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(57)  Method (1000) for producing a profile sheet
(200) for a load-bearing structure of a vehicle through
forming a work piece (101) by feeding the work piece
along afeeding direction (FD) through a plurality of rollers
(110), wherein the work piece (101) extends along a ref-
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Description
TECHNICAL FIELD

[0001] Thedisclosure relates generally to a method for
producing a profile sheet. In particular aspects, the dis-
closure relates to a method for producing a profile sheet
intended for a load-bearing structure of a vehicle. The
disclosure also generally relates to a system for produc-
ing a profile sheet. The disclosure can be applied in
heavy-duty vehicles, such as trucks, buses, and con-
struction equipment. Although the disclosure may be de-
scribed with respect to a particular vehicle, the disclosure
is not restricted to any particular vehicle.

BACKGROUND

[0002] Profile sheets are commonly used for the man-
ufacturing of components. Such components are often
utilized for load bearing structures. In the case of vehicles
such load bearing structures may include frame rails, re-
inforcements, liners, tie-plates and cross-member cen-
trepieces.

[0003] Commonly, the profile sheets are produced
from a slab. The slab is often in a metal such as steel or
aluminum. The slab is initially hot milled to reduce the
thickness of the material. The thickness of the material
may be reduced further by cold milling to achieve the
intended thickness. After the intended thickness the ma-
terial is achieved, the material may be treated for finish
and may be machined into a profile sheet which may be
provided as a flat sheet or a coil.

[0004] The profile sheets are utilized for the production
of any type of components. In the field of vehicles, weight
optimization is of great importance due to the unneces-
sary weight negatively impacting the energy consump-
tion of the vehicle. Hence, the profile sheet may have to
be machined or reinforced in an additional step in order
to optimize the weight of the final component.

SUMMARY

[0005] According to a first aspect of the disclosure, a
method for producing a profile sheet for a load-bearing
structure is provided. The method is performed through
forming a work piece by feeding the work piece along a
feeding direction through a plurality of rollers. The work
piece may extend along a reference plane and the plu-
rality of rollers may comprise a first roller and a second
roller displaced relative the first roller in relation to a first
reference axis. The first reference axis may extend along
the reference plane and orthogonally to the feeding di-
rection.

[0006] The method may comprise adjusting the posi-
tion of at least one of the first and second roller relative
a second reference axis extending orthogonally to the
first reference axis and the reference plane such that the
firstrolleris displaced relative the second roller in relation
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to the second reference axis.

[0007] The method may comprise feeding the work
piece through the plurality of rollers along the feeding
direction to form the profile sheet.

[0008] The method may comprise operating the plu-
rality of rollers to process the work piece along the feeding
direction to form the work piece to the profile sheet.
[0009] The first aspect of the disclosure may seek to
provide a method allowing for an adaptable weight opti-
mization of a profile sheet. A technical benefit may in-
clude that this may be achieved without additional ma-
chining steps or changing of the rollers, due to the first
and second roller allowing for controlling the achieved
deformation of separate parts of the cross-section of the
profile sheet by means of the adjustment of the position
relative the second reference axis. Thus, a non-complex
and cost-efficient manner of weight optimization may be
achieved.

[0010] In some examples, the method may comprise
operating the plurality of rollers such that the first and
second roller causes the perpendicular distance between
a side of the profile sheet extending along the feeding
direction and the reference plane to vary along the first
reference axis. A technical benefit may include that a
profile sheet with a varying cross-section may be
achieved in one operation, whereby weight optimization
and/or a particular intended shape may be achieved in
a non-complex and fast manner.

[0011] In some examples, the method may comprise
operating the plurality of rollers such that the first roller
reduces the thickness of a first portion of the cross-sec-
tion of the work piece relative the feeding direction to a
first thickness and the second roller reduces the thick-
ness of a second portion of the cross-section of the work
piece relative the feeding direction to a second thickness.
The firstthickness may be different from the second thick-
ness.

[0012] In some examples, the plurality of rollers may
comprise a first roller arrangement. The first roller ar-
rangement may comprise the first roller and a first asso-
ciated roller. The plurality of rollers may comprise a sec-
ond roller arrangement. The second roller arrangement
may comprise the second roller and a second associated
roller. The method may further comprise feeding the work
piece between the firstroller and the first associated roller
and between the second the roller and the second asso-
ciated roller. A technical benefit may include that the in-
dependently operable roller arrangements allows for a
higher degree of control and speed compared to a system
where the work piece is rolled between the first and sec-
ond roller and a common auxiliary roller. Further, the in-
dependently operable roller arrangements allows for
control of the shape of the cross-sectionin both directions
along the second reference axis further increasing the
flexibility of the method and potential achievable shapes
available by use of the method.

[0013] In some examples, the method may comprise
operating the rollers such that the first and second roller
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arrangement causes the perpendicular distance be-
tween a side of the profile sheet extending along the feed-
ing direction and the reference plane to vary along the
first reference axis.

[0014] In some examples, the method may comprise
operating the plurality of rollers such that the first roller
arrangement reduces the thickness of a first portion of
the cross-section of the work piece relative the feeding
direction to a first thickness and the second roller ar-
rangement reduces the thickness of a second portion of
the cross-section of the work piece relative the feeding
direction to a second thickness, wherein the first thick-
ness is different from the second thickness.

[0015] In some examples, the method may comprise
adjusting the position of the at least one of the first and
second roller by adjusting the distance between the first
roller and the first associated roller and/or the distance
between the second roller and the second associated
roller.

[0016] In some examples, the first roller and the sec-
ond roller may be aligned along a second reference
plane. The second reference plane may be orthogonal
to the reference plane. A technical benefit may include
that the profile sheet may be obtained without the need
of a long production line due to the first and second roller
being arranged side-by-side.

[0017] In some examples, the method may further
comprise operating the plurality of rollers to feed the work
piece along feeding direction.

[0018] In some examples, the plurality of rollers may
comprise a third roller. The third roller may be displaced
relative the first roller and the second roller in relation to
the firstreference axis. The method may further comprise
adjusting the positon of at least one of the first, second
and third roller relative to the second reference axis such
that the first roller is displaced relative to the second
and/or third roller in relation to the second reference axis.
A technical benefit may include that the third roller may
allow for additional flexibility in terms of weight-optimiza-
tion since the method may enabile rolling of the work piece
to obtain a profile sheet with three different sections with
different thicknesses.

[0019] In some examples, the method may further
comprise heating the work piece to a predetermined tem-
perature such that the work piece is mechanically work-
able when fed through the plurality of rollers. A technical
benefit may include ensuring proper deformation of the
work piece without the introduction of substantial stress
loads in the material.

[0020] Insome examplesthe work piece may be inany
one of a cast or rolled ferrous alloy, non-ferrous allow, or
a combination thereof such as steel, aluminum, titanium,
ceramic, and magnesium alloy.

[0021] In some examples, the method may comprise
cutting the profile sheet into a plurality of profile sheet
elements. The method may further comprise stacking the
profile sheet elements. A technical benefit may include
to enable more space-efficient transportation and storing
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of the profile sheet.

[0022] In some examples, the method may further
comprise folding the profile sheet along a folding axis
extending along or across the profile sheet. A technical
benefit may include that the profile sheet is formed to get
a desirable cross-section for subsequent production of a
weight-optimized profile element in a rapid and relatively
non-complex manner.

[0023] According to a second aspect of the disclosure
a profile sheet is provided. The profile sheet may be ob-
tained by the method of the disclosure.

[0024] According to a third aspect of the disclosure a
load-bearing structure for a vehicle is provided. The load-
bearing structure may comprise a profile element made
of the profile sheet of the disclosure.

[0025] According to a fourth aspect of the disclosure a
system for producing a profile sheet for a load-bearing
structure of a vehicle is provided. The system may com-
prise a plurality of rollers. The plurality of rollers may be
adapted to form awork piece fed along a feeding direction
through the plurality of rollers to the profile sheet. The
work piece may extend along a reference plane and the
plurality of rollers may comprise afirst roller and a second
roller displaced relative the first roller in relation to a first
reference axis extending along the reference plane and
orthogonally to the feeding direction.

[0026] The position of at least one of the first and sec-
ond roller may be adjustable relative a second reference
axis extending orthogonally to the first reference axis and
the reference plane such that the first roller is displace-
able relative the second roller and/or the second roller is
displaceable relative the first roller in relation to the sec-
ond reference axis.

[0027] The plurality of rollers may be operable to proc-
ess the work piece along the feeding direction to form
the work piece to the profile sheet.

[0028] The fourth aspect of the disclosure may seek
to provide a system allowing for an adaptable weight op-
timization of a profile sheet. A technical benefit may in-
clude that this may be achieved without additional ma-
chining steps or changing of the rollers, due to the first
and second roller allowing for controlling the achieved
deformation of separate parts of the cross-section of the
profile sheet by means of the adjustment of the position
relative the second reference axis. Thus, a non-complex
and cost-efficient manner of weight optimization may be
achieved.

[0029] Insome examples, the system may comprise a
first roller arrangement. The first roller arrangement may
comprise the first roller and a first associated roller. The
system may comprise a second roller arrangement. The
second roller arrangement may comprise the second roll-
er and a second associated roller. The system may be
adapted to roll the work piece between the first roller and
the first associated and between the second roller and
the second associated roller. A technical benefit may in-
clude that the independently operable roller arrange-
ments allows for a higher degree of control and speed



5 EP 4 353 374 A1 6

compared to a system where the work piece is rolled
between the first and second roller and a common aux-
iliary roller. Further, the independently operable roller ar-
rangements allows for control of the shape of the cross-
sectionin both directions along the second reference axis
further increasing the flexibility of the system and poten-
tial achievable shapes available by use of the system.
[0030] In some examples, the position of least one of
the first and second roller may be adjustable by means
of adjustment of the distance between the first roller and
the first associated roller and/or the distance between
the second roller and the second associated roller.
[0031] In some examples, the first roller and the sec-
ond roller may be aligned along a second reference
plane. The second reference plane may be orthogonal
to the reference plane. A technical benefit may include
that the profile sheet may be obtained without the need
of a long production line due to the first and second roller
being arranged in parallel.

[0032] In some examples, the first roller arrangement
and the second roller arrangement may be aligned along
the second reference plane.

[0033] In some examples, the first and second roller
arrangement may be provided as a first four high rolling
mill arrangement and a second four high rolling mill ar-
rangement, respectively. The first and second roller and
the first and second associated rollers may be main roll-
ers of said first and second four high rolling mill arrange-
ments, respectively. A technical benefit may include that
the four high rolling mill arrangements allows for a higher
production speed compared to a conventional rolling mill
arrangement.

[0034] Insome examples, the system may comprise a
drive arrangement. The drive arrangement may be
adaptedto drive atleast one roller of the plurality of rollers
to feed the work piece along the feeding direction.
[0035] In some examples, the plurality of rollers may
comprise a third roller. The third roller may be displaced
relative the first roller and the second roller in relation to
the first reference axis. The position of at least one of the
first, second and third roller may be adjustable relative
to the second reference axis such that said at least one
of the first, second and third roller is displaceable relative
to at one of the other roll of the first, second and third
roller in relation to said second reference axis. A technical
benefit may include that the third roller may allow for ad-
ditional flexibility in terms of weight-optimization since
the system may enable rolling of the work piece to obtain
a profile sheet with three different sections with different
thicknesses.

[0036] The above aspects, accompanying claims,
and/or examples disclosed herein above and later below
may be suitably combined with each other as would be
apparent to anyone of ordinary skill in the art.

[0037] Additional features and advantages are dis-
closed in the following description, claims, and drawings,
and in part will be readily apparent therefrom to those
skilled in the art or recognized by practicing the disclosure
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as described herein. There are also disclosed herein con-
trol units, computer readable media, and computer pro-
gram products associated with the above discussed tech-
nical benefits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] With reference to the appended drawings, be-
low follows a more detailed description of aspects of the
disclosure cited as examples.

FIG. 1A is an exemplary system for producing a pro-
file sheet according to one example.

FIG. 1B is another view of FIG. 1A according to one
example.

FIG. 1C is another view of FIG. 1B and FIG. 1C ac-
cording to one example.

FIG. 2 is an exemplary flow chart of a method for
producing a profile sheet according to one example.
FIG.3 is an exemplary flow chart of a method for
producing a profile sheet according to another ex-
ample.

FIG. 4 is an exemplary flow chart of a method for
producing a profile sheet according to another ex-
ample.

FIG. 5is an exemplary profile sheet according to one
example.

FIG. 6 is an exemplary profile sheet according to
another example.

FIG. 7 is an exemplary profile sheet according to
another example.

FIG. 8 is an exemplary load-bearing structure ac-
cording to one example.

FIG. 9 is an exemplary load-bearing structure ac-
cording to another example.

FIG. 10 is an exemplary load-bearing structure ac-
cording to another example.

FIG. 11 is an exemplary load-bearing structure ac-
cording to another example.

FIG. 12 is an exemplary load-bearing structure ac-
cording to another example.

FIG. 13 is an exemplary load-bearing structure ac-
cording to another example.

DETAILED DESCRIPTION

[0039] Aspects set forth below represent the neces-
sary information to enable those skilled in the art to prac-
tice the disclosure.

[0040] Inconventional milling methods for forming pro-
file sheets, a profile sheet with an even thickness is pro-
duced. However, in the field of load bearing structures
and in particular load bearing structures for vehicles,
weight optimization is of great importance. Thus, the ob-
tained profile sheet has to be machined or provided with
reinforcements in order to optimize the weight such that
portions of the profile manufactured from the profile sheet
which is subjected to loads are reinforced compared to
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other portions of said profile.

[0041] The weight optimization obtained with machin-
ing or the addition of reinforcing parts is expensive and
time consuming. Further, such weight optimization is not
easily adapted to accommodate for obtaining differently
shaped profile sheets and therefore provides a low-de-
gree of flexibility.

[0042] The method and system of this disclosure may
be intended to address any of the drawbacks mentioned
above and in the background section.

[0043] FIG.1A-C is an exemplary system according to
one example depicted from the back, front and the side.
[0044] The system 100 is intended to produce a profile
sheet for a load-bearing structure of a vehicle. The sys-
tem 100 may comprise a plurality of rollers 110. The plu-
rality of rollers 110 may be adapted to form a work piece
101 fed along a feeding direction FD to the profile sheet.
Hence, the plurality of rollers 110 may be adapted to de-
form the work piece 101 to obtain the cross-section of
the work piece 101.

[0045] The system 100 may be a roll milling system for
roll milling the work piece 101 to the profile sheet. The
plurality of rollers 110 may be roll milling rollers. The plu-
rality of rollers 110 may be operable to roll mill the work
piece 101.

[0046] The work piece 101 may extend along a refer-
ence plane RP.
[0047] The plurality of rollers 110 may comprise a first

roller 121 and a second roller 122. The second roller 122
is displaced relative the first roller 121 in relation to a first
reference axis RA1. The first reference axis RA1 may
extend along the reference plane RP and orthogonally
to the feeding direction FD.

[0048] Displaced herein refers to a component being
arranged at an offset to another component. Displacea-
ble herein refers to a component being movable to a po-
sition in which it is arranged at an offset to another com-
ponent.

[0049] The position of at least one of the first roller 121
and the second roller 122 may be adjustable relative a
second reference axis RA2. Hence, the position of the
firstroller 121 or the second roller 122 may be adjustable
relative the second reference axis RA2. Alternatively,
both the position of the first roller 121 and the second
roller 122 may be adjustable relative the second refer-
ence axis RA2. The relative distance along the second
reference axis RA2 between the first roller 121 and the
second roller 122 may thus be adjustable. Accordingly,
the first roller 121 and/or the second roller 122 may be
adjustable (movable) along the second reference axis
RA2.

[0050] The second reference axis RA2 may extend or-
thogonally to the first reference axis RA1 and the refer-
ence plane RP such thatthefirstroller 121 is displaceable
relative the second roller 122 and/or the second roller
122 is displaceable relative the first roller 121 in relation
to the second reference axis RA2.

[0051] The plurality of rollers 110 may be operable to
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process the work piece 101 along the feeding direction
FD to form the work piece 101 to the profile sheet.
[0052] The system 100 may be configured to feed the
work piece 101 along the feeding direction FD. The feed-
ing direction FD may extend horizontally. The work piece
101 may thus also extend horizontally. The reference
plane RP may be a horizontal plane. The first reference
axis RA1 may be a horizontal reference axis. The second
reference axis RA2 may be a vertical reference axis.
[0053] The plurality of rollers 110 may comprise a first
roller arrangement 111 and a second roller arrangement
112. The first roller arrangement 111 may comprise the
first roller 121 and a first associated roller 124. The sec-
ond roller arrangement 112 may comprise the second
roller 122 and a second associated roller125. The system
100 may be adapted to roll the work piece between the
first roller 121 and the first associated roller 124 and be-
tween the second roller 122 and the second associated
roller 125.

[0054] The position of the at least one of the first roller
121 and the second roller 122 may be adjustable by
means of adjustment of the distance between the first
roller 121 and the first associated roller 124 and/or the
distance between the second roller 122 and the second
associated roller 125. The distance between the first roll-
er 121 and the first associated roller 124 may extend
along the second reference axis RA2. The distance be-
tween the second roller 122 and the second associated
roller 125 may extend along the second reference axis
RA2.

[0055] The first roller 121 and the second roller 122
may be aligned along a second reference plane RP2.
The second reference plane RP2 may be orthogonal to
thereference plane RP. The second reference plane RP2
may be a vertical reference plane. Hence, the first roller
121 and the second roller 122 may be arranged side-by-
side in the second reference plane RP2.

[0056] The system 100 may be a four high rolling mill
system. Thus, the first roller arrangement 111 may be a
four high rolling mill arrangement, the first roller arrange-
ment 111 may accordingly be provided as a first four high
rolling mill arrangement. The second roller arrangement
112 may be a four high rolling mill arrangement, the sec-
ond roller arrangement 112 may accordingly be provided
a second four high rolling mill arrangement.

[0057] Thefirstroller 121 and the first associated roller
124 may accordingly be considered main rollers of the
first roller arrangement 111. The first roller arrangement
111 may further comprise a driven pair of backup rollers
131, 134. One of the driven pair of backup rollers 131 is
adapted to drive the first roller 121 and the other of the
driven pair of backup rollers 134 is adapted to drive the
first associated roller 124. The diameter of the backup
rollers 131, 134 may be larger than the diameter of the
first roller 121 and the first associated roller 124. Thus,
the first roller 121 and the first associated roller 124 will
be driven atarelatively high speed even when the backup
rollers 131, 134 are operated at a moderate or relatively



9 EP 4 353 374 A1 10

low speed due to the difference in diameter between the
backup rollers 131, 134 and the first roller 121 and first
associated roller 124.

[0058] The second roller 122 and the second associ-
ated roller 125 may accordingly be considered main roll-
ers of the second roller arrangement 112. The second
roller arrangement 112 may further comprise a driven
pair of backup rollers 132, 135. One of the driven pair of
backup rollers 132 is adapted to drive the first roller 122
and the other of the driven pair of backup rollers 135 is
adapted to drive the second associated roller 125. The
diameter of the backup rollers 132, 135 may be larger
than the diameter of the second roller 122 and the second
associated roller 125. Thus, the second roller 122 and
the second associated roller 125 will be driven at a rela-
tively high speed even when the backup rollers 132, 135
are operated at a moderate or relatively low speed due
to the difference in diameter between the backup rollers
132, 135 and the second roller 122 and second associ-
ated roller 125.

[0059] The system 100 may comprise a drive arrange-
ment 190. The drive arrangement 190 may be adapted
to drive at least one roller of the plurality of rollers 110 to
feed the work piece 101 along the feeding direction FD.
[0060] The drive arrangement 190 may be adapted to
drive the first roller 121 and the second roller 122 to feed
the work piece 101 along the feeding direction FD. The
drive arrangement 190 may be adapted to drive the first
roller arrangement 111 and the second roller arrange-
ment 112. Hence, the drive arrangement 190 may be
adaptedto drive thefirstroller 121 and the firstassociated
roller 124 and the second roller 122 and the second as-
sociated roller 125.

[0061] The drive arrangement 190 may be operably
connected to the back up rollers 131, 132, 134, 135 to
drive said back up rollers. The drive arrangement 190
may comprise a plurality of drive units for individually
driving the rollers and/or a gear mechanism for driving
multiple rollers with a single drive unit.

[0062] The adjustment of the position of the first roller
121 and/or the second roller 122 along the second ref-
erence axis RA2 may be performed by means of an ac-
tuating arrangement 191. The system 100 may thus com-
prise the actuating arrangement 191.

[0063] The plurality of rollers 110 may be hydraulically
or pneumatically operated. The actuating arrangement
191 may accordingly be a hydraulic or pneumatic actu-
ating arrangement. The actuating arrangement 191 may
comprise a first actuator operably connected to the first
roller 121 for adjusting the position of the first roller 121.
The actuating arrangement 191 may comprise a second
actuator operably connected to the second roller 122 for
adjusting the position of the second roller 122.

[0064] The plurality of rollers 110 may comprise a third
roller 123. The third roller 123 may be displaced relative
the first roller 121 and the second roller 122 in relation
to the first reference axis RA1. The position of at least
one of the first roller 121, the second roller 122 and the
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third roller 123 may be adjustable relative to the second
reference axis RA2, e.g. adjustable along the second
reference axis RA2, such that said at least one of the
first roller 121, the second roller 122 and the third roller
123 is displaceable relative to at least one other roller of
the first roller 121, the second roller 122 and the third
roller 123 in relation to the second reference axis RA2.
Preferably, each of the first roller 121, the second roller
122 and the third roller 123 is adjustable relative to the
second reference axis RA2.

[0065] The plurality of rollers 110 may hence comprise
a third roller arrangement 113. The third roller arrange-
ment 113 may comprise the third roller 123 and a third
associated roller 126. The system 100 may be adapted
to roll the work piece 101 between the third roller 123
and the third associated roller 126.

[0066] The position of the third roller 123 may be ad-
justable by means of the adjustment of adjustment of the
distance between the third roller 123 and the third asso-
ciated roller 126. The distance between the third roller
123 and the third associated roller 126 may extend along
the second reference axis RA2.

[0067] The third roller 123 may aligned with the first
roller 121 and the second roller 122 along the second
reference plane RP2. Hence, the first roller 121, the sec-
ond roller 122 and the third roller 123 may be arranged
side-by-side in the second reference plane RP2.

[0068] The third roller 123 may be provided as a third
four high rolling mill arrangement. The third roller 123
and the third associated roller 126 may accordingly be
considered main rollers of the third roller arrangement
113. The third roller arrangement 113 may further com-
prise a driven pair of backup rollers 133, 136. One of the
driven pair of backup rollers 133 is adapted to drive the
third roller 123 and the other of the driven pair of backup
rollers 136 is adapted to drive the third associated roller
126. The diameter of the backup rollers 133, 136 may be
larger than the diameter of the third roller 123 and the
third associated roller 126. Thus, the third roller 123 and
the third associated roller 126 will be driven at a relatively
high speed even when the backup rollers 133, 136 are
operated at a moderate or relatively low speed due to
the difference in diameter between the backup rollers
133, 136 and the third roller 123 and third associated
roller 126.

[0069] The drive arrangement 190 may be adapted to
drive the third roller 123 to feed the work piece 101 along
the feeding direction FD. The drive arrangement 190 may
be adapted to drive the third roller arrangement 113.
Hence the drive arrangement 190 may be adapted to
drive the third roller 123 and the third associated roller
126.

[0070] The adjustment of the position of the third roller
123 along the second reference axis RA2 may be per-
formed by means of the actuating arrangement 191. The
actuating arrangement 191 may comprise a third actuator
operably connected to the third roller 123 for adjusting
the positon of the third roller 123.
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[0071] Although only depicted with a first roller, second
roller and third roller, it is recognized that the system may
include additional rollers implemented in the same man-
ner.

[0072] Referencing FIG. 1A-C, the system 1000 of one
example is depicted from a back, side and front view.
[0073] FIG. 1A depicts the system 1000 in a back view.
The work piece 101 in the form of a planar plate is fed
towards the firstroller arrangement 111, the second roller
arrangement 112 and the third roller arrangement 113
along the feeding direction FD. The first roller arrange-
ment 111, the second roller arrangement 112 and the
third roller arrangement 113 may be arranged side-by-
side. The work piece 101 may be fed towards the roller
arrangements by means of driven rollers.

[0074] FIG. 1B depicts the system 1000 in a side view.
The work piece 101 is fed through the first roller arrange-
ment 111, the second roller arrangement 112 and the
third roller arrangement 113. The aforementioned roller
arrangements are driven by means of the drive arrange-
ment 190 to feed the work piece 101 through said roller
arrangements along the feeding direction FD. The first
roller arrangement 111, the second roller arrangement
112 and the third roller arrangement 113 may have been
adjusted such that one of the rollers of the first, second
and third rollers is displaced relative one of the remaining
rollers of the first, second and third rollers.

[0075] FIG. 1C depicts the system 1000 in a front view.
Upon feeding of the work piece 101 through the first,
second and third roller arrangement, a first portion of the
work piece 101 is rolled between the first roller 121 and
the first associated roller 124 to afirst thickness, a second
portion ofthe work piece 101 is rolled between the second
roller 122 and the second associated roller 125 to a sec-
ond thickness, a third portion of the work piece 101 is
rolled between the third roller 123 and third associated
roller 126 to a third thickness. The adjusted distance be-
tween the first roller 121 and the first associated roller
124 of the first roller arrangement 111 thus sets the first
thickness. The adjusted distance between the second
roller 122 and the second associated roller 125 of the
second roller arrangement 112 thus sets the second
thickness. The adjusted distance between the third roller
123 and the third associated roller 126 of the third roller
arrangement 113 thus sets the third thickness. The profile
sheet may thus be weight optimized based on how the
first, second and third roller arrangement are adjusted.
[0076] FIG. 2-4 depicts exemplary methods in accord-
ance with the present disclosure. The above-described
system may be configured to perform said method.
[0077] A method 1000 for producing a profile sheet for
aload-bearing structure of a vehicle is provided. The pro-
file sheet is produced through forming a work piece 101
by feeding the work piece along a feeding direction FD
through the plurality of rollers 110.

[0078] The work piece may extend along a reference
plane RP. The plurality of rollers 110 may comprise a
first roller 121 and a second roller 122 displaced relative
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the first roller 121 in relation to a first reference axis RA1.
The first reference axis RA1 may extend along the ref-
erence plane RP and orthogonal to the feeding direction
FD.

[0079] The work piece 101 may be in any one of a
ferrous alloy, non-ferrous alloy, or a combination thereof
such as steel, aluminum, titanium, ceramic, and magne-
sium alloy. The work piece 101 may be cast or rolled.
The work piece 101 may be in the form of a plate.
[0080] Referencing FIG. 2, the method may comprise
adjusting 1005 the position of at least one of the first roller
121 and second roller 122 relative a second reference
axis RA2, e.g. adjusting the first and/or second roller
along the second reference axis RA2. The second ref-
erence axis RA2 may extend orthogonally to the first ref-
erence axis RA1 and the reference plane RP such that
the first roller 121 is displaced relative the second roller
122 in relation to the second reference axis RA2. The
adjustment may be performed by means of the actuating
arrangement 191.

[0081] The method 1000 may comprise feeding 1010
the work piece 101 through the plurality of rollers along
the feeding direction FD to form the profile sheet.
[0082] The method 1000 may comprise operating
1015 the plurality of rollers 101 to process the work piece
along the feeding direction FD to form the work piece to
the profile sheet.

[0083] The plurality of rollers 110 may be operated
such that the first roller 121 and the second roller 122
causes the perpendicular distance between a side of the
profile sheet extending along the feeding direction FD
and the reference plane RP to vary along the first refer-
ence axis RA1.

[0084] The plurality of rollers 110 may be operated
such that the first roller 121 reduces the thickness of a
first portion of the cross-section of the work piece relative
the feeding direction FD to a first thickness. The plurality
of rollers 110 may be operated such that the second roller
122 reduces the thickness of a second portion of the
cross-section of the work piece 101 relative the feeding
direction FD to a second thickness. The first thickness
may be different from the second thickness. Hence, the
first thickness may be thinner than the second thickness
or alternatively thicker than the second thickness.
[0085] The plurality of rollers 110 may comprise a first
roller arrangement 111 and a second roller arrangement
112. The first roller arrangement 111 may comprise the
first roller 121 and a first associated roller 124. The sec-
ond roller arrangement 112 may comprise the second
roller 122 and a second associated roller 125. The meth-
od 1000 may further comprise feeding the work piece
between the first roller 121 and the first associated roller
124 and between the second roller 122 and the second
associated roller 125.

[0086] The position of the at least one of the first roller
121 and the second roller 122 may be adjusted by ad-
justing the distance between the first roller 121 and the
first associated roller 124 and/or the distance between
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the second roller 122 and the second associated roller
125.

[0087] The first roller 121 and the second roller 122
may be aligned along a second reference plane RP2 or-
thogonal to the reference plane RP.

[0088] The plurality of rollers 110 may be operated to
feed the work piece 101 along the feeding direction FD.
[0089] The plurality of rollers 110 may comprise a third
roller 123. The third roller may be displaced relative the
first roller 121 and the second roller 122 in relation to the
first reference axis RA1. The method 1000 may further
comprise adjusting the positon of at least one of the first,
second and third roller relative to the second reference
axis RA2 such that the firstroller 121 is displaced relative
to the second and/or third roller in relation to the second
reference axis RA2.

[0090] Referencing FIG. 3, the method may be per-
formed as a separate production step to be implemented
as a part of larger scale production method in which a
slab is processed into a work piece and the work piece
in turn is formed to a profile sheet as per the present
disclosure.

[0091] A slab is provided 1001 for being processed to
form the work piece 101. The slab is often relatively thick.
In order to efficiently reduce the thickness of the slab,
the slab may be hot milled 1002. As the skilled person is
aware, hot milling is a process where the heated-up work
piece is rolled to a thinner thickness. The slab may be
hot milled 1002 to a desired predetermined thickness.
[0092] The example described with reference to FIG.
2, may be denoted a reduction milling process 1003 in
which the work piece 101 is formed to the profile sheet.
The reduction milling process 1003 may include adjusting
1005 the position of at least one of the first and second
roller, feeding 1010 the work piece and operating 1015
the plurality of rollers to form the work piece to the profile
sheet.

[0093] Once the profile sheet is obtained, the profile
sheet may be coiled 1031.

[0094] Insome cases, the thickness of the profile sheet
may require additional reduction. Thus, the profile sheet
may be cold milled 1007 to obtain a final desired thick-
ness. Hence, the method may in one example further
comprise cold milling 1007 the profile sheet. During cold
milling the profile sheet is while being in a cooled down
state (compared to hot milling and the reduction milling)
is rolled between a plurality of rollers to reduce the thick-
ness of the profile sheet to a desired predetermined thick-
ness. Hence, the profile sheet may be allowed to cool
after the reduction milling 1003 before cold milling 1007
is initiated. If the profile sheet has been coiled prior to
cold milling, the profile sheet may be de-coiled prior to
cold milling.

[0095] The cold milling 1007 may be performed to re-
duce the thickness of the profile sheet or only some parts
of the profile sheet. In one example, the profile sheet may
be cold milled 1007 to reduce the thickness of the profile
sheetacross the entire profile sheet with a predetermined
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final thickness. In one example, selected portions extend-
ing along the profile sheet may be cold milled 1007 to a
predetermined final thickness.

[0096] In one example, the system 1000 may be uti-
lized for the cold milling. the plurality of rollers 110 may
be operated to cold mill 1007 the profile sheet. In one
example, the first roller 121 and the second roller 122
may be operated to cold mill 1007 the profile sheet. Thus,
the first roller 121 and the second roller 122 may be ad-
justed to a cold milling position. The profile sheet may
then be fed through the plurality of rollers, whereby the
first roller 121 and the second roller 122, and preferably
the first roller arrangement 111 and the second roller ar-
rangement 112, reduces the thickness of the profile
sheet. In one example, the position of the first roller 121
and the second roller 122 (and potentially the third roller
123) may be aligned along a plane orthogonal to the sec-
ond reference axis RA2 when adjusted to their cold mill-
ing positions. The first roller 121 and the second roller
122 (and potentially the third roller 123) may be aligned
such that the reduction of the thickness of the profile
sheet is uniform and the variation in thickness of the pro-
file sheet is maintained.

[0097] To exemplify, the profile sheet prior to cold mill-
ing may have thicknesses ranging between 6 and 8 mm.
After the cold milling, the thickness of the profile sheet
may be reduced with 2 mm uniformly, whereby the profile
sheet may have thicknesses ranging between 4 and 6
mm after cold milling. Thus, the cross-section of the pro-
file sheet is maintained but with an overall thickness re-
duction.

[0098] Although depicted as being performed after the
reduction milling process 1003, the cold milling 1007 may
also be performed on the slab to reduce the thickness of
the slab after hot milling and before the reduction milling
process 1003.

[0099] After the final desired thickness has been
achieved for example after the reduction milling 1003 or
the cold milling 1007, the profile sheet may be treated
for finishing 1005. The treatment for finishing 1005 may
include but not be limited to grinding, sand blasting, sub-
merging the profile sheet in acid and polishing. Hence,
the method may further comprise treating the profile
sheet for finishing 1005.

[0100] In order to form a final cross-section of the pro-
file sheet, the profile sheet may be slit 1060 to achieve
folding lines for folding of the profile sheet. The folding
lines may extend across or along the length of the profile
sheet.

[0101] Referencing FIG. 4, the method may further in-
clude preparation of the profile sheet and alteration of
the profile sheet in order to enable transport and subse-
quent manufacturing of a profile element.

[0102] The work piece may be heated 1009 to a pre-
determined temperature such that work piece 101 is me-
chanically workable when fed through the plurality of roll-
ers. The temperature may depend on the material of the
work piece 101. It is preferred that the work piece 101 is
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in a recrystallization phase or a semi solid phase when
it is fed through the plurality of rollers to be formed into
the profile sheet. During this phase, the work piece is
easily workable without being in a molten state.

[0103] For steel and steel-based alloys the predeter-
mined temperature may be over 800 °C. Preferably, the
predetermined temperature may be between 800 °C and
1500 °C.

[0104] For aluminum and aluminum-based alloys, the
predetermined temperature may be over 300 °C. Prefer-
ably, the predetermined temperature may be between
300 °C and 600 °C.

[0105] To achieve the desired cross-section, the meth-
od 1000 may comprise folding 1020 the profile sheet.
The profile sheetmay be folded along or across its length,
i.e. along a folding axis extending along or across the
profile sheet. Thus, the profile sheet may be folded after
the desired thickness and shape of the profile sheet has
been obtained after the reduction milling and potential
cold milling.

[0106] Inoneexample,the method 1000 may comprise
cutting 1032 the profile sheet into a plurality of profile
sheet elements. The method 1000 may further comprise
stacking 1033 the plurality of profile sheet elements, i.e.
stacking the plurality of sheet elements on top of each
other. Thereby, the profile sheet elements may be trans-
ported in a simple manner.

[0107] Inoneexample,the method 1000 may comprise
coiling 1031 the profile sheet onto a coil.

[0108] FIG. 5-7 depicts a profile sheet 200 according
to different examples. The profile sheet 200 may have
been obtained by the above described method.

[0109] Referencing FIG. 5, the profile sheet 200 has
been folded along a folding axis FA extending along the
profile sheet 200, i.e. along the length of the profile sheet.
The profile sheet 200 has been folded twice to form a U-
profile. In the depicted example, the thickness of a first
portion of the cross-section of the work piece has been
reduced to a first thickness t1. This may have been
achieved by means of the first roller. The thickness of a
second portion of the cross-section of the work piece has
been reduced to a second thickness t2. This may have
been achieved by means of the second roller. The thick-
ness of a third portion of the cross-section of the work
piece has been reduced to a third thickness t3. This may
have been achieved by means of the third roller. As de-
picted in FIG. 5, the first thickness t1 and the third thick-
ness t3 may be thicker than the second thickness t2.
[0110] Referencing FIG. 6, the profile sheet 200 has
similar to FIG. 5, been folded twice to form a U-profile.
However, the second thickness t2 may be thicker than
the first thickness t1 and the third thickness t3.

[0111] Referencing FIG. 7, the profile sheet 200 has
been folded along a folding axis FA extending across the
profile sheet 200, i.e. across the length of the profile
sheet. The profile sheet 200 has been folded twice to
form a U-profile. Hence, the obtained profile element may
have varying thickness in a lengthwise direction.
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[0112] Inthe depicted example, the thickness of a first
portion of the cross-section of the work piece has been
reduced to a first thickness t1. This may have been
achieved by means of the first roller. The thickness of a
second portion of the cross-section of the work piece has
been reduced to a second thickness t2. This may have
been achieved by means of the second roller. The thick-
ness of a third portion of the cross-section of the work
piece has been reduced to a third thickness t3. This may
have been achieved by means of the third roller. As de-
picted in FIG. 7, the first thickness t1 and the third thick-
ness t3 may be thicker than the second thickness t2.
[0113] Although only U-profiles are depicted herein, it
may be envisioned that the profile sheet may be folded
into any type of conventional profile available to the
skilled person.

[0114] FIG. 8-13 depicts a load-bearing structure ac-
cording to differentexamples. The load-bearing structure
may comprise a profile element made of the profile sheet
described above. The profile element may have been
obtained by cutting the folded profile sheet into profile
elements of a desired length. Hence, the profile element
may have a cross-section corresponding to the cross-
section of the folded profile sheet.

[0115] Referencing FIG. 8, the load-bearing structure
may be a frame rail 301, i.e. a frame rail 301 for a vehicle,
i.e. a frame rail of a vehicle frame. The frame rail 301
may comprise a curved portion 331 as is common for
commercial vehicles.

[0116] Referencing FIG. 9, the load-bearing structure
may be a cross-member 302 for a vehicle, i.e. a cross-
member for a vehicle frame. The cross-member may be
in the form of an elongated beam.

[0117] Referencing FIG. 10, the load-bearing structure
may be a reinforcement 303 for a vehicle, i.e. a reinforce-
ment for a vehicle frame.

[0118] Referencing FIG. 11, the load-bearing structure
may be a cross-member centerpiece 305 for a vehicle,
i.e. a cross-member centerpiece 304 for a vehicle frame.
[0119] Referencing FIG. 12, the load-bearing structure
may be a tie plate 305 for a vehicle.

[0120] Referencing FIG. 13, the load-bearing structure
may be a mounting bracket 306 for a vehicle.

[0121] The terminology used herein is for the purpose
of describing particular aspects only and is not intended
to be limiting of the disclosure. As used herein, the sin-
gular forms "a," "an," and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. As used herein, the term "and/or" in-
cludes any and all combinations of one or more of the
associated listed items. It will be further understood that
the terms "comprises," "comprising," "includes," and/or
"including" when used herein specify the presence of
stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups there-
of.
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[0122] It will be understood that, although the terms
first, second, etc., may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement from another. For example, a first element could
be termed a second element, and, similarly, a second
element could be termed afirst element without departing
from the scope of the present disclosure.

[0123] Relative terms such as "below" or "above" or
"upper"” or "lower" or "horizontal" or "vertical" may be used
herein to describe a relationship of one element to an-
other element as illustrated in the Figures. It will be un-
derstood that these terms and those discussed above
are intended to encompass different orientations of the
device in addition to the orientation depicted in the Fig-
ures. It will be understood that when an element is re-
ferred to as being "connected" or "coupled" to another
element, it can be directly connected or coupled to the
other element, or intervening elements may be present.
In contrast, when an element is referred to as being "di-
rectly connected" or "directly coupled” to another ele-
ment, there are no intervening elements present.
[0124] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure belongs. It will be
further understood that terms used herein should be in-
terpreted as having a meaning consistent with their
meaning in the context of this specification and the rele-
vantartand will notbe interpreted in anidealized or overly
formal sense unless expressly so defined herein.
[0125] Itistobe understood that the present disclosure
is not limited to the aspects described above and illus-
trated in the drawings; rather, the skilled person will rec-
ognize that many changes and modifications may be
made within the scope of the present disclosure and ap-
pended claims. In the drawings and specification, there
have been disclosed aspects for purposes of illustration
only and not for purposes of limitation, the scope of the
inventive concepts being set forth in the following claims.

Claims

1. Method (1000) for producing a profile sheet (200) for
a load-bearing structure of a vehicle through forming
a work piece (101) by feeding the work piece along
a feeding direction (FD) through a plurality of rollers
(110), wherein the work piece (101) extends along
a reference plane (RP) and the plurality of rollers
(110) comprises afirstroller (121)and a second roller
(122)displacedrelative thefirstroller (121) in relation
to a first reference axis (RA1) extending along the
reference plane (RP) and orthogonally to the feeding
direction (FD),
the method comprising:

- adjusting (1005) the position of at least one of
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the first and second roller (121, 122) relative a
second reference axis (RA2) extending orthog-
onally to the first reference axis (RA1) and the
reference plane (RP) such that the first roller
(121)is displacedrelative the secondroller (122)
in relation to said second reference axis (RA2);
- feeding (1010) the work piece (101) through
the plurality of rollers (110) along the feeding
direction (FD) to form the profile sheet (200); and
- operating (1015) the plurality of rollers (110) to
process the work piece (101) along the feeding
direction (FD) to form the work piece (101) to
the profile sheet (200).

The method (1000) of claim 1, further comprising
operating the plurality of rollers (110) such that the
firstand second roller (121, 122) causes the perpen-
dicular distance between a side of the profile sheet
(200) extending along the feeding direction (FD) and
the reference plane (RP) to vary along the first ref-
erence axis (RA1).

The method (1000) of any of claims 1-2, further com-
prising operating the plurality of rollers (110) such
that the first roller (121) reduces the thickness of a
first portion of the cross-section of the work piece
(101) relative the feeding direction (FD) to a first
thickness (t1) and the second roller (122) reduces
the thickness of a second portion of the cross-section
of the work piece (101) relative the feeding direction
(FD) to a second thickness (t2), wherein the first
thickness (t1) is different from the second thickness
(t2).

The method (1000) of any of claims 1-3, wherein the
plurality of rollers (110) comprises a first roller ar-
rangement (111) and a second roller arrangement
(112), the first roller arrangement (111) comprising
the firstroller (121) and a first associated roller (124)
and the second roller arrangement (112) comprising
the second roller (122) and a second associated roll-
er (125), the method further comprising feeding the
work piece (101) between the first roller (121) and
the first associated roller (124) and between the sec-
ond roller (122) and the second associated roller
(125).

The method (1000) of claim 4, further comprising
adjusting the position of the at least one of the first
and second roller (121, 122) by adjusting the dis-
tance between the first roller (121) and the first as-
sociated roller (124) and/or the distance between the
second roller (122) and the second associated roller
(125).

The method (1000) of any of claims 1-5, wherein the
first roller (121) and the second roller (122) are
aligned along a second reference plane (RP2) or-
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thogonal to the reference plane (RP).

The method (1000) of any of claims 1-6, further com-
prising operating the plurality of rollers (110) to feed
the work piece (101) along the feeding direction (FD).

The method (1000) of any of claims 1-7, wherein the
plurality of rollers (110) comprises a third roller (123)
displaced relative the firstroller (121) and the second
roller (122) in relation to the first reference axis
(RA1), the method further comprising adjusting the
positon of at least one of the first, second and third
roller (121,122, 123) relative to the second reference
axis (RA2) such that the first roller (121) is displaced
relative to the second and/or third roller (122, 123)
in relation to said second reference axis (RA2).

The method (1000) of any of claims 1-8, further com-
prising heating (1009) the work piece (101) to a pre-
determined temperature such that the work piece
(101)is mechanically workable when fed through the
plurality of rollers (110).

The method (1000) of any of claims 1-9, wherein the
work piece (101) is in any one of a cast or rolled
ferrous alloy, non-ferrous alloy, or a combination
thereof such as steel, aluminium, titanium, ceramic,
and magnesium alloy.

The method (1000) of any of claims 1-10, further
comprising cutting (1032) the profile sheet (200) into
a plurality of profile sheet elements.

The method (1000) of claim 11, further comprises
stacking (1033) the profile sheet elements.

The method of any of claims 1-10, further comprising
coiling (1031) the profile sheet (200) onto a coil.

The method (1000) of any of claim 1-13, further com-
prising folding (1020) the profile sheet (200) along a
folding axis (FA) extending along or across the profile
sheet (200).

A profile sheet (200) obtained by the method accord-
ing to any of claim 1-14.

A-load bearing structure (301, 302, 303, 304, 305,
306) for a vehicle comprising a profile element made
of the profile sheet (200) according to claim 15.

System (100) for producing a profile sheet (200) for
a load-bearing structure of a vehicle, the system
(100) comprising a plurality of rollers (110), wherein
the plurality of rollers (110) are adapted to form a
work piece (101) fed along a feeding direction (FD)
through said plurality of rollers (110) to the profile
sheet (101), wherein the work piece (101) extends
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along a reference plane (RP) and the plurality of roll-
ers (110) comprises a first roller (121) and a second
roller (122) displaced relative the first roller (121) in
relation to a first reference axis (RA1) extending
along the reference plane (RP) and orthogonally to
the feeding direction (FD),

- wherein the position of at least one of the first
and second roller (121, 122) is adjustable rela-
tive a second reference axis (RA2) extending
orthogonally to the first reference axis (RA1) and
the reference plane (RP) such that the first roller
(121) is displaceable relative the second roller
(122) and/or the second roller (122) is displace-
able relative the first roller (121) in relation to
said second reference axis (RA2); and

- wherein the plurality of rollers (110) are oper-
able to process the work piece (101) along the
feeding direction (FD) to form the work piece
(101) to the profile sheet (200).

The system (100) of claim 17, wherein the plurality
of rollers (110) comprises a first roller arrangement
(111) and a second roller arrangement (112), the
firstroller arrangement (111) comprising the first roll-
er (121) and a first associated roller (124) and the
second roller arrangement (112) comprising the sec-
ondroller (122) and asecond associated roller (125),
wherein the system (100) is adapted to roll the work
piece (101) between the first roller (121) and the first
associated roller (124) and between the second roll-
er (122) and the second associated roller (125).

The system (100) of claim 18, wherein the position
of the at least one of the first and second roller (121,
122) is adjustable by means of adjustment of the
distance between the first roller (121) and the first
associated roller (124) and/or the distance between
the second roller (122) and the second associated
roller (125).

The system (100) of any of claims 17-19, wherein
the first roller (121) and the second roller (122) are
aligned along a second reference plane (RP2) or-
thogonal to the reference plane (RP).

The system (100) of any of claim 18-20, wherein the
first and second roller arrangement (111, 112) are
provided as a first and second four high rolling mill
arrangement, whereby the first and second roller
(121, 122) and the firstand second associated rollers
(124, 125) are main rollers of said first and second
four high rolling mill arrangements, respectively.

The system (100) of any of claim 17-21, further com-
prising a drive arrangement (190) adapted to drive
at least one roller of the plurality of rollers (110) to
feed the work piece (101) along the feeding direction
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(FD).

The system (100) of any of claims 17-22, wherein
the plurality of rollers (110) comprises a third roller
(123) displaced relative the first roller (121) and the
second roller (122) in relation to the first reference
axis (RA1), wherein the position of at least one of
the first, second and third roller (121, 122, 123) is
adjustable relative to the second reference axis
(RA2) such that said at least one of the first, second
and third roller (121, 122, 123) is displaceable rela-
tive to at least one other roller of the first, second
and third roller (121, 122, 123) in relation to said sec-
ond reference axis (RA2).
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