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 with hard cores nade from
dense sintered material and lthose with a nedium
additional to the hard core such as | ead, . al um ni um
and/or air. Together with this comrercially avail able
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411. ThncEtcglrrgsp%rxllginogEy \é)% Ouredmgr%;]ec];ﬂlersl ;ngnclipsally serve as live ammunition for
infantry and aiready 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 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 metals and/or vapour when firing is
prevented; a toxic effect is, however, still present in the target area. Additionally, the
manufacture of such a projectile is costly and too expensive for mass use (infantry

ammunition).

A further jacketed projectile for 9 mm bore pistols is marketed under the reference SWISS P
SELF 9 mm Luger (RUAG Ammotec, Thun/Switzerland, formerly RUAG ammunition



prevented; a toxic effect is, however, still present
in the target area. Additionally, the manufacture of
such a projectile is costly and too expensive for mass
use (infantry ammunition). A further jacketed
projectile for 9 mmbore pistols is marketed under the
reference SWSS P SELF 9 mB Luger (RUAG Anmot ec
Thun/ Swi t zer |l and, fornerly RUAG amunition 2

Thun/ Switzerland). In this case, the projectile

ThunSR#ASeRhsd)0n e cib@&ﬁ@?r&jbl&ﬂédsohﬂ&'sdﬂ” BRE sledRRt pdhed inside one
t he |nner sl eeve sealed at the tail and open upwards,

another, ¢heoionerslesve seaed afi the tgiband agien wpwards, oualesing g darge air space with

e o] 3o R 2 BIMEAE BTl A b s e

able tb be drigén thi@phBnoothly; ity be nimofitRedddsldadrfret.cad- f r ee.
A jacketed projectile with a bore of up to 15 mmis

known from DE-Al -107 10 113 vvh! ch conprises an ogival
A jackdied? B G C%tﬁ%&@%% 10 d5 f@%b&ﬁ'fr&ﬁ'ﬁﬁ, 1-PFY 10 113 which

extenting tail region
comprisek adr loglqahekeéomlfamsregmnplantﬁﬂudhaﬂd catrat padandfa conically

ardened stee made o nt er dmatal and is nore
extendiag {18h gegippobe ifeppetgll lip3ekt; %1056 2 pRiated. hard ore made of
hardex?re“gi{)sgéhlrl tgf: ﬁ% dt' aogﬁtﬁreﬂ%&'fd ﬁadTﬁtxﬁtj)rler 188Gl héllm%;h? Sl‘hcfe-hke or

e core I's on i near contact
sheath-liekatppont mdde ﬁ'angadnctdé mdtai tmmaallealf sgiitheti cimnteridh dhe core is only

enetrati.ye, act thls ectile
in linegy cqntagt withfhe jac %“a 2giop of i5 8 m?ia&?[hewg}lmﬂwcﬂon of
this pRAYEYE bn arfOuK $iedd ftﬁQ&Q §6-gobd; BR' farget! Rbuttky %&Eof is however,

que inpact ‘on the target, the front part” of

markef,}.brcqedmdl én jpadicelar S’pﬂ] an ebhqlwnninpiaet on r:he wget; ﬁaﬁ‘bgrt part of the
e out its |n|t| mret ri

hard e e e
projecf 3R splnieRy i A and fherely pbrere e ety SR PG it imial

symmdiAsal RESA PRsHORINIED, a8lthd BF8Itive PENICREtI S BasPBitBinke , at least
performance or even leads to ricochets. Additionally

reduces Hie praauRtian mﬁrﬁmnencetqw\'pm bjade ta tieochgtscadditipnally | ﬂwdu@ufacture
of the tﬁ%g/ecﬁ?e is costly and,edsu% t(f) 't m%?estlyrt fegsnfreeq pgsfmémqgg rc])? 'ih% 24 Core, may

not be carried out with great accuracy.

It is therefore the object of the invention to provide a small-bore projectile (small-bore = bore
less than 0.5") suitable for hard targets, which may be manufactured economically, has a high
penetration performance and target accuracy and does not release heavy metals on firing or in
the target area. The projectile to be provided is intended, in particular, to contain no lead in
the core. The projectile jacket is also intended not to splinter on a hard target.

The projectile according to Claim | may be easily manufactured and in a hard target (sheet
metal) etc. transmits almost the entire kinetic energy to the hard core which penctrates 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

Thus it is proved that no heavy metals and/or metal vapour are released.



not be carried out with great accuracy. It is
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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

Jjacket 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 fo 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.



penetration of the jacket with | ower energy | osses.
The enbodi nent according to Caim4 is very
advant ageous for the central pulse transfer fromthe
jacket core to the hard core. To a consi derable
extent, the flying behaviour of the projectile is
provi ded by the position of 4 the centre of gravity,
Caimb5. The centre of gravity nmay be optim sed by the
constructive design and dinensioning of the hard core
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The current demand for |ead-free projectiles is
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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.



optimal ly adjusted by the dinmensioning of the

i ndi vi dual conponents and hol | ow spaces. The invention
is disclosed hereinafter with reference to the

enbodi nents and drawings, in which: Figure 1 is a
projectile according to the invention, fitted into a
cartridge sl eeve known per sse, Figure 2 is a
sectional view through a preferred enbodi nent of the
projectile in Figure 1, Figure 3 is a sectional view
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a cartridge 20 known per se. A standard explosive 24
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sectiop@VieFOX, trademark of the firm RUAG Amotec GrbH,
Furth, DE) is inserted in a base 22 of the cartridge
20. The preferred rotationally symetrical projectile
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space 3 isilgrafed mhrdeéhmp@@tﬂeal% il i formgd betweear daﬁqre 4 and an
outer jacket 5, as a result of the different radii.. A jacket core 8 is attached to the hard core 4
with form fit, and which bas a ceniral hollow space 10 in the form of a blind hole. The centre
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
S70HVI.

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.



space 3 is located inside the projectile 100, which is
formed between a hard core 4 and an outer jacket 5,
as a result of the different radii.. A jacket core 8
is attached to the hard core 4 wth formfit, and
whi ch has a central hollow space 10 in the formof a
blind hole. The centre of gravity 7 of the projectile
is located in the upper part of said hollow space. An
outer peripheral annular groove 6 is |ocated
thereover, which is illustrated here, portrayed as a
di aneter; see Figure 1. At the tail, the end of the
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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 bard 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 vo of the projectile 100 and/or 100" at the
muzzle is greater than with projectiles without a hollow space 10 and/or 10"



The projectiles may be manufactured by standard
production devices and substantially by deep draw ng
and pressing. The hard core may al so be nade from
other materials, for exanple fromsintered materials
such as tungsten carbide. OQther projectile jackets are
al so concei vabl e, which haveg a simlar ductility to
tonbac. The jacket core may al so consist of other
materials which have a simlar or greater density. In
all alloys, however, consideration has to be given to
the deposition of heavy netal during firing and at
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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.



7 The low drag coefficient Cd of a 5.56 mm projectile
(SS109 type) according to the invention, after a 570
m flight distance (NATO target), still lead to an

i npact velocity of 470 ms; the steel plate used was
Stanag 4172 of 3.5 mmthickness with 55-70 HRB
hardness (400N mm) and was gperforated snoothly. The
preci se spin stabilisation acts positively on the
stability and reproducibility of the flight path,
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(prior art) before and during inmpact on the target Z
(steel). The steel jacket 50 explodes at the target Z,
a hard core 40 consisting of tungsten or stee
penetrates the target Z, whilst, due to the high
ki netic energy, the lead core 30 which follows behind
is partially Iiquefied and even partially vaporised by
sublimation on inpact. This may be seen by a vapour
cloud 30" which, after the condensation thereof, also




| eaves traces of leZ at the target A conbination of
elastic and plastic inpact with high deformability
takes place in the projectile 200 (fragnmentation of
material on all sides). The material of the projectile
200 which is splintered at the target Z and whi ch may
still be detected, no |ongek corresponds to its
initial weight at the nuzzle. 8 In contrast, on one
projectile 100, in Figure 4b, the identical mass may

. I be tected at the target Z. In this connection,
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BPETHS (st eel or tonbac) al so penetrates the
target Z. The outer jacket 5 nushroons up at the
target Z into a deforned jacket 5 and transmts
al most  100%ipfimagsag) netic energy to the hard core 4
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squashed tip 2 Spherical cup 3 Air space (hollow
space) Centre of gravity

8 Jacket core

8 Jacket core

8" Squashed jacket core 8’

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)



N

4 Hard core (hardened steel; tonbac) 5 Quter jacket
(tonbac) 5 Defornmed jacket 5 6 Constriction/dianeter
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 20 183 Inpact fuse 24
Expl osi vel propel l ant 30 Lead core 30" Vapour cloud
made up of Pb 40 Hard core (tungsten; steel) 40
Lead vapour ggublimated Pb) 50 Steel jacket 100, 100
Projectiles

Target (steel plate}

Angle (base angle)



200 Conventional hard core amunition (projectile) 10
K Bore Z Target (steel plate) a Angle (base angle) 11
claims 1. 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 3 copper/zinc alloy, the
jacket (5) enclosing a hollow space (3), a hard core
(4) made of steel or a sintered material inserted into
.the hollow space towards the tip, a jacket ‘core (8)
Claimg,de of a copper/zinc alloy attached with formfit to
the hard core (4), with a cylindrical hollow space
(10) open on the front face, - the open face of the
1.  hEnabirwbarp pogedtilo] 106 mpthi i opjvad ot oonical Ifrdnt cagiorf, acylindwical central
positivyely . resting..agalnst. the hard core (4) and
5 At ahg 8 chpigeREeYIoRipg B Tgine RIS e and - t he
jacket core (8) being in contact on the periphery over
its entire length at least by the tail region of the
j ackast oytsy) jagket (Aemadevof A capperfzinsy flloyethedasket (S)enclosing a hollow
Smal | - bo projectile (100) with an ogival or conica
frorP®%Yton, a cylindrical central part and a
conically extending tail region, consisting of - an

outer jacket (5) made of a copper/zinc alloy,, the
j ac |@har(l TP |n@p§lien:§ stechot 4 giptered 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), with a cylindrical hollow space (10) open on the front face,

- the open face of the hollow space (10) comprising a conical front face and positively
resting against the hard core (4) and sealing said hard core at the front face and

- the jacket core (8) being in contact on the periphery over its entire length at least by
the tail region of the jacket (5) and held with an interference fit.

2. 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 a hollow
space (3),

- the hollow space of the jacket (5) solely containing a jacket core (8") with a hollow
space (10",

- the hollow space (10") comprising an aperture tapering on the front face, the inner
edge regions thereof being at least partially in contact with one another,



space (3), - the hollow space of the jacket (5) solely
containing a jacket core (8 ) wth a hollow space
(10'), - the hollow space (10') conprising an aperture
tapering on the front face, the inner edge regions
thereof being at |east partially in contact with one
another, 12 - the jacket coze (8) being in contact on
the periphery over its entire length by the jacket (5)
and held with an interference fit. 3. Small-bore
projectile according to Claim1, with an ogive-Iike
front region, the tip thereof being configured at

| easthe aquqknbmraﬂ')s being rin comgactirapthe periphapiaver isenidedength by the
the ¢ Eﬁ H[hoJIo ce | the front inner region
bEINBX "¢ ™% spherical cup, - the
hard core (4) at its tip also having the shape of a
spherical cup, - the radius of the spherical cup of
the hol |l ow space being | arger than the radius of the

h h . - .
 SBaflpokt ProiRifc fFying i Sl 1 Wi o PeuBHETRER Rbion, e tp
[ @iERiof Being coiirtd OES! BihRGiadl inRG 4 $phediedl Bup,

3, - the tail region of the hard core (4) being of
coni cal configuration and - the conical tip protrudi ng

' nt cJal%ll% Gcd ththe gcfonf Bﬁexl f* Fo%t §effrl%h flt shape of

or e prOJect e accor
4, kh@ma@ﬂimgxof gravity (7) of t he prOJectlle belng
| ocated in the longitudinal axis and in the region of
the holl ow space (10) of the jacket core (8).

- 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 bollow space (10} of the jacket core (8).

Small-bore projectile according to Claim 1 or 3,

- the hard core (4) consisting of an alloyed tool steel or sintered material of high
density, such as tungsten carbide. '



10.

11,

6. Small-bore projectile according to Claiml or 3,
the hard core (4) consisting of an alloyed tool stee
or sintered material of high density, such as
tungsten carbide. 13 7. Small-bore projectile
according to Claim1 or 2, - the outer jacket (5) and
the jacket core (8) consistilag of the identica
copper/zinc alloy. 8. Small-bore projectile according
to daim1l, 2 or aim5, - the outer jacket (5)
conprising a circunferential, peripheral constriction,
on which the front end (21) of a cartridge sleeve

( Spall-tsoré peopeptide a@orddagatol Cleum ¢ opi2oj ectil e according to
Caim3, - the material of the jacket (5) in its front
region, relative to its cylindrical region and its

t ai | the @@iep ghcltét\/(ﬂ) Gnd t&&jbaﬁléﬁ%&g(&)ﬁtbﬁﬁstﬁﬁg éf thk Gditical copper/zinc
factor of 2. 10. Smal ore projectile according to at
| easallogne of the preceding clainms, - said projectile
having a bore of 5.56 nm (0.223" or 0.224"). 11.
Smal | -bore projectile according to at | east one of the

pBafidoidpRlctilFaccoftighoTiame T2 bieClaghisg | ead-free.

- 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.



