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related to a projectile with a nominal calibre, for use in a
rifled barrel, the projectile comprising: an elongate metal
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core (2), aceramictip (3) with a Vickers Hardness greater
than said metal core, said ceramic tip abutted with one
end of the elongate metal core, wherein a deformable
jacket (22) or deposited coating, surrounds the elongate
metal core and ceramic tip, such that said jacket or coat-
ing defines the nominal calibre of said projectile.
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Description

[0001] This invention relates to a combination of a gun
having a rifled barrel and a round of enhanced perform-
ance ammunition, and to a projectile for use in the com-
bination. The invention is especially, but not exclusively
related to an improved form of projectile for small arms
ammunition.

[0002] When a projectile is fired from a rifled barrel,
the projectile must deform as it travels along the barrel
so that material forming part of the projectile is forced
into the spaces between the lands that form the rifling.
This process is called engraving, and causes a spin to
be imparted to the projectile by virtue of the twist of the
rifling.

[0003] Thedeformationofthe projectile, its travel along
the barrel effectively as a force fit to the rifling, the high
linear acceleration imparted by the gun propellant on fir-
ing, and the consequent high rate of angular acceleration
and associated force acting between rifling and projectile
all contribute to substantial wear on the barrel.

[0004] If this wear rate can be reduced, substantial
benefits follow, including increased barrel life, higher
muzzle velocity and hence increased accuracy and le-
thality.

[0005] Forthisreason, low friction, soft, readily deform-
able materials are normally selected for small arms bullet.
This was originally achieved by the use of solid lead bul-
lets but these have now been almost universally replaced
by a bullet comprising of a gilding metal jacket and lead
core.

[0006] According to the presentinvention there is pro-
vided a projectile with a nominal calibre, for use in arifled
barrel, the projectile comprising:

an elongate metal core, a ceramic tip with a Vickers Hard-
ness greater than said elongate metal core, said ceramic
tip abutted with one end of the elongate metal core,
wherein a deformable jacket or deposited coating, sur-
rounds the elongate metal core and ceramic tip, such
that said jacket or coating defines the nominal calibre of
said projectile.

[0007] The use ofaceramicallows for avery high hard-
ness material to be used to allow defeat of a target, how-
ever whilst an elongate core may be formulated entirely
from a ceramic, the density may be lower in comparison,
which would compromise on the momentum of the pro-
jectile. The use of metal in the elongate metal core, allows
the mass of the projectile round to be raised and thereby
to ensure that the ballistic properties are maintained.
[0008] The elongate metal core may be selected from
one of lead, steel, tungsten, alloys of tungsten, or tung-
sten carbide. The use of high Vickers Hardness steels
as elongate cores are known, however they are more
costly, and so a greater range of metals may be selected,
to allow the mass to be retained, and the exceptionally
high hardness of a ceramic to be used to provide the
penetrative effect.

[0009] In one arrangement the elongate core may be
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lead with a ceramic tip to provide a high hardness pen-
etration capability.

[0010] The ceramic tip may be any inorganic com-
pound of a metal, non-metal or metalloid ceramic, such
as, for example, an oxide, non-oxide, or composite cer-
met. The ceramic may be oxides of alumina, yttria, be-
ryllia, ceria, zirconia, titania, or non-oxides such as, for
example carbides, borides, nitrides, silicide, preferably
yttria, zirconia, or non-oxides such as carbides, and ni-
trides.

[0011] The density of the ceramic tipped penetrator
may affect the overall bullet mass, which may affect the
projectile’s ballistic properties.

[0012] The ceramic may have density of greater than
4000kg/m3, more preferably a density greater than
5000kg/m3, more preferably in the range of 7000 to 8000
kg/m3. In one arrangement the ceramic material may
have a density close to that of steel

The ceramic tip may be selected to have Vickers hard-
ness greater than greater than 570HV, more preferably
greater than 1000HV.

[0013] Preferably the ceramic tip may have a Vickers
Hardness of greater than 570HV, more preferably
1000HV and a density of greater than 5000kg/m3, more
preferably in the range of 7000 to 8000 kg/m3.

[0014] The ceramic may also have high fracture tough-
ness, flexural strength, tensile strength and compressive
strength in relation to a high hardness steel penetrator
as a comparator material.

[0015] The following are examples of ceramics which
provide densities at least comparable with a steel alloy,
and thereby mitigate issues of change of ballistic prop-
erties of the round, due to a reduction in mass. Therefore
with these examples, he overall mass of the core, may
be kept in line with the standard elongate core material.
[0016] Zirconia (partially stabilised with Magnesium
Oxide) has a high density in comparison to many ceram-
ics, thereby providing a good ballistic match. Further the
material has a high hardness at over 1000HV. It com-
prises a high compressive strength greater than 1750
MPa. Good tensile strength in comparison to other ce-
ramics, and a modulus of elasticity at least equal to that
of steel.

[0017] Sintered and Injection Moulded Zirconia partial-
ly stabilized with Yttria Oxide, comprises a high density
in comparison to other ceramics (good for ballistic
match). It comprises a high hardness greater than
1000HV, high compressive strength greater than 2500
MPa. Good tensile strength in comparison to other ce-
ramics. The modulus of elasticity is similar to at least that
of steel alloys, is one of the highest fracture toughness
ceramics, and has a high flexural strength at 1240 MPa.
[0018] Hot Isostatic Pressed Zirconia (partially stabi-
lized with Yttria Oxide) one of the highest density ceram-
ics, thereby providing excellent ballistic match. In com-
parison with the other Zirconias, it has a high hardness
greater than 1000HV, and a high compressive strength
greater than 2500 MPa. Good tensile strength in com-
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parison to other ceramics. The modulus of elasticity is
comparable to that of at least steel. Hot Isostatic Pressed
Zirconia has one of the highest fracture toughness ce-
ramics and one of the highest flexural strengths at 1720
MPa.

[0019] Silicon Nitride has a high hardness value, which
is greater than 1000HV, and with a high compressive
strength greater than 2500 MPa. This is a high tensile
strength material and is comparable to zirconia ceramics,
with a modulus of elasticity greater than that of steel.
[0020] The ceramic tip may be formed by any known
process such as for example additive layer manufacture,
plasma deposition, solidification of molten salts, chemi-
cal synthesis, sintering, isostatic pressing or injection
moulding.

[0021] The ceramic tip may be pre-formed into its final
shape and abutted against the elongate metal core, prior
to the formation of the metal jacket or deposed outer coat-
ing. To allow high speed manufacturing of the projectile
round, the ceramic tip may preferably be pre-formed to
allow rapid construction.

[0022] The ceramic tip may comprise a physical and/or
chemical bond to the elongate metal core. The bond be-
tween the elongate core and ceramic tip may be fusion,
adhesive, plasma deposition, additive layer manufac-
ture.

[0023] The ceramic tip may be formed, (i.e. deposed)
directly onto the elongate metal core by plasma deposi-
tion, additive layer manufacture to build up a final form
shape or a near final form shape, which may undergo
further steps of standard ceramic manufacture such as
solidification of molten salts, chemical synthesis, sinter-
ing, isostatic pressing.

[0024] The ceramic tip may have a first end which en-
gages with the metal core and a second end which has
a taper with respect to the first end. The final projectile
round comprises a nominal front end with an ogival por-
tion forming the front of the body of the round, the ceramic
tip being located at the end of the metal core orientated
towards the ogive section, such that the tapered end of
the ceramic tip may be located in the ogive section.
[0025] The ceramic tip may have any shape, such as
for example frustroconcial, conical, pyramidal, or cylin-
drical, preferably the outer edge of the ceramic tip con-
forms to the inner surface of the ogive of the deformable
jacket, thereby avoiding the high hardness material of
the ceramic tip from tearing the gliding metal of the de-
formable jacket.

[0026] The ceramic tip may comprise from 1% to 99%
ofthe fillvolume of the inner cavity in projectile, preferably
in the range of 5% to 50%, more preferably at least 5%,
yet more preferably in the range of 5 to 25%.

[0027] The elongate cylindrical core may have sub-
stantially parallel sides.

[0028] The deformable jacket or coating surrounds the
elongate core and ceramic tip, which defines an outer
diameter of said projectile.

[0029] The coating may be an electrodeposited coat-
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ing, however the deposition techniques are designed to
provide a metal which closely aligns to the elongate metal
core and ceramic tip, and therefore removes the small
cavities which exist between the ogival portion and the
remainder of the elongate core. The deposited coating
may provide better transfer of spin from the outer metal
coating to the elongate metal core and ceramic tip.
[0030] The elongate core and/or ceramic tip may com-
prise one or more bands or cannelures located circum-
ferentially thereon, said bands protruding radially out-
ward therefrom, to provide engagement with the coating
or deformable jacket.

[0031] The deformable jacket may typically be a gilding
metal jacket, typically copper or alloys thereof. The jacket
may comprise, a metal jacket, formed from an extrudable
outer sheath which is pressed through a series of dies,
and forms around the elongate metal core and ceramic
tip. Inahighly preferred arrangementthe jacketis located
over the elongate metal core and ceramic tip.

[0032] There may be a cavity created between the
jacket and the ceramic tip. The cavity may be filled with
metal salts, powdered ceramic, or left unfilled.

[0033] The ceramic tip may provide a means of iden-
tification of the origin of the round, once fired. There is
provided a method of identification of the origin of a fired
projectile, by identifying the composition of the ceramic
tip material, and/or a dopant or taggant incorporated
therein; in said ceramic. The identification may be to iden-
tify the manufacturer, for the purposes of authenticity,
anti-counterfeit, and/or origin of the user using the round.
The dopant or taggant may be added to the ceramic tip
material, to form part of the ceramic matrix, or it may be
an inert additional reagent, which is simply bound within
the final ceramic composition. The dopant or taggant may
comprise a unique identifier.

[0034] The outer diameter of said projectile is substan-
tially equal to an internal diameter of the barrel defined
by the lands, and wherein during firing of the projectile
the lands of the rifling in the barrel deform the deformable
jacket or coating. Upon firing, deformation of the jacket
is designed to provide the projectile with an interference
fit with the rifling lands rifling so as to provide effective
obturation by restricting or preventing the escape of pro-
pellant gases past the projectile via the rifling grooves.
[0035] According to a further aspect of the invention
there is provided a combination of a gun having a rifled
barrel and a round of ammunition as defined herein, the
rifling of the barrel comprising rifling grooves which are
separated by lands extending helically along a length of
the barrel; the projectile having an outer diameter sub-
stantially equal to or less than an internal diameter of the
barrel defined by the lands. The combination provides
an arrangement such that wherein upon firing deforma-
tion of the jacket or coating provides the projectile with
an interference fit with the rifling lands rifling so as to
provide effective obturation by restricting or preventing
the escape of propellant gases past the projectile via the
rifling grooves.



5 EP 3715774 A1 6

[0036] Normally, the projectile will also have an ogival
nose portion of the body forward of said substantially
elongate cylindrical core, although other forms are pos-
sible.

[0037] The body of the projectile (i.e. excluding the de-
formable jacket) should have a diameter which is not
greater than that defined by the rifling lands. The length
and precise diameter of the projectile is designed to pro-
vide the best fit.

[0038] Regard must also be taken to ensure that the
force required to effect the deformation of the jacket ma-
terial and to propel the projectile along the barrel is not
excessive, and therefore the diameter of the elongate
metal core and ceramic tip may not be greater than that
of the rifling lands.

[0039] In high volume conditions, elongate metal core
materials of lead or steel are suitable materials, as they
are inexpensive and can be readily formed into the de-
sired shapes.

[0040] The invention is particularly but not exclusively
applicable to small arms weapons systems, having a
nominal calibre of 20mm or less, such as for example,
12.7mm, 9mm or less, such as 7.62mm, 5.56mm and
4.6mm.

[0041] The invention will now be described by way of
example only with reference to the accompanying draw-
ings, of which:-

Figure 1 shows a diagrammatic representation of a
elongate metal core and ceramic tip; and

Figures 2 shows the projectile shown in Figure 1,
with a jacket thereon

Figure 3 shows, in section, the jacketed projectile
and part of the cartridge case located in the chamber
of a gun having a rifled barrel and ready for firing.

[0042] Asshown in Figure 1, a small arms core 1 com-
prising an elongate metal core 2 and ceramic tip 3 com-
prising an elongate cylindrical core 3, an ogival portion
5, and a rearwardly located boat tailed portion 4.
[0043] The ogival portion 5 abuts the elongate cylin-
drical core 2, at a point of intersection 11. The point of
intersection 11 is the point where the elongate cylindrical
core has substantially parallel sides.

[0044] The boat tail section 4 abuts the elongate cylin-
drical core 2, at the rear edge 12.

[0045] The elongate metal core 2 is of elongate form
and may preferably be cold formed from steel having a
Vickers Hardness of at least 550, more preferably
570HV. It can subsequently be given a heat treatment to
provide the desired hardness or other physical proper-
ties. Alternatively it may be lead.

[0046] Because of the substantial hardness of the ce-
ramic tip 3, the projectile is highly effective at penetration
of targets such as titanium/Kevlar body armour. Moreo-
ver, the high hardness also serves to minimise ablation
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of the projectile tip profile, thus further contributing to its
effectiveness in target penetration.

[0047] Figure2show the projectile 20 which comprises
the elongate metal core 21 and ceramic tip 23 (as exem-
plified in Fig 1), with a jacket 22, located thereon. The
jacket 22 has a thickness 24, selected to provide the de-
sired outer diameter for the nominal calibre of the gun,
from which it is to be fired.

[0048] When the elongate metal core 21, ceramic tip
23 and deformable jacket 22 passes from the gun cham-
ber into the rifled part of the barrel, by virtue of its outer
diameter 25, the jacket 22 is deformed by the lands of a
rifled barrel. The outer diameter 25 of the jacket material
22 should be substantially equal to the diameter of any
rifling grooves (not shown).

[0049] In the arrangement shown, the elongate metal
core 21 and ceramic tip 23, is covered by the jacket 22,
which is extruded over the elongate metal core 21 and
ceramic tip, and creates a cavity 26. The cavity 26 may
be empty, filled with inert powder or completely filled by
the ceramic tip.

[0050] Therefore, despite the hardness of the elongate
metal core 21, (if selected from a high hardness steel),
and especially the ceramic tip 23, barrel wear from this
factor is minimised.

[0051] It will be evident to the skilled addressee that
all of these factors reducing the engraving force will also
resultin reduced barrel wear, higher muzzle velocity, and
hence increased lethality and accuracy.

[0052] The optimum design parameters for the projec-
tile according to the invention can be determined by those
skilled in the art, based on the teaching contained herein.
[0053] The invention is particularly but not exclusively
applicable to small arms ammunition.

[0054] As shown in Figure 3, in use the round of am-
munition comprising the assembled primed and filled
(shown in part) cartridge case 33, together with a projec-
tile 31 are fired from a gun having a rifled barrel 34, in
the conventional manner, i.e. by chambering the round
within the gun chamber 35, and arranging for the primer
cap (not shown) to be struck by a firing pin.

[0055] When the elongate metal core 31 and ceramic
tip 39 and associated jacket 32 passes from the gun
chamber into the rifled part of the barrel, by virtue of its
greater diameter, the jacket 32 becomes engraved by
the rifling 37. The diameter of the elongate metal core 31
and ceramic tip 39 and associated jacket 32 should pref-
erably be substantially equal to or less than the diameter
of the rifling grooves 38.

[0056] The jacket 32 is of a malleable material which
may be copper or a copper alloy and could additionally
comprise an outer layer of a low-friction material such as
molybdenum disulphide. This jacket 32 is of a thickness
greater than the depth of the rifling grooves, and is of a
relatively softer material than that of the elongate metal
core 31 and ceramic tip 39, it can also engrave more
readily, and thus contribute for this reason also to a re-
duction in the engraving force required. Because the
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jacket 32 is thicker than the depth of rifling, engraving
can take place entirely within the coating so that the hard
metal of the elongate metal core 31 and especially the
ceramic tip 39 is kept substantially out of contact with the
material forming the rifling of the gun barrel. Therefore,
despite the hardness of the ceramic tip 39, barrel wear
from this factor is minimised.

Claims

1. A projectile with a nominal calibre, for use in a rifled
barrel, the projectile comprising:

an elongate metal core, a ceramic tip with a Vick-
ers Hardness greater than said elongate metal
core, said ceramic tip abutted with one end of
the elongate metal core,

wherein a deformable jacket or deposited coat-
ing, surrounds the elongate metal core and ce-
ramictip, such that said jacket or coating defines
the nominal calibre of said projectile.

2. A projectile according to claim 1 or claim 2 wherein
the metal core is selected from one of lead, steel,
tungsten, alloys of tungsten, or tungsten carbide.

3. A projectile according to any one of the preceding
claims wherein the ceramic tip is an inorganic com-
pound of a metal, non-metal or metalloid.

4. Aprojectile accordingto claim 3, wherein the ceramic
is an oxide, non-oxide, or composite cermet.

5. A projectile according to any one of the preceding
claims wherein the Vickers hardness is greater than
550HV.

6. Aprojectile accordingto claim 5, wherein the Vickers
hardness is greater than 1000 HV.

7. A projectile according to any one of the preceding
claims wherein the ceramic tip is formed by additive
layer manufacture, solidification of molten salts,
chemical synthesis, sintering, isostatic pressing.

8. A projectile according to any one of claims 4 to 6,
wherein the ceramic is selected from oxides of alu-
mina, zirconia, or non-oxide carbides and nitrides.

9. A projectile according to any one of the preceding
claims wherein the ceramic tip has a physical or
chemical bond to the elongate metal core.

10. A projectile according to claim 9, wherein the bond
is fusion, adhesive, plasma deposition, additive layer
manufacture.
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11. A projectile according to any one of the preceding
claims, wherein the ceramic tip has a first end which
engages with the metal core and a second end which
has a taper with respect to the first end.

12. A projectile as claimed in any one of the preceding
claims, wherein said jacket or coating forms the outer
diameter of said projectile and is substantially equal
to aninternal diameter of the barrel defined by a land
of the rifling in the barrel, and wherein during firing
of the projectile the lands of the rifling in the barrel
deform the deformable jacket or coating such as to
impart spin on the projectile.

13. A projectile as claimed in claim 12, wherein upon
firing deformation of the jacket or coating is designed
to provide the projectile with an interference fit with
the rifling lands so as to provide effective obturation
by restricting or preventing the escape of propellant
gases past the projectile via the rifling grooves.

14. A combination of a gun having a rifled barrel and a
round of ammunition as defined in any one of the
preceding claims; the rifling of the barrel comprising
rifling grooves which are separated by lands extend-
ing helically along a length of the barrel; the projectile
having an outer diameter substantially equal to or
less than an internal diameter of the barrel defined
by the lands, and wherein during firing of the projec-
tile the deformable jacket is deformed by the lands
of the barrel into the grooves formed between the at
least three bands and the point of intersection on the
elongate core.
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