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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an apparatus
for pre-forming a metal strip for the manufacture of roll
formed and welded tubes and a method of pre-forming
a metal strip.

BACKGROUND ART

[0002] Welded pipes and tubes are typically manufac-
tured by longitudinally forming flat metal stripsinto anear-
ly complete tube and then welding the two edges togeth-
er. There are many areas of application for roll formed
tubing, for example in the field of the HVAC&R market
(Heating, Ventilation, Air Conditioning, and Refrigera-
tion). Within this technical field, environmental demands
motivate a development toward air conditioning and re-
frigeration appliances with increased efficiency. In re-
sponse to this, efforts have been made to supply smaller-
diameter tubes with a wide range of inner surface en-
hancements, able to increase their heat transfer coeffi-
cient, in respect to standard smooth solutions. Methods
of manufacture of advanced products such as small di-
ameter welded tubes with inner surface patterning for
heat exchange applications must result in products with
minimal unwanted internal irregularities to obtain optimal
flow properties and heat transfer. With increasing de-
mands on cost reduction, there has been an interest in
providing an alternative to copper tubing, which has tra-
ditionally been dominating for use in air conditioning and
refrigeration appliances, in the form of aluminium tubing.
Itis therefore desirable to find a way to manufacture alu-
minium tubes with characteristics that are competitive for
the purpose of applications such as within the field of
HVAC&R.

[0003] WO 2019/168260 A1 discloses an engraved
and embossed embossing mold roller having an inter-
locking structure, wherein, in order to solve a problem in
that when an embossed pipe is manufactured using a
pipe making machine for manufacturing a metal pipe,
corrugated embossing patterns formed on an embossed
metal plate may be deformed in the process of passing
through a curved-male-and-female-interlocking-horizon-
tal-roller and a circularization-interlocking-horizontal-
and-vertical-roller of the pipe making machine, as aresult
of which the welding is impossible due to the inconsist-
ency in the corrugated embossing patterns, a plane hav-
ing a small width is formed in the lengthwise direction at
each of both side edges of the embossed metal plate to
be lower than the embossing pattern layer, so that a joint
in the lengthwise direction of the embossed metal pipe
can be welded, and a groove is formed in the welded
joint, whereby an embossed metal plate which prevents
a weld scar from being formed can be manufactured.
[0004] JP 2000 346580 A discloses a metal tube hav-
ing on its inner periphery one welded portion extended
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in an axial direction of the tube, portions each having no
fin and formed in a strip-like state at both sides of the
portion, and many fins formed in a range except the por-
tions and the portion. One or above protruding strip-like
portions intersecting in a cross-like state with the fins are
formed at one ends of the fins in such a manner that a
height of the portion is 10 to 120% of that of the fin.
[0005] WO01/02124 A1 discloses a manufacturing de-
vice for heating tube with internal grooves, comprising a
fin rolling roll and a supporting roll rolling a W-shaped fin
by sandwiching and rolling a metal strip material by these
rolls, a plurality of forming rolls for forming the fin formed
strip material in tubular shape so that the fin is positioned
on the inner peripheral side, and welding mechanisms
for welding both edges of the strip material formed in
tubular shape after heating and butting, the fin rolling roll
further comprising a plurality of segment rolls disposed
coaxially with each other and having outer peripheral sur-
faces in which fin rolling grooves are formed, these seg-
ment rolls being connected divergently with each other.
[0006] JP 2001 259733 A, forming the basis for the
preamble of claim 1, discloses an apparatus is provided
with band plate material feed mechanisms to run a metal
band plate material, a form rolling mechanism which
makes the band plate material pass at least between a
pair of form rolling rolls and form-rolls a groove and/or
fin to one of faces, a chamfering mechanism to chamfer
at least one side edge part of the band plate material, a
pipe forming mechanism to make the band plate material
formrolled pass through plural forming rolls and welding
mechanisms which heat butt/weld both side edges of the
band plate material formed to a tubular shape.

[0007] JP S60 196241 A discloses that a steel strip is
roll-worked continuously at edges in rough edge prepar-
ing rolls and finish edge preparing rolls via pinch rolls.
Rolls are forming rolls, by which the steel strip is formed
to a U-shape steel. The rolls consist of a lower roll having
the caliber of a groove shape and an upper horizontal
roll for pressurization. The roll has a horizontal part and
a shoulder part. Working is executed at the same speed
in the edge preparing line and cold roll forming line by
the above-mentioned method and therefore the equip-
ment is simple and extra manpower is not required. The
working efficiency for edge preparation is thus improved
and the cost thereof is reduced.

SUMMARY OF THE INVENTION

[0008] The present disclosure relates to an apparatus
for pre-forming a metal strip for the manufacture of roll
formed and welded tubes, according to claim 1.

[0009] Preferably, the central section of the strip edge
chamfering tool is dimensioned such that an embossed
pattern of a metal strip passing between the pair of rolls
through the edge chamfering clearance is not affected
by the rolls. The strip edge chamfering tool (30) is thereby
separate from the embossing tool and arranged down-
stream of the embossing tool in a travel direction (T) of
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the strip to be pre-formed.

[0010] The first and second rolls are shaped such that
the clearance comprises a central section dimensioned
such that an embossed pattern of a metal strip passing
between the pair of rolls is not affected by the rolls. The
clearance further comprises side sections arranged on
each side of the central section, in which the clearance
has a reduced height. The side sections are located in a
position where the longitudinal side edges of the metal
strip will pass, so that the longitudinal side edges on each
side of the metal strip, on the side of the metal strip di-
rected toward the embossing roll, become chamfered
when being passed between the pair of rolls. Thereby,
the height of the weld bead of the finished roll formed
and welded tube can be minimized.

[0011] Alternatively, the embossing tool and the strip
edge chamfering tool may be integrated so as to com-
prise one combined embossing and edge chamferingroll,
whereby the central embossing portion is comprised in
the central section of the edge chamfering clearance.
[0012] The embossing roll can be comprised of a cen-
tral embossing pattern roll pack and side rolls, where the
side rolls are arranged on each side of the central em-
bossing pattern roll pack, and wherein the central em-
bossing pattern roll pack has a cylindrical surface forming
the central portion and the side rolls have cylindrical sur-
faces forming the side portions. This allows flexibility as
to the choice of embossing pattern. The cylindrical sur-
face of the embossing roll preferably has a total width of
15 mm or more, and the central portion of the embossing
roll suitable has a width which is 85-99% of the total width.
[0013] The central section of the clearance between
the first and second rolls of the strip edge chamfering
tool, has a width which is equal to or greater than the
width of the central portion of the embossing roll to ensure
that the embossed pattern on the central portion of the
strip is not affected by the passage through the edge
chamfering tool. The first roll of the pair of rolls in the
edge chamfering tool is preferably designed to comprise
a recess having outwardly inclined side edges on each
side of the recess, running along the circumference of
the cylindrical surface of the first roll. The inclined side
edges are suitably inclined at an angle of 30-60°, prefer-
ably 43-47°, to give a sufficient edge chamfering.
[0014] The side sections of the clearance between the
first and second rolls each may suitably have a width
which for each of the side sections is equal to or greater
than half of the difference between the total width of em-
bossing tool (W1) and the width of the central portion of
embossing tool (W2).

[0015] Thepresentdisclosure further relates to a meth-
od of pre-forming a metal strip comprising embossing a
pattern on the strip in a central portion in a longitudinal
direction thereof, while side portions on each side of the
central portion of the strip are rolled without embossing
pattern, and chamfering the longitudinal side edges of
the strip on the side of the strip which is provided with
the embossed pattern. During the chamfering, the strip
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material at the longitudinal side edges of the strip are
pressed down, up to 20-60 % of the strip thickness, pref-
erably 35-40 %, thereby forming an inclined edge surface
along the longitudinal side edges of the strip, in order to
minimize the inner weld bead of the finished welded tube.
The embossing pattern provided on the strip comprises
protrusions, and the side portions of the strip are suitably
rolled during the embossing step to a strip thickness
which is approximately level with the strip thickness be-
tween the protrusions of the embossing pattern. Thereby,
the side portions of the strip will have a lower thickness
in respect to the thickness of original metal strip, which
leads to a smaller inner weld bead in the tube. Chamfer-
ing of the side edges preferably follows in a subsequent
step.

[0016] The present disclosure will become apparent
from the detailed description given below. The detailed
description and specific examples disclose preferred em-
bodiments of the disclosure by way of illustration only.
Those skilled in the art understand from guidance in the
detailed description that changes and modifications may
be made within the scope of the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Fig. 1 is a schematic illustration of a preferred pre-
forming set-up;

Fig. 2 is an exploded perspective view of an example
of an embossing roll according to a preferred em-
bodiment of the present disclosure;

Fig. 3a is a cross-sectional view of the embossing
roll of Fig. 2;

Fig. 3bis a cross-sectional view of the encircled de-
tail shown in Fig. 3a;

Fig. 3c is a cross-sectional view of a detail of an
alternative embodiment;

Fig. 4 schematically illustrates a detail of an emboss-
ing portion of an embossing roll of an example ac-
cording to the present disclosure;

Fig. 5 schematically illustrates a detail of an emboss-
ing portion of an embossing roll of another example
according to the present disclosure;

Fig. 6 shows a partly cross-sectional view of a tube
having an interior embossed pattern;

Fig. 7 schematically illustrates the edge of a strip
which is pre-formed by an embossing roll according
to the present disclosure.

Fig. 8a shows a portion of an edge chamfering roll;
Fig. 8b shows a portion of an edge chamfering tool
with a strip entering the tool;

Fig. 9a-c shows schematically the seam section of
a roll formed strip during welding of the longitudinal
side edges thereof.
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DETAILED DESCRIPTION

[0018] The present disclosure relates to an apparatus
for pre-forming a metal strip for the manufacture of roll
formed and welded tubes, comprising an embossing tool
and a strip edge chamfering tool. The strip edge cham-
fering tool may preferably be arranged downstream of
the embossing tool in a travel direction of the strip to be
pre-formed. However, as an alternative, chamfering of
the strip edges prior to the embossing may be contem-
plated, or integrating the embossing and the edge cham-
fering operation in one tool comprising a single combined
embossing an edge chamfering roll and an anvil. In an
apparatus with the edge chamfering tool arranged prior
to the embossing tool in the strip travel direction, the em-
bossing roll and the edge chamfering roll may include
the same features and configuration as is described be-
low for the embodiment in which the edge chamfering
tool arranged subsequent to the embossing tool in the
strip travel direction. In an apparatus comprising a com-
bined embossing and edge chamfering tool with a single
combined embossing an edge chamfering roll, the em-
bossing and edge chamfering are performed simultane-
ously, which means that the embossing pattern is ar-
ranged within the recess of the strip receiving clearance,
which is dimensioned so that the central portion of the
strip receives the embossing pattern on its surface and
the longitudinal side edges become chamfered, and that
preferably a non-patterned portion is provided on each
side of the embossed central portion of the strip.

[0019] Regardless of how the strip pre-forming appa-
ratus is set up, the intended result is the production of a
pre-formed metal strip having an embossed surface pat-
tern on a central portion thereof, and chamfered longitu-
dinal side edge portions, which allows for efficient man-
ufacture of small diameter tubes by roll forming and weld-
ing the pre-formed strip. In the following, the apparatus
is described basically based on the preferred embodi-
ment in which the embossing tool and the edge cham-
fering tool are separate tools, which each comprises a
strip pre-forming roll and an anvil. However, it should be
understood that the details described below apply to all
these embodiments, unless otherwise indicated.

[0020] By performing the embossing and the edge
chamfering in separate subsequent steps, the strip pre-
forming process is more flexible and the properties of the
resulting pre-formed strip are easier to control. In this
embodiment, the embossing tool comprises an emboss-
ing roll having a cylindrical surface with a central portion
and side portions arranged on each side of the central
portion, the central portion being provided with an em-
bossing pattern and the side portions are free from em-
bossing pattern. The strip edge chamfering tool compris-
es a pair of first and second rolls, wherein the first roll is
an edge chamfering roll comprising a recessed central
section and side sections on each side of the central sec-
tion, and the second roll is an anvil roll. The edge cham-
fering roll and the anvil are configured to receive and
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pass the metal strip in a clearance formed between the
rolls. The first and second rolls are shaped such that the
clearance comprises a central section dimensioned such
that an embossed pattern of a metal strip passing be-
tween the pair of rolls is not affected by the rolls. The
clearance further comprises side sections arranged on
each side of the central section, in which the clearance
has a reduced height. The side sections are located in a
position where the longitudinal side edges of the metal
strip will pass, so that the longitudinal side edges on each
side of the metal strip, on the side of the metal strip which
was directed toward the embossing roll, become cham-
fered when being passed between the pair of rolls. There-
by, the height of the weld bead of the finished roll formed
and welded tube can be minimized, as will be described
in more detail below. Accordingly, by means for the ap-
paratus a metal strip can be pre-formed so as to facilitate
welding and result in a final tube product with improved
weld quality.

[0021] The final tube products may suitably be ad-
vanced small diameter tube products made of aluminium
or alloys thereof, having a diameter of 20 mm or less,
preferably 5-10 mm. The tube products are preferably
manufactured as continuous tube coils having a length
of over 500 m, preferably over 1000 m. Such tube prod-
ucts find use for example within the field of heating, ven-
tilation, air conditioning or refrigeration.

[0022] Theprocess ofwelded tuberollforminginvolves
roll forming a pre-formed strip into a tubular shape and
welding the longitudinal edges of the strip together so as
to obtain the tube by means of high frequency welding
in aninduction heating weld coil. To achieve this, the strip
is fed into a forming mill or apparatus that shapes the
strip through different consecutive forming steps, per-
formed by as many forming rolls. As the strip passes
through the weld coil, an electromagnetic field is induced
around the weld coil, which induces a current to flow in
the strip, mostly concentrated at the edges to be joined.
The metals resistance to the electricity flow generates
the necessary heat development at these edges, that
rapidly reach the melting point. When the edges are still
in molten state, they are forged together thanks to the
interaction with side squeeze rolls, applying force on the
strips and, therefore, generating the required pressure
at the two edges’ interface. When passing through the
weld rolls, the oxidized metal and the molten metal are
extruded out of the joint and the clean underlying metal
is bonded. Following the welding, sizing rolls complete
the process, giving desired final geometry to the tube.
[0023] Production of advanced tube products such as
small diameter welded tubes with inner surface pattern-
ing for heat exchange applications from metal strips in-
volves a two-stage process, including the stage of pre-
forming the strip, and the stage of roll forming the strip
into a tubular shape and welding it into a tube.

[0024] In the manufacture of roll formed and welded
tube made from aluminium strips, it is important to miti-
gate problems that may arise due to characteristics of
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the aluminium material. In order to achieve desired heat
transfer properties, the tubes have an interior embossed
surface pattern. The variance in strip width should pref-
erably be kept at a minimum to improve stability in the
welding process and quality of the finished tube product.
[0025] The strip is typically provided in the form of a
blank strip coil to the pre-forming stage, in which the strip
is prepared to be ready for tube forming and welding in
the next stage. The pre-forming stage involves the step
of embossing the strip on the surface that will form the
inside of the tube, to obtain the embossed pattern that
will form the inner grooves of the tube. After the pre-
forming stage, the strip can suitably be stored in the form
of a coil, until it is to be roll formed and welded in the form
of a tube.

[0026] The embossing procedure that is performed in
an embossing station comprises a cold deformation proc-
ess performed on strips with the aim of obtaining the sur-
face pattern. The embossing pattern on the central por-
tion of the embossing roll preferably comprises a plurality
of elongated grooves having a certain depth and being
arranged at an angle with respect to the direction of ro-
tation of the embossing roll. The groove depth of the em-
bossing roll pattern is preferably below 0.35 mm. Various
embossing patterns can be applied, for example a helical
pattern improves the performance in evaporation appli-
cations, and a herringbone patternimproves the perform-
ance in condensation applications.

[0027] Applying the desired pattern onto the strip sur-
face by embossing is a cold roll-forming process, where
the blank strip is fed into a system of coupled rolls, com-
prising an embossing roll and an anvil roll, applying the
necessary forming pressure. The embossing roll has a
cylindrical surface comprising a central portion having an
embossing pattern and side portions arranged on each
side of the central portion. The side portions are free from
embossing pattern. The central portion of the embossing
rollis provided with a negative of the desired strip pattern,
and is pressed onto the strip, which is sustained by the
anvil roll, thereby cold roll-forming and embossing the
strip. The embossing pattern provided on the embossing
roll causes impression of a corresponding embossed pat-
tern on the strip surface, where the grooves of the em-
bossing roll pattern correspond to protruding fins on the
strip, so that a pattern of fins is created on the strip sur-
face. The fin height corresponds to maximum the groove
depth of the embossing roll pattern.

[0028] The anvilroll may be fixed in horizontal position,
while the embossing roll may have the freedom to be
adjusted in vertical direction, varying the gap between
the rolls, thus allowing to tailor and optimally distribute
forming pressure on the strip.

[0029] The central portion of the embossing roll may
be comprised of a central embossing pattern roll pack,
and the side portions may be comprised of side rolls,
arranged on each side of the central embossing roll pack.
The central embossing pattern roll pack has a cylindrical
surface forming the central portion of the embossing roll
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and the side rolls have cylindrical surfaces forming the
side portions of the embossing roll. In this way flexibility
as to the embossing pattern is obtained. Alternatively,
the embossing roll can be made in one piece.

[0030] The central embossing pattern roll pack can be
comprised of a single embossing pattern disc, or two or
more embossing pattern discs with or without spacer
discs in between. The embossing pattern discs and the
optionally included smooth spacer rings, may preferably
have bevelled edges at the interface between them, so
that circumferential channels are formed at said interfac-
es by the bevelled edges. This minimises locally stress
in the material, and thus decreases the risk that the tool
breaks.

[0031] The central embossing pattern roll pack takes
care of the pattern formation, and the side rolls serve to
provide non-patterned side portions on the strip, de-
scribed below, by pressing on the outer side portions of
the strip. The two side rolls can be bolted to the central
embossing ring, which can be clamped to a central shaft
and fixed in position in the embossing station.

[0032] As mentioned, the side portions of the emboss-
ing roll are free from embossing pattern. Thereby, the
outer side portions along the cold roll-formed and em-
bossed strip do not present any embossed pattern, but
have a smooth surface. By providing these non-patterned
side portions along the length of the strip during the pre-
forming stage, the risk of variations in the strip edge thick-
ness can be minimized and risk of uneven geometries at
the strip edge being presented at welding point can be
reduced, and the risk of embossed fins being welded
together causing formation of a large inner weld bead
can be avoided. Accordingly, the provision of the non-
patterned side portions on the embossed strip allows for
optimal control of the strip edge geometry, which is es-
sential in ensuring optimal welding conditions, to improve
process stability and post-welding tube quality.

[0033] The cylindrical surface of the embossing roll
may suitably have a total width of 15 mm or more, and
the central portion has a width, which is 85-99 % of the
total width. A strip width of 15 mm or more is suitable for
the manufacture of heat exchanger tubes for HYAC&R
applications, for example up to 64 mm.

[0034] The width of the non-patterned side portions of
the embossing roll is determined based on considera-
tions related to the welding ease and the heat transfer
performances of finished tube. Wider non-patterned side
portions will be easier to weld, since this will be closer to
a standard procedure of smooth strip welding. However,
too wide non-patterned side portions may adversely af-
fectthe final heat transfer performances, since in the ideal
case a continuous pattern all around the inner circumfer-
ence of the tube would be desired. Accordingly, the width
of the non-patterned side portions should preferably be
asmall as possible, while still ensuring that no embossed
fin would have been included in the inner weld bead. It
has been found that the combined width of both non-
patterned strip side portions should preferably be 1-15
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% of the total strip width when the strip has a total width
of 15 mm or more.

[0035] The cylindrical surfaces of the side portions of
the embossing roll are preferably level with the cylindrical
surface of the central portion between the grooves of the
embossing roll pattern. This is particularly beneficial in
combination with the edge chamfering of the strip that
takes place in the subsequent step of the pre-forming,
described below, since it can further reduce the height
of the inner weld bead of the finished welded tube. Ac-
cordingly, the strip in the area of the non-patterned side
portions is preferably rolled down to nominal bottom wall
thickness of the strip during the embossing stages, i.e.
so as to be level with the bottom of the grooves between
the fins of the embossed surface pattern. Therefore, the
side portions are kept smooth but are still rolled to a thick-
ness lower than the original one in blank form. This im-
proves the performance of the final tube, since the inner
weld bead height can be reduced, resulting in less dis-
turbance to fluid dynamics within the final tube. The de-
sired thickness of the non-patterned side portions can be
obtained by selecting the outer diameter of the emboss-
ing roll at the side portions to be the same as the outer
diameter of the embossing roll at the central portion.
[0036] During high frequency welding of roll formed
tubes in an induction heating weld coil, a weld bead is
normally formed on the inside of the tube. The high fre-
quency welding process is a true hot forging process,
during which a molten part of the tube edges is ejected
out of the welding area both inside and outside the tube.
The inner ejection forms, after solidification, the inner
bead. Forlarger diameter tubes, the weld bead does rare-
ly present a problem. However, internally enhanced
tubes suitable for HVAC&R applications typically have a
small diameter suitably 20 mm or less, and itis therefore
importantthat the inner weld bead is as small as possible.
To ensure minimum inner bead height, while maintaining
tube burst pressure at required levels, the strip edges of
the incoming embossed strip are modified in shape. The
strip edges are chamfered on the side that will form the
inside of the tube, in a cold roll forming process. By tai-
loring the chamfering angle and the length defining the
slope and dimension of the chamfering, the height of the
inner bead can be kept sufficiently low to be contained
within the depth of the embossed surface pattern.
[0037] As mentioned, according to the preferred em-
bodiment, the strip edge chamfering tool comprises a
pair of first and second rolls, which are configured to re-
ceive and pass the metal strip in a clearance formed be-
tween the rolls. The first and second rolls are shaped
such that the clearance comprises a central section di-
mensioned such that an embossed pattern of a metal
strip passing between the pair of rolls is not affected by
the rolls. This ensures that the embossed pattern is kept
intact on a strip that has been embossed prior to entering
the edge chamfering tool. The clearance further compris-
es side sections arranged on each side of the central
section, in which the clearance has a reduced height.
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The side sections are located in a position where the
longitudinal side edges of the metal strip will pass, so
that the longitudinal side edges on each side of the metal
strip, on the side of the metal strip which was directed
toward the embossing roll, become chamfered when be-
ing passed between the pair of rolls. After roll forming of
the strip into a nearly finished tube form, the edges of the
strip will be welded together. Due to the edges chamfer-
ing, less material is present at the longitudinal edges of
the strip. This is particularly pronounced when the non-
patterned side portions of the strip have been rolled to
be level with the bottom of the embossed pattern as de-
scribed above. Inthis way, inner weld bead starts building
up on the inner surface of the tube from a bottom wall
thickness level, instead of the higher original strip thick-
ness. Less material is ejected from the welding area and
the chamfered edges form a space where a part of the
molten material can be contained. Thereby, the height
of the weld bead of the finished roll formed and welded
tube can be minimized, while maintaining the capability
of the finished products to meet the mechanical require-
ments.

[0038] The rolls of the edge chamfering tool can be
designed in various ways. Preferably, the first roll of the
pair of rolls in the edge chamfering tool is arranged such
that the embossed side of the strip will face the first roll,
and is designed to comprise a recess having outwardly
inclined side edges on each side of the recess, running
along the circumference of the cylindrical surface of the
first roll. The inclined side edges are suitably inclined at
an angle of 30-60°, preferably 43-47°, to give a sufficient
edge chamfering. The side sections of the clearance be-
tween the first and second rolls each may suitably have
a width which for each of the side sections is equal to or
greater than half of the difference between the total width
of embossing tool (W1) and the width of the central por-
tion of embossing tool (W2). As the clearance between
the rolls of the edge chamfering tool is dimensioned so
as to not affect the embossing pattern, by having a height
that exceeds the maximum strip thickness, an outer edge
of the strip is chamfered by the inclined sides of chamfer
roll side sections, as schematically illustrated in Fig. 7,
which shows an edge chamfering operationin a step sub-
sequent to the embossing step.

[0039] The presentdisclosure further relates to a meth-
od of pre-forming a metal strip comprising embossing a
pattern on the strip in a central portion in a longitudinal
direction thereof, while side portions on each side of the
central portion of the strip are rolled without embossing
pattern, and chamfering the longitudinal side edges of
the strip on the side of the strip which is provided with
the embossed pattern. As mentioned above, the emboss-
ing is preferably performed separately prior to edge
chamfering, but can if desired be performed subsequent
to, or simultaneously with, the edge chamfering. During
the chamfering, the strip material at the longitudinal side
edges of the strip are pressed down, up to 20-60 % of
the strip thickness, preferably 35-40 %, thereby forming
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an inclined edge surface along the longitudinal side edg-
es of the strip, in order to minimize the inner weld bead
of the finished welded tube. The embossing pattern pro-
vided on the strip comprises protrusions, and the side
portions of the strip are suitably rolled during the emboss-
ing step to a strip thickness which is approximately level
with the strip thickness between the protrusions of the
embossing pattern, which is particularly advantageous
when the embossing is performed prior to edge cham-
fering.. Thereby, the side portions of the strip will have a
lower thickness which lead to a smaller inner weld bead
in the tube.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0040] The present disclosure will now be described
with reference to the accompanying drawings, in which
preferred example embodiments of the disclosure are
shown. The disclosure may, however, be embodied in
other forms and should not be construed as limited to the
herein disclosed embodiments. The disclosed embodi-
ments are provided to fully convey the scope of the dis-
closure to the skilled person.

[0041] Fig. 1 is a schematic illustration of a set-up 20
for pre-forming a metal strip 40. The set-up includes an
embossing station with an embossing roll 1 and an anvil
22, and an edge chamfering tool 30 comprising a pair of
roll 31, 32. The strip 40 travels through the pre-forming
tools in a travel direction T.

[0042] Fig. 2 is an exploded perspective view of an
example of an embossing roll, and Fig. 3a is a cross-
sectional view of the same roll, and Figs. 3b show details.
The embossing roll 1 has a cylindrical surface 2, which
comprises a central portion 3 having an embossing pat-
tern 10 and side portions 4a, 4b arranged on each side
of the central portion 3. The side portions 4a, 4b are free
from embossing pattern as shown in Fig. 3b. The cylin-
drical surface of the embossing roll has a total width W1,
and the central portion has a width W2, which is 85-99%
of the total width W1.

[0043] In the shown example, the central portion 3 of
the embossing roll 1 is comprised of a central embossing
pattern roll 6, and the side portions 4a,4b are comprised
of side rolls 7a,7b. The side rolls are arranged on each
side of the central embossing roll. The embossing pattern
10 on the central portion of the embossing roll comprises
a plurality of elongated grooves 11 having a depth D1
and being arranged at an angle with respect to the direc-
tion of rotation of the embossing roll, said groove depth
D1 of the embossing pattern preferably being below 0.35
mm. As shown in Figs. 3a-b, the cylindrical surfaces of
the side portions 4a,4b are level with the cylindrical sur-
face of the central portion 3 between the grooves.
[0044] Fig. 3cis a schematic cross-sectional view of a
detail of a combined embossing and edge chamfering
roll. In this case, the embossing portion 3’ is arranged in
the central section 34’ of the recess 37’. The non-pat-
terned side portion 4a’ is also included in the central sec-
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tion 34’. The side section 35’ includes the inclined edge
chamfering side edges 36'.

[0045] The central embossing roll can be in the form
of an embossing pattern roll pack, comprising multiple
embossing pattern rolls. Thus, the central portion 3 of
the embossing roll 1 can be comprised of an embossing
pattern roll pack including one or more embossing pattern
discs 13a, 13b with cylindrical embossing surfaces hav-
ing the same or different embossing pattern provided
thereon. Fig. 4 illustrates a detail of an embossing roll
pack comprising two pattern rolls, the metal strip 40 to
be embossed, and the anvil 22. In this case, the emboss-
ing pattern roll pack comprises two embossing pattern
discs 13a, 13b each having an embossing pattern con-
sisting of grooves arranged at an angle, but with mirroring
patterns, which together form a herringbone pattern on
the embossed strip. Fig. 5 illustrates a detail of an em-
bossing roll pack comprising a smooth spacer ring 15
between the embossing pattern disc 13a,13b. In this
case, the cylindrical surface of each spacer ring is level
with the cylindrical surface of the central portion 3 be-
tween the grooves. As shown in Fig. 5, the embossing
pattern discs 13a,13b and the smooth spacer ring 15
have bevelled edges 16,17 at the interface between
them. Fig. 6 shows a partly cross-sectional view of a tube
18 having an interior embossed herringbone pattern 19.
[0046] Fig. 7 shows a cross-section of a portion of a
finished pre-formed strip, which has been pre-formed by
an embossing roll according to the present disclosure in
a step subsequent to embossing. The contour of the re-
cess provided in the edge chamfering roll 31 is indicated
by means of a dashed line. The recess that comprises
the central section 34 and the side sections 35 (of which
only oneis showninFig. 7) forms the strip receiving clear-
ance 33 together with the anvil (not shown). The clear-
ance 33 is dimensioned so that the fins 44 of embossed
pattern in the central portion 41 of the strip are not affect-
ed, and in this example the side section 35 which com-
prises the outwardly inclined edge chamfering side edge
36 has a width which is greater than the non-patterned
side portion 42 of the strip. The outermost edge of the
strip is chamfered down to a thickness represented at
the dashed line 43. The drawing also shows how the
surface of the side portion 42 is level with the bottom of
the grooves created between the fins 44 of the central
portion 41 on which an embossing pattern is provided
comprises a plurality of protruding fins 44 (only one fin
is shown in this drawing). The fins 44 correspond to the
grooves 11 of the embossing pattern 10 on the emboss-
ing roll (Fig. 3b).

[0047] Fig. 8a shows a portion of an edge chamfering
roll 31 comprising a central section 34 dimensioned such
that an embossed pattern of a metal strip passing be-
tween the pair of rolls is not affected by the rolls 31,32.
Side sections 35 are arranged on each side of the central
section, in which the clearance 33 has a reduced height.
The central section 34 and the side sections 35 together
form a recess 37 running along the circumference of the
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cylindrical surface of the first roll. The recess has out-
wardly inclined side edges 36 on each side formed at the
side sections 35. Fig. 8b shows a portion of an edge
chamfering tool configured to receive and pass the metal
strip 40 in a clearance 33 formed between the rolls 31,
32. In this drawing, the upper roll 31 corresponds to the
roll shown in Fig. 8a. the upper roll forms the edge cham-
fering on the side of the strip which is to be the inside of
the finished tube. The roll 32 acts as an anvil.

[0048] Fig. 9a-c illustrates the welding principle and
shows the seam section of a roll formed strip during weld-
ing of the longitudinal side edges thereof. After pre-form-
ing in the apparatus comprising the embossing tool and
the edge chamfering tool, the strip is roll formed until the
chamfered edges have been brought close to one anoth-
er (Fig. 9a). The nearly closed tube is subjected to high
frequency welding by passing it through a welding coil,
in which the strip material starts to melt due to the energy
induced by the high frequency coil (Fig. 9b). During the
welding, the molten material fills the space formed be-
tween the chamfered edges of the strip and forms the
weld bead (Fig. 9c). because of this space and the low
thickness of the strip at the welding area, the inner weld
bead height can be kept at a minimum.

[0049] The person skilled in the art realizes that the
present disclosure is not limited to the preferred embod-
iments described above. The person skilled in the art
further realizes that modifications and variations are pos-
sible within the scope of the appended claims. Addition-
ally, variations to the disclosed embodiments can be un-
derstood and effected by the skilled person in practicing
the claimed disclosure, from a study of the drawings, the
disclosure, and the appended claims.

Claims

1. An apparatus for pre-forming a metal strip (40) for
the manufacture of roll formed and high frequency
welded tubes with inner grooves, comprising an em-
bossing tool (20) and a strip edge chamfering tool
(30) wherein

- the embossing tool comprises an embossing
roll (1) having a cylindrical surface (2) with a cen-
tral embossing portion (3, 3’), and side portions
(4a, 4b) arranged on each side of the central
embossing portion, said central portion being
provided with an embossing pattern (10) and
said side portions being free from embossing
pattern,

characterized in that

- the strip edge chamfering tool comprises an
edge chamfering roll (31) comprising arecessed
central section (34, 34’) and side sections (35,
35’) on each side of the central section, and an
anvil roll (32), wherein the edge chamfering roll
(31) and the anvil roll (32) are configured to re-
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ceive and pass, in use, the metal strip in a clear-
ance (33) formed between the rolls, wherein the
clearance (33) has a reduced height in the side
sections, which are located in a position where
the longitudinal side edges of the metal strip will
pass, so thatthe longitudinal side edges on each
side of the metal strip, and on the embossed
side of the metal strip become chamfered when
being passed between the pair of rolls (31, 32),
wherein an embossing pattern (10) on the cen-
tral embossing portion comprises a plurality of
grooves (11) arranged in the cylindrical surface
of the central portion (3), and

wherein the cylindrical surface of each side por-
tion (4a, 4b) is level with the cylindrical surface
of the central portion (3) between the grooves.

2. The apparatus of claim 1, wherein

- the strip edge chamfering tool (30) is arranged
downstream of the embossing tool in a travel
direction (T) of the strip to be pre-formed, and
- the central section (34) of the strip edge cham-
fering tool (30) is dimensioned such that an em-
bossed pattern of a metal strip passing between
the pair of rolls through the edge chamfering
clearance (33) is not affected by the rolls (31,
32).

3. The apparatus of claim 1, wherein the embossing
tool and the strip edge chamfering tool are integrated
so as to comprise one combined embossing and
edge chamfering roll, whereby the central emboss-
ing portion (3’) is comprised in the central section
(34’) of the edge chamfering clearance (33).

4. The apparatus of any one of claims 1-3, wherein the
embossing roll (1) is comprised of a central emboss-
ing pattern roll pack (6) and side rolls (7a, 7b), said
side rolls being arranged on each side of the central
embossing pattern roll pack, and wherein the central
embossing pattern roll pack has a cylindrical surface
forming the central portion (3) and the side rolls have
cylindrical surfaces forming the side portions (4a,
4b).

5. The apparatus of any one of claims 1-4, wherein the
cylindrical surface of the embossing roll has a total
width (W1) of 15 mm or more, and the central portion
of the embossing roll has a width (W2), which is
85-99% of the total width (W1).

6. The apparatus ofclaim 5, wherein the central section
(34) of the clearance (33) between the first and sec-
ond rolls (31, 32) of the strip edge chamfering tool
(30), has a width (W3) which is equal to or greater
than the width (W2) of the central portion (3) of the
embossing roll (1).
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The apparatus of claim 5 or 6, wherein the side sec-
tions (35) of the clearance (33) between the first and
second rolls (31, 32) each have a width which is
equal to or greater than half of the difference between
the total width of embossing tool (W1) and the width
of the central portion of embossing tool (W2).

The apparatus of any one of claims 1-7, wherein the
firstroll (31) of the pair of rolls in the edge chamfering
tool comprises a recess (37) having outwardly in-
clined side edges (36) on each side of the recess,
running along the circumference of the cylindrical
surface of the first roll.

The apparatus of claim 8, wherein the inclined side
edges (36) are inclined at an angle of 30-60°, pref-
erably 43-47°.

A method of pre-forming a metal strip (40) for the
manufacture of roll formed and high frequency weld-
ed tubes with inner grooves, using the apparatus of
any one of the preceding claims, and comprising the
steps of:

- embossing a pattern on a central portion (41)
of the strip, in a longitudinal direction thereof,
while side portions (42) on each side of the cen-
tral portion of the strip are rolled without emboss-
ing pattern, wherein the embossing pattern com-
prises protrusions (44), and the side portions of
the strip are rolled during the embossing step to
a strip thickness which is approximately level
with the strip thickness between the protrusions
of the embossing pattern, and

- chamfering the longitudinal side edges (43) of
the strip on the side of the strip which is provided
with the embossed pattern.

The method of claim 10, wherein, during the cham-
fering, the strip material at the longitudinal side edg-
es (43) of the strip are pressed down, up to 20-60 %
of the strip thickness, preferably 35-40 %, thereby
forming an inclined edge surface along the longitu-
dinal side edges of the strip.

The method of claim 10 or 11 using the apparatus
of any one of claims 2 or 4 to 9 when depending on
claim 2, wherein chamfering of the side edges fol-
lows in a subsequent step.

The method of claim 10 or 11 using the apparatus
of any one of claims 3 or 4 to 9 when dependent on
claim 3, wherein the embossing and edge chamfer-
ing are performed simultaneously in an integrated
embossing and edge chamfering tool.
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Patentanspriiche

1.

Vorrichtung zum Vorformen eines Metallbandes (40)
zur Herstellung von walzgeformten und hochfre-
quenzgeschweillten Rohren mit Innenrillen, umfas-
send ein Pragewerkzeug (20) und ein Bandkanten-
Anfaswerkzeug (30), wobei

- das Pragewerkzeug eine Pragewalze (1) um-
fasst, die eine zylindrische Flache (2) mit einem
zentralen Prageabschnitt (3, 3’) und Seitenab-
schnitte (4a, 4b) aufweist, die auf jeder Seite
des zentralen Prageabschnitts angeordnet sind,
wobei der zentrale Abschnitt mit einem Prage-
muster (10) versehen ist und die Seitenab-
schnitte frei von Pragemuster sind,

dadurch gekennzeichnet, dass

- das Bandkanten-Anfaswerkzeug eine Kanten-
anfaswalze (31), die einen ausgesparten zen-
tralen Abschnitt (34, 34’) und Seitenabschnitte
(35, 35’) aufjeder Seite des zentralen Abschnitts
umfasst, und eine Ambosswalze (32) umfasst,
wobei die Kantenanfaswalze (31) und die Am-
bosswalze (32) ausgestaltet sind, um im Ge-
brauch das Metallband in einem Zwischenraum
(33), der zwischen den Walzen gebildet ist, auf-
zunehmen und weiterzufiihren, wobei der Zwi-
schenraum (33) eine verringerte Héhe in den
Seitenabschnitten aufweist, die sich in einer Po-
sition befinden, in der die Langsseitenkanten
des Metallbandes hindurchgehen werden, so-
dass die Langsseitenkanten auf jeder Seite des
Metallbandes und auf der gepragten Seite des
Metallbandes angefast werden, wenn es zwi-
schen dem Walzenpaar (31, 32) hindurchge-
fuhrt wird,

wobei ein Pragemuster (10) auf dem zentralen
Prageabschnittmehrere Rillen (11) aufweist, die
in der zylindrischen Flache des zentralen Ab-
schnitts (3) angeordnet sind, und

wobei die zylindrische Flache jedes Seitenab-
schnitts (4a, 4b) gleichauf mit der zylindrischen
Flache des zentralen Abschnitts (3) zwischen
den Rillen ist.

2. Vorrichtung nach Anspruch 1, wobei

- das Bandkanten-Anfaswerkzeug (30) in einer
Transportrichtung (T) des vorzuformenden Ban-
des dem Pragewerkzeug nachgeschaltet ange-
ordnet ist und

- der zentrale Abschnitt (34) des Bandkanten-
Anfaswerkzeugs (30) so dimensioniert ist, dass
ein gepragtes Muster eines Metallbandes, das
zwischen dem Walzenpaar durch den Kanten-
anfaszwischenraum (33) hindurchgeht, von den
Walzen (31, 32) nicht beeinflusst wird.
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Vorrichtung nach Anspruch 1, wobei das Pragewerk-
zeug und das Bandkanten-Anfaswerkzeug integriert
sind, um so eine kombinierte Prage- und Kantenan-
faswalze zu umfassen, wodurch der zentrale Prage-
abschnitt (3’) in dem zentralen Abschnitt (34’) des
Kantenanfaszwischenraums (33) enthalten ist.

Vorrichtung nach einem der Anspriiche 1 bis 3, wo-
bei die Pragewalze (1) aus einem zentralen Prage-
muster-Walzenpaket (6) und Seitenwalzen (7a, 7b)
besteht, wobei die Seitenwalzen auf jeder Seite des
zentralen Pragemuster-Walzenpakets angeordnet
sind und wobei das zentrale Pragemuster-Walzen-
paket eine zylindrische Flache aufweist, die den zen-
tralen Abschnitt (3) bildet, und die Seitenwalzen zy-
lindrische Flachen aufweisen, welche die Seitenab-
schnitte (4a, 4b) bilden.

Vorrichtung nach einem der Anspriiche 1 bis 4, wo-
bei die zylindrische Flache der Pragewalze eine ge-
samte Breite (W1) von 15 mm oder mehr aufweist
und der zentrale Abschnitt der Pragewalze eine Brei-
te (W2) aufweist, die 85 bis 99 % der gesamten Breite
(W1) betragt.

Vorrichtung nach Anspriich 5, wobei der zentrale Ab-
schnitt (34) des Zwischenraums (33) zwischen der
ersten und der zweiten Walze (31, 32) des Bandkan-
ten-Anfaswerkzeugs (30) eine Breite (W3) aufweist,
die gleichgrof’ wie oder grofer als die Breite (W2)
des zentralen Abschnitts (3) der Pragewalze (1) ist.

Vorrichtung nach Anspruch 5 oder 6, wobei die Sei-
tenabschnitte (35) des Zwischenraums (33) zwi-
schen der ersten und der zweiten Walze (31, 32)
jeweils eine Breite aufweisen, die gleichgrol3 wie
oder groRer als die Halfte des Unterschieds zwi-
schen der gesamten Breite des Pragewerkzeugs
(W1) und der Breite des zentralen Abschnitts des
Pragewerkzeugs (W2) ist.

Vorrichtung nach einem der Anspriiche 1 bis 7, wo-
bei die erste Walze (31) des Walzenpaars in dem
Kantenanfaswerkzeug eine Aussparung (37) um-
fasst, die nach auen geneigte Seitenkanten (36)
auf jeder Seite der Aussparung aufweist, die langs
des Umfanges der zylindrischen Flache der ersten
Walze verlaufen.

Vorrichtung nach Anspruch 8, wobei die geneigten
Seitenkanten (36) unter einem Winkel von 30 bis 60°,
vorzugsweise 43 bis 47°, geneigt sind.

Verfahren zum Vorformen eines Metallbandes (40)
zur Herstellung von walzgeformten und hochfre-
quenzgeschweilten Rohren mit Innenrillen unter
Benutzen der Vorrichtung nach einem der vorherge-
henden Anspriiche und die Schritte umfassend:
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- Prégen eines Musters auf einem zentralen Ab-
schnitt (41) des Bandes in einer Langsrichtung
davon, wahrend Seitenabschnitte (42) auf jeder
Seite des zentralen Abschnitts des Bandes oh-
ne Pragemuster gewalzt werden, wobei das
Pragemuster Vorspriinge (44) umfasst und die
Seitenabschnitte des Bandes wahrend des Pra-
geschritts zu einer Bandstarke gewalzt werden,
die etwa gleichgrol? wie die Bandstarke zwi-
schen den Vorspriingen des Pragemusters ist,
und

- Anfasen der Langsseitenkanten (43) des Ban-
des auf der Seite des Bandes, die mit dem ge-
pragten Muster versehen wird.

Verfahren nach Anspruch 10, wobei wahrend des
Anfasens das Bandmaterial an den Langsseitenkan-
ten (43) des Bandes nach unten gedriickt wird, bis
zu 20 bis 60 % der Bandstarke, vorzugsweise 35 bis
40 %, wodurch eine geneigte Kantenflache langs der
Langsseitenkanten des Bandes gebildet wird.

Verfahrennach Anspruch 10 oder 11 unter Benutzen
der Vorrichtung nach einem der Anspriiche 2 oder
4 bis 9, wenn von Anspruch 2 abhangig, wobei das
Anfasen der Seitenkanten in einem nachfolgenden
Schritt erfolgt.

Verfahrennach Anspruch 10 oder 11 unter Benutzen
der Vorrichtung nach einem der Anspriiche 3 oder
4 bis 9, wenn von Anspruch 3 abhangig, wobei das
Pragen und Kantenanfasen gleichzeitig in einem in-
tegrierten Prage- und Kantenanfaswerkzeug durch-
gefuhrt werden.

Revendications

Appareil de pré-formage d'une bande métallique
(40) pour la fabrication d’'un rouleau formé et de tu-
bes soudés a haute fréquence avec des sillons in-
ternes, comprenant un outil d’'embossage (20) et un
outil de chanfreinage de bord de bande (30)

- l'outil dembossage comprenant un rouleau
d’embossage (1) ayant une surface cylindrique
(2) avec une portion d’'embossage centrale (3,
3’) et des portions latérales (4a, 4b) disposées
de chaque cb6té de la portion d’embossage cen-
trale, ladite portion centrale étant fournie avec
un profil d’'embossage (10) et les dites portions
latérales étant exemptes du profil d’embossage,
caractérisé en ce que

- I'outil de chanfreinage de bord de bande com-
prend un rouleau de chanfreinage de bord (31)
comprenant une section centrale en retrait (34,
34’) et des sections latérales (35, 35’) sur cha-
que coté de la section centrale et un rouleau a
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enclume (32), le rouleau de chanfreinage de
bord (31) etle rouleau a enclume (32) étant con-
figurés pourrecevoir et passer, al'usage, laban-
de métallique dans une garde (33) formée entre
les rouleaux, la garde (33) ayant une hauteur
réduite dans les sections latérales, qui sont si-
tuées dans une position ou les bords latéraux
longitudinaux de la bande métallique vont pas-
ser, de sorte que les bords latéraux longitudi-
naux sur chaque c6té de la bande métallique et
sur le c6té embossé de la bande métallique de-
viennent chanfreignés quandils sont passés en-
tre la paire de rouleaux (31, 32),

un profil d’'embossage (10) sur la portion d’em-
bossage centrale comprenant une pluralité de
sillons (11) disposés dans la surface cylindrique
de la portion centrale (3) et

la surface cylindrique de chaque portion latérale
(4a, 4b) étant au niveau avec la surface cylin-
drique de la portion centrale (3) entre les sillons.

2. Appareil selon la revendication 1, dans lequel

- 'outil de chanfreinage de bord de bande (30)
est disposé en aval de I'outil 'embossage dans
une direction de voyage (T) de la bande a pré-
former,

- la section centrale (34) de I'outil de chanfrei-
nage de bord de bande (30) est dimensionnée
de telle maniére qu’un profilembossé d’'une ban-
de de métal passant entre la paire de rouleaux
par la garde de chanfreinage (33) de bord n’est
pas affectée par les rouleaux (31, 32).

Appareil selon la revendication 1, dans lequel I'outil
d’embossage et I'outil de chanfreinage de bord de
bande sont intégrés de maniére a comprendre un
rouleau d’embossage et de chanfreinage de bord
combinés, moyennant quoi la portion d’embossage
centrale (3’) est comprise dans la section centrale
(34’) de la garde de chanfreinage de bord (33).

Appareil selon I'une quelconque des revendications
1 a 3, dans lequel le rouleau d’'embossage (1) com-
prend un pack de rouleau de profild’embossage cen-
tral (6) et des rouleaux latéraux (7a, 7b), lesdits rou-
leaux latéraux étant disposés sur chaque c6té du
pack de rouleau de profil d’embossage central et le
pack de rouleau de profil d’embossage central ayant
une surface cylindrique formant la portion centrale
(3) et les rouleaux latéraux ayant des surfaces cy-
lindriques formant les portions latérales (4a, 4b).

Appareil selon I'une quelconque des revendications
1 a 4, dans lequel la surface cylindrique du rouleau
d’embossage a une largeur totale (W1) de 15 mm
ou plus et la portion centrale du rouleau d’'embossa-
ge a une largeur (W2) qui est de 85 a 99 % de la
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largeur totale (W1) .

Appareil selon la revendication 5, dans lequel la sec-
tion centrale (34) de la garde (33) entre le premier
et le second rouleau (31, 32) de l'outil de chanfrei-
nage de bord de bande (30) a une largeur (W3) qui
est supérieure ou égale a la largeur (W2) de la por-
tion centrale (3) du rouleau d’embossage (1).

Appareil selon la revendication 5 ou 6, dans lequel
les sections latérales (35) de la garde (33) entre les
premier et second rouleaux (31, 32) ont chacun une
largeur qui est supérieure ou égale a la moitié de la
différence entre la largeur totale de I'outil d’embos-
sage (W1)etlalargeur de la portion centrale de I'outil
d’embossage (W2).

Appareil selon I'une quelconque des revendications
1a7,dans lequel le premier rouleau (31) de la paire
de rouleaux dans I'outil de chanfeinage de bord com-
prend un retrait (37) ayant des bords latéraux incli-
nés vers I'extérieur (36) sur chaque cété du retrait,
s’étendant le long de la circonférence de la surface
cylindrique du premier rouleau.

Appareil selon la revendication 8, dans lequel les
bords latéraux inclinés (36) sont inclinés a un angle
de 30 a 60°, de préférence de 43 a 47°.

Procédé de pré-formage d’une bande métallique
(40) pour la fabrication d’'un rouleau formé et de tu-
bes soudés a haute fréquence avec des sillons in-
ternes, en utilisant 'appareil selon I'une quelconque
des revendications précédentes, et comprenant les
étapes consistant a :

-embosser un profil surune portion centrale (41)
de la bande, dans une de ses directions longi-
tudinales, alors que les portions latérales (42)
de chaque c6té de la portion centrale de la ban-
de sont roulée sans profil d’embossage, le profil
d’embossage comprenant des protrusions (44)
et les portions latérales de la bande étant rou-
lées durant I'étape d’embossage a une épais-
seur de bande qui est a peu prés au niveau avec
I'épaisseur de bande entre les protrusions du
profil d’'embossage et

- effectuer un chanfreignage sur les bords laté-
raux longitudinaux (43) de la bande sur le cété
de labande qui est fourniavecle profil embossé.

Procédé selon la revendication 10, dans lequel, du-
rantle chanfreinage, le matériau de bande aux bords
latéraux longitudinaux (43) de labande sontpressés,
jusqu’a 20 a 60 % de I'épaisseur de bande, de pré-
férence 35 a 40 %, formant ainsi une surface de bord
inclinée le long des bords latéraux longitudinaux de
la bande.
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Procédé selon la revendication 10 ou 11, en utilisant
I'appareil selon 'une quelconque des revendications
2 ou 4 a9 quand elles dépendent de la revendication
2,dans lequel le chanfreinage des bords de coté suit
dans une étape subséquente.

Procédé selon larevendication 10 ou 11, en utilisant
I'appareil selon 'une quelconque des revendications
3ou4 a9 quand elles dépendent de la revendication
3, dans lequel 'embossage et le chanfreinage de
bord sont effectués simultanément dans un outil
d’embossage et de chanfreinage de bord intégrés.
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