1 Lead-free Projectile Description The present

invention relates to a |l ead-free small-bore jacketed

projectile. Such anmunition is known in various

designs. It may be divided into those with hard cores

made of steel, into those w th hard cores made from

dense sintered material and those with a nedi um

additional to the hard core such as |ead, al um nium
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Small arms ammunition and the manufacturing process thereof is known from EP-A2-0 106

411. The correspondingly optimised projectiles principally serve as live ammunition for
infantry and already have good aerodynamic properties. This ammunition, however, does not
have the required high final ballistic energy required by marksmen, which is necessary for
penetrating armour plating. A further drawback is the large amount of hard lead (98% Pb +

2% Sn) in the core, which has a toxic effect on the environment both in blank ammunition and

live ammunition and therefore is undesirable nowadays or even prohibited in some countries.

A jacketed projectile (WO 99/10703) of increased penetration performance and target
accuracy has a hard core made of tungsten carbide and, as an additional medium, a soft core

made of lead (Pb/Sn



2 60/40) which are held with an interference fit in a
gastight manner via a brass disc in the jacket. Thus
the escape of heavy netal s and/or vapour when firing
is prevented; a toxic effect 1is, however, stil

present in the target area. Additionally, the

manuf acture of such a projectile is costly and too
expensive for mass use (infantry ammunition). A
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the core.

The projectile according to Claim 1 may be easily manufactured and in a hard target (sheet
metal) etc. transmits almost the entire kinetic energy to the hard core which penetrates the
target. In this connection, the mass remains preserved at 100%; at the bullet hole a
mushroom-shaped collar is formed by the tombac jacket which corresponds to the original

weight of the jacket.



3 Thus it is proved that no heavy netals and/or netal
vapour are released. The sane may be detected for the
subj ect of the invention according to Claim2. This
exhibits a high final ballistic performance, despite
there not being a hard core qver the entire surface in
cross-section, in practical tests no fragnentati on was
detected at the target. Advantageous devel opnments of
the subject of the invention are disclosed in the
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outer shape and an air space according to daim3 is
particul arly advantageous with regard to ballistics.
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penetration of the jacket with lower energy losses.

The embodiment according to Claim 4 is very advantageous for the central pulse transfer

from the jacket core to the hard core.

To a considerable extent, the flying behaviour of the projectile is provided by the position of
the centre of gravity, Claim 5. The centre of gravity may be optimised by the constructive

design and dimensioning of the hard core and, in particular, of the hollow space (bore) in the

jacket core.

Alloy tool steels are well suited to the hard core and may be machined and surface-treated by

conventional means. Claim 6.

Identical materials for the outer jacket and the jacket core according to Claim 7 have proved
to be very economical and also expedient with regard to the density, the assembly and the

thermal expansion.

A constriction according to Claim 8 improves the connection to the cartridge sleeve and

allows the simple assembly thereof.



to be very econom cal and al so expedient with regard
to the density, the assenbly and the thernmal
expansi on. A constriction according to Claim8
i mproves the connection to the cartridge sleeve and
all ows the sinple assenbly thereof. 4 The thickening
of the jacket in its front region described in Cdaim?9
reduces ricochets during acute angle firing at hard
targets and al so serves to determ ne the centre of
gravity. The aforenentioned enbodi ments of the
I
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Figure 4a is a conventional projectile (according to

the prior art) when striking
The invention is disclosed hereinafter with reference to the embodiments and drawings, in

which:

Figure 1 is a projectile according to the invention, fitted into a cartridge sleeve

known per se,

Figure 2 is a sectional view through a preferred embodiment of the projectile in
Figure 1,

Figure 3 is a sectional view of an alternative solution of a lead-free projectile,

Figure 4a is a conventional projectile (according to the prior art) when striking
the target

Figure 4b is a projectile according to Figure 2 when striking the target
and

Figure 4¢ is a projectile according to Figure 3 when striking the target.



the target Figure 4b is a projectile according to
Figure 2 when striking the target and Figure 4c is a
projectile according to Figure 3 when striking the
target. 5 The tip of a projectile 100 is denoted in
Figure 1 by 1. A flange 21 i% inserted into the
reduced dianeter of a peripheral constriction 6, and
which is a conponent of a cartridge 20 known per se.

A standard._expl osive 24 is located ipn the_cartridge
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inside the projectile 100, which is forned between a

hard cpore 4 and an outer jacket, 5, .as .a result of .the
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hol | ow space 10 in the formof a blind hole. The
centre of gravity 7 of the projectile is located in

t he r .part of .said hol|ow space, An outer . .
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of gravity 7 of the projectile is located in the upper part of said hollow space. An outer

peripheral annular groove 6 is located thereover, which is illustrated here, portrayed as a

diameter; see Figure 1.

At the tail, the end of the jacket 5 is conically tapered and terminates in a stepped portion at
an angle a of 30°, which stepped portion merges with a terminal flange 9 and holds the two

cores 4 and 8 together with an interference fit.

The diameter of the projectile 100 denoted by K, the bore, in the present case is 5.56 mm and
is of the SS 109 type. The diameter 6 of the constriction is 5.45 mm. The hard core 4 weighs 4
g and is made of hardened tool steel (material according to DIN 1.5511) and has been
phosphatised after carburizing (penetration depth = 0.3 - 0.5 mm). The surface hardness is
570 HV1.

In this embodiment, the hard core 4 has a lower conical tip of 90° which rests positively in a
corresponding recess (countersink) in the upper part of the jacket core 8. This configuration
may be varied at will; a similar form of central centering action is, however, advantageous,
which facilitates the insertion or pressing-in of the core and ensures the rotational symmetry

of the projectile.



cores 4 and 8 together with an interference fit. The

di anmeter of the projectile 100 denoted by K, the bore,
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type. The dianeter 6 of the constriction is 5.45 mm

The hard core 4 weighs 4 ¢ ﬁnd i's made of hardened

tool steel (material according to DIN 1.5511) and has

been phosphati sed after carburizing (penetration

depth = 0.3 - 0.5 nm. The surface hardness is 570

HVI. In this enbodi nent, the hard core 4 has a | ower

a t

A ha?cg %ngeé:sjl (I)ltrlle{ i?&}qggréiyéé ‘Pg% %I;@? éﬁ% ec %)zﬂe}.{%b% h.ﬁgl%énlgl% this produces a
s1m11mfﬁﬁd1®alliaﬁkpérf@ﬂraﬁca This configuration my be

varied at wll; a simlar formof central centering

action i s, however, advantageous, which facilitates

r

The pifecsilld o;&glrﬁgnﬁéc%@%a% Stk :)p?o RAE d@0Rle PO sEBstantially by
deepdﬂtvangaﬁdiﬂﬂ:simglmtonbac has al so proved expedi ent,

surprisingly, this produces a simlar final ballistic
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In Figure 3 a variant of the aforementioned projectile is shown, in this connection the same

functional parts are provided with the same reference numerals.

In contrast to the subject according to Figure 2, in this case, the hard core is dispensed with. A
single jacket core 8' similarly fills up the space of the hard core 4, in Figure 2. The associated
hollow space 10' is shortened relative to the hollow space 10 and has a smaller diameter. As a
result, the mass of the entire projectile 100" is increased, so that approximately the same final

ballistic performance and effect is achieved at the target.

On the front face, the hollow space 10" tapers and is at least almost closed so that, together
with the front part of the outer jacket 5, a compact tip is produced when striking the target.

In both variants, measuring results, theoretical observations and comparisons with other

projectiles (prior art) show exceptionally good results:

The hollow space 10 and/or 10’ allows a transverse contraction in the gun barrel (rifle) which,
relative to solid projectiles, leads to a reduction in wear (abrasion), in particular in the rifling
grooves. At the same time, the firing velocity vy of the projectile 100 and/or 100" at the

muzzle is greater than with projectiles without a hollow space 10 and/or 10",
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As tests in firing against soap have shown, the requirements of the ICRC (International

Committee of the Red Cross) are also completely fulfilled, with regard to wound ballistics, in

contrast with numerous other projectiles according to the prior art.

Figure 4a shows a conventional hard core projectile 200 (prior art) before and during impact
on the target Z (steel). The steel jacket 50 explodes at the target Z, a hard core 40 consisting
of tungsten or steel penetrates the target Z, whilst, due to the high kinetic energy, the lead core
30 which follows behind is partially liquefied and even partially vaporised by sublimation on
impact. This may be seen by a vapour cloud 30' which, after the condensation thereof, also

leaves traces of lead at the target.

A combination of elastic and plastic impact with high deformability takes place in the
projectile 200 (fragmentation of material on all sides). The material of the projectile 200
which is splintered at the target Z and which may still be detected, no longer corresponds to

its initial weight at the muzzle,



path, even with side wind. As a result of the choice
of materials and the high firing velocity, the
kinetic energy is greater than with conparabl e
projectiles, as tests also showed. The precision of a
standard weapon may be incregsed wth the subject of
the invention. Thus, for ex le, all fired shots
(repeated fire) at a target distance of 25 in mere
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8 In contrast, on one projectile 100, in Figure 4b,
the identical nass may al so be detected at the target
Z. In this connection, the hard core 4 (steel or
tonbac) al so penetrates the target Z. The outer

j acket 5 nmushroons up at the jarget Z into a deforned
jacket 5' and transmts al no 100% of the kinetic
energy to the hard core 4 via its simlarly ductile

j acket core 8; there is no fragnmentation of .material,

Listafiheferenge Nymeralsket 5 or on the jacket core 8. The

pul se direction remins preserved. Figure 4c shows a
simlar view the projectile 100" which is nodified
relative to Hipnmgiélary)s squashed at the target Z and
penetrates with a tip 1' which is now flattened. The
pul se di r ecthildisned,sguasbehiins preserved, the jacket
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5 Deformed jacket 5

6 Constriction/diameter

7 Centre of gravity

8 Jacket core

g Jacket core

8" Squashed jacket core §'

9 Flange at 5

10 Hollow space in 8

10’ Hollow space in §8'

20 Cartridge sleeve

21 Flange at 20

22 Base of 20

23 Impact fuse

24 Explosive/propellant

30 Lead core

30’ Vapour cloud made up of Pb

40 Hard core (tungsten; steel)

40’ Lead vapour (sublimated Pb)

50 Steel jacket

100, 100" Projectiles

200 Conventional hard core ammunition (projectile}



7 Centre of gravity 8 Jacket core 8 Jacket core 8"
Squashed jacket core 8 9 Flange at 5 10 Hol | ow space
in 8 10" Hollow space in 8 20 Cartridge sleeve 21
Fl ange at 20 22 Base of 20 23 Inpact fuse 24

Expl osi ve/ propell ant 30 Lead core 30' Vapour cloud
made up of Pb 40 Hard core SQungsten; steel) 40

Lead vapour (sublimted Pb) 50 Steel jacket 100, 100
Projectiles 200 Conventional hard core amrunition

K (projectile)Boe K Bore

Z

Target (steel plate)

Angle (base angle)
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Z Target (steel plate) a Angle (base angle) 11
Clains 1 Snmall -bore projectile (100) with an ogival or
conical front region, a cylindrical central part and
a conically extending tail region, consisting of - an
outer jacket (5) made of a cqpper/zinc alloy, the
jacket (5) enclosing an approximtely cylindrica
hol | ow space, - a hard core (4) made of steel or a
sintered material inserted into the holl ow space

rds the tip, - a jacket core (8) nade of a
copper/zinc alloy attached with formfit to the hard
core (4), - the hollow space (10) of the jacket core
( 8)Sndl-bige poyentidel(1i0A) with apegivad oneehitsd ifregt regim asyliodrical central
fac - .the .open face of ..the holl aw.s e (10) resting
agggﬁng?ﬁgmﬁaﬁﬁa%%W§b%%§rgﬂamégﬁﬁgﬁﬁﬂﬁgaid hard core,
- the tail part of the jacket core (8) being held at

| east peri pheral I%/ by the tail region of the jacket .
(5) vix hutgn jiekeb (e made eoff & tcopper/zBmalallopothe jackgte(®)idnglosing an

(100 i th Qgd val .or..conical front region, a
cyli n%’ﬂ%@(é a%[én?y?lgﬁncadgﬂloxgﬁaacg, coni cal l y extendi ng
tail region, consisting of - an outer jacket (5) made

of a copper/zinc allaoy, the jacket (5). enclosing an
- a hard core (4) made of steel or a sintered material inserted into the hollow space

towards the tip,

- ajacket core (8) made of a copper/zinc alloy attached with form fit to the hard core
(4),

- the hollow space (10) of the jacket core (8) being located in the centre and being

open on one face,

- the open face of the hollow space (10) resting against the hard core (4) and sealing
said hard core,

- the tail part of the jacket core (8) being held at least peripherally by the tail region
of the jacket (5) with an interference fit.

Small-bore projectile (100") with an ogival or conical front region, a cylindrical central
part and a conically extending tail region, consisting of

- an outer jacket (5) made of a copper/zinc alloy, the jacket (5) enclosing an

approximately cylindrical hollow space,

- the hollow space of the jacket (5) solely containing a jacket core (8") with a hollow

space (10" and an air space (3),



approximately cylindrical hollow space, - the holl ow
space of the jacket (5) solely containing a jacket

core (8) with a hollow space (10') and an air space

(3), 12 the hollow space (10') conprising an aperture
tapering on the front face, g?e I nner edge regions
thereof being at |east partiafly in contact with one
another, the tail part of the jacket core (8 ) being

hel d at | east perigheralLy by the tail region aof the .
j ackethe hellowispiredd ) semprising gaapeityre taperiggyn the fioat face, the inner
projectile.acc i . ' o 11M hve-| i
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| east approximately in the shape of a spherical cup, -
t he Cle indrical hollow space in the front inner_region

be nghel&xl prstiof the jasketstoap B oreinghel g pelepst periphggally by He tail region
har d . ' ' avi ng the shape of a

spherolcfgg J%@%,(ﬁﬂtﬁénﬁg%f%éﬁ%fﬂt he spherical cup of

t he hol |l ow space being |larger than the radius of the

tig of the hard_core, so that,in the hol I_ow}ipa e of . .
t hemaldess prajertiy acqarding Ha (dam 1. yathaan ogiygdue fnynt region, the tip
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coni cal configuration and - the conical tip protruding
into the hollo ace (10)_of, the jacket core o . 2.
Smal 1D B IR hallow Wase Boihaifieg seh ey SRS 41Eed ip Fie shape of
4, - atgg,ﬁelq&m:ﬁﬁ of gravity (7) of the projectile being

e

| ocat I'n the longitudinal axis and

- the hard core (4) at its tip also having the shape of a spherical cup,

- the radius of the spherical cup of the hollow space being larger than the radius of
the tip of the hard core, so that in the hollow space of the jacket, in the tip thereof,
an air space (3) remains.

Small-bore projectile according to Claim 3,

- the tail region of the hard core (4) being of conical configuration and
the conical tip protruding into the hollow space (10) of the jacket core (8).

Small-bore projectile according to one of Claims 1 to 4,

- the centre of gravity (7) of the projectile being located in the longitudinal axis and
in the region of the hollow space (10) of the jacket core (8).

Small-bore projectile according to Claim 1 or 3,



10.

11.

in the region of the hollow space (10) of the jacket
core (8). 6. Small-bore projectile according to C aim
1 or 3, 13 the hard core (4) consisting of an alloyed
tool steel or sintered material of high density, such
as tungsten carbide. 7. Smalljbore projectile
according to Caiml or 2, - the outer jacket (5) and
the jacket core (8) consisting of the identica

£ 0 e cog® g1 ¥oning 2 e, 7B gl S s RS R Rl of high
conprdenkifg sactCas tahigsi@r @milal , peripheral constriction,

on which the front end (21) of a cartridge sl eeve
(20) is flanged. 9. Small-bore projectile according to

A aimq3...c Lhe.-nater fqihe,j.agket (5) inits front
reglmo%r{%orreep%ﬁcygeaﬁcg&gd?ég tqul npnd}{og% region and its
tail region having a thickening which is at |east a

factor of 2. 10. Small-bore projectile according to at .

| easttheputepfackefe(Shpad tre iagket Icaren§) consisiimgpifhe idsutipalecopper/zine
haviQ§%2 bore of 5.56 mm (0.223" or 0.224"). 11

Smal I'-bOre projectile according to at | east one of the
preceding clainms, said projectile being |ead-free.

Small-bore projectile according to Claim 1, 2 or Claim 5,

- the outer jacket (5) comprising a circumferential, peripheral constriction, on which
the front end (21) of a cartridge sleeve (20) is flanged.

Small-bore projectile according to Claim 3,

- the material of the jacket (5) in its front region, relative to its cylindrical region

and its tail region having a thickening which is at least a factor of 2.
Small-bore projectile according to at least one of the preceding claims,
- said projectile having a bore of 5.56 mm (0.223" or 0.224").
Small-bore projectile according to at least one of the preceding claims,

- said projectile being lead-free.



