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(54) PUNCH SLEEVE

(57)  Punch sleeve (1) made from a sintered material
comprising the following components: 10 to 35 weight
percent tungsten carbide, 50 to 60 weight percentin total
of one or more selected from titanium carbide, titanium
carbonitride and titanium nitride, 35 to 5 weight percentin
total of one or more selected from cobalt and nickel, 1.5 to
0 weight percent chromium, 2.5 to 0 weight percent
molybdenum, 1 to 0 weight percent in total of other
additions, wherein the sum in weight percentages of said
components is 95 to 100 weight percent.
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Description

[0001] The presentinventionrelates toapunchsleeve,
a punch apparatus, a use of said punch sleeve and a
method for drawing a metal blank into a can body.
[0002] EP 2746 413 A1 shows a punch for manufac-
turing of metal beverage.

[0003] A typical process for manufacturing beverage
cans starts typically by cutting a circular metal blank out of
a sheet of metal, typically made from an aluminium alloy
or steel. Then the metal blank is typically placed into a
cupping press, where the blank is drawn into the shape of
acup. Subsequently a punch sleeve, mounted ontoaram
thereby forming a punch, is pushed swiftly, typically within
a fraction of a second, and typically continuously against
the then cup shaped metal blank through typically a
drawing die and typically several ironing dies. The cup
shaped metal blank is thus deep drawn, i.e., reduced in
diameter and increased in height, and subsequently
ironed, i.e., foremost increased further in height by
stretching and thinning cup walls, creating a beverage
can body. These two steps are typically called drawing
and ironing.

[0004] The objective of the present invention is to
provide a punch sleeve which can increase productivity
and decrease downtimes and energy consumption dur-
ing manufacturing of beverage cans.

[0005] The objective is solved by the punch sleeve
according to claim 1. Advantageous embodiments of
the invention are disclosed in the dependent claims,
which can be combined freely amongst each other and
with claim 1, and in further embodiments of this disclo-
sure, including enclosed Figs. 1 and 2 and the corre-
sponding description thereof.

[0006] The punch sleeve is made from a sintered ma-
terial which comprises the following components: 10 to
35 weight percent tungsten carbide, 50 to 60 weight
percent in total of one or more selected from titanium
carbide, titanium carbonitride and titanium nitride, 35to 5
weight percentin total of one or more selected from cobalt
and nickel, 1.5 to 0 weight percent chromium, 2.5 to 0
weight percent molybdenum, 1 to 0 weight percentin total
of other additions, wherein the sum in weight percen-
tages of said components is 95 to 100 weight percent.
[0007] The term "weight precent" and the like is to be
understood throughout the present disclosure, unless
stated otherwise, as the weight precent and the like of
any of said components and optionally further compo-
nents of the sintered material in relation to the total weight
of the sintered material.

[0008] Regarding said components of the sintered
material a sum S1 = (said tungsten carbide + said tita-
nium carbide + said titanium carbonitride + said titanium
nitride) in weight percentages can range from 60 to 95
weight percent, a sum S2 = (said cobalt + said nickel) in
weight percentages can range from 35 to 5 weight per-
cent, and a sum S3 = (said chromium + said molybdenum
+ said other additions) can range from 0 to 5 weight
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percent, such that a sum S = S1 + S2 + S3 can range
from 95 to 100 weight percent; if the sintered material
consists of said components, which is possible and con-
ceivable, S = 100 weight percent.

[0009] "in total of one or more selected from titanium
carbide, titanium carbonitride and titanium nitride" is to be
understood, unless stated otherwise, that the sum of
weight percentages of said titanium carbide, said tita-
nium carbonitride and said titanium nitride, to the extent
that these components are present, is calculated, and
that at least one (titanium carbide, titanium nitride, tita-
nium carbonitride), two (titanium carbide and titanium
nitride, titanium carbide and titanium carbonitride, tita-
nium nitride and titanium carbonitride) or all three (tita-
nium carbide and titanium carbonitride and titanium ni-
tride) of these components is/are present in the sintered
material according to their weight percentages disclosed
in the present disclosure.

[0010] Itis possible and conceivable that said sintered
material is essentially or completely free of said titanium
nitride, i.e., that said titanium carbide and/or said titanium
carbonitride is/are present, essentially without or without
said titanium nitride, respectively. Thus, "in total of one or
more selected from titanium carbide, titanium carboni-
tride and titanium nitride" is then replaced by "in total of
one or more selected from titanium carbide and titanium
carbonitride" regarding the definition of the composition
of the sintered material.

[0011] "in total of one or more selected from cobalt and
nickel", is to be understood, unless stated otherwise, that
the sum of weight percentages of said cobalt and said
nickel to the extent that said cobalt and said nickel are
present, is calculated, and that one (cobalt, nickel) or both
(cobalt and nickel) are present in the sintered material
according to their weight percentages disclosed in the
present disclosure.

[0012] The term "other additions" is to be understood
throughout the present disclosure, unless stated other-
wise, in view of an industrial scale production process of
the sintered material, meaning that these "other addi-
tions" are introduced, e.g., by use of recycled raw materi-
als, pressing and sintering a green body, unavoidable
impurities and/or in order to achieve specific properties.
[0013] Inthatthe punchsleeveisasleeve,itcan be slid
and thereby mounted onto a ram, preferably by a nut
screwed onto a threaded part of said ram such that said
nut abuts an axial forward facing shoulder of the punch
sleeve under radial clearance to the punch sleeve. Thus,
the punch sleeve is a hollow and open-ended body,
preferably open ended at both ends sides. The punch
sleeve can be a one-piece body or a two or more-piece
body. The punch sleeve helps distribute forces more
evenly and can be replaced and maintained better over
a monolithic ram used for direct punching.

[0014] Anoptimum balance between weightreduction,
wear resistance and toughness is achieved in that the
punch sleeve is made from the sintered material com-
prising said following components: 10 to 35 weight per-
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cent tungsten carbide, 50 to 60 weight percent in total of
one or more selected from titanium carbide, titanium
carbonitride and titanium nitride, 35 to 5 weight percent
in total of one or more selected from cobalt and nickel, 1.5
to 0 weight percent chromium, 2.5 to 0 weight percent
molybdenum, 1 to 0 weight percent in total of other
additions, wherein the sum in weight percentages of said
components is 95 to 100 weight percent. In other words,
the optimum balance between titanium carbide, titanium
nitride and/or titanium carbonitride for weight reduction
on the one side and tungsten carbide on the other side for
wear resistance has been found combined with an opti-
mum binder content, formed by said cobalt and/or nickel
for toughness improvement; said titanium carbide, tita-
nium nitride and/or titanium carbonitride have each a
relatively low mass density of on average about 5
g/cm3, whereas the mass density of tungsten carbide
is about 15.6 g/cm3and thusis on a volume basis heavier;
the invention is not bound to any peculiarities related to
the precise calculation of these densities.

[0015] Said weight reduction is achieved by the rela-
tively large total content in relatively low mass density of
titanium carbide, titanium nitride and/or titanium carboni-
tride, enabled for by the presence of at least said rela-
tively heavy tungsten carbide and said toughness en-
hancing cobalt and/or nickel. Due to said weight reduc-
tion, implemented by said composition of the sintered
material, the punch sleeve can put less stress on the
entire punch-die-system, expanding the lifespan of the
die and other parts of related equipment as well, lowers
operating costs, since less energy is required to move the
punch sleeve, which is especially advantageous for high
volume beverage can production operations, enhance
precision during punching, and improve operator safety,
since a lighter punch sleeve is easier to handle.

[0016] Said sintered material has a microstructure
formed predominantly by grains made from said titanium
carbide, titanium nitride and/or titanium carbonitride, de-
pending on which of these components is present, due to
their relatively low mass density, i.e., high specific vo-
lume, in comparison to a higher mass density of said
tungsten carbide.

[0017] The tungsten carbide has typically a stoichio-
metry of WC. Titanium carbide, if present, has typically a
stochiometric composition of (Tiy, W,)C, wherein r
ranges from 0 to smaller 0.5, preferably from 0 to 0.15,
i.e., some tungsten can be present in said titanium car-
bide. Titanium carbonitride, if present, has typically a
stochiometric composition of (Ti1_X,WX)(C1_y,Ny), where-
inxranges from 0 to smaller 0.5, preferably from 010 0.15,
and y ranges from greater 0 to smaller 1, i.e., some
tungsten can be present in said titanium carbonitride.
Titanium nitride, if present, has typically a stoichiometry
of TiN.

[0018] When titanium carbide and titanium carboni-
tride are selected from titanium carbide, titanium carbo-
nitride and titanium nitride, titanium carbide can be pre-
sent as essentially pure titanium carbide, i.e., TiC (r = 0),
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together with titanium carbonitride having some tung-
sten, i.e., (Ti1_x,WX)(C1_y,Ny) with x from greater O to
smaller 0.5, preferably from greater 0 to 0.15, and y
ranges from greater O to smaller 1. Thus, when titanium
carbide and titanium carbonitride are present together
with these stoichiometries, individual "titanium carbide
grains" and "titanium carbonitride grains" can be identi-
fied in the microstructure of the sintered material, typically
by EBSD (electron back-scatter diffraction) images,
where said "titanium carbide grains" typically appear
as almost black grains and said "titanium carbonitride
grains" appear in a brighter, grey shading, typically larger
in size on average than said "titanium carbide grains".
[0019] The source for said molybdenum, if present,
can typically be molybdenum powder and/or molybde-
num carbide powder added to a powder mixture which
can be pressed and sintered to manufacture said sin-
tered material.

[0020] The source for said chromium, if present, can
typically be chromium powder and/or chromium carbide
powder added to a powder mixture which can be pressed
and sintered to manufacture said sintered material.
[0021] Preferably said sintered material consists of
said following components: 10 to 35 weight percent
tungsten carbide, 50 to 60 weight percent in total of
one or more selected from titanium carbide, titanium
carbonitride and titanium nitride, 35 to 5 weight percent
in total of one or more selected from cobaltand nickel, 1.5
to 0 weight percent chromium, 2.5 to 0 weight percent
molybdenum, 1 to 0 weight percent in total of other
additions, wherein the sum in weight percentages of said
components is 100 weight percent.

[0022] Preferably said sintered material consists of
said following components: 10 to 35 weight percent
tungsten carbide, 50 to 60 weight percent in total of
one or more selected from titanium carbide, titanium
carbonitride and titanium nitride, 35 to 5 weight percent
in total of cobalt and nickel, wherein the content in cobalt
is larger than 0 weight percent, wherein the content in
nickel is larger than 0 weight percent, 1.5 to 0 weight
percent chromium, 2.5 to 0 weight percent molybdenum,
1 to 0 weight percent in total of other additions, wherein
the sum in weight percentages of said components is 100
weight percent. Thus, the composition of the sintered
material comprises then cobalt and nickel.

[0023] Preferably said sintered material consists of
said following components: 10 to 35 weight percent
tungsten carbide, 50 to 60 weight percent in total of
one or more selected from titanium carbide and titanium
carbonitride, 35 to 5 weight percent in total of one or more
selected from cobalt and nickel, 1.5 to 0 weight percent
chromium, 2.5 to 0 weight percent molybdenum, 1 to 0
weight percentin total of other additions, wherein the sum
in weight percentages of said components is 100 weight
percent. Thus, the composition of the sintered material is
then free of titanium nitride.

[0024] Preferably said sintered material consists of
said following components: 10 to 35 weight percent



5 EP 4 530 001 A1 6

tungsten carbide, 50 to 60 weight percentin total of one or
more selected from titanium carbide and titanium carbo-
nitride, 35 to 5 weight percent in total of cobalt and nickel,
wherein the content in cobalt is larger than 0 weight
percent, wherein the content in nickel is larger than 0
weight percent, 1.5to 0O weight percentchromium,2.5t0 0
weight percent molybdenum, 1 to 0 weight percentin total
of other additions, wherein the sum in weight percen-
tages of said components is 100 weight percent. Thus,
the composition of the sintered material is then free of
titanium nitride and comprises cobalt and nickel.

[0025] According to a further embodiment of said
punch sleeve the content in total of the one or more
selected from titanium carbide, titanium carbonitride
and titanium nitride is 52 to 56 weight percent. It has
been found that within this narrower range of the titanium
carbide, titanium carbonitride and titanium nitride, which
can be used to replace any broader range of the titanium
carbide, titanium carbonitride and/or titanium nitride in
the present disclosure where the sintered material com-
prises or consists of said components, the punch sleeve
has an improved tool lifetime, including the cases where
the composition of the sintered material is free of titanium
nitride.

[0026] According to a further embodiment of said
punch sleeve the tungsten carbide content is 27 to 33
weight percent. It has been found that within this narrower
range of the tungsten carbide, which can be used to
replace any broader range of the tungsten carbide in
the present disclosure where the sintered material com-
prises or consists of said components, the punch sleeve
has an improved tool lifetime, including the cases where
the composition of the sintered material is free of titanium
nitride.

[0027] According to a further embodiment of said
punch sleeve the nickel content is 1 to 6 weight percent.
It has been found that when the nickel content is in the
range from 1 to 6 weight percent, which can be used to
replace any broader range of nickel in the present dis-
closure where the sintered material comprises or con-
sists of said components, the punch sleeve has an im-
proved tool lifetime, including the cases where the com-
position of the sintered material is free of titanium nitride;
the nickel has been found to improve at least corrosion
resistance.

[0028] According to a further embodiment of said
punch sleeve the nickel content is 2 to 4 weight percent.
It has been found that when the nickel content is in the
narrower range from 2 to 4 weight percent, which can be
used to replace any broader range of nickel in the present
disclosure where the sintered material comprises or con-
sists of said components, the punch sleeve has an im-
proved tool lifetime, including the cases where the com-
position of the sintered material is free of titanium nitride.
[0029] According to a further embodiment of said
punch sleeve the chromium content is 0.3 to 1.5 weight
percent, preferably 0.5 to 1.3 weight percent. It has been
found that within this narrower range of the chromium,
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which can be used to replace any broader range of the
chromium in the present disclosure where the sintered
material comprises or consists of said components, the
punch sleeve has an improved tool lifetime, including the
cases where the composition of the sintered material is
free of titanium nitride; the chromium has been found to at
least reduce the mean grain size of the tungsten carbide.
[0030] According to a further embodiment of said
punch sleeve the molybdenum content is 0.5 to 2.5
weight percent. It has been found that within this narrower
range of the molybdenum, which can be used to replace
any broader range of the molybdenum in the present
disclosure where the sintered material comprises or con-
sists of said components the punch sleeve has an im-
proved tool lifetime, including the cases where the com-
position of the sintered material is free of titanium nitride;
it has been found that the molybdenum increases the hot
deformation resistance.

[0031] According to a further embodiment of said
punch sleeve the titanium carbonitride has a stochio-
metric composition of (Ti1_x,WX)(C1_y,Ny), wherein x
ranges from greater 0 to 0.15 and y ranges from greater
0 to smaller 1. It has been found that the stochiometric
composition of (Ti1_X,WX)(C1_y,Ny), wherein x ranges
from greater 0 to 0.15 and y ranges from greater 0 to
smaller 1, improves the wear resistance achieved by said
titanium carbonitride, in that a relatively small, limited by x
smaller or equal to 0.15, amount of tungsten, W, is pre-
sent in said titanium carbonitride, without making said
titanium carbonitride too heavy, i.e., without compromis-
ing the weight reduction achievable by said titanium
carbonitride. It has been found that the wear resistance
improves even further, when the titanium carbonitride
has the stochiometric composition of (Tiy_,,W,)(C4.
y"Ny), wherein x ranges from greater 0 to 0.15 and y
ranges from greater O to smaller 1, and is present to-
gether with titanium carbide having the stochiometric
composition of TiC, i.e., essentially pure titanium carbide.
[0032] According to a further embodiment of said
punch sleeve the tungsten carbide has a mean grain
size in the range from 0.2 pm to 3 pm, preferably from
1 wm to 3 um. It has been found that when the mean
tungsten carbide grain size is in the range from 0.2 um to
3 um, preferably from 1 umto 3 um, thatthe punch sleeve
has an improved tool lifetime.

[0033] The mean grain size of said tungsten carbide
grains is to be measured as "linear intercept length"
according to the international standard ISO
4499-2:2008(E), unless stated otherwise. EBSD micro-
graphs (EBSD, electron back-scatter diffraction) of sin-
tered samples are to be used as a basis, unless stated
otherwise. The measurement methodology for such mi-
crographs is described, for example, in: K. P. Mingard et
al., "Comparison of EBSD and conventional methods of
grain size measurement of hard metals", Int. Journal of
Refractory Metals & Hard Materials 27 (2009) 213-223,
unless stated otherwise.

[0034] According to a further embodiment the punch
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sleeve has a nose positioned on one end of the punch
sleeve, a trailing edge positioned opposite to the nose on
asecond end of the punch sleeve and a cylindrical portion
between the nose and the trailing edge. The nose is
preferably rounded since this enables for a smooth first
contact with said metal blank during drawing.

[0035] According to a further embodiment the punch
sleeve has an internal abutment shoulder on parts of the
nose. Said abutment shoulder is typically formed by a
section of the punch sleeve having a reduced internal
diameter over a larger internal diameter on parts of the
second end and over a larger internal diameter further
towards the nose outside of said section. Said abutment
shoulderis designed for abutment of a fastening element,
typically screwed onto a threaded section of a ram,
wherein said ram is typically slid into said section such
that a threaded part of the ram protrudes out off said
section on parts of said nose and such that the fastening
element abuts said shoulder section when screwed onto
said threaded section.

[0036] The objective is also solved by a punch appa-
ratus according to claim 13.

[0037] The punch apparatus comprises a ram and a
punch sleeve according to any of the thereto related
claims, including claim 1, and/or embodiments, including
enclosed Figs. 1 and 2 and the corresponding description
thereof, wherein the punch sleeve is slid and mounted
onto the ram. The advantages of the punch apparatus are
the same as the ones disclosed for the punch sleeve. The
punch apparatus has due to said punch sleeve a reduced
movable weight, improved wear resistance and tough-
ness, thus the ram can reciprocate faster with an im-
proved alignment, less energy consumption, and a long-
er apparatus lifetime. The apparatus can also comprise
one or more dies designed such that the punch sleeve
can be moved through said dies to allow for deep drawing
of a metal blank into a can body.

[0038] The objective is also solved by a use of a punch
sleeve punch sleeve according to claim 14.

[0039] The use of the punch sleeve according to any of
the thereto related claims, including claim 1, and/or em-
bodiments, including enclosed Figs. 1 and 2 and the
corresponding description thereof, for drawing a metal
blank into a can body. The advantages of this use are the
same as the ones disclosed for the punch sleeve.
[0040] The objective is also solved by a method for
drawing a metal blank into a can body according to claim
15.

[0041] The method for drawing a metal blankinto a can
body comprises the steps: a) providing a punch sleeve
according to any of the thereto related claims, including
claim 1, and/or embodiments, including enclosed Figs. 1
and 2 and the corresponding description thereof, or a
punch apparatus according to any of the thereto related
claims, including claim 13, and/or embodiments, includ-
ing enclosed Figs. 1 and 2 and the corresponding de-
scription thereof, b) providing a metal blank, c) drawing
the metal blank of step b) into a can body by moving the
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punch sleeve of step a) and the metal blank of step b)
against each other. Preferably, the metal blank is already
drawn into a cup shaped body and provided as such in
step b). Typically, one or more dies are provided in step c)
through which the punch sleeve is moved in a continuous
stroke to draw the metal blank or cup shaped can body,
respectively.

[0042] The Figures show:

Fig. 1:  a schematic drawing of a punch sleeve in a
longitudinal section, and

Fig. 2:  aschematic drawing of a punch apparatusin a
longitudinal section.

[0043] Fig. 1 shows a punch sleeve 1 in a longitudinal

section along a longitudinal axis 2, along which the punch
sleeve 1 is movable in a reciprocating motion.

[0044] The punch sleeve 1 is a one-piece body made
from a sintered material consisting exemplary of the
following components: 53.5 weight percent in total of
titanium carbide and titanium carbonitride, 30 weight
percent tungsten carbide, 12 weight percent cobalt, 3
weight percent nickel and 1.5 weight percent chromium;
the sum of said components is 100 weight percent and
the sum of cobalt and nickel is 15 weight percent.
[0045] Itis possible and conceivable, that the contents
of said components are chosen differently according to
the corresponding embodiments of the present disclo-
sure, and/or that the sintered material comprises one or
more further components selected from molybdenum
and the other additions according to the corresponding
embodiments of the present disclosure, such that the
sum of the weight percentages of the components is 100
weight percent.

[0046] The tungsten carbide has a mean grain size of
2.3 pm, representative for each of the mean grain size
ranges 0.2 umto 3 pmand 1 pmto 3 um. The mean grain
size of said tungsten carbide grains is measured as
"linear intercept length" according to the international
standard ISO 4499-2:2008(E). EBSD micrographs
(EBSD, electron back-scatter diffraction) of sintered
samples haven been used as a basis. The measurement
methodology for such micrographs is described, for ex-
ample, in: K. P. Mingard et al., "Comparison of EBSD and
conventional methods of grain size measurement of hard
metals”, Int. Journal of Refractory Metals & Hard Materi-
als 27 (2009) 213-223.

[0047] The punch sleeve 1 is designed to draw metal
blanks into a can body by a single stroke parallel to the
longitudinal axis 2 along the direction 3 and is rotational
symmetric with respect to the longitudinal axis 2. The
punch sleeve 1 has a nose 4 positioned onone endand a
trailing edge 5 positioned opposite to the nose 4 on a
second end. The nose 4 is rounded and designed for a
first contact with said metal blank. The punch sleeve 1
has further a cylindrical portion 6 between the nose 4 and
the trailing edge 5 connected to a tapered trailing section
7 tapering from an outer diameter D1 of the cylindrical
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portion 6 to a smaller diameter proximate to the trailing
edge 5.

[0048] The punchsleeve 1 has further an outer surface
8, an inner surface 9 and an internal abutment shoulder
9a on parts of the nose 4. The abutment shoulder 9a has
thus a surface perpendicular to the longitudinal axis 2 and
facing towards the nose 4.

[0049] The abutment shoulder 9a is designed for abut-
ment with a fastening element axially securing the punch
sleeve 1 to ram to which further reference is made in the
description of Fig. 2.

[0050] The punch sleeve has a total length L1 mea-
sured parallel to the longitudinal axis 2 and from the nose
4 to the trailing edge 5. The total length L1 is exemplarily
184 mm but can equally well range from 180 mm to 190
mm, or any other length, though 180 mm to 190 mm is
preferred for making so-called sleek cans where drawing
with a lightweight and wear resistant sleeve is specifically
advantageous.

[0051] Said trailing section 7 has alength L2 measured
analogously to the length L1. L2 is exemplarily 12.4 mm
but can equally well range from 10 mm to 15 mm or any
other length, though 10 mm to 15 mm is preferred for
drawing so-called sleek cans.

[0052] The cylindrical section 6 has a length L3 mea-
sured analogously to the length L1. The length L3 is
exemplarily 164.6 mm but can equally well range from
160 mmto 170 mm or any other length, though 160 mm to
170 mm is preferred for drawing so-called sleek cans.
[0053] The punch sleeve 1 has further an inner dia-
meter D2 proximate to the nose 4 and further a smaller
inner diameter D3 located behind the abutment shoulder
9a. D2 is exemplarily 41 mm but can equally well range
from 35 mm to 45 mm or any other diameter, though 35
mm to 45 mm is preferred for drawing so-called sleek
cans. D3 is exemplarily 37 mm but can equally well range
from 35 mm to 40 mm or any other value as long as D3 is
smallerthan D2. D1 is exemplarily 57 mm but can equally
range from 55 mm to 60 mm or any other value, though 55
mm to 60 mm is preferred for drawing so-called sleek
cans.

[0054] The punch sleeve 1 has further an inner dia-
meter D4 on parts of the tapered section 7 which is equal
to the inner diameter D3. D3 and D4 are designed to
match the outer diameter of a raminserted into the punch
1 sleeve and contacting the inner surface 9 where the
inner diameters D3 and D4 are defined.

[0055] Fig. 2 shows the same longitudinal section of
punch sleeve 1 as Fig. 1. In Fig. 2 the punch sleeve 1 is
slid and mounted onto a ram 10. A punch apparatus 11
comprises the punch sleeve 1 andtheram 10. Theram 10
is a cylindrical body made from a steel and rotational
symmetric with respect to the longitudinal axis 2 and
axially secured by a nut 14, being a fastening element,
in threading engagement with a threaded part of the ram
10 such that the nut 14 abuts the abutment shoulder 93,
as evident by comparing Figs. 1 and 2. The nut 14 as
radial clearance to the inner surface 9 such thatthe nut 14
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can be screwed onto the ram 10.

[0056] Fig. 2 depicts further a metal blank 12 already
drawn by a cupping press into a cup shaped body having
an inner diameter D4 larger than the diameter D1 and
further having a wall thickness D5 and a height L4 mea-
sured analogously to the length L1. D4 is exemplarily 83
mm but can equally well be selected from a different
diameter suitable for interacting with the punch sleeve
1. L4 is exemplarily 37 mm but can equally well be
selected from a different height suitable for interacting
with the punch sleeve 1.

[0057] According to a use of the punch sleeve 1 and a
use of the punch apparatus 11 the metal blank 12 is drawn
by a stroke of the punch sleeve 1 against the metal blank
12 and into aring die 13; itis possible and conceivable to
have more than one ring die, each placed below the die
13.

[0058] By this stroke the diameter D4 of the metal blank
12is reduced to a smaller diameter equal to the diameter
D1, and the height L4 is increased, e.g., by a factor of 1.5
or more.

[0059] According to a method for drawing the metal
blank 12 into a can body, the following steps are carried
out: a) the punch sleeve 1 or the punch apparatus 11 are
provided, b) the metal blank 12 is provided, c) the metal
blank 12 is drawn by moving the punch sleeve 1 and the
metal blank 12 against each other, wherein the punch
sleeve 1 is moved into the die 13.

[0060] The punch sleeve 1 and thereby the punch
apparatus 12 are light weighted and wear resistant hav-
ing thereby in view drawing metal blanks into can bodies:
a longer lifetime, lower energy consumption and lesser
maintenance need. Said light-weightiness is predomi-
nantly due to that the sintered material comprises from
50 to 60 weight percent in total of titanium carbide and
titanium carbonitride, being an example for in total of one
or more selected from titanium carbide, titanium carbo-
nitride and titanium nitride, in the presence of a wear
resistance improving lower tungsten carbide content
from 10 to 35 weight percent, and a toughness improving
binder content of from 35 to 5 weight percent cobalt and
nickel.

[0061] The presentinventionis notlimited tothe design
of the punch sleeve 1. In other embodiments, the dimen-
sions of the punch sleeve 1, especially the dimensions
L1, L2, L3, D1, D2 and D3, can be changed relatively
and/or in absolute values in view of a desired can body
design and/or in view of a differently designed ram 10.

Experiments

[0062] A reference punch sleeve, named hereafter
punch sleeve A, was made from a sintered material
consisting of the following components: 88 weight per-
cent tungsten carbide and 12 weight percent cobalt. The
sintered material of punch sleeve A had an approximate
density of 14.3 g/cms3.

[0063] A further reference punch sleeve, named here-
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after punch sleeve B, was made from a sintered material
consisting of the following components: 38 weight per-
cent in total of titanium carbide, 30 weight percent tung-
sten carbide, 24 weight percent cobalt, 6 weight percent
nickel and 2 weight percent chromium. The sintered
material of punch sleeve B had an approximate density
of 8.0 g/cm3.

[0064] A punch sleeve according to the invention,
named hereafter punch sleeve Inv., was made from a
sintered material consisting of the following components:
53.5 percent tungsten carbide, 30 weight percent tita-
nium carbide, 12 weight percent cobalt, 3 weight percent
nickel and 1.5 weight percent chromium. The sintered
material of punch sleeve B had an approximate density of
7.0 g/cms.

[0065] Five samples from each punch sleeve A, B and
Inv. were taken and subjected to the same wear test for
determining sliding wear under alinear reciprocating ball-
on-sample contact in terms of a wear track depth, ASTM
G133-22 (Standard Test Method for Linearly Reciprocat-
ing Ball-on-Flat Sliding Wear, Publication year 2022) can
be taken as reference for conducting such wear tests. In
each sintered material one wear track was made under
the same pressing force and surface condition until a
given number of ball-on-sample reciprocations was
reached; the average wear track depth was calculated
from said five samples.

[0066] These and further wear test results regarding
further compositions based on the sintered material of
punch sleeve Inv. are discussed in the following part of
the disclosure on a relative basis which suffices for the
person skilled in the art to reproduce and confirm the
trends and influences identified. The person skilled in the
art knows how to conduct a wear test for a sintered
material, naturally she/he uses the same test parameters
when she/he compares the wear behaviour of different
sintered materials.

[0067] The wear tracks were deepest in the sintered
material of punch sleeve A. In the sintered material of
punch sleeve B the wear tracks were 13 % flatter (less
deep) compared to the wear track depth in the sintered
material of punch sleeve A. In the sintered material of
punch sleeve Inv. the were tracks were 21 % flatter (less
deep) compared to the wear track depth in the sintered
material of punch sleeve A and 9 % flatter (less deep)
compared to the wear track depth in the sintered material
of punch sleeve B.

[0068] Thus, the following trends were identified: the
presence of 53.5 weight percent titanium carbide com-
bined with 30 weight precent tungsten carbide in the
sintered material of punch sleeve Inv. yields not only a
significantly lighter punch sleeve but also a better wear
resistance than the presence of 88 weight tungsten car-
bide without titanium carbide, as in the sintered material
of punch sleeve A having a more than two-times higher
density.

[0069] The presence of 53.5 weight percent titanium
carbide combined with 30 weight precent tungsten car-
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bide in the sintered material of punch sleeve Inv. yields
not only an even lighter punch sleeve but also a better
wear resistance than the presence of a lower titanium
carbide content of 38 weight percent combined with the
same tungsten carbide content of 30 weight percent, asin
the sintered material of punch sleeve B.

[0070] Consequently, it was found that the inventive
punch sleeve had not only a longer tool life due to an
improved wear resistance in said method for drawing the
metal blank 12, but also requires less energy to be moved
due to its lower density.

[0071] Further similar wear tests were conducted re-
garding the sintered material, hereafter named "further
sintered materials", unless stated otherwise, of further
punch sleeves. The composition of the sintered materials
of the further punch sleeves is based on the composition
ofthe sintered material punch sleeve Inv. was made from,
but each time with a systematic variation of one or more
components.

[0072] It was found that the range of titanium carbide
from 52 to 56 weight percent in the further sintered
materials improves the wear resistance over being out-
side of this range, for which the sum S1 = (said tungsten
carbide + said titanium carbide) in weight percentages
was kept constant at 83 weight percent and the total
content of nickel and cobalt was kept constant at 17
weight percent to yield 100 weight percent.

[0073] Itwasfound thatthe range of nickel and cobaltin
total from 5 to 35 weight percent in the further sintered
materials improves the wear resistance over being out-
side of this range, for which the total content of tungsten
carbide and titanium carbide was adapted accordingly
within 65 to 95 weight percent to yield 100 weight percent.
[0074] It was found that the nickel content in the range
from 1to 4 weight percentin the further sintered materials
improves the wear resistance over being outside of this
range, for which the total content of nickel and cobalt was
kept constant at 15 weight percent and the total content of
titanium carbide and tungsten carbide was kept constant
and 85 weight percent to yield 100 weight percent.
[0075] It was found that the additional presence of
chromium in the further sintered material in the range
from 0.3 to 1.5 weight percent improves the wear resis-
tance over being outside of this range, for which the total
content of titanium carbide and tungsten carbide was
kept constant at 85 weight percent with 53 weight percent
titanium carbide and for which the total content of nickel
and cobalt was adapted accordingly to yield 100 weight
percent.

[0076] It was found that the presence of molybdenum
in the further sintered materials in the range from 0.5 to
2.5 weight percent improves the wear resistance over
being outside this range, for which the total content of
titanium carbide and tungsten carbide was kept constant
at 85 weight percent with 53 weight percent titanium
carbide and forwhich the total content of nickel and cobalt
was adapted accordingly to yield 100 weight percent.
[0077] Itwasfound thatthe presence of other additions
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up to 1 weight is acceptable for punch sleeve applica-
tions.

[0078] It was found that the mean grain size of the
tungsten carbide in the range from 1 umto 3 wmimproves
the wear resistance over being outside of this range, for
which the sintered material of punch sleeve Inv. was
used. This trend was confirmed for any of the further
sintered materials.

[0079] In the sintered material of punch sleeve Inv.
titanium carbide and titanium carbonitride were selected
from titanium carbide, titanium carbonitride and titanium
nitride. Based on further prepared sintered materials
having the same composition as the sintered material
of punch sleeve Inv. but either only titanium carbide
selected from titanium carbide, titanium carbonitride
and titanium nitride or only titanium nitride selected from
titanium carbide, titanium carbonitride and titanium ni-
tride, it was found that the presence of titanium carbide
with titanium carbonitride improves the wear resistance,
especially, when the titanium carbide is essentially pure,
i.e., TiC, and the titanium carbonitride has some tung-
sten, i.e., for example (Tiyg5Wq15)(CpaNgo2)
(Tig 90:W0.10X(Cos  No2)  (Tig 95 W 05)(Cp 8:Ng 2),
(Tio.85:Wo.15)(Co.5:No.5), (Tio.00:W0.10)(Co.5:No.5),
(Tio.05:W0.05)(Co.5:No.5), (Tio.85:Wo.15)(Co.2:No.8),
(Tio.00:W0.10)(Co.2:No.8): (Ti.95:W0,05)(Co.2:No.8)-
[0080] In further prepared sintered materials having
the composition of the sintered material of the punch
sleeve Inv. only titanium carbide was selected from tita-
nium carbide, titanium carbonitride and titanium nitride.
[0081] In further prepared sintered materials having
the composition of the sintered material of the punch
sleeve Inv. only titanium carbonitride was selected from
titanium carbide, titanium carbonitride and titanium ni-
tride.

[0082] In further prepared sintered materials having
the composition of the sintered material of the punch
sleeve Inv. only titanium nitride was selected from tita-
nium carbide, titanium carbonitride and titanium nitride.
[0083] In further prepared sintered materials having
the composition of the sintered material of the punch
sleeve Inv. titanium carbide and titanium nitride were
selected from titanium carbide, titanium carbonitride
and titanium nitride.

[0084] In further prepared sintered materials having
the composition of the sintered material of the punch
sleeve Inv. titanium carbonitride and titanium nitride were
selected from titanium carbide, titanium carbonitride and
titanium nitride.

[0085] In further prepared sintered materials having
the composition of the sintered material of the punch
sleeve Inv. titanium carbide, titanium carbonitride and
titanium nitride were selected from titanium carbide, ti-
tanium carbonitride and titanium nitride.
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Claims

1. Punch sleeve (1) made from a sintered material
comprising the following components:

10 to 35 weight percent tungsten carbide,

50 to 60 weight percent in total of one or more
selected from titanium carbide, titanium carbo-
nitride and titanium nitride,

35 to 5 weight percent in total of one or more
selected from cobalt and nickel,

1.5 to 0 weight percent chromium,

2.5 to 0 weight percent molybdenum,

1 to 0 weight percent in total of other additions,
wherein

the sum in weight percentages of said compo-
nents is 95 to 100 weight percent.

2. Punch sleeve (1) according to claim 1, wherein the
content in total of the one or more selected from
titanium carbide, titanium carbonitride and titanium
nitride is 52 to 56 weight percent.

3. Punch sleeve (1) according to any of the preceding
claims, wherein the tungsten carbide contentis 27 to
33 weight percent.

4. Punch sleeve (1) according to any of the preceding
claims, wherein the nickel content is 1 to 6 weight
percent.

5. Punch sleeve (1) according to claim 4, wherein the
nickel content is 2 to 4 weight percent.

6. Punch sleeve (1) according to any of the preceding
claims, wherein the chromium content is 0.3 to 1.5
weight percent.

7. Punch sleeve (1) according to any of the preceding
claims, wherein the molybdenum contentis 0.5t02.5
weight percent.

8. Punch sleeve (1) according to any of the preceding
claims, wherein the titanium carbonitride has a sto-
chiometric composition of (Ti1_X,WX)(C1_y,Ny),
wherein x ranges from greater 0 to 0.15 and y ranges
from greater O to smaller 1.

9. Punch sleeve (1) according to any of the preceding
claims, wherein the tungsten carbide has a mean
grain size in the range from 0.2 pm to 3 um.

10. Punch sleeve (1) according to claim 9, wherein the
tungsten carbide has a mean grain size in the range
from 1 pm to 3 pm.

11. Punch sleeve (1) according to any of the preceding
claims, wherein the punch sleeve (1) has a nose (4)
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positioned on one end of the punch sleeve (1), a
trailing edge (5) positioned opposite to the nose (4)
on a second end of the punch sleeve (1) and a
cylindrical portion (6) between the nose (4) and
the trailing edge (5).

Punch sleeve (1) according to claim 11, wherein the
punch sleeve (1) has an internal abutment shoulder
(9a) on parts of the nose (4).

Punch apparatus (11), comprising a ram (10) and a
punch sleeve (1) according to any of the preceding
claims, wherein the punch sleeve (1) is slid and
mounted onto the ram (10).

Use of a punch sleeve (1) according to any of claims
1to 12 for drawing a metal blank (12) into a can body.

Method for drawing a metal blank (12) into a can
body, comprising the steps:

a) providing a punch sleeve (1) according to any
one of claims 1 to 12 or a punch apparatus
according to claim 13,

b) providing a metal blank (12),

c) drawing the metal blank (12) of step b) into a
can body by moving the punch sleeve (1) of step
a) and the metal blank (12) of step b) against
each other.
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