reduces
the friction in the barrel and, in conjunction in [sic] the

soft core located in the cylindrical part of the Jjacket,



between the <cores and the jacket, which allows material
‘di spl acenents and results in conpressibility when t he
projectile is being pressed and closed, thereby allow ng

conpensation for fabrication tolerances. SM

Muni t i onsunt er nehmung AG 22035 PCT
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results in the surprisingly high initial velocities v,; this

with conventional propelling charges as well.

In respect of the penetration capacity, hardness and absolutely
essential high density, a ceramic hard core made of cobalt-
alloyed tungsten carbide (WC/Co 88/12) with a density of
14.3 g/cm’ has proved outstandingly suitable.

A soft core made of a lead/tin alloy (Pb/Sn 60/40) with a
density of 9.2 g/cm3 meets all the requirements in respect of
compliance (low hardness) and the necessary mass for achieving

the terminal-ballistic power.

The weight ratios for a total projectile mass of 100% are 42%
to b50%, preferably 44% of hard-core mass, 28% to 34%,
preferably 31% of soft-core mass and preferably 25% of the
total mass for the jacket. For small-calibre ammunition, this
results in an ideal weight distribution in the projectile, i.e.

the centre of mass is optimal for a ballistic trajectory.

By inserting a thin brass disc, prior to the flanging of the
jacket, in the tail of the projectile, the cores are enclosed
in a gastight manner, thus eliminating the emission of heavy

metals upon firing.

An optimal rotationally symmetrical centring of the soft core
on the hard core is obtained by cone angles between 14° to 18°,

preferably 16.5°.



OnM ng to their geonetry and internal and external ballistics, t he known
projectiles have 1inadequate first-hit probability and, wth
arnmoured targets, show inadequate penetration 5 capability. WO
89/ 03015 describes a projectile for a large-calibre firearm in
particular for a cannon, the projectile having a rorm fitting

fﬁg;ﬁ§2%§)ﬁ{£ﬁ$ﬁen the projectile jacket and its COl o, ﬂ%/ﬁﬁ.‘%‘ﬂ to

etration capacity and prevent stripping of ‘thé projectile
jacket. In addition, special core shapes and configurations of the tail,
as well as constrictions in the ériddl e part and tail part of the
projectile, are shown. A hol | ow space, provided in a variant, between an
acute-angled 15 front region of the core and the interior of the jacket is
filled wwth [ubricating grease, plastic or powder to retain the shape
of the head in the target; this additionally reduces the resul ting
friction during assenbly.

Smaller cone angles, below 14°, also result in usable centring.

An economically optimal surface treatment of the hard core is
5 that by means of éumbliﬁg for several hours, i.e. in practice
up to twelve hours, in a water bath at room temperature, during
which the cores abrade one another until Fhey are swooth and
glossy. Of course, other processes which produce the desired
surface fineness and thus form fit in the jacket are also

L0 possible.

By manually pushing the cores into the jacket, the expedient
manufacturing tolerances can be checked and set, so that no
material stresses and/or deformations arise which adversely

15 affect the rotational symmetry of the projectile.

The subject matter of the invention is described in more detail

" below with the aid of two practical exemplary embodiments.

20 In these:

Fig. 1 shows a preferred projectile with rotationally
symmetrical cores, inserted into a case containing
propelling-charge powder,

25

Fig. 1la shows an enlarged representation of the hard core of

Fig. 1 in its characteristic size proportions,



20 The proposed neasures and neans are applicable only in a very

limted manner to small-calibre ammnition and increase the cost of
t his considerably SM Muni ti onsunt er neht ung AG
22035 PCT _ _ _ (25.06.99)
-3 symmetrical and di nmensionally accurate body with very good
WO 99/10703 . PCT/IB98/01314
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Fig. 2 shows a variant on the projectile in Fig. 1, with a

convex hard-core head and modified tail region,

Fig; 3 shows characteristic target diagrams of hard-core

5 7.5 mm calibre ammunition, shown at a firing distance
of 200 m,

Fig. 4  shows the projectile velocity of the ammunition

according to Fig. 1 or 2, as a function of the

10 distance, considered relative to the prior art,

Fig. 5 shows the deceleration of the ammunition according to
Fig. 1 or 2, at a firing distance of 100 to 800 m;
relative to the prior art,

15

Fig. 6 shows the crosswind sensitivity of the projectiles in

relation to two projectiles according to the prior

art,

20 Fig. 7 shows the projectile momentum of the ammunition
according to Fig. 1 or 2, shown over a flying

distance of 800 m, relative to the prior art,

Fig. 8 shows the projectile energy of the ammunition
25 according to Fig. 1 or 2, shown over a flying

distance of 800 m, relative to the prior art,



aerodynamc, ballistic and penetration properties. The front region,
which is smaller by conparison with the internal shape, of the hard core
ensures the close fitting of the latter against the external shape and
encl oses therewith an air space which pronpotes the easy stripping of the
jacket from the hard core upon entry of the target [sic] into arnouring,

o) at, .t rd core penetrates the arnmouring int f art
am’ruylat >3AES7PS addition, this air space helps r%%edr)@é% for
manuf acturi ng tol erances between the jacket and the hard core. The
mddl e part, which is filled with-a8relatively soft material, prevents

I nadm ssible friction and thus additional energy |osses in the gun barrel,

by virtue of its albeit Ilow deformability. Furthernore, this also results
in |lower barrel

Fig. 9 shows the hard-core momentum of the ammunition
according to Fig. 1 or 2, shown over a flying

distance of 800 m, relative to the prior art,

5 Fig. 10 - shows the hard-core -energy of the ammunition
according to Fig. 1 or 2, shown over a flying

distance of 800 m, relative to the prior art,

Fig. 11 shows the penetration capacity of three different
10 calibres of hard-core ammunition as a function of the
firing distance with a first c¢lass of armoured

glasses, in relation to the standard requirement and

Fig. 12 shows the penetration capacity of the three different
15 calibres as a function of the firing distance with a
further class of armoured glasses, in relation to the

standard requirement.

In Fig. 1, numeral 1 denotes a cartridge case, known per se,
20 which contains a powder charge 2 - a high-power propelling
charge - likewise known. Into the cartridge case 1 there is
inserted a projectile 100, the head 4 of which is formed by a
steel jacket 3. At the front the projectile has an ogive shape
7a, which merges into a cylindrical middle part 7b, having a
25 twist groove 12 for fastening the case 1; and ends in a tail

region 9.



erosion, which increases the service life of the weapon
-4- enpl oyed. The soft core is centred flange-like on the

truncat ed- cone-shaped hard core, so that no -unbal ance results upon t he
rotation of the projectile produced by the rifling of the barrel groove.
The end of the soft core is |ikew se configured in the shape of a

truncat wo £8/i2070Me. | acket enconpasses the soft core in pcr/I89¢ 01314 i ng

manner as well, and this in turn results in a high
- 9 -
Let in the closed end 10 of the cartridge case 1 is, in a well-
known manner, a detonating cap 11.
The hard core 5 has a truncated-cone-shaped tail region 5b
5 which is covered by a precise-fitting internal shape of a soft
core 8. A front region 5a is configured as a truncated cone
with a vertex angle £; located between the latter and the
concave internal shape of the projectile head 4 is an air space
6 which is essential to the functioning.
10
By means of flanging 13 at the tail, the steel jacket 3
encloses the three enclosed components: soft core 8, hard core
5 and air 6 with an interference fit.
15 In the following figqures, like functional parts are given the
same reference numerals.
The representation, enlarged as compared with Fig. 1, of the
hard core 5 in Fig. 1la includes dimensions which apply to a
20 preferred exemplary embodiment, a 7.5 calibre:
Overall length L; of the hard core 5 = 19 mm
Front length L, = 15 mm
Diameter D of the cylindrical middle part = 6.64 mm
25 Ogive radius R = 61.6 mm

Rounding r = 0.2 - 0.02 mm

Cone angle o = 16.5°

Diameter 4 at the truncated-cone end = 4.28 mm



di mensi onal accuracy and prevents swirling in the tail region 10 of the
projectile, and anong other things produces the | ow decel eration on the
trajectory which is observed. In terns of manufacture, there are no
special requirenents to be net with this type of ammunition, apart from
that of low 15 roughness of the hard-core surface in order to obtain the

desirgd $9y1afad with the jacket. According to thech/eae8591518
prefabricated hard core is tunbled in a water-filled drumfor severa

hours until the 20 surface of the grg core is snooth and is visibly fine
owing to a dull gl oss. I n depéndent clains, preferred devel opnents
of the subject matter of the invention are described. 25

. Vertex angle 8 = 80°

A second version of a steel-jacketed projectile 100' is
depicted in Fig. 2, although in this case only the changes by

5 comparison with Fig. 1 will be discussed:

The front region 5a is configured as a spherical cap and
likewise serves - as in Fig. 1 - to .compensate for
manufacturing tolerances and, by means of the adjoining ogive-
L0 shaped part of the hard core 5' which is close-fitting in the
jacket 3, likewise forms the gastight air space 6 in the

projectile head 4.

The tail region 5b of the hard core 5' has an arbor-like part
15 turned on on the lathe, which has only a small degree - not

visible - of conicity and con which the soft core 8 is centred.

At the tail, a sealing disc 14 made of brass is inserted in the
projectile 100' and, by means of the flanging 13, closes off
20 the steel ijacket 3 in a gastight manner, i.e. prevents the
[(sic] heavy metals and/or vapours escape upon firing. The soft
core is shortened by the thi&kness of the sealing disc 14, with

the projectile length being the same.

25 In both wversions, the hard core consists of cobalt-alloyed
tungsten carbide WC/Co 88/12 with a mass of 5.6 g and a Vickers
hardness HV of 1300 kp/mm2 and a flexural resistance of

3000 N/mm’.



Pl ati ng by neans of a copper/zinc alloy, known per se, reduces t he

friction in the barrel and, in conjunction in [sic] the soft core

| ocated in the cylindrical part of the jacket, results in

the surprisingly high initial velocities v[err]; this wi th conventi onal

propel ling charges as wel|l. In respect of the penetration capacity,

har dnesgo agal/ |dgd ut-el y 5 essential high density, a cgb@0&§9§95333gre

made of cobalt- al | oyed tungsten carbide (WJ Co 88/12) with a density of
- 11 -
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The soft core consists of an alloy of Pb/Sn 60/40 with a mass
of 3.9 g. The steel jacket 3 weighs 3.11 g. The entire
projectile mass in the first version, i.e. without sealing disc

14, is thus 12.61 g.

The subject matter of the invention was tested in numerous
firing experiments, recorded over a distance of 800 m, and

compared with the prior art.

Figs. 3a to 3¢ show characteristic target diagrams at a firing
distance of 200 m, a series of 20 shots at a time being fired
at a target, with an inner circle of 5 cm and an outer circle
of 10 cm in diameter. The hit rate in the innermost region of
the target (so-called bull's-eye) was 95%. The ammunition used

conforms to Swiss Ordinance calibre (7.5 x 55).

The same experiment with ammunition according to the prior art
(.308 calibre) is not shown; the hit rate achieved in this case

was less than 65%.

The velocity of the projectile 100 according to the invention
is shown in Fig. 4 in relation to the prior art, denoted by

0.308.

From this, it can be seen that the velocity of the projectile
100 falls from 850 m/s initially (initial velocity v,;) almost

linearly to only 580 m/s, at a distance of 800 m.



14.3 g/cnferr] has proved outstandingly suitable. A soft core made of a
|l ead/tin alloy (Pb/Sn 60/40) with a 10 density of 9.2 g/cnferr] neets al
the requirenments in respect of conpliance (|l ow hardness) and the
necessary mass for achieving the termnal -ballistic power. The

wei ght ratios for a total projectile nmass of 100% are 42% 15 to 50%

pref gicrBloy1444g0f hard-core mass, 28%to 34% pr ef ablao 34509
soft-corgynass and preferably 25% of the- total mass for t {?iFgéket. For

smal | -cal i bre ammunition, this results in an ideal weight distribution
in the projectile, i.e. the certré 6f nmass is optinmal for a ballistic
trajectory. 20 By inserting a thin brass disc, prior to the flangi ng of
t he jacket, in the tail of the projectile, the cores are encl osed in
a gastight manner, thus elimnating the em ssion of heavy metal s upon
firing.

The representation, in Fig. 5, of the deceleration in m/s per m
as a function of the firing distance in m underlines what is

shown in Fig. 4.

Once again the high degree of linearity from a firing distance

of 200 mm stands out.

Fig. 6 shows the lateral deviation of three projectiles in a
.0 wind with a velocity of 4.8 m/s occurring at right angles to

the firing path.

The projectile 100 according to the invention has significantly
better wvalues by comparison with the prior art .308; for
15 comparison, older Swiss Ordinance ammunition GP 11 was also
tested and itz relatively good wvalues plotted in Fig. 6 as

well.

In addition, the projectile momentum in mkg/s as a function of

20 the firing distance was tested and recorded in Fig. 7.

Here, too, the projectile 100 shows significantly better values

by comparison with the projectile ,308.

25 As expected, the projectile energy in J, plotted in Fig. 8, is
significantly higher for the projectile 100 by comparison with
the projectile .,308. This shows that even at a firing distance

of 800 m the projectile 100 still has very considerable energy



25 An optinmal rotationally symretrical centring of the soft core on
the hard core is obtained by cone angles between 14[err] to 18[err],

preferably 16.5[err]. - 6-
Smal | er cone angles, below 14[err], also result in usable centring. An
econom cally optimal surface treatnent of the hard core is 5 that by neans
of tunisg rep fre7ozeveral hours, i.e. in practice PCT/IB98/01314

- 13 -

of about 1800 J and thus still possesses great penetration

capability.

For the sake of completeness, in Fig. 9 and Fig. 10 the
S momentums of the hard core in the projectile 100 and the energy
of the projectile 100 were measured and plotted in relation to

the prior art.

The surprisingly good firing results of the subject matter of
10 the invention are attributable not 1least to the favourable

weight distribution within the projectile.

Penetration experiments using the armouring defined ‘at the
outset fully confirm the measurement results in practice.

15
It has been found that projectile jackets in brass alloys CuZn5
or CuZnl0 show equivalent results, as Figs. 11 and 12 prove on
the basis of penetration experiments using armoured glass of
class C4 and C5, respectively (penetration resistance according

20 to DIN 52290/2)

In Figures 11 and 12, the distance to target, i.e. armoured
glass, reliably penetrated in each case 1s indicated by
hatching and denoted by "1", while the region situated
25 thereabove is considered as not having been penetrated and is

therefore denoted by 0.



up to twelve hours, in a water bath at roomtenperature, during whi ch
the cores abrade one another until they are snooth and gl ossy. O

course, other processes which produce the desired surface fineness and
thus formfit in the jacket are also LO possible. By manual | y pushi ng
the cores into the jacket, the expedient manuf act uri ng tol erances can be

checlgsl ey o33 so that no mat erial stresses and/géﬁygﬁggygigf s arise

whi ch adversely 15 affect the rotational symretry of the projectile.
The subject matter of the invention,is described in nore detail bel ow
with the aid of two practi cal exengiary enbodi nent s. 20 In these:

Fig. 1 shows a preferred projectile with rotationally

According to Fig. 11, the standardized test arrangement for so-
called insulating glasses of class C4 is plotted as reference R
in the bottom bar, denoted by Rg,. According to DIN 52290/2,
un_der test conditioné, there must be no penetration up to a
5 distance of 10 m in the c#se of three hits using 7.62 x 51 mm
FMJ-type  full-jacketed ammunition with a lead core.
Consequently, the non-hatched region 0 in this case signifies:

definitely not penetrated.

10 Ammunition designed in accordance with the invention, of
calibre 7.62 x 51 mm (type AP), penetrates the same glass even
with a single shot up to a distance of 60 m. The 7.5 x 55
calibre {(type AP) penetrates this class of glass up to .a
distance of 110 m and the .300 WinMag calibre (type AP) even up

15 to a distance of 150 m. The non-hatched region 0 in this case
signifies: with a certain variation possibly in the border
region likewise peﬁetrated, which is proved by the considerable
residual kinetic energy still present and detectable in all
cases after the penetration of the glass.

20
Fig. 12 is analogously constructed; in this case, shots were
fired at glass of class C5; The standardized test arrangement
for glass of class C5 is denofed by the reference Rqs; again,
for 7.62 x 51 mm FMJ/AP ammunition, i.e. in this case full

25 jacket with a steel core.

The ammunition according to the invention is again several

times more powerful in terms of penetration. The corresponding



symetrical cores, inserted into a case containing

propel I i ng-charge powder, 25 Fig. la shows an enlarged representation
of the hard core of Fig. 1 in its characteristic size
proportions, -7- Fig. 2
shows a variant on the projectile in Fig. 1, with a convex
har d- coW® BR4¥03A3 nodified tail region, Fig. 3 REFASIBI8/01314
characteristic target diagrans ~of hard-core

- 15 -

ammunition 7.62 x 51 AP results in penetration at a target
distance of 60 m with this glass class as well; 7.5 X 55 AP at
110 m and 7.62 x 51 AP at 150 m. In all three cases, however,
only a small amount of residual energy is still detectable

5 after penetration through the glass.

In addition, no significant projectile deflection was found
with any of the glasses which are conceivable in a police
operation and are to be penetrated, provided that the point of

10 entry was perpendicular to the Qlass.

When a projectile did not impact perpendicularly, at angles of
incidence of 30° to the perpendicular, deflections of less than

5° were found.

15
The projectile design according to the invention is of course
not limited to use with the above-mentioned calibres; with
correspondingly larger propelling charges, likewise known per
se, the projectiles may also be adapted to other small-calibre

20 ammunition, in particular .300 Winchester Magnum.



5

7.5 mmcal i bre anmunition, shown at a firing distance

of 200 m Fig. 4 shows the projectile velocity of the
anmuni tion according to Fig. 1 or 2, as a function of the
di stance, considered relative to the prior art, Fig. 5 shows the
geceleration of the ammunition according to Fig. 1 or
iri ' of 100 to 800 m rel ati ' art,
15 %gkggaﬁgaﬁg shows the crosswi nd sensitivity of tﬁ%c%f§?2f4?$%§4in
relation to two projectiles according to the prior art,
Fig. 7 shows the projectile N ntum of the ammunition
according to Fig. 1 or 2, shown over a flying di stance of 800

m relative to the prior art,

15

20

25

Claims

Projectile (100) with a jacket made of steel, plated steel
or brass, with at least in each case a hard core (5)
arranged at the front and having a density of greater than
10 g/cm’ and truncated-cone-shaped soft core (8) arranged
at least at the tail and having a density of less than 10
g/cm3, the external éhape of the jacket (3), considered
from the projectile head (4), being configured in an ogive
shape (7a), merging into a cylindrical middle part and
ending in a conical tail region, that [sic] the likewise
ogive-shaped part of the hard core (5) 1lies, by the
smoothened surface of the latter, over a wide region in a
form-fitting manner against the intermal shape of the
jacket (3), that ([sic] the hard core (5) wmerges, in its
front region (5a), into a truncated-cone shape or
spherical-cap shape, a closed-off  air space (6) Dbeing
formed between the inner surface of the jacket and the
front region of the hard core (5), that [sic] the tail
region (5b) of the hard core is configured in a truncated-
cone shape, that [sic] the soft core (8) lies in a form-

fitting centred manner against the truncated cone of the

‘hard core (5) and the soft core £illing the entire

cylindrical (7b) and the truncated-cone-shaped tail region

(9) of the jacket.
This Sheet Has Been Replaced
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Fig. 8 shows the projectile energy of the amunition 25
according to Fig. 1 or 2, shown over a flying

di stance of 800 m relative tqmgm%ﬁyﬁﬁmm faced

-8 Fig. 9 shows the : nt
according to Fig. 1 or 2, sho
m rel akovesfpo7¢® prior art,

um of the ammunition
i di st ance of 800

ows the he}Tedero1909 0y

of the anmunition accordlng to Fig. 1 or 2, shown over
flying - 17 -
2. Jacketed projectile (100) according to Claim 1,

characterized in that the jacket (3) is plated on the

outside with a copper/zinc alloy.

5 3. Jacketed projectile (100) according to Claim 1,
characterized in that the hard core (5) is made of cobalt-
alloyed tungsten carbide and has a density of more than

14.0 g/cm’.

10 4. Jacketed projectile (100) according to Claim 1,
characterized in that the soft core (8) consists of lead

and/or tin and has a density of at least 7.3 g/cm’.

5. Jacketed projectile (100) according to Claim 3 and 4,
15 characterized in that the hard core (5) makes up between
42% and 50% and the soft core (8) between 28% and 34% of

the entire projectile mass.

6. Jacketed projectile (100) according to Claim 1,
20 characterized in that the soft core (8) is closed off in a
gastight manner at the tail by a brass disc (14) sealing

with an interference fit against the jacket (3).

7. Jacketed projectile (100) according to Claim 3 and 4,

25 characterized in that the hard core (5) has at the tail a

truncated cone with a cone angle (a) between 14° to 18° and

in that the soft core (8) is seated by its internal cone,

O T
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di stance of 800 m relative to the prior art, Fig. 11 shows the

penetration capacity of three different 10 cal i bres of hard-core
anmunition as a function of the firing distance with a first

cl ass of arnoured gl asses, in relation to the standard

requi renent and Fig. 12 shows the penetration capacity of the three .
di fferent X calibres as a function of the firing distance with a
furtﬁ@faa/&égoaf arnmoured gl asses, in relation to thePCT/I§58/°1314standard
requirenent. In Fig. 1, nuneral 1 denotes a cartridge case, known per
se, 20 which contains a powder chafe 2 - a hi gh-power propelling

charge - likew se known. Into the cartridge case 1 there is I nserted a

projectile 100, the head 4 of which is forned by a steel jacket 3. At
the front the projectile has an ogive shape

with the same cone angle (a), in a form-fitting manner on

the trxruncated cone.

8. Jacketed projectile (100) according to Claim 3 and. 4,

5 characterized in that the hard core (5) has at the tail a

truncated cone with a cone angle (a) between 0.5° to 14°

and in that the soft core (8) is seated by its intermal

cone, with the same cone angle (a), in a form-fitting
manner on the truncated cone.
10
9. Process for manufacturing a jacketed projectile (100)
according to Claim 3, characterized in that the hard core
(5), after compression moulding and sintering thereof, is

tumbled in water until it is glossy.

10. Process for manufacturing a Jjacketed prcjectile (100)
according to Claim 1, characterized in that the tolerances
of the individual components are chosen such that the hard
core (5) can be manually pushed into the interior space of

20 the jacket (100) and the soft core {8) can likewise be
manually pushed onto the tail part of the hard core (5),

before the flanging of the projectile tail is carried out.

—
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7a, which nmerges into a cylindrical mddle part 7b, having a 25 tw st
groove 12 for fastening the case 1, and ends in a tail region 9.

-9- Let in the closed end 10 of the cartridge case 1 is, in a well-
known mannemnwyoastsodnati ng cap 11. The hard core 5 has a PCT/IB98/01314
truncat ed- cone-shaped tail region 5b 5 which is covered by a
precise-fitting internal shape of a soft1/9 core 8. A front region 5a is
configured as a truncated cone

4 6
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with a vertex angle B; |ocated between the latter and the concave
I nternal shape of the projectile head 4 is an air space 6 which is
essential to the functioning. 10 By neans of flanging 13 at the tail,

t he steel wedsad703 encl oses the three encl osed conponent g¢rssdsionfniar € 8,

hard core 5 and air 6 wwth an interference fit. 15 In the foll ow ng
figures, like functional parts are givgmthe sane reference nunerals.
hard core 5

The representation, enlarged as conpared with Fig. 1, of the
in Fig. la includes dinensions which apply to a 20 preferred exenplary
enbodiment, a 7.5 calibre: Overall length L[err] of the hard core

5 =19 mm Front length L2 = 15 mm400! \\ L
A

A 4
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D anmeter D of the cylindrical mddle part = 6.64 mm 25 Qgi ve radius R

= 61.6 nm Rounding r = 0.2 - 0.02 mm Cone angle [err] =
16. 5[ err] Di ameter d at the truncated-cone end = 4.28 nm
- 10 - wo 99/10704ert ex angle B 80[err] A second ver si @oTaB9801314

steel -jacketed projectile 100" is
3/9

FIG. 3¢



depicted in Fig. 2, although in this case only the changes by 5 conparison
with Fig. | will be discussed: The front region 5a is conflgured as a
spherical cap and | i kewi se serves - as in Fig 1

conpensat ewopfedfig7gs MaNUfacturing tol erances and, by nmeans ?ﬁ g/6@h£i ni ng
ogi ve- 10 shaped part of the hard core 5 mhlch is close-fitting In the ;
jacket 3, likewi se forms the gastight gy9 space 6 in the projectile head

4, The tail region 5b of the hard core 5 has an arbor-like part 15
turned on on the |athe, which has only a snmall degree - not visible - of
conicity and on which the soft core.8 is centred. At the tail, a
sealing disc 14 nade of brass is iqgerted in the projectile 100'Eand, by
means of the flanging 13T oses qf 20 the steel jacket 3 in a g%§tight
manner, i.e. prevents t he ® ©
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(sic] heavy netals and/or vapours escape upon firing. The soft core is
shortened by the thickness of the sealing disc 14, with the projectile
| engt h being the sane. 25 In both versions, the hard core consists of
cobal t - al | oy¥@9%10%03ngst en carbi de WX/ Co 88/ 12 with a nmass ofPCmBogoEmM a
Vi ckers hardness HvV of 1300 kp/ m‘rgerr] and a flexural resistance
of 3000 NNnmmerr]. /9 :
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The soft core consists of an alloy of Pb/Sn 60/40 with a mass of 3.9 g.

The steel jacket 3 weighs 3.11 g. The entire projectile mass in the
first version, i.e. wthout sealing disc 5 14, is thus 12.61 g. The
subj ect magbesne3t he i nvention was tested in nunerous fRQTVIBGE/01314
experinments, recorded over a distance of 800 m and conpared with the
prior art. 10 Figs. 3a to 3c show éSQr acteristic target diagrans at a
firing di stance of 200 m a series of 20 shots at a tine being fired
at atarget, with an inner circle of 5 cmand an outer circle of 10 cm
in dianmeter. The hit rate in the innegnost region of 15 the target ..
(so-called bull's-eye) was 95% The a nition used conforns to Sw ss
Ordinance calibre (7.5 x 55). = -8
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The sane experinment with ammunition according to the prior art (.308
calibre) is not shown; the hit rate achieved in this case 20 was |ess than
65% The velocity of the projectile 100 according to the invention

is shown in ¥PIYPn relation to the prior art, denoted by PCTABSH®I314 25
Fromthis, it can be seen that the velocity of the projectile 100 falls
from850 m's initially (initial velocity/9[err]) al nost linearly to only
580 nml's, at a distance of 800 m

800 m

11T

100

e e
700

FIG. 10
600

.308
200 300 400 500

100




- 12 - The representation, in Fig. 5 of the deceleration in nls per

m as a function of the firing distance in munderlines what is shown
in Fig. 4. 5 Once again the high degree of linearity froma firing
di stance wo.®#0730 nm st ands out. Fig. 6 shows the | at eeghpspys@at i on of
three projectiles ina O wnd wth a velocity of 4.8 ms occurring at .
right angles to . the firing path. 8/9The projectile 100 accordi-ng to the
i nvention has significantly better val ues by conparison with the prior
art .308; for 15 conparison, older Sw ss Odinance anunition GP 11 was
al so —
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tested and its relatively good values plotted in Fig. 6 as wel | . In
addition, the projectile nmonentumin nkg/s as a function of 20 the firing
di Stance was tested and recorded in Fig. 7. Here, too, the projectile
100 shows sighbdigant!|y better val ues by conparison with ppesfdsmifGtil e
. 308. 25 As expected, the projectile energy in J, plotted in Fig. 8, is
significantly higher for the projectile?ﬂyo by conparison with t he
projectile .308. This shows that even at’'‘a firing distance of 800 mthe
projectile 100 still has very considerabl e energy
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- 13 - of about 1800 J and thus still possesses great penetration

capability. For the sake of conpleteness, in Fig. 9 and Fig. 10 the

5 nmonentums of the hard core in the projectile 100 and;nhﬁ ﬁF of the
B

projectile 100 were neasured and plotted in relation {0 Bﬁgafg.
The surprisingly good firing results of the subject natte&uoyé t he
I nvention are attributable not |least to the favourable ° weight
di st ri but SMnMun{i hionslre qamehechyg| BG Penetrati on experinments using the
arnouring defined at the outset fully confirmthe neasurengn%/@gf%khs in
practi ce. . 2
This Sheet Has Been Replaced - 1A - REPLAGEWN ﬁh.m’ r%*" &
[T

Jacketed projectile with a hard core

The present invention relates to a projectile according to the

precharacterizing clause of Claim 1.

Hard-core small-calibre ammunition is used in particular by
marksmen and is intended for the precise penetration of
armoured targets. Armoured targets within the wmeaning of the
subject matter of the invention are protective vests (for

10 people), armoured glass, steel plates and light-metal

armouring.

A wide variety of such ammunition is known. It can be divided
up into ammunition with steel cores, ammunition with hard cores .
15 made of dense sintered material and ammunition with a wmedium
added to the hard core such as lead, aluminium and/or air. A
common feature of this ammunition is a steel Jjacket, generally
designed as a full jacket, a plated steel jacket or tombac
jacket, which receives the cores and media and encloses them at

20 least in a fluid-tight manner.

A jacketed projectile with a lead core in the shape of a
truncated cone at the tail and with a Jjacket encompassing the

lead core and made of steel or a tombac alloy is presented in

AMENDED SHEET




15 It has been found that projectile jackets in brass alloys CuzZn5

or- CuzZnlO show equi valent results, as Figs. 11 and 12 prove on t he
basi s 'of penetrati on experinents using arnoured gl ass of class ¢4 and
CS, respectively (penetration resistance according 20 to DN 52290/ 2):
In Figures 11 and 12, the distance to target, i.e. arnoured gl ass,
reliably penetrated in each case is indicated by hat chi ng and denot ed
by "1", wsM duhhbicoesioreidhimmgdAG25 t her eabove is consi der eRHBECT
havi ng been penetrated and is t heref ore denoted by O. (25 .06 QNP

99/ 10703 g PCT/ 1 B98/ 01314

This Sheet Has Been Repla

(T llll o

EP-A1-0 499 832. To reduce deposits in the barrel of portable

REPLACEMENT SHEET |

firearms, the jacket is additionally plated with a thin layer

of tin.

5 GB-A-592 538 discloses a small-calibre projectile in which the
hard core is mounted unsupported in the projectile Jjacket
between the front region of the 1§tter and a body made of light
metal, at the tail. As a result, the desired weight
distribution is obtained, manufacturing tolerances compensated

10 for, and in addition the friction in the gqun barrel reduced.

A further jacketed projectile is disclosed by GB-A-601 686
~which has a special design of a hard and soft core favourable
in terms of fabrication. The hard core at the front has, for

15 this purpose, in part, smaller diameters than the interior of
the jacketed projectile; the hard core is likewise supported by

a soft body made of light metal, with an axial overlength,
which body has, at the front, a recess which sexves for
centring the hard core and merges into a further, spherical-

20 cap-shaped hollow space. This gives rise to gaps and recesses
between the cores and the jacket, which allows material
displacements and results in compressibility when the
projectile 1is Dbeing pressed and closed, thexeby allowing

compensation for fabrication tolerances.

AMENDED SHEET




- 14 - According to Fig. 11, the standardi zed test arrangenent for so-

called insulating glasses of class C4 is plotted as reference R in the
bottonmi bar, denoted by Rerr]4. According to DIN 52290/ 2, under test
conditions, there nust be no penetration up to a 5 distance of 10 min
the case of three hits using 7.62 x 51 nm FMJ-type full-jacketed
ammunition wth a | ead core. .Consequent |y, the non-hatched region
0 in thisssasBnstYBhELRSemenfiRlg At el y not penetrated. 10 Amggyy td
designed in accordance with the invention, of calibre 7.62 x 51 mm (type
AP), penetrates the sane gl ass even with a single shot up ta5.@eisstlance

of 60 m The 7.5 x 55 calibre (type AP) penetrates this class of glass
up to a _distaree—of II0 m and the .300 WnMag calibre (type AP) even up

This Sheet Has Been Replaced - o -

AR i

14 FEB 2000

Owing to their geometry and internal and external ballistics,
. the known projectiles have inadequate first-hit probability

and, with armoured targets, show inadequate penetration

5 capability.

WO 89/03015 describes a projectile for a large-calibre firearm,
in particular for a cannon, the projectile having a form-
fitting connection between the projectile jacket and its core
10 in order to increase the penetration capacity and prevent
stripping of the projectile jacket. In addition, special core
shapes and configurations of the tail, as well as constrictions
in the middle part and tail part of the projectile, are shown.
A hollow space, pr.ovided in a variant, between an acute-angled
15 front region of the core and the interior of the jacket is
filled with lubricating grease, plastic or powder to retain the

shape of the head in the target; this additicnally reduces the

resulting friction during assembly.

20 The proposed measures and means are applicable only in a very

limited manner to small-calibre ammunition and increase the

cost of this considerably

AMENDED SHEET




15 to a distance of 150 m The non-hatched region O in this case

signifies:

Wth a certain variation possibly in the border regi on

| i kew se penetrated, which is proved by the considerable resi dual
ki ngtic energy still present and detectable in all cases after the

penetration of the glass. 20 Fig. 12 is anal ogously constructed; in
this case,

arrangenmer8M Murfigriogisastseohelriiags AG i s denoted by the referenz20®perct ;

agai n,

shots were fired at- glass of class C5; The standardi zed test

for 7.62 x 51 mm FMJ/ AP ammunition, i.e. in this case f ul

25

jacket with a steel core. The ammunition according to the (FAvBRtI®h is
agai n sever al tHres—norepowerful in terns of penetrﬁ$E6n-?he—~»—h

correspondlng

PLACEMENT SHE
This Sheet Has Been Replaced VRN '\_T_mf« € ET

LI 3

‘“\ 14 FEB 2000
symmetrical and dimensionally accurate body with very good

aerodynamic, ballistic and penetration properties.

The front region, which is smaller by comparison with the
internal shape, of the hard core ensures the close fitting_of
the latter against.the external shape and encloses therewith an
air space which promotes the easy stripping of the jacket from
the hard core upon entry of the térget [sicl into armouring, so
that the hard core penetrates the armouring in the manner of
dart ammmition. In addition, this aixr space helps to

compensate for manufacturing tolerances between the jacket and

the hard core.

The middle part, which is filled with a relatively soft
material, prevents inadmissible friction and thus additional
energy losses in the gun barrel, by virtue of its albeit low
deformability. Furthermore, this also results in lower barrel

erosion, which increases the service 1life of the weapon

AMENDED SHEET



- 15 - amunition 7.62 x 51 AP results in penetration at a target
.distance of 60 mwith this glass class as well; 7.5 x 55 AP at 110 m and
7.62 x 51 AP at 150 m In all three cases, however, only a small anount
of residual energy is still detectable 5 after penetration through the
gl ass. I'n addition, no significant projectile deflection was found
‘wWith any of the glasses which are conceivable in a police operation and
are to S Merieticasedtepneninges Acdhat the point of 10 entry pas3s pcr
per pendi cul ar to the gl ass.

(25.06.99)

s Sheet Has Been Replaced
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14 FEB 2000

Claims

s X Nr_~~u:_‘4'l-:§-.~\-‘wr"‘m *

1. Small-calibre projectile (100) with a jacket (3) made of
steel, plated steel or brass, with at least in each case a

5 hard core (5) arranged at the front and having a density
of greater than 10 g/cm’ and truncated-cone-shaped soft

. core (8) arranged at the tail and having a density of less

than 10 g/cm3, the external shape of the jacket (3),
--.considered from the projectile head {4), being configured

10 in an ogive shape (7a), merging into a cylindrical middle
part and ending in a conical tail region, the likewise
ogive-shaped part of the hard core (5) 1lying, by the
surface of the latter, over a wide region in a form-
fitting wanner against the internal shape of the jacket

15 (3) and forming a hollow space between the jacket (3) and
the front region of the hard core (5), characterized in

that the hard core (5) merges, in its front region (5a),

into a truncated-cone shape or spherical-cap shape and has

a smoothened surface, in that a closed-off air space (6)

20 exists between the immer surface of the jacket and the
front region of the hard core (5), in that the tail region

(5b) of the hard core is configured in a truncated-cone

shape, in that the soft core (8) lies in a form-fitting
centred manner against the truncated cone of the hard core

25 (5) and the soft core filling the entire cylindrical (7b)

e —
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When a projectile did not inpact perpendicularly, at angles of i nci dence

of 30[err] to the perpendicul ar, deflections of |ess than 5[err] were
found.- 15 The projectile design according to the invention is of course
not. limted to use with the above-mentioned calibres; with
‘correspondlngly | arger propelling charges, |ikew se knomn per se, the
"projectiles may al so be adapted to other small-calibre 20 amrunition, in
parti clEMmMuni®a oisnohesth emmuviey NGM SM Muni t i FINEEehnung
AG 22035 PCT
(25.06.99) (25.06.99)

Sheet Has Been Replaced REPLACEMENT SHEET
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and the truncated-cone-shaped tall region (9} of the

jacket.

LT
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16 -

‘projectile (100) wth

_

%p}_%‘gwgﬁﬂ( %ﬁEET al H&tHasBeenReplaced Smal | -calibre

e of steel or brass,
with at |east in each rase a 5 hard m ged at the front
and having a density 14 FEB 2000 gr ¢ater t

.t runcat ed- cone- shaped of t core (8) arranged at the tail and

the Ficﬁgﬁse%"%&%

confi gured
m ddl e

consideredifromthe projectile he

I'n an ogi ve shape (7a), nerging into a cyllndrlcal
part and ending.imld conical tail region, the |ikew se

e . than 10 g/ cnB, truagag/¥h@gh?§?age of
ng

ogi ve-shaped part of the hard core (5) lying, by the

10 4.

15

20

25

Jacketed projectile (100) according to Claim 1,
characterized in that the jacket (3} is plated on the

outside with a copper/zinc alloy.

Jacketed  projectile (100) according to Claim 1,
characterized in that the hard core (5) is made of cobalt-
alloyed tungsten carbide and has a density of wmore than

14.0 g/om’.

Jacketed projectile (100) according to Claim 1,
characterized in that the soft core (8) consists of lead

and/oxr tin and has a density of at least 7.3 g/cm’.

Jacketed projectile (100) according to Claim 3 and 4,
characterized in that the hard core (5) makes up between
42% and 50% and the soft core (8) between 28% and 34% of

the entire projectile mass.

Jacketed projectile (100) according to Claim 1,
characterized in that the soft core (8) is closed off in a
gastight manner at the tail by a brass disc (14) sealing

with an interference fit against the jacket (3).

Jacketed projectile (100) accoxrding to Claim 3 and 4,

characterized in that the hard core (5) has at the tail a

truncated cone with a cone angle (a) between 14° to 18° and

in that the soft core (8) is seated by its internal cone,

6



surface of the latter, over a wde regionin a form fitting
manner agai nst the internal shape of the jacket (3) and formng a holl ow

space between the jacket (3) and the front region of the hard
core (5), characterized in that. the hard core (5) nerges, in
its front region (Sa), into a truncated-cone shape or
spheri cal -cap shape and has- a snoot hened surface, in that a
cl osed-o r exi sts between the inner surface of the
j acket a%% ?ﬁ%fgﬁg&é&épernehpggﬁtA?egion of the hard core (5), in that the
tail segion (5b) of the hard core is configured in a

truncat ed- cone shape, in that the soft core (8) lies in a
formfitting centred manner agai nst the truncated cone of the
hard core 25 (5) and the soft gore filling the entire cylindrical
(7b) -

Jacketed projectile with a hard core

The present invention relates to a projectile according to the

¢ precharacterizing clause of Claim 1.

Rard-core small-calibre ammunition is used in particular by
marksmen and is intended for the precise penetration of
armoured taxgets. Armoured targets within the meaning of the
subject matter of the invention are protective wvests (for

10 people)}, armoured glass, steel Dplates and light-metal

armouring.

A wide variety of such ammunition is known. It can be divided
up into ammunition with steel cores, ammunition with hard cores .
| 15 made of dense sintered material and ammunition with a medium
added to the hard core such as lead, aluminium and/or air. A
common feature of this ammunition is a steel jacket, generally
designed as a £full jacket, a plated steel jacket or tombac

jacket, which receives the cores and media and encloses them at

20 least in a fluid-tight manner.
A Jjacketed projectile with a lead cozxe in the shape of a
truncated ccne at the tail and with a jacket encompassing the

lead core and made of steel or a tombac alloy is presented in

AMENDED SHEET



SM Muni ti onsunt er nehnmung AG 22035 PCT
(25. 06. 99)

- 16A - and the
truncat ed- cone-shaped tail region (9) of the j acket . 2.
SM Munitionsunternehmung AG 22035 BCT
. (25.06.93)

10

EP-A1-0 499 832. To reduce deposits in the barrel of portable

firearms, the jacket is additionally plated with a thin layer

of tin.

GB-A-592 538 discloses a small-calibre projectile in which the
hard core is mounted unsupported in the projectile jacket
between the front region of the latter and a body made of light
metal, at the tail. As a result, the desired weight
distribution is obtained, manufacturing tolerances compensated

for, and in addition the friction in the gun barrel reduced.

A further jacketed projectile is disclosed by GB-A-601 686

which has a special design of a hard and soft core favourable

15

20

in terms of fabrication. The hard core at the front has, for
this purpose, in part, smaller diameters than the interioxr of
the jacketed projectile; the hard core is likewise supported by
a soft bedy made of light metal, with an axial overlength,
which Ybody has, at the front, a recess which sexves -for
centring the hard core and merges into a further, spherical-
cap-shaped hollow space. This gives rise to gaps and recesses
between the cores and the Jjacket, which allows material
displacements and  resulis in compressibility  when the
projectile is being pressed and closed, thereby allowing

-

compensation for fabrication tolerances. \

AMENDED SHEET



- 17 - Jacketed projectile (100) accordi ng to Caim 1,

characterized in that the jacket (3) 1is plated on the out si de
wi-th a copper/zinc all oy. 5 3. Jacketed projectile (100).
accordi-ng to Cam 1, characterized in that the hard core (5)
I s made of cobalt- al | oyed tungsten carbide and has a density of
nore than 14.0 g/ cnB. 10 4. Jacketed projectile (100)
accor di ng to Claim 1, characterized in that the soft core (8)
consi st s 8 Mwdd ionsunternehmung AG 22035 PCT

i (25.06.99)

Owing to their geometry and intermal and external ballistics,
the known projectiles have inadequate £irxrst-hit probability

: and, with armoured targets, show inadequate penetration

S capability.

WO 89/03015 ‘describes a projectile for a large-calibre firearm,

in particular for a cannon, the projectile having a form-

fitting connection between the projectile jacket and its core
10 in order to increase the penetration capacity and prevent
stripping of the projectile jacket. In addition, special core
shapes and configurations of the tail, as well as constrictions
in the middle part and tail part of the projectile, are sho;v»m.
A hollow space, provided in a variant, between an acute-angled
front region of the core and the interior of the jacket is
filled with lubricating grease, plastic or powder to retain th
shape of the head in the target; this additionally reduces the
resulting friction during assembly. B

&

20 The proposed measures and means are applicable only in a very

limited manner to small-calibre ammunition and increase the

cost of this considerably
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and/or tin and has a density of at least 7.3 g/cnferr]. 5. Jacket ed

projectile (100) according to aim3 and 4, 15 characterized in
that thHe hard core (5) makes up between 42% and 50% and t he soft
core (8) between 28% and 34% of the entire projectile nass.

6. Jacketed projectile (100) accordi ng to Caim 1, 20
characterized in that the soft core (8) is closed off in a

gastight gRNREL:&lotdgd Rrass disc (14) sealing 2203Mddh an
i nterference |% é%é?%ét e Ja ket (3). 7. Jacketed projectile

(100) according to Cla|n13 and 4, 25 characterized in thas.ahesdard
core (5) has at the tail a truncated cone with a cone angle

([err]) ‘between 14[err] to 18[err] and in that the soft core (8)
is seated by its iternal cone, -3 -

o

symmetrical and dimensionally accurate body with wvery good

aerodynamic, ballistic and penetration properties.

The front region, which is smaller by comparison with the
internal shape, of the hard core ensures the close fitting of
the latter against-the external shape and encloses therewith an
air space which promotes the easy stripping of the jacket from
the hard core upcon entxry of the térget (sic¢] into armcuring, so
that the hard core penetrates the armcuring in the manner of
dart ammunition. In addition, this air space helps to

compensate for manufacturing tolerances between the Jjacket and

the hard core.

The middle part, which is filled with a relatively soft
material, prevents inadmissible £friction and thus additional
energy losses in the gun baxrel, by virtue of its zlbeit Ilow
deformability. Furthermore, this also results in lower Dbarrel

erosion, which increases the service 1life of the weapon

AMENDED SHEET



- 18 - with the same cone angle ([err]), in a formfitting

manner on the truncated cone. 8. Jacketed projectile (100)
according to Caim3 and 4, 5 characterized in that the hard core (5)
has at -the tail a truncated cone with a cone angle ([err]) between
O0.5[err] to 14[err] and in that the soft core (8) is seated by its
I nt ernal cone, with the sane cone angle (a), in a formfitting
SM Munitionsuntermehmung AG 22035 PCT
(25.06.39)
- 16 -
Claims

1. Small-calibre projectile {(100) with a jacket (3) made of

{7 steel, plated steel or brass, with at least in each case a
| 5 hard core (S) arranged at the front and having a density
of greater than 10 g/cm3 and truncated-cone-shaped soft

. corxe {8) arxrranged at the tail and having a demnsity of less

than 10 g/cm’, the external shape of the jacket (3),
..considered from the projectile head {4), being ccnfigured

10 in an ogive shape (7a), merging into a cylindrical middle
part and ending in a conical tail region, tkhe likewise
ogive-shaped part of the hard: core (5) 1lying, by the

surface of the latter, over a wide region in a form-

fitting mammer against thel internal shape of the jacket

{ 15 (3) and forming a hollow space between the jacket (3) and
the front region of the hard core (5), characterized in

that. the hard core (5} merges, in its front region (Sa),

into a truncated-cone shape or spherical-cap shape and has”

*a smoothened surface, in that a closed-cff air space (§)

20 exists between the inner surface of the jacket and the
front region of the hard core (5), in that the tail rsgion

(5b) of the hard core is configured in a truncated-cone

sk}ape, in that the soft coxre (8) lies in a form-fitting
centred manner against the truncated cone cf the hard core

25 (5) and the soft core filling the entire cylindrical (7b)

[
AR A I



manner on the truncated cone. 10 9. Process for manufacturing a

jacketéd projectile (100) according to Claim3, characterized in
that the hard core (5), after conpression noulding and sintering
thereof, is tunbled in water until it is glossy. 15 10. Process
for manufacturing a jacketed projectile (100) according to Caim1l
characterized in that the tol erances of the individual conponents
are chosen such that the hard, core (5) can be manyalghyg pughed into
the | PRI EIQRRNPFIEIFUNT A8 Lo | acket (100) and the soft core (8) can

| i kewi se be manual | y pushed onto the tail part of(25h&6h8Pd core
(5), before the flanging of the projectile tail is carried out.

- 16A -

and the truncated-cone-shaped tail region (9) of the

jacket.
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Jacketed  projectile (100) according to Claim 1,
characterized in that the jacket (3) 1is plated on the

outside with a copper/zinc alloy.

Jacketed projectile {100} accoxding to Claim 1,
characterized in that the hard core (5) is made of cobalt-

alloyed tungsten carbide and has a density of wmoxe than

14.0 g/cm’.

Jacketed  projectile (100) according to Claim 1,
characterized in that the soft core (8) consists of lead

and/or tin and has a density of at least 7.3 g/cm’.

Jacketed projectile (100) according to Claim 3 and 4,
characterized in that the hard core (5) makes up between
42% and 50% and the soft core (8) between 28% and 34% of

the entire projectile mass.

Jacketed projectile (100) according to Claim 1,
charxacterized in that the soft core {8) is closed off in a

gastight manner at the tail by a brass disc (14) sealing
g

‘ with an interference fit against the jacket (3).

Jacketed projectile (100) according to Claim 3 and 4,

characterized in that the hard core (5) has at the tail a

>y

truncated cone with a cone angle (o) between 14° to 18° and

in that the soft core (8) is seated by its internal cone,

(O



