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Description

TECHNICAL FIELD

[0001] The present invention relates to a tool arrange-
ment for metal working, for example metal forming, such
as stamping, stretchforming, deep drawing, bending,
etc., wherein a workpiece made of sheet metal, for ex-
ample, is shaped by one or more tool parts.

PRIOR ART

[0002] In sheet metal forming, forming tools which con-
trol the deformation and displacement of the sheet metal
while in contact therewith are normally used. The tools
consist of recesses (concave dies) and protrusions (con-
vex dies) having geometries which recreate the desired
final geometry, with compensation for spring back and
variations in sheet metal thickness during the forming.
The tools have a weight which often exceeds one metric
ton, and are pressed with hydraulic, electric or mechan-
ical presses at hundreds of kN against the workpiece
until the desired deformation occurs. The contact pres-
sures acting between tool and sheet metal are often very
large. The pressure, together with the movement of the
sheet metal over the tool surface, causes adhesion, mi-
cro welding and/or wear of the tool material, which can
lead to scratches and surface defects on the finished
component.
[0003] In order to reduce wear on both tools and sheet
metal surfaces, lubricant is often used in the forming.
Large resources are invested in improving the internal
and external environment in the sheet metal forming in-
dustry by reducing the use of these lubricants.
[0004] One solution is to separate sheet metal and tool
with a protective layer, which can consist of either hard
layers, which are applied directly to the tool, loose poly-
mer films, which are placed between sheet metal and
tool, or dry lubricants, which are laid on the sheet metal
surface.
[0005] The hard layers can consist of nitration, hard
chrome plating and laser treatment, supplied under heat,
which can adversely affect the surface smoothness or
external shape of the tool. Alternative methods such as
PVD and CVD layers, as well as low-friction layers of, for
example, Diamond Like Carbon, require a smooth tool
surface in order to work satisfactorily and thus entail in-
creased costs both for surface modification and surface
coating.
[0006] Of loose protective films there are many var-
iants. In simpler two-dimensional forming, such as edge
bending, different variants of protective plastic or textile
are used as a protective covering between sheet metal
and bending tool, see Patent nos. US5542282 and
US5887475.
[0007] In three-dimensional forming of products having
a sensitive surface, such as sinks, etc, of stainless steel,
it is common practice to cover the sheet metal with a

polymer film, which may also be lubricated. This film is
a single use product which remains in place on the
shaped component and also acts as a scratch protection
during transport, up to installation and usage.
[0008] Dry lubricants can be coated on the sheet met-
al in sheet metal production or prior to the forming. Dry
lubricants work according to different principles. The
most common principle involves thin flakes which slide
one upon another. Typical examples of this are molyb-
denum disulphide, boron nitride and graphite. Another
common dry lubricant is PolyTetraFluoroEthylene (PT-
FE), which is a thermoplastic having extremely low fric-
tion and low surface energy. PTFE can be used in many
different ways to reduce friction: as a fine powder, dis-
persed in a liquid, or as a sintered surface coating. One
of the disadvantages with PTFE is that the material is
soft and does not stand up particularly well to abrasion.
Another disadvantage is low thermal conduction, which,
together with a maximum usage temperature of about
260°C, limits the use in processes in which local heating
on a microscale can break down the surface in the ma-
terial and increase the friction properties.
[0009] The above-described techniques have the fol-
lowing limitations:

i) Hard layers on tools entail an increased cost with
respect to tool production. In most cases, lubricant
is required in the forming.
ii) Forming with plastic-coated sheet metal or dry lu-
bricants is a single use solution which produces extra
costs and environmental pollution, since the film/lu-
bricant cannot be reused. The plastic can replace
lubricant in forming operations which do not exceed
the elongation limit of the plastic, otherwise lubricant
is required here also.
iii) Protecting the tools with various protective mate-
rials according to Patent US5542282 and
US5887475 comprises only simple forming in two
dimensions.

[0010] In JP 2009 136906 press embossing method to
produce an embossed metal plate such as a stainless
steel kitchen counter which is hard to be scratched on a
surface, hardly noticeable even if it is scratched, easy to
remove dirt, and highly durable against wear is disclosed.
The press embossing method, in which a metal plate is
inserted between opposed molds of a press machine,
and embossing, is performed by applying a compressive
force to the metal plate. A state in which paper is super-
imposed on one surface of a metal plate between a first
mold having an uneven surface portion and a second
mold having a flat surface portion. The metal plate and
the paper are inserted in such a posture that the paper
is in contact with the flat surface portion of the second
mold.
[0011] There is therefore great need achieve an im-
proved tool arrangement for metal working, which allows
more effective and more complex working with high prod-
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uct quality, and which may be utilized for repetitive use
in an efficient manner.

BRIEF SUMMARY OF THE INVENTION

[0012] The object of the present invention is to elimi-
nate or at least partially alleviate the above-stated dis-
advantages of the prior art, and to achieve an improved
tool arrangement for metal working, which allows more
effective and more complex working. This is achieved
according to one aspect of the present invention by a tool
arrangement for cold metal working, comprising a tool
which has at least one forming surface, which is arranged
to shape a workpiece during a working process according
to a three-dimensional pattern or shape comprising a
double curvature surface, wherein the forming surface
of the tool is provided with a protective layer which is
situated between the forming surface and the workpiece
in order to protect the tool and/or the workpiece during
the working process, wherein the protective layer com-
prises bonded non-woven fiber fabric, wherein the bond-
ed non-woven fiber fabric forming the protective layer
comprises UHMW-PE (Ultra High Molecular Weight Pol-
yEthylene) fibers.
[0013] One advantage of the invention is to minimize
surface problems in sheet metal forming and to eliminate
or at least minimize the quantity of lubricant used in sheet
metal forming of three dimensional products.
[0014] According to one embodiment, this is achieved
by virtue of the fact that textiles comprising bonded fiber
fabric or non-woven material of a certain quality are used
as protective covering on the forming tools, either on one
or both sides of the sheet metal. A draped tool can be
achieved, for example, by the textile being draped over
the tools and fixed with a device such that the textile is
shaped with the sheet metal during the working process.
The protective textile remains on the tool after the forming
and can be reused in a number of forming operations.
[0015] One function of the textile is to prevent contact
between the workpiece, such as sheet metal, and the
tool. This means that lubricant can be wholly avoided in
those cases where both sides of the sheet metal are pro-
tected, and partially avoided where one sheet metal side
is protected by textile.
[0016] In addition, it is also made possible for tool main-
tenance and washing to be minimized, which, for exam-
ple, is important in the forming of sheet metal which sticks
to the tools, for example stainless steel sheet metal, ti-
tanium, aluminum and galvanized sheet metal.
[0017] For example, the tool arrangement for work-
ing/forming metal is arranged for cold metal forming
wherein no external heat is required. Thereby a more
efficient metal working process may be provided. For ex-
ample, the forming surfaces of the tool, such as female
and male dies and forms adapted for shaping the metal
workpiece by pressing action in a press, are operated at
room temperature, or at about room temperature, and/or
without any additional provisition of heat from external

heat sources, such as electric heating device used for
heating the workpiece during hot metal forming. Also, the
workpiece may be processed without any heating or pro-
vision of heat from external heat sources. For example,
according to an embodiment, the tool arrangement and
the method for metal working involves metal processing
at a temperature not above 200, or not above 120, or not
above 100 degrees Celsius, or at about room tempera-
ture.
[0018] According to the invention, the bonded non-wo-
ven fiber fabric forming the protective layer comprises
UHMW-PE (Ultra High Molecular Weight PolyEthylene)
fibers. For example, according to various embodiments,
the non-woven fiber fabric comprises at least 50 % by
weight of UHMW-PE fibers, or at least 60 %, or at least
70 % or at least 80 %, or at least 90 % by weight of
UHMW-PE fibers. Thereby, depending on the applica-
tion, suitable fiber content in the non-woven fiber fabric
may be provided. According to a further exemplifying em-
bodiment, the bonded non-woven fiber fabric is formed
of fibers, or staple fibers, having a length between 20 and
100 mm, or between 40 and 80 mm, or between 50 and
60 mm. Thereby, a fiber fabric may have sufficient
strength and internal non-woven bonding which is ad-
vantageous in that a durable and long lasting protective
layer is provided.
[0019] According to an exemplifying embodiment, the
bonded non-woven fiber fabric is draped over the forming
surface of the tool and reshaped during the working proc-
ess. Hence, the protective layer may advantageously be
adapted to and formed into conformity with the forming
surface during the working process, which improve the
surface finish of finished workpiece products during re-
petitive forming operations by forming a contact surface
having high surface finish. Advantageously, the protec-
tive layer may be reshaped and stretched out to conform
with three-dimensional shaped comprising a double cur-
vature surface to form a flat protective surface without
folds or wrinkles. In other words, the bonded non-woven
fiber fabric forms an adaptive protective layer which
adapts to the complex forming surface in a folding free
and wrinkle free manner.
[0020] According to an exemplifying embodiment, the
tool arrangement is configured to shape the workpiece
according to the three-dimensional shape comprising the
double curvature surface in a simultaneous manner. For
example, bends of the double curvature surface as ad-
vantageously formed in a single efficient process while
being protected by the protective layer.
[0021] According to a further exemplifying embodi-
ment, the protective layer is self-supportive and shaped
according to the forming surface during the working proc-
ess, such that the protective layer is shaped into essen-
tially the same shape and/or cross-sectional profile as
the forming surface. Thereby, the protective layer is self-
adaptive and less equipment is required in order to en-
sure the correct alignment of the protective layer in rela-
tion to the forming surface since the self-supportive struc-
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ture of the protective layer will strive to align with and
maintain in correct orientation in relation to the forming
surface. Without being bound to this theory, it is believed
that the pressing of the non-woven fiber fabrics results
in bonds on the molecular level, such as covalent bonds,
which contribute to the self-supportive feature, such that
the protective layer maintains it reshaped shape after
e.g. an initial forming process operation.
[0022] Moreover, according to an exemplifying embod-
iment, the forming surface of the tool has a configuration
which is arranged to shape the workpiece according to
the three-dimensional pattern or shape. For example, the
configuration of the forming surface comprises at least
one recess, which is intended to receive and shape a
part of the workpiece during the working process. Addi-
tionally or alternatively, the configuration of the forming
surface comprises at least one protrusion, which is in-
tended to shape the workpiece during the working proc-
ess. Furthermore, according to an embodiment, the re-
cesses and protrusions of the forming surface form the
three-dimensional pattern or shape of the forming sur-
face, wherein in the protective layer is a continuous layer
which covers said recesses and protrusions.
[0023] According to an exemplifying embodiment of
the tool arrangement, the protective layer is arranged for
repetitive use involving forming a plurality of separate
workpieces or forming operations without the need to be
exchanged. For example, the plurality of separate work-
pieces or forming operations comprises at least 10, or at
least 25, or at least 50, or at least 100, or at least 500
separate workpieces or forming operations, which allow
for more efficient and cost effective metal forming oper-
ations.
According to an exemplifying embodiment, the work-
piece is formed of sheet metal. For example, according
to various embodiments, the tool arrangement is arrange
for forming a workpiece having a thickness between 0.1
and 5 mm, or between 0.3 and 3 mm, or between 0.5
and 2 mm.
[0024] Furthermore, according to an exemplifying em-
bodiment, the bonded non-woven fiber fabric has a
weight between 50 and 1000 grams per square meter,
or between 100 and 400 grams per square meter, or be-
tween 200 and 300 gram per square meter. Thereby, a
durable protective layer having suitable protective and
reshaping properties may be provided.
[0025] According to an exemplifying embodiment, the
three-dimensional pattern or shape comprises a second
double curvature surface being different from the first
double curvature surface, thereby forming a more com-
plex three-dimensional shape. For example, the first and
second double curvature surface are different in that they
comprise first and second bends having differing, or non-
coinciding normal directions.
[0026] According to yet an exemplifying embodiment
of the tool arrangement, the textile, i.e. the protective
layer, contains transmitter functions which can be used
to measure and quality control the process employed in

sheet metal forming.
[0027] According to various embodiments of the tool
arrangement, it may be used in the forming of sheet metal
which acts adhesively on a metallic tool surface, for ex-
ample sheet metal made of stainless steel, titanium, alu-
minum, magnesium and galvanized or high-strength
steel sheet metal. Furthermore, according to one embod-
iment, the tool arrangement is arranged for use in the
forming of polymer-coated sheet metal. The tool arrange-
ment may also, according to various embodiments, be
arranged for use in the forming of surface-structured
sheet metal, or for use in the forming of high-polished or
smooth-rolled sheet metal. The tool arrangement may
also be arranged for use in the forming of sheet metal
having other surface treatment which risks being dam-
aged in conventional pressing.
[0028] According to yet an exemplifying embodiment,
the tool arrangement is arranged for use in the forming
of sheet metal in tools having lower surface fineness than
usual without worsened surface fineness finish on the
formed part. In other words, the tool arrangement may
be arranged for use in forming of sheet metal with tools
having higher surface roughness than usual without
worsened surface finish on the formed part. Also, accord-
ing to an embodiment, the tool arrangement is arranged
for use in the forming of sheet metal in tools having lower
surface hardness than usual without worsened tool serv-
ice life.
[0029] According to an additional exemplifying embod-
iment, the tool arrangement further comprises a second
tool having a second forming surface facing and arranged
to cooperate with the forming surface of the first tool for
forming a workpiece between the first and second form-
ing surfaces according to the three-dimensional pattern
or shape. Furthermore, the tool arrangement may, ac-
cording to an embodiment, comprise a second protective
layer arranged according to the first protective layer,
which second protective layer is arranged between the
workpiece and the second forming surface.
[0030] According to another aspect of the present in-
vention, it relates to a method for the working of metal,
in which a workpiece is formed in a working process ac-
cording to a three-dimensional pattern or shape compris-
ing a double curvature surface with a tool which has at
least one forming surface, wherein the forming surface
of the tool is provided with a protective layer comprising
bonded non-woven fiber fabric, the layer being arranged
between the forming surface and the workpiece in order
to protect the tool and/or the workpiece during the work-
ing process, wherein the bonded non-woven fiber fabric
forming the protective layer comprises UHMW-PE (Ultra
High Molecular Weight PolyEthylene) fibers. The method
is advantageous in that provides improved and more ef-
ficient manufacturing of metal forming of a metal work-
piece, allowing for reduced surface problems and to elim-
inate or at least reduce the quantity of lubricant used in
sheet metal forming of three dimensional products. The
method is further advantages in similar manner as de-
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scribed in relation to the tool arrangement according to
the present invention, and as further described in this
document. Also, no external heat is required and a more
efficient metal working process may be provided.
[0031] According to an exemplifying embodiment, the
method further comprises shaping the bonded non-wo-
ven fiber fabric during the working process, wherein at
least a portion of the protective layer is extended such
that the protective layer conforms to the forming surface.
Thereby, the protective layer is advantageously adapted
during the working process, independent of the shape or
structure of the forming surface.
[0032] According to an exemplifying embodiment, the
protective layer is shaped between the forming surface
of the tool and the workpiece. The protective layer is fur-
ther, according to an embodiment, shaped into a self-
supportive structure corresponding with the forming sur-
face of the tool. For example, the protective layer is
formed of a separate sheet arranged between the tool
and the workpiece.
[0033] According to an exemplifying embodiment, the
method comprises a first step in which the protective lay-
er, having an essentially flat shape, is compressed and
between the forming surface of the tool and the work-
piece, or between the forming surface of the tool and a
second tool, such that the protective layer is reshaped
to conform to the forming surface. For example, accord-
ing to an embodiment, the first step comprises arranging
the protective layer in a flat outstretched configuration.
[0034] According to an exemplifying embodiment, the
method further comprises a second step in which an ad-
ditional workpiece to be formed in the working process
is formed according to the three-dimensional pattern or
shape with the tool, wherein the same reshaped protec-
tive layer is arranged between the forming surface and
the workpiece in order to protect the tool and/or the work-
piece during the working process. For example, accord-
ing to an embodiment, the second step may be repeated
a number of times for a plurality of separate workpieces
or forming operations.
[0035] According to a further exemplifying embodi-
ment of the method, the reshaped protective layer is re-
shaped to extend into and conform with an inwardly ex-
tending cavity of the forming surface of the tool, wherein
the reshaped protective layer is self-supportive such that
it remains in an inwardly extended and conformed con-
figuration in relation to the inwardly bent cavity of the
forming surface. Furthermore, the protective layer may
advantageously be arranged to remain in an inwardly
extended and conformed configuration in relation to the
inwardly bent cavity of the forming surface during a
number of repeated second steps. Also, according to an
embodiment, the bonded non-woven fiber fabric may ad-
vantageously be compressed to form a self-supportive
structure during the working process. According to one
embodiment, the invention can also be used to form sheet
metals having an extra sensitive surface, such as poly-
mer-coated sheet metal and bright-annealed sheet metal

and sheet metal having a structured surface.
[0036] One possibility is to use textile materials, such
as non-wovens. Non-wovens is a collective term for the
production of textile materials which are not produced by
weaving, knitting or other methods which require contin-
uous yarn or thread for production.
[0037] According to an exemplifying embodiment, the
working process of the tool arrangement involves gliding,
or sliding, movement of the workpiece in relation to the
forming surface of the draped tool, while the workpiece
is shaped into conformity with the forming surface of the
tool. Furthermore, the protective layer may be reshaped
during the working process, which reshaping comprises
stretching/extending the bonded non-woven fiber fabric
in its plane
[0038] According to an embodiment, the non-woven
fiber fabric, also referred to as the textile, is formed by
carding and needling techniques. For example, carding
straightens and separates the fibers which are to form
the fiber fabric. Needling, using e.g. a needlepunch ma-
chine, provides strength and dimensional stability to the
fiber fabric. The needling may be arranged to make the
fiber fabric sufficiently thin, stiff and/or strong. For exam-
ple, needling using needle punching is carried out by
passing a high number of needles, typically provided with
barbs, mounted in a board, through the fiber fabric, caus-
ing mechanical entanglement of fibers.
[0039] According to an embodiment, the non-woven
fiber fabric, or textile, consists of fibers having low friction
and high strength. For example, according to various em-
bodiments, the bonded non-woven fiber fabric may con-
sist of UHMW-PE (Ultra High Molecular Weight PolyEth-
ylene) or further comprise material, singly or in combina-
tion, from a group of materials comprising, or consisting
of, LCP PET (Liquid Crystal Polymer PolyEthylene
Terephthalate), PEEK (Polyether Ether Ketone), PBO (p-
phenylene-2,6-benzobisoxazole), PTFE (Poly-
TetraFluoroEthylene) and siliconized PET (PolyEthylene
Terephthalate).
[0040] The materials of which the invention makes use
are described in the following section.

BRIEF DESCRIPTION OF DRAWINGS

[0041] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the accom-
panying drawings, wherein:

Fig. 1 is a schematic, partly exploded, perspective
view of an embodiment of a tool arrangement for
metal working arranged to form a workpiece during
a working process, according to the present inven-
tion.

Figs. 2a-2c are schematic views of different metal
forming steps of an embodiment of a tool arrange-
ment for metal working according to the present in-
vention.
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Figs. 3a-3d are schematic perspective views of al-
ternative metal workpieces formed in a metal forming
process.

[0042] It should be understood that the drawings are
not true to scale and, as is readily appreciated by a person
skilled in the art, dimensions other than those illustrated
in the drawings are equally possible within the scope of
the invention.

DESCRIPTION OF THE INVENTION

[0043] One embodiment of the invention consists of
the following parts:
One or more draped tools for sheet metal forming, in
which non-woven textile is used as the protective layer
between sheet metal and tool, inter alia for deep drawing
and other forming of complex three-dimensional ge-
ometries.
[0044] One embodiment of the invention comprises the
fastening of specially adapted textiles, for forming, to the
tools.
[0045] Draped tools can replace the use of lubricant in
the forming operation, including in the forming of sheet
metal which has an adhesive effect on the tools, for ex-
ample stainless steel sheet metal, titanium and alumi-
num.
[0046] Draped tools can also be used in the pressing
of galvanized sheet metal. Typical problems which arise
are galvanized slip at drawing radii and beads. Where
fabric is used, this can be replaced once it has become
contaminated by the Zn layer.
[0047] As a result of the protective textile layer, the
surface finish of the sheet metal product can remain un-
affected by the forming process.
[0048] The protective effect also allows ready-lac-
quered sheet metal to be able to be deep drawn without
marks or scratches in the lacquer.
[0049] The demands upon the tool surfaces become
less when they are protected by textile. Draped tools can
be used without surface coating and it is extremely likely
that significantly rougher tool surfaces can be used than
is normal. Somewhat rougher tool surfaces can even be
an advantage, since they can prevent sliding and creas-
ing of the textile during forming. Lower surface require-
ments lessen the need for time-consuming and costly
manual labor in tool production.
[0050] The invention also leads to possible minimiza-
tion of tool maintenance and washing, something which
is particularly important in the forming of sheet metal
which produces adhesive wear upon the tools, for exam-
ple stainless steel sheet metal, titanium, aluminum and
galvanized sheet metal.
[0051] Energy consumption and chemicals consump-
tion is reduced. Sheet metal parts can be formed wholly
without lubricant. This both reduces the use of environ-
mentally harmful substances and eliminates the need for
a subsequent process to wash away the lubricant, which

can yield large energy savings.
[0052] The internal environment is improved by less
oil and lower noise level in the press operation. The lower
noise level is a result of the soundproofing effect of the
textiles.
[0053] Different sheet metal thicknesses can be
pressed in the same tool, which is adapted by the use of
textiles of different thickness.
[0054] In Fig. 1, an embodiment of a tool arrangement
1 for metal working which is arranged to form a workpiece
4 during a working process, such as a cold metal forming
process, is illustrated. The arrangement comprises a first
tool 2 comprising a first forming surface 7. A protective
layer 3 formed of a bonded non-woven fiber fabric is ar-
ranged between the forming surface 7 and the workpiece
4 in order to protect the tool and/or the workpiece during
the working operation. As illustrated, the tool arrange-
ment 1 further comprises a second tool 6 comprising a
second forming surface 5 having a shape corresponding
to and being arranged to cooperate with the first forming
surface 7, wherein the workpiece is pressed and formed
between the first and second forming surfaces 7 and 5.
As further shown, the first tool 2 comprises alignment
openings 2a arranged to cooperate with alignment mem-
bers 6a of the second tool 6, as illustrated in Figs. 2a-2c.
[0055] According to various embodiments of the tool
arrangement 1, it may form part of a mechanically and/or
hydraulically driven metal press arrangement, which may
further comprise a punch and a die member. According
to an embodiment, with reference to Fig. 1 the first tool
2 may form the die and the second tool 6 may form the
punch, which are arranged for cold forming operation,
wherein the punch and die each comprises a correspond-
ing forming surface arranged to cooperate with each oth-
er.
[0056] With reference to Figs. 2a-2c, a tool arrange-
ment 1 arranged as described with reference to Fig. 1 if
not stated otherwise, is illustrated during different metal
forming process steps. In this embodiment, the forming
surface 5 is arranged to extend out from the second tool
6, into an inwardly extending cavity in the first tool 2,
which cavity defines the first forming surface 7.
[0057] In Fig. 2a, showing a first step, a sheet of pro-
tective layer 3 is provided in a flat outstretched configu-
ration adjacent the first forming surface 7, between the
first forming surface and a workpiece 4 formed of sheet
metal. During the metal forming process, the first and
second tools 2 and 6 are pressed together, as illustrated
in Fig. 2b, wherein the second forming surface 5 are re-
ceived into the cavity, or die, forming the first forming
surface, such that the protective layer 3 and the work-
piece are formed into the desired shape defined by the
forming surfaces. The protective layer 3 may also be
shaped by itself in a pre-manufacturing pressing step per-
formed without a workpiece 4. For example, during op-
eration, a coefficient of friction between the protective
layer and the workpiece is between 0.05 and 0.3, or be-
tween 0.1 and 0.2, which ensures efficient forming of the
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workpiece with high quality results.
[0058] With reference to Fig. 2c, the first and second
tools 2 and 6 have been separated and the formed work-
piece has been replaced with an additional non-formed
workpiece to be formed in a second forming step using
the same protective layer 3. As shown, the protective
layer 3 has been reshaped to fit the first forming surface
and remains in this shape by being a self-supportive
structure. The first tool 2 thereby forms a draped tool
being covered by the protective layer 3 according to an
embodiment of the present invention. During the reshape
step of the protective layer 3, at least a portion, such as
stretch out portion 3’ of the protective layer 3, has been
stretched out to conform to the first forming surface 7.
[0059] For example, as shown in Figs. 3a-3c, exem-
plifying workpieces 10a, 10b, or 10c, each having a three-
dimensional pattern or shape, may be formed by the tool
arrangement or the method for working metal. As illus-
trated, the three-dimensional shapes comprises a double
curvature profile, i.e. a cross-sectional profile comprising
at least a first bend 11 and a second bend 12. For exam-
ple, the first and second bends are directed in at least
partly opposite directions in relation to each other. Also,
the first and second bends 11 and 12 may have different
radius of curvature. As further shown, the shapes 10a,
10b, 10c comprise further bends, such as third bend 13,
shown in Fig. 3c. In comparison, the workpiece shape
illustrated in Fig. 3d of workpiece 10d has a three-dimen-
sional shape comprising only a first bend 11.
[0060] Also, as shown in Figs. 3a and 3b, the formed
three-dimensional pattern or shape of the workpiece 10a
or 10b forms a complex three-dimensional shape which
comprises at least two different double curvature surfac-
es which are different from each other. In other words,
these complex three-dimensional shapes do not have a
constant cross-sectional profile along any geometrical
straight line passing through the three-dimensional
formed workpiece, from one end to the opposite end of
the formed workpiece. For example, in comparison, as
in the case of the shape of the formed workpiece 10c
illustrated in Fig. 3c, which has a constant cross-sectional
profile in a direction along the full length of the formed
workpiece 10c.
[0061] The protective textile consists of non-wovens,
which predominantly consist of fibers produced from UH-
MW-PE (Ultra High Molecular Weight PolyEthylene).
Non-wovens is a collective term for the production of tex-
tile materials which are not produced by weaving, knitting
or other methods which require continuous yarn or thread
for production. Various examples of non-woven materials
which can be used in the invention are listed below under
"types of non-wovens".
[0062] A non-woven fabric lasts for a relatively large
number of pressings before it needs to be changed. Even
in the forming of complex parts with heavy deep drawing,
the fabric can be used for so many parts before becoming
worn through that the cost per part is lower than in forming
with lubricant.

[0063] Non-wovens can be produced in large widths
which cover all occurring sheet metal sizes.
[0064] Non-woven materials can be specially adapted
to different forming geometries, tool surfaces and sheet
metal surfaces by the production of textile with specified
properties, such as wear resistance and friction.
[0065] The technique involving draped tools can be uti-
lized for local adaptation of the tribological properties in
the tools. In certain parts, the textile can be provided with
low or high friction in order to facilitate or deter material
transport of sheet metal during forming. Low friction can
also be used to reduce the temperature in heavily
stressed parts of the tool and, at the same time, avoid
high temperatures which break down the fibers of the
textile. Another way of controlling the forming process
can be the elongation properties of the textiles. These
can be made direction-dependent, which can affect how
the sheet metal is formed during the process.
[0066] There is also the potential to create adaptive
sheet metal forming processes. Nowadays sensors can
be integrated in the layer, for example in the form of con-
ductive fibers. With the aid of these sensors, information
such as pressure, temperature, elongations, friction, etc.
could be gathered in real time from different parts of the
tool. The fact that the textiles are located in the contact
between tool and sheet metal allows the information to
be used for process control, in which transmitter signals
are used to control process data such as pressing forces.
[0067] The textile can be provided with transmitter
functions, which can be used to measure and quality con-
trol the process employed in sheet metal forming. An
adaptive forming process can be used to reduce the
reject rate, increase the product quality and reduce the
tool wear and maintenance costs.
[0068] Draped tools can also form part of an adaptive
tribological system, in which the friction properties can
be controlled locally and in real time during the actual
forming process. This can be realized by the conduction
of a current through the fabric and the creation of a volt-
age field which can control the viscosity of the lubricant
through the integration of polar, anisotropic components.

Types of non-wovens

[0069] The production of non-wovens can be schemat-
ically divided into fiber forming and fiber bonding. Fiber
forming can be realized with three different principles,
drylaid, wetlaid and airlaid. By drylaid is meant, above
all, carding or variants thereof, in which the fibers are
oriented mechanically into pile. Wetlaid, as the name in-
dicates, is a wet process, in which the fibers are mixed
together and distributed in the wet state (similar to paper
production), and airlaid is realized by the fibers being
mixed together in air currents and sucked down onto a
forming wire.
[0070] Textile materials are produced from thin fibers.
Woven and knitted textiles are produced from threads,
which, in turn, are built up from fibers. Non-woven mate-
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rial, or bonded fiber fabric as it is sometimes called, is
produced directly from fibers. There is commercial pro-
duction of fibers consisting of PTFE and UHMW-PE,
which are used, inter alia, in applications in which low
friction is desirable. Fibers of PTFE are often used in
products which require extreme chemical resistance, but
in which the mechanical properties are subordinate. Fib-
ers of UHMW-PE are used almost exclusively on the ba-
sis of the extremely high mechanical properties and
where the maximum usage temperature is lower. UH-
MW-PE also has high chemical resistance and low fric-
tion. Fibers of UHMW-PE have about 97% crystal struc-
ture and only 3% amorphous structure. Since the crystals
also are very long and oriented in the fiber direction, these
fibers acquire a substantially higher thermal conductivity
than the majority of polymer-based fibers. The high ther-
mal conductivity is believed to be a strong contributory
factor to the positive results obtained with these fibers.
[0071] Ultra high molecular weight crystalline polyeth-
ylene (UHMW-PE) is a material which has found in-
creased use in applications which require any of the fol-
lowing properties: high strength, good thermal conduc-
tion, low friction and low weight. Despite its low melting
temperature around 144-152°C and maximum usage
temperature around 120°C, it has found use in sintered
form as surface coating in which low friction is desired.
The friction of UHMW-PE is comparable with PTFE, but
is in fiber form many times stronger with a breaking point
of about 3000 MPa. UHMW-PE also conducts heat much
better due to its high crystallinity.
[0072] There are several producers of commercial UH-
MW-PE. The world’s leading producer of this type of fib-
ers is the Dutch company DSM, with the trademark
Dyneema. Honeywell in the USA produces correspond-
ing fibers under the brand name Spectra. The Japanese
company Toyobo also produces fibers in a joint venture
together with DSM, under the trademark Dyneema.
There are also a number of Chinese producers, who, with
mixed success, have started fiber production of UHMW-
PE. The tensile strength of the fibers is higher than para
aramid (Kevlar, Twaron), but from the strength aspect it
is compressive strength, shearing strength and abrasion
which stand out most compared with para aramid. The
friction for UHMW-PE is somewhat lower than for PTFE,
generally known under the trademark Teflon from Du-
Pont.
[0073] Liquid Crystal Polymer PolyEthylene Tereph-
thalate (LCP PET) fiber is almost as strong as UHMW-
PE, but has a much higher melting point. These fibers,
however, have higher friction. Siliconized PET fiber has
friction of the order of UHMW-PE, but lower strength. It
is also possible to mix different fibers together in one
textile. It is possible, for example, to mix in a small com-
ponent of more lightly processed fiber, such as sili-
conized PET fiber, with UHMW-PE in order to improve
the producibility of the textile.
[0074] A fiber which is to act as dry lubricant needs to
have properties such as low friction and, in a wider sense,

high strength. It is the combination of these two properties
- strength and low friction - which, together with the non-
woven construction of the fabric, is expected to provide
the preconditions for the deep drawing and stretch press-
ing of the sheet metal material without lubricant.
[0075] There is a fiber type which has both extremely
low friction (comparable with PTFE=polytetrafluoroeth-
ylene, Teflon) and extremely high strength, and which is
made of UHMW-PE (DSM Dyneema, Honeywell Spec-
tra, etc.). When this fiber type is used predominantly in
the production of textile for draping in tools in combination
with the described production process, the combination
of properties which is required, namely formability, low
friction and mechanical resistance to the pressing, is ob-
tained.
[0076] Another fiber with interesting properties is Liq-
uid Crystal Polymer PolyEthylene Terephthalate (LCP
PET), which is almost as strong as UHMW-PE but has
a much higher melting point. These fibers, however, have
higher friction. Finally, siliconized PET fiber (PolyEthyl-
ene Terephthalate) has also been considered interest-
ing. The fiber has friction of the order of UHMW-PE, but
lower strength.
[0077] Depending on production requirements and de-
sired property profile, fibers, for example siliconized pol-
yester fiber, or fibers of LCP-PET (Vectran), PTFE (pol-
ytetrafluoroethylene, Teflon) or PEEK (Polyether Ether
Ketone, for example Zyex), can be mixed in. The abrasion
resistance can be increased if Dyneema has been com-
bined with 20% siliconized PET (for example Wellman
M700). Other fiber types can also be incorporated in less-
er measure in order to facilitate the carding process. One
example is PBO Poly (p-phenylene-2,6-
benzobisoxazole) .
[0078] It should be noted that the invention has mainly
been described above with reference to a few embodi-
ments.
[0079] However, as is readily appreciated by a person
skilled in the art, other embodiments than the ones dis-
closed above are equally possible within the scope of the
invention, as defined by the appended patent claims.

Claims

1. A tool arrangement (1) for cold metal working, com-
prising a tool (2) which has at least one forming sur-
face (7), which is arranged to form a workpiece (4)
during a working process according to a three-di-
mensional pattern or shape comprising a double cur-
vature surface, wherein the forming surface (7) of
the tool (2) is provided with a protective layer (3)
which is situated between the forming surface (7)
and the workpiece (4) in order to protect the tool (2)
and/or the workpiece (4) during the working process,
wherein the protective layer (3) comprises bonded
non-woven fiber fabric, wherein the bonded non-wo-
ven fiber fabric forming the protective layer (3) com-
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prises UHMW-PE (Ultra High Molecular Weight Pol-
yEthylene) fibers.

2. The tool arrangement (1) as claimed in claim 1,
wherein the non-woven fiber fabric comprises at
least 50 % by weight of UHMW-PE fibers, or at least
60 %, or at least 70 % or at least 80 %, or at least
90 % by weight of UHMW-PE fibers.

3. The tool arrangement (1) as claimed in any one of
the preceding claims, wherein the bonded non-wo-
ven fiber fabric is formed of fibers, or staple fibers,
having a length between 20 and 100 mm, or between
40 and 80 mm, or between 50 and 60 mm.

4. The tool arrangement (1) as claimed in any one of
the preceding claims, wherein the bonded non-wo-
ven fiber fabric is draped over the forming surface
(7) of the tool (2) and arranged to be reshaped during
the working process.

5. The tool arrangement (1) as claimed in any one of
the preceding claims, wherein the protective layer
(3) is self supportive and shaped according to the
forming surface (7) during the working process.

6. The tool arrangement (1) as claimed in any one of
the preceding claims, wherein the bonded non-wo-
ven fiber fabric has a weight between 50 and 1000
grams per square meter, or between 100 and 400
grams per square meter, or between 200 and 300
gram per square meter.

7. The tool arrangement (1) as claimed in any one of
the preceding claims, wherein the three-dimensional
pattern or shape comprises a second double curva-
ture surface being different from the first double cur-
vature surface.

8. A method for cold working of metal, in which a work-
piece (4) is formed in a working process according
to a three-dimensional pattern or shape comprising
a double curvature surface with a tool (2) which has
at least one forming surface (7), wherein the forming
surface (7) of the tool (2) is provided with a protective
layer (3) comprising bonded non-woven fiber fabric,
the layer being arranged between the forming sur-
face (7) and the workpiece (4) in order to protect the
tool (2) and/or the workpiece (4) during the working
process, wherein the bonded non-woven fiber fabric
forming the protective layer (3) comprises UHMW-
PE (Ultra High Molecular Weight PolyEthylene) fib-
ers.

9. The method according to claim 8, further comprising
shaping the bonded non-woven fiber fabric during
the working process, wherein at least a portion of
the protective layer (3) is stretched out such that the

protective layer (3) conforms with the forming sur-
face.

10. The method according to claim 9, wherein the pro-
tective layer (3) is shaped into a self-supportive
structure corresponding with the forming surface (7)
of the tool (2).

11. The method according to any one of claims 8-10,
comprising a first step in which the protective layer
(3), initially having an essentially flat shape, is com-
pressed and between the forming surface (7) of the
tool (2) and the workpiece (4), or between the forming
surface (7) of the tool (2) and a second tool (6), such
that the protective layer (3) is reshaped to conform
with the forming surface (7).

12. The method according to claim 11, further compris-
ing a second step in which an additional workpiece
to be formed in the working process is formed ac-
cording to the three-dimensional pattern or shape
with the tool (2), wherein the same reshaped protec-
tive layer (3) is arranged between the forming sur-
face (7) and the workpiece (4) in order to protect the
tool (2) and/or the workpiece (4) during the working
process.

13. The method according to claim 12, in which the sec-
ond step is repeated a number of times for a plurality
of separate workpieces or forming operations.

Patentansprüche

1. Werkzeuganordnung (1) für die Metall-Kaltumfor-
mung, aufweisend ein Werkzeug (2), das mindes-
tens eine Formfläche (7) hat, die dazu eingerichtet
ist, ein Werkstück (4) während eines Arbeitsprozes-
ses gemäß einem dreidimensionalen Muster oder
einer dreidimensionalen Form, das bzw. die eine
doppelt gekrümmte Oberfläche aufweist, zu formen,
wobei die Formfläche (7) des Werkzeugs (2) mit ei-
ner Schutzschicht (3) versehen ist, die zwischen der
Formfläche (7) und dem Werkstück (4) angeordnet
ist, um das Werkzeug (2) und/oder das Werkstück
(4) während des Arbeitsprozesses zu schützen, wo-
bei die Schutzschicht (3) einen gebundenen Faserv-
liesstoff aufweist, wobei der gebundene Faservlies-
stoff, der die Schutzschicht (3) bildet, UHMW-PE (Ul-
tra High Molecular Weight PolyEthylene) Fasern auf-
weist.

2. Werkzeuganordnung (1) nach Anspruch 1, wobei
der Faservliesstoff mindestens 50 Gew.-% UHMW-
PE-Fasern oder mindestens 60 Gew.-% oder min-
destens 70 Gew.-% oder mindestens 80 Gew.-%
oder mindestens 90 Gew.-% UHMW-PE-Fasern auf-
weist.
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3. Werkzeuganordnung (1) nach einem der vorstehen-
den Ansprüche, wobei der gebundene Faservlies-
stoff aus Fasern oder Stapelfasern, die eine Länge
zwischen 20 und 100 mm oder zwischen 40 und 80
mm oder zwischen 50 und 60 mm haben, gebildet ist.

4. Werkzeuganordnung (1) nach einem der vorherge-
henden Ansprüche, wobei der gebundene Faserv-
liesstoff über die Formfläche (7) des Werkzeugs (2)
drapiert und derart angeordnet ist, dass er während
des Arbeitsprozesses umgeformt wird.

5. Werkzeuganordnung (1) nach einem der vorherge-
henden Ansprüche, wobei die Schutzschicht (3)
selbsttragend ist und während des Arbeitsprozesses
entsprechend der Formfläche (7) geformt wird.

6. Werkzeuganordnung (1) nach einem der vorstehen-
den Ansprüche, wobei der gebundene Faservlies-
stoff ein Gewicht zwischen 50 und 1000 Gramm pro
Quadratmeter oder zwischen 100 und 400 Gramm
pro Quadratmeter oder zwischen 200 und 300
Gramm pro Quadratmeter hat.

7. Werkzeuganordnung (1) nach einem der vorherge-
henden Ansprüche, wobei das dreidimensionale
Muster oder die dreidimensionale Form eine zweite
doppelt gekrümmte Oberfläche aufweist, die sich
von der ersten doppelt gekrümmten Oberfläche un-
terscheidet.

8. Verfahren zur Kaltumformung von Metall, bei dem
ein Werkstück (4) in einem Arbeitsprozess gemäß
einem dreidimensionalen Muster oder einer dreidi-
mensionalen Form, das bzw. die eine doppelt ge-
krümmte Oberfläche aufweist, mit einem Werkzeug
(2) geformt wird, das mindestens eine Formfläche
(7) hat, wobei die Formfläche (7) des Werkzeugs (2)
mit einer Schutzschicht (3) versehen wird, die einen
gebundenen Faservliesstoff aufweist, wobei die
Schicht zwischen der Formfläche (7) und dem Werk-
stück (4) angeordnet ist, um das Werkzeug (2)
und/oder das Werkstück (4) während des Arbeits-
prozesses zu schützen, wobei der gebundene Fa-
servliesstoff, der die Schutzschicht (3) bildet,
UHMW-PE- (Ultra High Molecular Weight PolyEthy-
lene) Fasern aufweist.

9. Verfahren nach Anspruch 8, ferner aufweisend: For-
men des gebundenen Faservliesstoffes während
des Arbeitsprozesses, wobei mindestens ein Teil der
Schutzschicht (3) so ausgestreckt wird, dass die
Schutzschicht (3) sich an die Formfläche anpasst.

10. Verfahren nach Anspruch 9, wobei die Schutz-
schicht (3) zu einer selbsttragenden Struktur geformt
wird, die der Formfläche (7) des Werkzeugs (2) ent-
spricht.

11. Verfahren nach einem der Ansprüche 8-10, aufwei-
send einen ersten Schritt, bei dem die Schutzschicht
(3), die anfänglich eine im wesentlichen flache Form
hat, zwischen der Formfläche (7) des Werkzeugs (2)
und dem Werkstück (4) oder zwischen der Formflä-
che (7) des Werkzeugs (2) und einem zweiten Werk-
zeug (6) komprimiert wird, so dass die Schutzschicht
(3) derart umgeformt wird, dass sie an die Formflä-
che (7) angepasst ist.

12. Verfahren nach Anspruch 11, das ferner einen zwei-
ten Schritt umfasst, bei dem ein zusätzliches, im Ar-
beitsprozess zu formendes Werkstück entspre-
chend dem dreidimensionalen Muster oder der drei-
dimensionalen Form mit dem Werkzeug (2) geformt
wird, wobei die gleiche umgeformte Schutzschicht
(3) zwischen der Formfläche (7) und dem Werkstück
(4) angeordnet wird, um das Werkzeug (2) und/oder
das Werkstück (4) während des Arbeitsprozesses
zu schützen.

13. Verfahren nach Anspruch 12, bei dem der zweite
Schritt für eine Vielzahl von separaten Werkstücken
oder Umformoperationen mehrfach wiederholt wird.

Revendications

1. Agencement d’outil (1) pour un travail du métal à
froid, comprenant un outil (2) qui a au moins une
surface de profilage (7), qui est agencée pour profiler
une pièce à usiner (4) durant un processus de travail
selon un modèle ou une forme tridimensionnels com-
prenant une surface à double courbure, dans lequel
la surface de profilage (7) de l’outil (2) est pourvue
d’une couche de protection (3) qui est située entre
la surface de profilage (7) et la pièce à usiner (4) afin
de protéger l’outil (2) et/ou la pièce à usiner (4) durant
le processus de travail, dans lequel la couche de
protection (3) comprend un tissu en fibres non tis-
sées collées, dans lequel le tissu en fibres non tis-
sées collées constituant la couche de protection (3)
comprend des fibres d’UHMW-PE (polyéthylène à
ultra haut poids moléculaire).

2. Agencement d’outil (1) selon la revendication 1, dans
lequel le tissu en fibres non tissées comprend au
moins 50 % en poids de fibres d’UHMW-PE, ou au
moins 60 %, ou au moins 70 % ou au moins 80 %,
ou au moins 90 % en poids de fibres d’UHMW-PE.

3. Agencement d’outil (1) selon l’une quelconque des
revendications précédentes, dans lequel le tissu en
fibres non tissées collées est constitué de fibres, ou
fibres courtes, ayant une longueur entre 20 et 100
mm, ou entre 40 et 80 mm, ou entre 50 et 60 mm.

4. Agencement d’outil (1) selon l’une quelconque des
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revendications précédentes, dans lequel le tissu en
fibres non tissées collées est disposé sur la surface
de profilage (7) de l’outil (2) et agencé pour être remis
en forme durant le processus de travail.

5. Agencement d’outil (1) selon l’une quelconque des
revendications précédentes, dans lequel la couche
de protection (3) est autoportante et mise en forme
selon la surface de profilage (7) durant le processus
de travail.

6. Agencement d’outil (1) selon l’une quelconque des
revendications précédentes, dans lequel le tissu en
fibres non tissées collées a un poids entre 50 et 1000
grammes par mètre carré, ou entre 100 et 400 gram-
mes par mètre carré, ou entre 200 et 300 grammes
par mètre carré.

7. Agencement d’outil (1) selon l’une quelconque des
revendications précédentes, dans lequel le modèle
ou la forme tridimensionnels comprennent une se-
conde surface à double courbure qui est différente
de la première surface à double courbure.

8. Procédé pour un travail à froid du métal, dans lequel
une pièce à usiner (4) est profilée dans un processus
de travail selon un modèle ou une forme tridimen-
sionnels comprenant une surface à double courbure
avec un outil (2) qui a au moins une surface de pro-
filage (7), dans lequel la surface de profilage (7) de
l’outil (2) est pourvue d’une couche de protection (3)
comprenant un tissu en fibres non tissées collées,
la couche étant agencée entre la surface de profilage
(7) et la pièce à usiner (4) afin de protéger l’outil (2)
et/ou la pièce à usiner (4) durant le processus de
travail, dans lequel le tissu en fibres non tissées col-
lées constituant la couche de protection (3) com-
prend des fibres d’UHMW-PE (polyéthylène à ultra
haut poids moléculaire).

9. Procédé selon la revendication 8, comprenant en
outre la mise en forme du tissu en fibres non tissées
collées durant le processus de travail, dans lequel
au moins une portion de la couche de protection (3)
est étendue de telle sorte que la couche de protection
(3) soit conforme à la surface de profilage.

10. Procédé selon la revendication 9, dans lequel la cou-
che de protection (3) est mise en forme en une struc-
ture autoportante correspondant à la surface de pro-
filage (7) de l’outil (2).

11. Procédé selon l’une quelconque des revendications
8 à 10, comprenant une première étape dans laquel-
le la couche de protection (3), ayant au départ une
forme essentiellement plate, est comprimée et entre
la surface de profilage (7) de l’outil (2) et la pièce à
usiner (4), ou entre la surface de profilage (7) de

l’outil (2) et un second outil (6), de telle sorte que la
couche de protection (3) soit remise en forme pour
être conforme à la surface de profilage (7).

12. Procédé selon la revendication 11, comprenant en
outre une seconde étape dans laquelle une pièce à
usiner supplémentaire devant être profilée dans le
processus de travail est profilée selon le modèle ou
la forme tridimensionnels avec l’outil (2), dans lequel
la même couche de protection (3) remise en forme
est agencée entre la surface de profilage (7) et la
pièce à usiner (4) afin de protéger l’outil (2) et/ou la
pièce à usiner (4) durant le processus de travail.

13. Procédé selon la revendication 12, dans lequel la
seconde étape est répétée un certain nombre de fois
pour une pluralité de pièces à usiner ou d’opérations
de profilage distinctes.
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