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(54) Tool for cold rolling sheet material

(57) A tool (20) for cold rolling sheet material having
a base gauge G, the tool (20) being cylindrical and having
a longitudinal axis and having rows (R12, R13) of teeth
(30, 130, 230, 330, 430, 630) extending from the circum-
ferential surface, each tooth (30, 130, 230, 330, 430,
630), having a rounded sheet engaging surface (36, 63)

with a first radius of curvature R at and adjacent the peak
(11, 31 a, 41 a, 61 a) of each tooth (30, 130, 230, 330,
436, 630), the radius of curvature R extending in a direc-
tion between the longitudinal axis and 90° thereto the
pitch between adjacent teeth (30, 130, 230, 330, 430,
630) in a row being at least 3 R..



EP 2 311 584 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates generally to sheet
material and more specifically to sheet material having
projections on its surfaces.
[0002] As referred to herein, sheet material of the kind
specified refers to sheet material having on both of its
faces a plurality of rows of projections, each projection
having been formed by deforming the sheet material lo-
cally to leave a corresponding depression at the opposite
face of the material. This deformation is effected by a
forming tool and results in both plastic strain hardening
and in an increase of the effective thickness thereof.
Sheet material of the kind specified is stiffer than the plain
sheet material from which it is formed and the mass of
material required for a particular duty can be reduced by
using sheet material of the kind specified in place of plain
sheet material.
[0003] The magnitude and distribution of plastic strain
exerted on the sheet material depends on a number of
factors including, inter alia, the depth of penetration of
the forming portions of the tool and the geometry of the
forming portions.
[0004] An example of sheet material of the kind spec-
ified is disclosed in EP0674551, which is owned by the
current applicant, wherein the sheet material is provided
with the relative positions of the projections and depres-
sions such that lines drawn on a surface of the material
between adjacent rows of projections and depressions
are non-linear. The projections are formed by forming
tools having teeth with four flanks, wherein each flank
faces a direction between the axial and circumferential
directions of the rolls.
[0005] A further factor which affects the magnitude and
distribution of plastic strain in such an arrangement is the
layout or concentration of teeth in the forming tool.
[0006] According to a first aspect of the invention there
is provided sheet material, for example a sheet of cold
rolled material, having on both of its surfaces rows of
projections and rows of depressions, the projections on
one surface corresponding with the depressions on the
other surface opposite each projection, the relative po-
sitions of the projections and depressions being such that
lines drawn on a surface of the sheet between adjacent
rows of projections are non-rectilinear, the sheet having
a base gauge G, wherein each projection has a substan-
tially continuous region of peak plastic strain at, toward
or about its apex and/or is thinned by no more than 25%
of its base gauge G.
[0007] According to a second aspect of the invention
there is provided sheet material, for example a sheet of
cold rolled material, having on both of its surfaces a plu-
rality of projections, a corresponding depression being
present on the surface opposite each projection, the pro-
jections and depressions being arranged in rows of al-
ternating projections and depressions, wherein the peak
of each projection is rounded and featureless and/or the
base of each depression may comprise two or more dif-

ferent radii of curvature.
[0008] According to a third aspect of the invention there
is provided sheet material, for example a sheet of cold
rolled material, having on both of its surfaces a plurality
of projections, a corresponding depression being present
on the surface opposite each projection, the projections
and depressions being arranged in rows of alternating
projections and depressions, wherein the peak of each
projection is rounded and featureless and free of pinched
regions.
[0009] The projections and/or depressions are prefer-
ably arranged in rectilinear and/or helical rows. The base
of each depression may comprise a first radius dr1, for
example in a first direction. The depressions may com-
prise a second radius dr2, for example in a second and/or
longitudinal and/or rolling direction with respect to a
length of the sheet material. The first direction may be
different from the second direction, for example at 45
degrees therefrom. The depressions may further com-
prise a third radius dr3, for example in a third direction
orthogonal to the first direction. The depressions may
further comprise a fourth radius dr4, for example in a
fourth direction orthogonal to the second direction. The
first and third radii dr1 and dr3 may be equal, with the
second radius dr2 and/or dr4 being different therefrom,
for example less therethan, or the same thereas.
[0010] The pitch P between adjacent depressions or
between adjacent projections in each row may be at least
2.5, say 3, times the radius of curvature along the first
radius dr1. Additionally or alternatively, the pitch P is pref-
erably between 2.5 and 3.9, for example about 3.3, say
3.32, times the radius of curvature along the first radius
dr1.
[0011] The sheet material may comprise an amplitude
A. The height of projections which is sufficient to ensure
that lines drawn on a surface of the material between
adjacent rows of projections and depressions are not rec-
tilinear depends upon the pitch of the projections and the
pitch of the depressions in the rows.
[0012] As viewed in any cross-section in a plane which
is generally perpendicular to the sheet material, the am-
plitude A is preferably substantially greater than the base
gauge G of the material. In all such cross sections, sheet
material in accordance with the invention is preferably
undulatory and there is more preferably no place where
the material can be cut along a straight line and the re-
sulting cross section of the material will be rectilinear.
[0013] The amplitude A is preferably between 1.5 to
4, say 2 and 3, times the base gauge G. The base gauge
G is preferably between 0.2 mm and 3.0 mm, for example
0.7 mm or 1.5mm.
[0014] The plastic strain of the material is preferably
0.05 or more. The proportion of sheet material which is
subjected to significant plastic strain, that is to say plas-
tically strained to a value of 0.05 or more, is preferably
at least 65% and more preferably over 80%, for example
90% to 100%.
[0015] The sheet material may comprise steel, for ex-
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ample, mild steel and may be galvanised. Alternatively,
the sheet material may comprise any other material ca-
pable of strain hardening and/or plastic deformation.
[0016] The sheet material may comprise a profile or
shaped cross-section such as a channel section or the
like for use as a, or as part of a, partition or channel stud.
The projections may be formed over all or part of the
shaped section.
[0017] According to a fourth aspect of the invention,
there is provided an apparatus for cold forming sheet
material, the apparatus comprising a pair of opposed
tools having rows of teeth on their outer surface and being
movable relative to one another, the geometry and posi-
tion of the teeth and the spacing of the tools being such
that the teeth on one tool extend, in use, into gaps be-
tween the teeth on the other tool with a minimum clear-
ance between adjacent teeth which is at least equal to
the base gauge G of the material to be passed through
the apparatus, each tooth comprising a rounded sheet
engaging surface free of sharp corners.
[0018] Preferably, there is also a minimum clearance,
in use, between the peak of each tooth on the one tool
and the root surface of the other tool, for example to en-
sure material to be formed is not pinched therebetween.
[0019] The apparatus may further comprise shaping
means for shaping the sheet material. The shaping
means may comprise a further pair of rollers and may be
arranged to shape the formed sheet material, for example
into a channel section.
[0020] According to a fifth aspect of the invention, there
is provided a pair of tools for cold forming sheet material,
each tool having a first dimension and a second dimen-
sion orthogonal to the first, each tool having a plurality
of rows of teeth extending along the first dimension, each
tooth having a rounded sheet engaging surface free of
sharp corners, the tools being mounted or mountable so
that each row of teeth on one tool are in register with
spaces between adjacent rows of teeth on the other tool
such that each tooth from one tool is equidistantly spaced
from each adjacent tooth from the other tool.
[0021] According to a sixth aspect of the invention,
there is provided a tool for cold forming sheet material,
the tool comprising rows of teeth on its outer surface,
wherein each tooth has a rounded sheet engaging sur-
face with a radius of curvature R, the pitch P between
adjacent teeth in a row being between 2.5 and 3.9 times
the radius of curvature R.
[0022] Preferably, the pitch P is between 3 and 3.5, for
example 3.32, times the radius of curvature R.
[0023] The radius of curvature R is preferably at least
equal to the base gauge G of a sheet material to be
formed and more preferably at least 1.1 times the base
gauge G, for example at least 2 times the base gauge G
and/or less than 3.33 times the base gauge. Thus, the
pitch is preferably between 2.5 and 13 times the base
gauge G, for example between 2.75 and 7.8 times the
base gauge and more preferably at least 3.65 times the
base gauge G.

[0024] Each tooth may have a rounded sheet engaging
surface with a first radius r1 in a first direction and/or a
second radius r2 in a second direction along the rows.
The first direction may be at an acute angle in relation to
the second direction. The second radius r2 may be less
than or equal to the first radius r1.
[0025] As used herein, the term "radius" refers to the
distance between the centre of the tooth base plane and
the tooth face as measured along an imaginary plane
extending in the direction of the radius r1, r2, r3, r4 whilst
the term "radius of curvature" refers to the actual surface
radius at a specific point on the surface of the tooth form-
ing portion. Thus, a "radius" r1, r2, r3, r4 may be a com-
pound radius of curvature having two or more radii of
curvature blended together.
[0026] For the avoidance of doubt, the "direction" of a
radius r1, r2, r3, r4 refers to the direction in which the plane
of that radius r1, r2, r3, r4 extends.
[0027] According to a seventh aspect of the invention,
there is provided a tool for cold forming sheet material,
the tool comprising rows of teeth on its outer surface,
each tooth having a rounded sheet engaging surface with
a first radius r1 in a first direction and a second radius r2
in a second direction along the rows, the first direction
being at an acute angle in relation to the second direction,
wherein the second radius r2 is less than the first radius r1.
[0028] The pitch P between adjacent teeth in a row
may be at least 3.3, for example at least 3.32, times the
first and/or second radii r1, r2. Preferably, the pitch P be-
tween adjacent teeth in a row is at least 3.3, for example
at least 3.32, times the second radius r2 measured at the
point of the tooth nearest the adjacent tooth from the
other tool. It is postulated that this arrangement provides
sufficient clearance to avoid material pinching in use.
[0029] According to a eighth aspect of the invention,
there is provided a tool for cold forming sheet material
having a base gauge G of 2mm or greater, the tool com-
prising rows of teeth on its outer surface, each tooth hav-
ing a rounded sheet engaging surface with a radius of
curvature R greater than or equal to 2mm and a pitch of
less than 26mm.
[0030] Preferably, the radius of curvature R is less than
or equal to 6.7mm and/or the pitch is less than 15.6mm
such as between 5mm and 15.6mm, for example be-
tween 5mm and 7.8mm.
[0031] The tool or tools may comprise a first dimension
and a second dimension, for example where the second
dimension is orthogonal to the first dimension. The rows
may extend in the direction of the first and/or the second
dimensions. Alternatively, the rows may extend in a di-
rection between the first and second dimensions.
[0032] The tool or tools may comprise cylindrical rolls,
for example which are rotatable about respective axes,
which axes may be parallel to one another. The teeth
may be arranged in helical rows. Each tooth may have
a sheet engaging forming portion which is substantially
free of sharp corners and/or comprises the sheet engag-
ing surface. The first dimension may comprise a circum-
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ferential dimension and/or the second dimension may
comprise an axial dimension. In this embodiment there
is preferably a minimum clearance, in use, between the
peak of each tooth on the one tool and the root diameter
of the other tool, for example to ensure material to be
formed is not pinched therebetween.
[0033] According to an ninth aspect of the invention,
there is provided a tooth for cold forming sheet material,
the tooth comprising a rounded sheet engaging surface
with a first radius r1 in a first direction and a second radius
r2 in a second direction, the first direction being at an
acute angle in relation to the second direction, wherein
the second radius r2 is less than the first radius r1.
[0034] According to a tenth aspect of the invention
there is provided a tooth for cold forming sheet material,
the tooth comprising a rounded sheet engaging surface
with a part spherical surface having a single radius of
curvature R about a peak of the tooth which blends in to
a surface having a different radius of curvature R.
[0035] A further aspect of the invention provides a
tooth for cold working sheet material, the tooth having a
rounded sheet engaging surface, a symmetrical part of
the periphery of the tooth extending from the apex to up
to 90° to define an at least part-spherical surface, the
radii of curvature R of the periphery outside the part
spherical surface being blended in to that of the at least
part spherical surface so as to form a smooth, continuous
transition.
[0036] The sheet engaging surface is preferably free
of sharp corners. The teeth may comprise forming por-
tions free of sharp corners.
[0037] Each tooth may further comprise a third radius
r3, for example in the third direction orthogonal to the first
direction, and/or a fourth radius r4, for example in a fourth
direction orthogonal to the second direction. The third
radius r3 may be equal to the first radius r1 and/or the
fourth radius r4 may be equal to the second radius r2.
[0038] The tooth may have compound or blended radii
of curvatures, such that the radius of curvature on one
part of the tooth’s periphery blends smoothly and contin-
uously into a second radius of curvature on another part
of the tooth’s periphery.
[0039] The pitch P and/or the radii r1, r2, r3, r4 and/or
the spacing of the rolls are preferably selected such that
the tooth forming portions cause the aforementioned
plastic strain and/or material thinning to the sheet mate-
rial, in use.
[0040] According to a further aspect of the invention,
there is provided a method of forming sheet material, the
method comprising providing a sheet material having a
base gauge G, providing a pair of opposed tools having
rows of teeth on their outer surface, placing the sheet
material between the tools and moving the tools such
that rounded sheet engaging surfaces of the teeth on one
tool urge portions of the sheet material into gaps between
the teeth on the other tool to form projections in the sheet
material, wherein during movement of the tools the apex
or peak of the projections are free from contact with the

other tool.
[0041] According to a further aspect of the invention,
there is provided a method of forming sheet material, the
method comprising providing a sheet material having a
base gauge G, providing an apparatus as described
above, placing the sheet material between the tools and
moving the tools such that the teeth on one tool urge
portions of the sheet material into gaps between the teeth
on the other tool thereby to form sheet material.
[0042] According to a further aspect of the invention,
there is provided a method of forming sheet material, the
method comprising providing a sheet material having a
base gauge G, providing a pair of opposed tools as de-
scribed above, placing the sheet material between the
tools and moving the tools such that the teeth on one tool
urge portions of the sheet material into gaps between the
teeth on the other tool thereby to form sheet material.
[0043] According to a further aspect of the invention,
there is provided a method of forming sheet material, the
method comprising providing a sheet material having a
base gauge G, providing a pair of opposed tools, at least
one of which includes a tooth as described above on its
periphery, placing the sheet material between the tools
and moving the tools such that the tooth urges a portion
of the sheet material into gaps between teeth on the other
tool thereby to form sheet material.
[0044] According to a further aspect of the invention,
there is provided a method of forming sheet material, the
method comprising providing a sheet material having a
base gauge G, providing a pair of opposed tools having
rows of teeth on their outer surface, placing the sheet
material between the tools and moving the tools such
that rounded sheet engaging surfaces of the teeth on one
tool urge portions of the sheet material into gaps between
the teeth on the other tool to form projections in the sheet
material having a substantially continuous region of peak
plastic strain at, toward or about their apex and/or are
thinned by no more than 25% of its base gauge G.
[0045] Preferably, the method comprises urging the
material such that the apex or peak of the projections are
free from contact with the other tool during forming.
[0046] Preferably, the method comprises subjecting
the sheet material to a plastic strain of 0.05 or more
across at least 65% of the formed area thereof.
[0047] Preferably, the method comprises subjecting
the sheet material to a plastic strain of 0.05 or more
across at least 80% of the formed area thereof.
[0048] Preferably, the method comprises subjecting
the sheet material to a plastic strain of 0.05 or more
across 90% to 100% of the formed area thereof.
[0049] Preferably, the clearance between the teeth on
one tool and the teeth on the other tool, during forming,
is at least equal to the base gauge G of the plain sheet
material.
[0050] Preferably, the clearance is at least 1.1 times
the base gauge G of the plain sheet material. Preferably,
the method comprises arranging the tools such that the
teeth extend, during forming, into the gaps with each
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tooth from one tool being equidistantly spaced from each
adjacent tooth from the other tool.
[0051] Preferably, the method comprises forming a
material having a base gauge G of 2mm or greater.
[0052] Preferably, the method comprises rotating the
opposed tools about parallel axes.
[0053] Preferably, the method further comprises the
step of shaping the formed sheet material into a profile.
[0054] The method may further comprise shaping the
formed sheet material, for example into a channel sec-
tion.
[0055] One embodiment of the invention will now be
described, by way of example only, with reference to the
accompanying drawings, in which:

Figure 1 is a perspective view of a tooth according
to the prior art;
Figure 2 is a representation of the strain distribution
across a projection formed in sheet material using
the tooth of Figure 1;
Figure 3 is a plan view of a fragment of one embod-
iment of sheet material according to the invention;
Figure 4 is a diagrammatical illustration of the form-
ing of sheet material using one embodiment of ap-
paratus according to the invention;
Figure 5 is a perspective view of the cooperation of
a group of teeth having a first embodiment of tooth
forming portions;
Figure 6 is a side view of the tooth forming portions
of Figure 5 from direction X;
Figure 7 is a plan view of the tooth forming portions
of Figure 5;
Figure 8 is a cross-section view along line B-B of
Figure 7 showing sheet material being formed be-
tween the tooth forming portions;
Figure 8A is a representation of the strain distribution
across a projection formed in sheet material using
the tooth of Figure 8;
Figure 9 shows a second embodiment of tooth form-
ing portions;
Figure 10 shows a third embodiment of tooth forming
portions;
Figure 11 shows a fourth embodiment of tooth form-
ing portions;
Figure 12 shows a fifth embodiment of tooth forming
portions;
Figure 13 shows a sixth embodiment of tooth forming
portions;
Figure 14A is a cross-sectional view of one of the
tooth forming portions of Figure 13;
Figure 14B is a top view of one of the tooth forming
portions of Figure 13;
Figure 15 is a perspective view of sheet material
shaped into a first embodiment of channel section;
and
Figure 16 is a perspective view of sheet material
shaped into a second embodiment of channel sec-
tion.

[0056] Figures 1 illustrates a prior art roll tooth 1 of the
kind disclosed in EP0891234 (which is owned by the cur-
rent applicant) for forming a projection 2 in sheet material
3 as shown in Figure 2. The roll tooth 1 is a cross cut
involute gear form having four flanks 4 merging to a sub-
stantially flat peak 5. The forming rolls (not shown) will
include a plurality of such teeth 1, wherein the teeth 1 on
adjacent rolls (not shown) intermesh to deform the sheet
material 3.
[0057] The geometry and density of the teeth 1 across
the surface of the rolls (not shown) is dependent upon
specific requirements of the application. For example, an
increase in the depth of intermeshing and/or an increase
in the density of teeth 1 will result in a greater degree of
work hardening as well as a greater reduction in overall
length of the material.
[0058] We have observed through extensive experi-
mentation that the practical range of depth and/or density
of teeth 1 on the roll (not shown) for producing useful
sheet material of the kind specified is also limited by the
resulting degree of material thinning, which worsen the
mechanical properties of the material. The equipment
and methods of producing sheet material of the kind
specified therefore requires a balance between the den-
sity and intermeshing of the teeth versus the degree of
material thinning in order to optimise the forming process.
[0059] On further investigation, we have surprisingly
determined that the sharp corners 6 between the flanks
4, which are formed as a result of the manufacturing proc-
ess, cause areas 7 of peak plastic strain.
[0060] As a result, a higher degree of work hardening
and thinning of the material is experienced in these areas
7. The resulting strain distribution is illustrated in Figure
2. Without wishing to be limited by any particular theory
we now postulate that difficulties in forming sheet mate-
rial of the kind specified using a relatively thick sheet
material, for example having a thickness above 1.5mm,
may be attributed to this phenomenon.
[0061] It is from these surprising realisations that we
have conceived and developed the present invention.
[0062] Referring now to Figure 3, there is shown a frag-
ment of formed sheet material 10 comprising mild steel
having on both of its faces a large number of projections
11 and depressions 12, each projection 11 at one face
corresponding to a depression 12 at the other face. The
projections 11 and depressions 12 are substantially
square in shape with rounded corners.
[0063] The projections 11 and depressions 12 at one
face are arranged in rectilinear rows R11 and columns
C11, wherein each row R11 and each column C11 com-
prises alternating projections 11 and depressions 12.
There are also alternating respective rows R12, R13 of
projections 11 and depressions 12 which extend along
a line between the directions of the rows R11 and col-
umns C11. The rows R12, R13 extend at 45° to the rows
R11 and the columns C11 in this embodiment. These
rows are referred to hereinafter as helical rows R12, R13.
The angle can range from 0° to 180°.
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[0064] Adjacent projections 11 and depressions 12 are
sufficiently close to one another for there to be no sub-
stantially flat areas of sheet material between them.
Thus, the sheet material 10 as viewed in any cross-sec-
tion which is generally perpendicular to the nominal or
actual plane of the sheet material 10 is undulatory, there-
by resulting in an effective thickness, or amplitude A,
which is greater than the base gauge G of the material.
[0065] The formed sheet material 10 illustrated in Fig-
ure 3 is formed by the process illustrated in Figure 4. In
this process, plain or base sheet material 17 having a
base gauge G is drawn from a coil (not shown) and pass-
es between a pair of rolls 18 and 19, each of which has
at its periphery a number of teeth 30. The rolls 18, 19 are
rotated about respective parallel axes 20 and 21 and the
base sheet material 17 is engaged and deformed by the
teeth 30 of the rolls 18, 19. Each tooth 30 pushes a part
of the base sheet material 17 into a gap between teeth
30 on the other roll 18, 19 to form a projection 11 facing
that other roll 18, 19 and a corresponding depression 12
facing the one roll 18, 19, thereby providing the formed
sheet material 10. Thus, the overall thickness of the base
sheet material 17 is increased by the presence of pro-
jections 11 on both of its faces and providing an effective
thickness, or amplitude A, in the formed sheet material
10.
[0066] From the roll pair 18 and 19, the sheet material
10 may then pass between further roll pairs 22, 23 and
24 to shape the formed sheet material 10 into a channel
section 27 in this embodiment. Other elongate shaped
members (not shown) may also be formed.
[0067] The roll pair 18 and 19 and the further roll pairs
22, 23 and 24 are all driven by common drive means 25
of known form and preferably including an electric motor
26. The roll pairs 18 and 19, 22, 23, 24 are driven at
substantially the same peripheral speed so that the base
sheet material 17 passes continuously and at the same
speed between the rolls 18 and 19 as the formed sheet
material 10 passes between the subsequent further roll
pairs 22, 23, 24.
[0068] After the formed sheet material 10 has been
shaped into a channel or other section 27, it may be cut
into lengths (not shown) for transportation and use.
[0069] Both of the rolls 18, 19 have substantially the
same form with a first dimension, or axial length in this
embodiment, and a second dimension orthogonal to the
first, or circumferential dimension in this embodiment.
Each roll 18, 19 includes a plurality of identical teeth 30
on its periphery, each of which teeth 30 includes a tooth
forming portion 30a as shown in Figure 5. The teeth 30
are arranged in a plurality of rows which correspond to
the rows R11, R12, R13 and columns C11 of the formed
sheet material. It will be appreciated that the helical rows
R12, R13 of teeth 30 extend along lines which extend
between lines lying along the first and second dimen-
sions. In this embodiment, the helical rows (not shown)
are inclined to the axis 20, 21 of the roll 18, 19 at an angle
of 45°.

[0070] Each tooth forming portion 30 is formed inte-
grally with a tooth base portion (not shown) which in turn
is formed integrally or otherwise secured to the periphery
of one of the rolls 18, 19. It will be appreciated that the
tooth base portions (not shown) are sized and dimen-
sioned such that they do not impede deformation of the
material in use.
[0071] The first embodiment of tooth forming portions
30a have a geometry and cooperating layout as illustrat-
ed in part in Figures 5 to 8. Each tooth forming portion
30a includes a base plane 31 which is substantially
square in shape having rounded corners 32 and a
smoothed depression 33 at the mid point of each side
edge 34, thereby forming a four lobed shape. The side
surfaces 35 of the tooth forming portion 30 project upward
from the side edges 34 of the base 31 and curve toward
a common smoothed apex 36, thus forming a rounded
sheet engaging surface. It will be appreciated that there
are no sharp corners present on the tooth forming por-
tions 30a.
[0072] The features of the shape of the tooth forming
portion 30a are defined by a series of radii r1, r2, r3, r4,
each of which has a constant radius of curvature in this
embodiment. However, the first and third radii r1, r3 are
different from the second and fourth radii r2, r4 in this
embodiment.
[0073] As used herein, the term "radius" refers to the
distance between the centre of the tooth base plane 31
and the tooth face 35 as measured along an imaginary
plane extending in the direction of the radius r1, r2, r3, r4
(as shown more clearly in Figure 6) whilst the term "radius
of curvature" refers to the actual surface radius at a spe-
cific point on the surface of the tooth forming portion 30a.
Thus, a "radius" r1, r2, r3, r4 may be a compound radius
of curvature having two or more radii of curvature blended
together.
[0074] For the avoidance of doubt, the "direction" of a
radius r1, r2, r3, r4 refers to the direction in which the plane
of that radius r1, r2, r3, r4 extends.
[0075] The first and third radii r1, r3 are orthogonal to
one another and each extends in a direction between the
first and second directions (i.e. between the axial and
circumferential directions of the rolls 18, 19). As is shown,
r1, r3 both extend at 450 to the first direction in this em-
bodiment. The second and fourth radii r2, r4 extend re-
spectively along the axial direction and circumferential
(i.e. rolling) direction. The pitch P between adjacent teeth
30 is equal in this embodiment along both the rectilinear
rows R11 and columns C11.
[0076] In use, the sheet material 10 is passed through
the rolls 18, 19 in the rolling direction RD (shown in Figure
7). Each tooth forming portion 30 from one of the rolls
18, 19 moves into and out of alignment with the space
between adjacent tooth forming portions 30 in the other
of the rolls 18, 19 as shown more clearly in Figures 5 to
8. As can be seen from Figure 8, the amplitude A of the
formed sheet material 10 is a function of the depth D of
penetration, or overlap, between the forming portions
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30a, which in turn is a function of the separation of the
rolls 18, 19.
[0077] The spacing and geometry of the teeth 30 in
this embodiment are such that the apex or peak of a
projection 11 being formed by one of the teeth 30 on one
of the rolls 18, 19 is free from contact with other the roll
18, 19. This can be seen, for example, in Figure 8.
[0078] The amplitude A of the sheet material leaving
the rolls 18 and 19 is preferably between 1.5 to 4, say 2
and 3, times the base gauge G of the sheet material.
However, it will be appreciated that subsequent shaping
of the sheet material by the roll pairs 22, 23 and 24 can
reduce the amplitude A of the formed sheet material 10.
[0079] As mentioned above, the improvements in
physical properties of sheet material of the kind specified
are mainly attributed to the increase in effective thickness
of the sheet material and the strain hardening effect which
is a consequence of the plastic deformation of the mate-
rial. It is therefore desirable to maximise the effective
thickness or amplitude A of the formed material 10 and
to maximise both the magnitude and area of plastic strain.
Increasing the amplitude A will increase the magnitude
of plastic strain and decreasing the pitch P will increase
the area of plastic strain because of an increase in pro-
jection density.
[0080] However, the greater the magnitude of plastic
strain, the greater the extent of material thinning, which
adversely affects the physical properties of the sheet ma-
terial.
[0081] We have determined that there is a preferable
or optimum sheet engaging surface radius R which pro-
vides a balance between maximising work hardening and
minimising the material thinning.
[0082] However, as mentioned above, it is desirable
to minimise the pitch P in order to maximise the area of
plastic strain. It has been observed that the sheet material
is ’pinched’ when the clearance between adjacent form-
ing portions 30a approaches and is less than the base
gauge G in use. Whilst material pinch is beneficial in
terms of plastic strain and therefore strain hardening of
the formed material, it can result in local thinning of the
sheet material and it causes issues in manufacture due
to excessive loads and roll wear issues. It is therefore
preferable to avoid material pinch.
[0083] The present invention provides a tooth form
which enables a balance to be struck between these com-
peting factors. This is achieved by providing a rounded
sheet engaging surface having a radius of curvature
equal to the preferable surface radius R in some areas
while the radius of curvature in other areas is adjusted
to prevent pinching.
[0084] Material pinching occurs in the regions where
there is the least distance between intermeshing teeth.
In the case of the first embodiment of tooth forming por-
tion 30a, this is in the direction of the rectilinear rows R11
and columns C11 (i.e. direction of r2 and r4).
[0085] Accordingly, in this embodiment the radii r1, r3
of the sheet engaging surface have a radius of curvature

equal to the preferable surface radius R, while the radii
r2, r4 gradually decrease from the peak to the base portion
(not shown). This provides a profile which allows for a
reduced pitch P to maximise the strained area, while pro-
viding a degree of extra clearance to avoid pinching the
material.
[0086] We have determined that by ensuring that the
pitch P is at least 2.5 times, preferably at least 3 times,
for example 3.32 times, the preferable surface radius R
(i.e. the first and third radii r1, r3 in this embodiment) the
level of strain can be maximised.
[0087] The surface radius along the radii r1, r2, r3 and
r4 should be at least equal to the base gauge G, preferably
1.1 or more times the base gauge G, of the sheet material
in order to ensure a relatively even strain distribution
throughout the projection 11 and to minimise thinning.
[0088] Figure 8a shows a representation of the plastic
strain of a part of the sheet material 10 formed using the
tooth geometry shown in Figures 5 to 8. As shown in
Figure 8a, there is a continuous area of peak plastic strain
PP around the apex of the projection 11, while the plastic
strain in the quaquaversal region QQ surrounding the
area PP decreases moving away from that region. The
sheet material is thinned by less that 25%.
[0089] The base of the depression 12 includes four
radii dr1, dr2, dr3 and dr4, which correspond generally to
the four radii r1, r2, r3 and r4 of the sheet engaging surface
of the tooth.
[0090] In order to further demonstrate the flexibility of
the invention, reference is made to the further tooth forms
shown in Figures 9 to 13.
[0091] Figure 9 shows a second embodiment of tooth
130 which includes a forming portion 130a of hemispher-
ical form and a cylindrical base portion 130b formed in-
tegrally with the forming portion 130a. In this case, all
radii r1, r2, r3 and r4 are equal to the preferable surface
radius R and the pitch P2 is such that no material pinching
occurs. It will be appreciated that the pitch P2 required
to prevent material pinching will be greater for this em-
bodiment since the second and fourth radii r2, r4 are equal
to the first and third radii r1, r3.
[0092] Figure 10 shows a third embodiment of tooth
230 which includes a forming portion 230a formed inte-
grally with a base portion 230b that is generally square
in plan with rounded corners. The first and third radii r1,
r3 in this embodiment are both equal to the preferable
surface radius R, whereas the second and fourth radii r2,
r4 each comprise a compound radius gradually decreas-
ing toward the base portion 230b to provide suitable
clearance and thereby reduce the potential for material
pinch. This tooth form 230 allows for a reduced pitch P3
with respect to the pitch P2 of the second embodiment,
thereby increasing the density of projections 11 and im-
proving the proportion of the formed sheet material 10
which is strain hardened.
[0093] Figure 11 shows a fourth embodiment of tooth
330 which includes a forming portion 330a formed inte-
grally with a base portion 330b that is also generally
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square in plan with rounded corners. The first and third
radii r1, r3 in this embodiment are both equal to the pref-
erable surface radius R at or adjacent to the peak 311 a
of the tooth 330 and comprise a compound radius grad-
ually decreasing toward the base portion 330b. The sec-
ond and fourth radii r2, r4 have a single radius of curvature
and are smaller than the first and third radii r1, r3 to provide
suitable clearance and thereby reduce the potential for
material pinch. This tooth form 330 allows for a reduced
pitch P4 with respect to the pitch P2 of the second em-
bodiment since the size of the base portion 330b can be
reduced for a given preferable surface radius R, thus
increasing the worked area of the sheet material 10.
[0094] Figure 12 shows a fifth embodiment of tooth
430 which includes a forming portion 430a formed inte-
grally with a base portion 430b that is also generally
square in plan with rounded corners. The first and third
radii r1, r3 in this embodiment are both equal to the pref-
erable surface radius R at or adjacent to the peak 411 a
of the tooth 430 and comprise a compound radius grad-
ually decreasing toward the base portion 430b. The sec-
ond and fourth radii r2, r4 each comprise a compound
radius gradually decreasing toward the base portion
430b to provide a region having a suitable clearance and
thereby reduce the potential for material pinch. The four
compound radii r1, r2, r3, r4 of the tooth form 430 provide
maximum flexibility for optimising the balance between
the degree of work hardening and avoiding material
pinch.
[0095] Figures 13, 14A and 14B show a sixth embod-
iment of tooth 630 which includes a forming portion 630a
formed integrally with a base portion 630b that is gener-
ally square in plan with rounded corners. All of the radii
r1, r2, r3, r4 in this embodiment are equal to the preferable
surface radius R at and adjacent to the peak 611 a of the
tooth 430 to provide a part spheroidal surface 631 and
comprise a compound radius gradually decreasing to-
ward the base portion 430b extending from and blended
with the part spheroidal surface 631. The second and
fourth radii r2, r4 each comprise a compound radius which
gradually decreases toward the base portion 430b by a
steeper gradient than the first and third radii r1, r3, thereby
providing a region having a suitable clearance to reduce
the potential for material pinch.
[0096] As shown more clearly in Figures 14A and 14B,
the part spheroidal surface 631 or tip area 631 is defined
by a conical segment with an angle A between 0 and
180°. Clearly, if the angle A approaches 180° then the
tooth form 160 will approach that of Figure 9.
[0097] The shaped sheet material 27 which results
from the process illustrated in Figure 4 is suitable for use
on its own or in the form of a structural member 27a, 27b
as shown in Figures 15 and 16, for example a post or a
beam. For these purposes, sheet material 10 of channel
form 27a, 27b is particularly suitable, the channel 27a,
27b having flanges 270a, 271a, 270b and a web 272a,
272b which maintains the flanges 270a, 271a, 270b a
predetermined distance apart.

[0098] The surfaces of the flanges 270a, 271 a, 270b
and the web 272a, 272b include rows (R11, R12, R13)
of projections 11 and depressions 12. In certain cases,
projections 11 and depressions 12 may be required on
only a part of the surface of the sheet material 10. The
invention is applicable with especial advantage to studs
27a, 27b used in stud and panel partitions and to the
channel lengths 27b in which end portions of the studs
27a, 27b are received.
[0099] For other purposes, generally flat material or
section other than a channel 27 are useful, for example
C-sections, U-sections, Z-sections, I sections and so on.
[0100] Sheet material of the kind specified formed in
accordance with the present invention is much stiffer than
the plain sheet material from which it is formed. In par-
ticular, the bending strength of such material increases
dramatically.

Example 1

[0101] A specimen of sheet material having a base
gauge G of 0.45mm was formed using a tool comprising
the tooth form shown in Figure 10. The pitch of the teeth
on the tool was 5.1 mm, the first and third radii r1, r3 had
a constant radius of curvature of 1.5mm, while the second
and fourth radii r2, r4 had a composite radius of curvature.
[0102] The sheet material was formed with an ampli-
tude A of 2.5 times the base gauge G of the material 17
with a proportion of significant plastic strain of 70% and
material thinning of 15%. The formed sheet material 10
resulted in a 33% increase in bending strength over the
plain sheet material from which it was formed, as meas-
ured by a 5mm displacement three point bending test.

Example 2

[0103] A further specimen of sheet material having a
base gauge G of 0.45mm was formed using a tool com-
prising the same tooth form and having the same pitch
as in Example 1.
[0104] The sheet material was formed with an ampli-
tude A of 3 times the base gauge G of the material 17
with a proportion of significant plastic strain of 88% and
material thinning of 23%. The formed sheet material 10
resulted in a 36% increase in bending strength over the
plain sheet material from which it was formed, as meas-
ured by a 5mm displacement three point bending test.

Example 3

[0105] A specimen of sheet material having a base
gauge G of 0.7mm was formed using a tool comprising
the same tooth form and having the same pitch as in
Example 1.
[0106] The sheet material was formed with an ampli-
tude A of 2 times the base gauge G of the material 17
with a proportion of significant plastic strain of 88% and
material thinning of 11 %. The formed sheet material 10
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resulted in a 48% increase in bending strength over the
plain sheet material from which it was formed, as meas-
ured by a 5mm displacement three point bending test.

Example 4

[0107] A further specimen of sheet material having a
base gauge G of 0.7mm was formed using a tool com-
prising the same tooth form and having the same pitch
as in Example 1.
[0108] The sheet material was formed with an ampli-
tude A of 2.5 times the base gauge G of the material 17
with a proportion of significant plastic strain of 96% and
material thinning of 22%. The formed sheet material 10
resulted in a 62% increase in bending strength over the
plain sheet material from which it was formed, as meas-
ured by a 5mm displacement three point bending test.

Example 5

[0109] A specimen of sheet material having a base
gauge G of 2mm was formed using a tool comprising the
tooth form shown in Figure 9. The pitch of the teeth on
the tool was 9.5mm and the first, second, third and fourth
radii r1, r2, r3, r4 all had a constant radius of curvature of
2.5mm.
[0110] The sheet material was formed with an ampli-
tude A of 1.8 times the base gauge G of the material 17
with a proportion of significant plastic strain of 76% and
material thinning of 24%. The formed sheet material 10
resulted in a 35% increase in bending strength over the
plain sheet material from which it was formed, as meas-
ured by a 5mm displacement three point bending test.
[0111] It will be appreciated that several variations to
the embodiment disclosed are envisaged without depart-
ing from the scope of the invention. For instance, the
forming tool or tools need not comprise inter-engaging
rolls. Any suitable tool may be used such as a press or
other stamping means for example.
[0112] There may be a substituted for the roll pair 18,
19 a pair of rolls which are not identical, for example, one
having square teeth (not shown) and the other having
elongated teeth (not shown).
[0113] In place of the roll pairs 22, 23 and 24, there
may be provided an alternative device or devices for mod-
ifying the sheet material in some other way or alterna-
tively, the sheet may be provided without modification.
[0114] Whilst helical rows are inclined at 45 degrees
relative to the axis of the rolls, they may be inclined at
any angle and/or they need not be arranged in helical
rows. The tool need not be rolls, could be, for example,
a block with a flat face and/or substantially planar
[0115] The sheet material is preferably mild steel,
which may be galvanised or otherwise coated for protec-
tion against corrosion. Modification of initially plain, gal-
vanised mild steel sheet in the manner hereinbefore de-
scribed leaves the protective coating intact. The base
gauge G of the plain sheet material is typically within the

range 0.3 to 3mm.
[0116] It has been surprisingly found that the present
invention can be used to form material with a base gauge
G of 3mm whilst still showing improved strength and no
noticeable material pinching.
[0117] As will be appreciated, many alternative radii
r1, r2, r3, r4 are envisaged which will result in a number
of different forms of rounded sheet engaging surfaces
which are consistent with the invention.
[0118] The pitch P between adjacent teeth 30 in rows
R11 may be different from the pitch P in the columns C11.
[0119] As used herein, the term "sheet material" em-
braces generally flat material, for example such as that
which is described in the aforesaid European patent ap-
plications and products made by bending or shaping gen-
erally flat sheet material, examples of which products are
shown in Figures 9 and 10 and mentioned in our pub-
lished International patent application published as
WO82/03347.
[0120] The invention may comprise a sheet of cold
rolled material having on both of its surfaces rows of pro-
jections and rows of depressions, the projections on one
surface corresponding with the depressions on the other
surface, the relative positions of the projections and de-
pressions being such that lines drawn on a surface of the
sheet between adjacent rows of projections are non-rec-
tilinear, the sheet having a base gauge G, wherein each
projection has a substantially continuous region of peak
plastic strain at, toward or about its apex and/or is thinned
by no more than 25% of its base gauge G.
[0121] Preferably, the peak of each projection is round-
ed and featureless.
[0122] Preferably, the peak of each projection is free
of pinched regions.
[0123] Preferably, the base of each depression com-
prises two or more different radii of curvature.
[0124] Preferably, the base of each depression com-
prises a first radius dr1 in a first direction, a second radius
dr2 in a second direction along the length of the sheet
material, the first direction being different from the second
direction, wherein the radius of curvature along the first
radius dr1 is different from the radius of curvature along
the second radius dr2.
[0125] Preferably, the pitch P between adjacent de-
pressions or between adjacent projections in each row
is at least 2.5 times the or a radius of curvature along the
or a first radius dr1.
[0126] Preferably, the pitch P is between 2.5 and 3.9
times the radius of curvature along the first radius dr1.
[0127] Preferably, the amplitude A of the sheet is be-
tween 1.5 and 4 times the base gauge G of the material
from which the sheet was formed.
[0128] Preferably, the amplitude A is between 2 and 3
times the base gauge G.
[0129] Preferably, the proportion of sheet material
which is subjected to plastic strain of 0.05 or more is at
least 65%.
[0130] Preferably, the proportion of sheet material
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which is subjected to plastic strain of 0.05 or more is at
least 80%.
[0131] Preferably, the proportion of sheet material
which is subjected to plastic strain of 0.05 or more is
between 90% and 100%.
[0132] Preferably, the sheet comprises steel.
[0133] Preferably, the base gauge G is between
0.2mm and 3.0mm.
[0134] Preferably, the base gauge G is 2mm or greater.
[0135] Preferably, the sheet comprises a shaped sec-
tion or the like for use as a, or as part of a, partition or
channel stud.
[0136] Preferably, the projections are formed over all
or part of the shaped section.
[0137] The invention may comprise a tool for cold form-
ing sheet material according to the method described
herein having rows of teeth on their outer surface, each
tooth comprising a rounded sheet engaging surface.
[0138] Preferably, the teeth comprise forming portions
free of sharp corners.
[0139] Preferably, the rounded sheet engaging sur-
face of each tooth has a radius of curvature R, the pitch
P between adjacent teeth in a row being between 2.5
and 3.9 times the radius of curvature R.
[0140] Preferably, the pitch P is between 3 and 3.5
times the radius of curvature R.
[0141] Preferably, the radius of curvature R is at least
1.1 times the base gauge G of the sheet material to be
formed.
[0142] Preferably, the radius of curvature is at least 2
times the base gauge G of the sheet material to be
formed.
[0143] Preferably, the rounded sheet engaging sur-
face of each tooth has a first radius r1 in a first direction
and a second radius r2 in a second direction along the
rows, the first direction being at an acute angle in relation
to the second direction, wherein the second radius r2 is
less than the first radius r1.
[0144] Preferably, the pitch P between adjacent teeth
in a row is at least 3.3 times the first and/or second radii
r1, r2.
[0145] Preferably, the tool is for cold forming sheet ma-
terial having a base gauge G of 2mm or greater, each
tooth having a rounded sheet engaging surface with a
radius of curvature greater than or equal to 2mm and a
pitch P of less than 26mm.
[0146] Preferably, the pitch P is less than 15.6mm.
[0147] Preferably, the pitch P is between 5mm and
15.6mm
[0148] Preferably, the pitch P is between 5mm and
7.8mm.
[0149] Preferably, the tool comprises a cylindrical roll
rotatable about an axis.
[0150] Preferably, the tooth comprises one or more
compound radii of curvature, wherein the radius of cur-
vature on one part of the tooth’s periphery blends smooth-
ly and continuously into a second radius of curvature on
another part of the tooth’s periphery.

[0151] The invention may comprise a pair of tools as
claimed herein.
[0152] The pair of tools may further comprise a pair of
rollers arranged to shape the formed sheet material, for
example into a channel section.
[0153] The invention may comprise a tool for cold form-
ing sheet material, the tool comprising rows of teeth on
its outer surface, wherein each tooth has a rounded sheet
engaging surface with a radius of curvature R, the pitch
P between adjacent teeth in a row being between 2.5
and 3.9 times the radius of curvature R.
[0154] The invention may comprise a tool for cold form-
ing sheet material, the tool comprising rows of teeth on
its outer surface, each tooth having a rounded sheet en-
gaging surface with a first radius r1 in a first direction and
a second radius r2 in a second direction along the rows,
the first direction being at an acute angle in relation to
the second direction, wherein the second radius r2 is less
than the first radius r1.
[0155] The invention may comprise a tool for cold form-
ing sheet material having a base gauge G of 2mm or
greater, the tool comprising rows of teeth on its outer
surface, each tooth having a rounded sheet engaging
surface with a radius of curvature greater than or equal
to 2mm and a pitch P of less than 26mm.
[0156] The invention may comprise a tooth for cold
forming sheet material, the tooth comprising a rounded
sheet engaging surface with a first radius r1 in a first di-
rection and a second radius r2 in a second direction, the
first direction being at an acute angle in relation to the
second direction, wherein the second radius r2 is less
than the first radius r1.
[0157] The invention may comprise a tooth for cold
forming sheet material, the tooth comprising a rounded
sheet engaging surface with a part spherical surface hav-
ing a single radius of curvature about a peak of the tooth
which blends in to a surface having a different radius of
curvature.
[0158] The invention may comprise a tooth for cold
working sheet material, the tooth having a rounded sheet
engaging surface, a symmetrical part of the periphery of
the tooth extending from the apex to up to 90° to define
an at least part-spherical surface, the radii of curvature
of the periphery outside the part spherical surface being
blended in to that of the at least part spherical surface
so as to form a smooth, continuous transition.

Claims

1. A tool (20) for cold rolling sheet material having a
base gauge G, the tool (20) being cylindrical and
having a longitudinal axis and having rows (R12,
R13) of teeth (30, 130, 230, 330, 430, 630) extending
from the circumferential surface, each tooth (30, 130,
230, 330, 430, 630), having a rounded sheet engag-
ing surface (36, 63) with a first radius of curvature R
at and adjacent the peak (11, 31a, 41a, 61a) of each
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tooth (30, 130, 230, 330, 436, 630), the radius of
curvature R extending in a direction between the lon-
gitudinal axis and 90° thereto the pitch between ad-
jacent teeth (30, 130, 230, 330, 430, 630) in a row
being at least 3 R.

2. A tool (20) according to Claim 1, wherein each tooth
has a second radius of curvature extending in the
longitudinal direction.

3. A tool according to Claim 2, wherein the second ra-
dius of curvature is the same or less than the first
radius of curvature.

4. A tool according to Claim 2 or 3, wherein each tooth
has third and fourth radii of curvature, the third ex-
tending in a direction orthogonal to the first and the
fourth extending in a direction orthogonal to the sec-
ond.

5. A tool according to Claim 4, wherein the four radii of
curvature are equal or different.

6. A tool according to any preceding Claim, wherein
teeth are arranged in helical rows.

7. A tool according to any preceding Claim, wherein
each tooth has a substantially square base, in plan.

8. A tool according to any of Claims 1 to 6 wherein each
tooth is a four lobed base, in plan

9. A tool according to any preceding Claim, wherein
the tool is for cold forming sheet material having a
base gauge G of 2mm or greater, each tooth having
a rounded sheet engaging surface with a radius of
curvature greater than or equal to 2mm and a pitch
P of less than 26mm.

10. A tool as claimed in Claim 9, wherein the pitch P is
less than 15.6mm.

11. A tool as claimed in any preceding Claim, wherein
the tool comprises a cylindrical roll rotatable about
an axis.

12. An apparatus comprising a pair of tools as claimed
in any one of Claims 1 to 11.
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