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(54) HEAT EXCHANGER

(57)  Aheat exchanger (900) comprising at least one
folded tube (901) formed of a single plate (902), the single
plate (902) having a first end section (903) and a second
end section (904), the tube (901) having at least one fluid
channel (905), the tube (901) having a cross-section
shape comprising: a front section (906) and a back sec-
tion (907), the front section (906) and the back section
(907) being arranged opposite each other, the front sec-
tion (906) and the back section (907) being connected
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by a first longitudinal section (908) and a second longi-
tudinal section (909), the front section (906), the back
section (907), the first longitudinal section (908) and the
second longitudinal (909) section define the at least one
fluid channel (905), the back section (907) being formed
by the first end section (903) and the second end section
(904) contacting each other at least partially, the front
section (906) having at least one reinforcement folding
(910).
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Description

[0001] The present invention relates to a heat ex-
changer comprising at least one folded tube formed of a
single plate.

[0002] Such heatexchangers comprise afirst manifold
and a second manifold being spaced apart from each
other and fluidically connected by at least one folded
tube. By bending a first end section and a second end
section of the single plate in such way that the first end
section and the second end section contacting each other
at least partially, a back section of the folded tube is
formed. In most cases, the heat exchanger comprises a
plurality of folded tubes which are spaced apartfrom each
other. Adjacent folded tubes may be interconnected by
fins in order to increase the available surface area for
heat transfer.

[0003] In vehicles with internal combustion engines,
such heat exchangers are used as radiators in which a
coolant that was heated by the engine may transfer its
heat energy to the environment of the vehicle. In the field
of tension between mechanical strength and weight as
well as material costs, the thickness of the single plate
is minimized. Since radiators are usually installed in a
front area of the vehicle and/or near the ground, one side
of the radiator is exposed to the impact of external bodies
like insects and stones. In particular, sections of the fold-
ed tubes directed towards the front of the vehicle are
vulnerable due to the limited thickness of the single plate.
In orderto protect the folded tubes of the heat exchanger,
a protection grid formed from plastic may be used. How-
ever, such protection grids lead to increased assembly
and material costs.

[0004] In FR 2 690 228, EP 1 158 260 B1 and US
2004/0206481 A1 the impact strength of the folded tubes
is increased by forming a reinforcement folding in the
back section of the folded tubes. Thus, in the heat ex-
changer the back sections of the folded tubes are directed
towards the frontof the vehicle. The reinforcement folding
provides a back section with a thickness higher than the
thickness of the single plate. However, the reinforcement
folding in the back section is difficult to manufacture due
to the small distances to the end edges of the single plate.
Thus, the production of such folded tubes is expensive
and cost-intensive.

[0005] The present invention is based on the task of
specifying a heat exchanger with improved impact
strength without an additional protection grid.

[0006] This problem is solved according to the inven-
tion by the subject matter of the independent claims. Ad-
vantageous embodiments are the subject matter of the
dependent claims.

[0007] The present invention is based on the general
concept that at least one folded tube comprises a front
section that is arranged opposite the back section, said
front section having at least one reinforcement folding.
[0008] The innovative heat exchanger comprises at
least one folded tube formed of a single plate. The single
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plate may be formed from a heat conductive material, for
example aluminum and/or aluminum alloy. The single
plate may comprise a single material layer or several
material layers. If the single plate comprises several ma-
terial layers, at least one material layer may be a brazing
clad layer. In the circumferential direction along the
cross-section of the folded tube the single plate has a
first end section and a second end section. The folded
tube may be manufactured by bending and/or by roll
forming the single plate.

[0009] The folded tube has at least one fluid channel
through which a fluid may flow. The first manifold and the
second manifold may be fluidically connected by the fluid
channel of the tube.

[0010] The foldedtube has across-section shape com-
prising a front section and aback section, the front section
and the back section being arranged opposite each other.
The front section and the back section are connected by
afirst longitudinal section and a second longitudinal sec-
tion. The first longitudinal section and the second longi-
tudinal section may be spaced apart from each other at
least in some parts. The first longitudinal section and the
second longitudinal section each may form a substan-
tially straight section. In a cross-section view, the first
longitudinal section and the second longitudinal section
may extend substantially parallel to a longitudinal axis.
The front section, the back section, the first longitudinal
section and the second longitudinal section define the at
least one fluid channel. The cross-section of the respec-
tive folded tube may have an oblong shape having a long
diameter and a short diameter perpendicular to the long
diameter. Said long diameter defines the longitudinal axis
of the folded tube.

[0011] The back section is formed by the first end sec-
tion and the second end section of the plate contacting
each other atleast partially. The front section has at least
onereinforcementfolding. The reinforcement folding pro-
vides a thickness which is greater than the thickness of
the single plate. The front section and/or the reinforce-
ment folding may be formed from a continuous section
ofthe single plate. Inthe heat exchanger, the front section
of the folded tube may be aligned towards the front of a
vehicle. If the heat exchanger comprises a plurality of
folded tubes, the front sections of all folded tubes may
be aligned towards the same aligned, preferably towards
the front of a vehicle.

[0012] The reinforcement folding increases the impact
strength of the tube as well as of the heat exchanger.
Since the reinforcement folding is located in the front sec-
tion, the manufacturing is simpler resulting in lower pro-
duction costs.

[0013] Inanadvantageous embodiment of the solution
according to the invention, the first end section and the
second end section being at least partially bentin a bend-
ing direction. The first end section and the second end
section may be at least partially bent in an opposite di-
rection. The first end section may have a lager bending
radius than the second end section.
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[0014] Between a start point and an end point of the
bending of the first end section, the first end section may
be bent by a bending angle between 150° to 210°, pref-
erably between 170° to 190°, more preferably by 180°.
Between a start point and an end point of the bending of
the second end section, the second end section may be
bentby abending angle between 150°to 210°, preferably
between 170° to 190°, more preferably by 180°. The start
point of the bending of first end section may coincide with
a part of the first longitudinal section. The start point of
the bending of second end section may coincide with a
part of the second longitudinal section.

[0015] The first end section may form a U-shaped
socket in which a part of the second end section is in-
serted. The second end section may form a U-shaped
socket in which a part of the first end section is inserted.
[0016] Inanadvantageous embodiment of the solution
according to the invention, the reinforcement folding is
mirror symmetric with respect to an axis parallel to a lon-
gitudinal axis. As a result, the impact strength of the fold-
ed tube is symmetric and the manufacturing is simpler.
[0017] Inanadvantageous embodiment of the solution
according to the invention, the reinforcement folding
comprises: a first section being bent in a first bending
direction with a first bending radius, a second section
being bent in a second bending direction with a second
bending radius, a third section being bentin the first bend-
ing direction with a third bending radius.

[0018] The first bending direction and the second
bending direction are opposite. The first bending direc-
tion may be clockwise while the second bending direction
may be counterclockwise. The bending direction of the
respective section is determined by considering the ex-
tension of the respective section starting from a start point
up to an end point.

[0019] The first longitudinal section may be followed
by the first section of the reinforcement folding. Thus, a
start point of the bending of the first section may coincide
with a part of the first longitudinal section while an end
point of the bending of the first section may coincide with
a start point of the bending of the second section. The
first section may be bent between its start point and end
point by a bending angle between 150° to 210°, prefer-
ably between 170° to 190°, more preferably by 180°.
[0020] The first section may be followed by the second
section of the reinforcement folding. Thus, the start point
of the bending of the second section may coincide with
the end point of the bending of the first section while an
end point of the bending of the second section may co-
incide with a start point of the bending of the third section.
The second section may be bent between its start point
and end point by a bending angle between 150° to 210°,
preferably between 170° to 190°, more preferably by
180°.

[0021] The second section may be followed by the third
section of the reinforcement folding. Thus, the start point
of the bending of the third section may coincide with the
end point of the bending of the second section while an
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end point of the bending of the third section may coincide
with a part of the second longitudinal section. The third
section may be bent between its start point and end point
by a bending angle between 150° to 210°, preferably be-
tween 170° to 190°, more preferably by 180°.

[0022] The first bending radius, the second bending
radius and the third bending radius may have the same
length.

[0023] Thisembodimentincreases the impact strength

of the folded tube.

[0024] Inanadvantageous embodiment of the solution
according to the invention, the reinforcement folding
comprises: a first section being bent in a first bending
direction with a first bending radius, a second section
being bent in the first bending direction with a second
bending radius, the second bending radius being smaller
than the first bending radius, a third section being bent
in a second bending direction with a third bending radius,
the third bending radius being greater than the second
bending radius, a fourth section being bent in the second
bending direction with a fourth bending radius, the fourth
bending radius being smaller than the third bending ra-
dius, afifth section being bentin the firstbending direction
with a fifth bending radius, the fifth bending radius being
greater than the fourth bending radius.

[0025] The first bending direction and the second
bending direction are opposite. The first bending direc-
tion may be clockwise while the second bending direction
may be counterclockwise. The bending direction of the
respective section is determined by considering the ex-
tension of the respective section starting from a start point
up to an end point.

[0026] The first longitudinal section may be followed
by the first section of the reinforcement folding. Thus, a
start point of the bending of the first section may coincide
with a part of the first longitudinal section while an end
point of the bending of the first section may coincide with
a start point of the bending of the second section. The
first section may be bent between its start point and end
point by a bending angle between 150° to 210°, prefer-
ably between 170° to 190°, more preferably by 180°.
[0027] The first section may be followed by the second
section of the reinforcement folding. Thus, the start point
of the bending of the second section may coincide with
the end point of the bending of the first section while an
end point of the bending of the second section may co-
incide with a start point of the bending of the third section.
The second section may be bent between its start point
and end point by a bending angle between 150° to 210°,
preferably between 170° to 190°, more preferably by
180°.

[0028] The second section may be followed by the third
section of the reinforcement folding. Thus, the start point
of the bending of the third section may coincide with the
end point of the bending of the second section while an
end point of the bending of the third section may coincide
with a start point of the bending of the fourth section. The
third section may be bent between its start point and end
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point by a bending angle between 150° to 210°, prefer-
ably between 170° to 190°, more preferably by 180°.
[0029] The third section may be followed by the fourth
section of the reinforcement folding. Thus, the start point
of the bending of the fourth section may coincide with the
end point of the bending of the third section while an end
point of the bending of the fourth section may coincide
with a start point of the bending of the fifth section. The
fourth section may be bent between its start point and
end point by a bending angle between 150° to 210°, pref-
erably between 170° to 190°, more preferably by 180°.
[0030] The fourth section may be followed by the fifth
section of the reinforcement folding. Thus, the start point
of the bending of the fifth section may coincide with the
end point of the bending of the fourth section while an
end point of the bending of the fifth section may coincide
with a start point of a sixth section. The fifth section may
be bent between its start point and end point by a bending
angle between 80° to 180°, preferably by 100°.

[0031] This embodimentincreasesthe impactstrength
of the folded tube.

[0032] In a further embodiment of the solution accord-
ing to the invention, the reinforcement folding comprises:
a sixth section being bentin the second bending direction
with a sixth bending radius, a seventh section being bent
in the first bending direction with a seventh bending ra-
dius.

[0033] The fifth section may be followed by the sixth
section of the reinforcement folding. Thus, the start point
of the bending of the sixth section may coincide with the
end point of the bending of the fifth section while an end
point of the bending of the sixth section may coincide
with a start point of the bending of the seventh section.
The sixth section may be bent between its start point and
end point by a bending angle between 20° to 90°, pref-
erably by 45°.

[0034] The sixth section may be followed by the sev-
enth section of the reinforcement folding. Thus, the start
point of the bending of the seventh section may coincide
with the end point of the bending of the sixth section while
an end point of the bending of the seventh section may
coincide with a part of the second longitudinal section.
The seventh section may be bent between its start point
and end point by a bending angle between 20° to 90°,
preferably by 45°.

[0035] This embodimentincreasesthe impactstrength
of the folded tube.

[0036] In a further embodiment of the solution accord-
ing to the invention, the reinforcement folding comprises:
a sixth section forming a straight section, a seventh sec-
tion being bentin the first bending direction with a seventh
bending radius.

[0037] The fifth section may be followed by the sixth
section of the reinforcement folding. Thus, the start point
of the sixth section may coincide with the end point of
the bending of the fifth section while an end point of the
sixth section may coincide with a start point of the bending
of the seventh section.

10

15

20

25

30

35

40

45

50

55

[0038] The sixth section may be followed by the sev-
enth section of the reinforcement folding. Thus, the start
point of the bending of the seventh section may coincide
with the end point of the sixth section while an end point
of the bending of the seventh section may coincide with
a part of the second longitudinal section. The seventh
section may be bent between its start point and end point
by a bending angle between 20° to 90°, preferably by 45°.
[0039] Thisembodimentincreases the impact strength
of the folded tube.

[0040] Inanadvantageous embodiment of the solution
according to the invention, the reinforcement folding
comprises: a first section being bent in a first bending
direction with a first bending radius, a second section
being bent in the first bending direction with a second
bending radius, the second bending radius being smaller
than the first bending radius, a third section being bent
in a second bending direction with a third bending radius,
the third bending radius being smaller than the first bend-
ing radius, a fourth section forming a straight section, a
fifth section being bent in the second bending direction
with a fifth bending radius, the fifth bending radius being
smaller than the firstbending radius, a sixth section being
bent in the first bending direction with a sixth bending
radius, the sixth bending radius being smaller than the
first bending radius, a seventh section being bent in the
first bending direction with a seventh bending radius, the
seventh bending radius being greater than the sixth
bending radius.

[0041] The first bending direction and the second
bending direction are opposite. The first bending direc-
tion may be clockwise while the second bending direction
may be counterclockwise. The bending direction of the
respective section is determined by considering the ex-
tension of the respective section starting from a start point
up to an end point.

[0042] The first longitudinal section may be followed
by the first section of the reinforcement folding. Thus, a
start point of the bending of the first section may coincide
with a part of the first longitudinal section while an end
point of the bending of the first section may coincide with
a start point of the bending of the second section. The
first section may be bent between its start point and end
point by a bending angle between 20° to 110°, preferably
by 70°.

[0043] The first section may be followed by the second
section of the reinforcement folding. Thus, the start point
of the bending of the second section may coincide with
the end point of the bending of the first section while an
end point of the bending of the second section may co-
incide with a start point of the bending of the third section.
The second section may be bent between its start point
and end point by a bending angle between 150° to 210°,
preferably between 170° to 190°, more preferably by
180°.

[0044] The second section may be followed by the third
section of the reinforcement folding. Thus, the start point
of the bending of the third section may coincide with the
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end point of the bending of the second section while an
end point of the bending of the third section may coincide
with a start point of the fourth section. The third section
may be bent between its start point and end point by a
bending angle between 150° to 190°, preferably by 170°.
[0045] The third section may be followed by the fourth
section of the reinforcement folding. Thus, the start point
of the fourth section may coincide with the end point of
the bending of the third section while an end point of the
fourth section may coincide with a start point of the bend-
ing of the fifth section.

[0046] The fourth section may be followed by the fifth
section of the reinforcement folding. Thus, the start point
of the bending of the fifth section may coincide with the
end point of the fourth section while an end point of the
bending of the fifth section may coincide with a start point
of the bending of a sixth section. The fifth section may
be bent between its start point and end point by a bending
angle between 150° to 190°, preferably by 170°.

[0047] The fifth section may be followed by the sixth
section of the reinforcement folding. Thus, the start point
of the bending of the sixth section may coincide with the
end point of the bending of the fifth section while an end
point of the bending of the sixth section may coincide
with a start point of the bending of the seventh section.
The sixth section may be bent between its start point and
end point by a bending angle between 150° to 210°, pref-
erably between 170° to 190°, more preferably by 180°.
[0048] The sixth section may be followed by the sev-
enth section of the reinforcement folding. Thus, the start
point of the bending of the seventh section may coincide
with the end point of the bending of the sixth section while
an end point of the bending of the seventh section may
coincide with a part of the second longitudinal section.
The seventh section may be bent between its start point
and end point by a bending angle between 20° to 110°,
preferably by 70°.

[0049] This embodimentincreasesthe impactstrength
of the folded tube.

[0050] Inanadvantageous embodiment of the solution
according to the invention, the reinforcement folding
comprises: a first section being bent in a first bending
direction with a first bending radius, a second section
being bent in the first bending direction with a second
bending radius, the second bending radius being smaller
than the first bending radius, a third section being bent
in a second bending direction with a third bending radius,
the third bending radius being greater than the second
bending radius, a fourth section being bent in the second
bending direction with a fourth bending radius, the fourth
bending radius being smaller than the third bending ra-
dius, afifth section being bentin the firstbending direction
with a fifth bending radius, the fifth bending radius being
smaller than the first bending radius, a sixth section being
bentin the second bending direction with a sixth bending
radius, the sixth bending radius being smaller than the
first bending radius, a seventh section being bent in the
second bending direction with a seventh bending radius,
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the seventh bending radius being greater than the sixth
bending radius, an eighth section being bent in the first
bending direction with an eighth bending radius, the
eighth bending radius being smaller than the seventh
bending radius, a ninth section being bent in the first
bending direction with a ninth bending radius, the ninth
bending radius being greater than the eighth bending ra-
dius.

[0051] The first bending direction and the second
bending direction are opposite. The first bending direc-
tion may be clockwise while the second bending direction
may be counterclockwise. The bending direction of the
respective section is determined by considering the ex-
tension of the respective section starting from a start point
up to an end point.

[0052] The first longitudinal section may be followed
by the first section of the reinforcement folding. Thus, a
start point of the bending of the first section may coincide
with a part of the first longitudinal section while an end
point of the bending of the first section may coincide with
a start point of the bending of the second section. The
first section may be bent between its start point and end
point by a bending angle between 5° to 60°, preferably
by 40°.

[0053] The first section may be followed by the second
section of the reinforcement folding. Thus, the start point
of the bending of the second section may coincide with
the end point of the bending of the first section while an
end point of the bending of the second section may co-
incide with a start point of the bending of the third section.
The second section may be bent between its start point
and end point by a bending angle between 150° to 210°,
preferably between 170° to 190°, more preferably by
180°.

[0054] The second section may be followed by the third
section of the reinforcement folding. Thus, the start point
of the bending of the third section may coincide with the
end point of the bending of the second section while an
end point of the bending of the third section may coincide
with a start point of the bending of the fourth section. The
third section may be bent between its start point and end
point by a bending angle between 5° to 80°, preferably
by 15°.

[0055] The third section may be followed by the fourth
section of the reinforcement folding. Thus, the start point
of the bending of the fourth section may coincide with the
end point of the bending of the third section while an end
point of the bending of the fourth section may coincide
with a start point of the bending of the fifth section. The
fourth section may be bent between its start point and
end point by a bending angle between 150° to 210°, pref-
erably between 170° to 190°, more preferably by 180°.

[0056] The fourth section may be followed by the fifth
section of the reinforcement folding. Thus, the start point
of the bending of the fifth section may coincide with the
end point of the bending of the fourth section while an
end point of the bending of the fifth section may coincide
with a start point of the bending of a sixth section. The
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fifth section may be bent between its start point and end
point by a bending angle between 120° to 200°, prefer-
ably by 160°.

[0057] The fifth section may be followed by the sixth
section of the reinforcement folding. Thus, the start point
of the bending of the sixth section may coincide with the
end point of the bending of the fifth section while an end
point of the bending of the sixth section may coincide
with a start point of the bending of the seventh section.
The sixth section may be bent between its start point and
end point by a bending angle between 150° to 210°, pref-
erably between 170° to 190°, more preferably by 180°.

[0058] The sixth section may be followed by the sev-
enth section of the reinforcement folding. Thus, the start
point of the bending of the seventh section may coincide
with the end point of the bending of the sixth section while
an end point of the bending of the seventh section may
coincide with a start point of the bending of the eighth
section. The seventh section may be bent between its
start point and end point by a bending angle between 5°
to 80°, preferably by 15°.

[0059] The seventh section may be followed by the
eighth section of the reinforcement folding. Thus, the start
point of the bending of the eighth section may coincide
with the end point of the bending of the seventh section
while an end point of the bending of the eighth section
may coincide with a start point of the bending of the ninth
section. The eighth section may be bent between its start
point and end point by a bending angle between 150° to
210°, preferably between 170° to 190°, more preferably
by 180°.

[0060] The eighth section may be followed by the ninth
section of the reinforcement folding. Thus, the start point
of the bending of the ninth section may coincide with the
end point of the bending of the eighth section while an
end point of the bending of the ninth section may coincide
with a part of the second longitudinal section. The ninth
section may be bent between its start point and end point
by a bending angle between 5° to 60°, preferably by 40°.
[0061] This embodimentincreasesthe impactstrength
of the folded tube.

[0062] Inanadvantageous embodiment of the solution
according to the invention, the reinforcement folding
comprises: a first section being bent in a first bending
direction with a first bending radius, a second section
forming a straight section, a third section being bentin a
second bending direction with a third bending radius, a
fourth section forming a straight section, a fifth section
being bentin the first bending direction with a fifth bending
radius, a sixth section forming a straight section, a sev-
enth section being bent in the second bending direction
with a seventh bending radius, an eight section forming
a straight section, a ninth section being bent in the first
bending direction with a ninth bending radius.

[0063] The first bending direction and the second
bending direction are opposite. The first bending direc-
tion may be clockwise while the second bending direction
may be counterclockwise. The bending direction of the
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respective section is determined by considering the ex-
tension of the respective section starting from a start point
up to an end point.

[0064] The first longitudinal section may be followed
by the first section of the reinforcement folding. Thus, a
start point of the bending of the first section may coincide
with a part of the first longitudinal section while an end
point of the bending of the first section may coincide with
a start point of the second section. The first section may
be bentbetweenits start pointand end point by a bending
angle between 150° to 210°, preferably between 170° to
190°, more preferably by 180°.

[0065] The first section may be followed by the second
section of the reinforcement folding. Thus, the start point
of the second section may coincide with the end point of
the bending of the first section while an end point of the
second section may coincide with a start point of the
bending of the third section.

[0066] The second section may be followed by the third
section of the reinforcement folding. Thus, a start point
of the bending of the third section may coincide with the
endpoint of the second section while an end point of the
bending of the third section may coincide with a start
point of the fourth section. The third section may be bent
between its start point and end point by a bending angle
between 150° to 210°, preferably between 170° to 190°,
more preferably by 180°.

[0067] The third section may be followed by the fourth
section of the reinforcement folding. Thus, the start point
of the fourth section may coincide with the end point of
the bending of the third section while an end point of the
fourth section may coincide with a start point of the bend-
ing of the fifth section.

[0068] The fourth section may be followed by the fifth
section of the reinforcement folding. Thus, a start point
of the bending of the fifth section may coincide with the
endpoint of the fourth section while an end point of the
bending of the fifth section may coincide with a start point
of the sixth section. Thefifth section may be bentbetween
its start point and end point by a bending angle between
150°t0210°, preferably between 170° to 190°, more pref-
erably by 180°.

[0069] The fifth section may be followed by the sixth
section of the reinforcement folding. Thus, the start point
of the sixth section may coincide with the end point of
the bending of the fifth section while an end point of the
sixth section may coincide with a start point of the bending
of the seventh section.

[0070] The sixth section may be followed by the sev-
enth section of the reinforcement folding. Thus, a start
point of the bending of the seventh section may coincide
with the endpoint of the sixth section while an end point
of the bending of the seventh section may coincide with
a start point of the eighth section. The seventh section
may be bent between its start point and end point by a
bending angle between 150° to 210°, preferably between
170° to 190°, more preferably by 180°.

[0071] The seventh section may be followed by the
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eighth section of the reinforcement folding. Thus, the start
point of the eighth section may coincide with the end point
of the bending of the seventh section while an end point
of the eighth section may coincide with a start point of
the bending of the ninth section.

[0072] The eighth section may be followed by the ninth
section of the reinforcement folding. Thus, the start point
of the bending of the ninth section may coincide with the
end point of the eighth section while an end point of the
bending of the ninth section may coincide with a part of
the second longitudinal section. The ninth section may
be bent between its start point and end point by a bending
angle between 150° to 210°, preferably between 170° to
190°, more preferably by 180°.

[0073] This embodimentincreasesthe impactstrength
of the folded tube.

[0074] Inanadvantageous embodiment of the solution
according to the invention, the reinforcement folding
comprises: a first section being bent in a first bending
direction with a first bending radius, a second section
being bent in a second bending direction with a second
bending radius, a third section forming a straight section,
a fourth section being bent in the second bending direc-
tion with a fourth bending radius, a fifth section forming
a straight section, a sixth section being bent in the first
bending direction with a sixth bending radius, a seventh
section being bent in the first bending direction with a
seventh bending radius, an eight section being bent in
the first bending direction with an eight bending radius,
the seventh bending radius being greater than the sixth
bending radius, the seventh bending radius being greater
than the eight bending radius, a ninth section forming a
straight section, a tenth section being bent in the second
bending direction with a tenth bending radius, an elev-
enth section forming a straight section, a twelfth section
being bent in the second bending direction with a twelfth
bending radius, a thirteenth section being bent in the first
bending direction with a thirteenth bending radius.
[0075] The first bending direction and the second
bending direction are opposite. The first bending direc-
tion may be clockwise while the second bending direction
may be counterclockwise. The bending direction of the
respective section is determined by considering the ex-
tension of the respective section starting from a start point
up to an end point.

[0076] The first longitudinal section may be followed
by the first section of the reinforcement folding. Thus, a
start point of the bending of the first section may coincide
with a part of the first longitudinal section while an end
point of the bending of the first section may coincide with
a start point of the bending of the second section. The
first section may be bent between its start point and end
point by a bending angle between 30° to 120°, preferably
by 90°.

[0077] The first section may be followed by the second
section of the reinforcement folding. Thus, a start point
of the bending of the second section may coincide with
the end point of the bending of the first section while an
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end point of the bending of the second section may co-
incide with a start point of the third section. The second
section may be bent between its start point and end point
by a bending angle between 30° to 120°, preferably by
90°.

[0078] The second section may be followed by the third
section of the reinforcement folding. Thus, the start point
of the third section may coincide with the end point of the
bending of the second section while an end point of the
third section may coincide with a start point of the bending
of the fourth section.

[0079] The third section may be followed by the fourth
section of the reinforcement folding. Thus, a start point
of the bending of the fourth section may coincide with the
end point of the third section while an end point of the
bending of the fourth section may coincide with a start
point of the fifth section. The fourth section may be bent
between its start point and end point by a bending angle
between 150° to 210°, preferably between 170° to 190°,
more preferably by 180°.

[0080] The fourth section may be followed by the fifth
section of the reinforcement folding. Thus, the start point
of the fifth section may coincide with the end point of the
bending of the fourth section while an end point of the
fifth section may coincide with a start point of the bending
of the sixth section.

[0081] The fifth section may be followed by the sixth
section of the reinforcement folding. Thus, a start point
of the bending of the sixth section may coincide with the
end point of the fifth section while an end point of the
bending of the sixth section may coincide with a start
point of the bending of the seventh section. The sixth
section may be bent between its start pointand end point
by a bending angle between 150° to 210°, preferably be-
tween 170° to 190°, more preferably by 180°.

[0082] The sixth section may be followed by the sev-
enth section of the reinforcement folding. Thus, a start
point of the bending of the seventh section may coincide
with the end point of the sixth section while an end point
of the bending of the seventh section may coincide with
a start point of the bending of the eighth section. The
seventh section may be bent between its start point and
end point by a bending angle between 160° to 200°, pref-
erably by 180°.

[0083] The seventh section may be followed by the
eighth section of the reinforcement folding. Thus, a start
point of the bending of the eighth section may coincide
with the end point of the seventh section while an end
point of the bending of the eighth section may coincide
with a start point of the ninth section. The eighth section
may be bent between its start point and end point by a
bending angle between 150° to 210°, preferably between
170° to 190°, more preferably by 180°.

[0084] The eighth section may be followed by the ninth
section of the reinforcement folding. Thus, the start point
of the ninth section may coincide with the end point of
the bending of the eighth section while an end point of
the ninth section may coincide with a start point of the
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bending of the tenth section.

[0085] The ninth section may be followed by the tenth
section of the reinforcement folding. Thus, a start point
of the bending of the tenth section may coincide with the
end point of the ninth section while an end point of the
bending of the tenth section may coincide with a start
point of the eleventh section. The tenth section may be
bent between its start point and end point by a bending
angle between 150° to 210°, preferably between 170° to
190°, more preferably by 180°.

[0086] The tenth section may be followed by the elev-
enth section of the reinforcement folding. Thus, the start
point of the eleventh section may coincide with the end
point of the bending of the tenth section while an end
point of the eleventh section may coincide with a start
point of the bending of the twelfth section.

[0087] The eleventh section may be followed by the
twelfth section of the reinforcement folding. Thus, a start
point of the bending of the twelfth section may coincide
with the end point of the eleventh section while an end
point of the bending of the twelfth section may coincide
with a start point of the bending of the thirteenth section.
The twelfth section may be bent between its start point
and end point by a bending angle between 30° to 120°,
preferably by 90°.

[0088] The twelfth section may be followed by the thir-
teenth section of the reinforcement folding. Thus, the
start point of the bending of the thirteenth section may
coincide with the end point of the twelfth section while an
end point of the bending of the thirteenth section may
coincide with a part of the second longitudinal section.
The thirteenth section may be bent between its start point
and end point by a bending angle between 30° to 120°,
preferably by 90°.

[0089] This embodimentincreasesthe impactstrength
of the folded tube.

[0090] Inanadvantageous embodiment of the solution
according to the invention, the reinforcement folding
comprises: a first bead, the first bead is followed by a
section being bentin afirst bending direction with a bend-
ing radius, the section being followed by a second bead,
a damping body in the fluid channel.

[0091] The first bead and the second bead may be ar-
ranged opposite each other and reduce the cross-section
of the fluid channel at least in some sections. The first
bead may protrude in the direction of the second bead
while the second bead may protrude in the direction of
the first bead. The damping body has a damping effect
and converts kinetic energy into deformation energy.
[0092] The first bending direction and the second
bending direction are opposite. The first bending direc-
tion may be clockwise while the second bending direction
may be counterclockwise. The bending direction of the
respective section is determined by considering the ex-
tension of the respective section starting from a start point
up to an end point.

[0093] The first longitudinal section may be followed
by the first bead of the reinforcement folding. The first
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bead may be followed by the bend section of the rein-
forcement folding. Thus, a start point of the bending of
the section may coincide with a part of the first bead while
an end point of the bending of the section may coincide
with a part of the second bead. The section may be bent
between its start point and end point by a bending angle
between 150° to 260°, preferably by 200°. The second
bead may be followed by the second longitudinal section.
[0094] Thisembodimentincreases the impact strength
of the folded tube.

[0095] Inanadvantageous embodiment of the solution
according to the invention, the reinforcement folding
comprises: a first section being bent in a first bending
direction with a first bending radius, a second section
being bent in the first bending direction with a second
bending radius, the second bending radius being smaller
than the first bending radius, a third section being bent
in a second bending direction with a third bending radius,
a fourth section being bent in the first bending direction
with a fourth bending radius, a fifth section being bent in
the first bending direction with a fifth bending radius, the
fifth bending radius being greater than the fourth bending
radius, the second section and the third section as well
as the fourth section forming a hollow space.

[0096] The hollow space may be formed by an external
surface of the tube. Additionally, the hollow space may
be fluidically separated from the fluid channel.

[0097] The first bending direction and the second
bending direction are opposite. The first bending direc-
tion may be clockwise while the second bending direction
may be counterclockwise. The bending direction of the
respective section is determined by considering the ex-
tension of the respective section starting from a start point
up to an end point.

[0098] The first longitudinal section may be followed
by the first section of the reinforcement folding. Thus, a
start point of the bending of the first section may coincide
with a part of the first longitudinal section while an end
point of the bending of the first section may coincide with
a start point of the bending of the second section. The
first section may be bent between its start point and end
point by a bending angle between 20° to 120°, preferably
by 45°.

[0099] The first section may be followed by the second
section of the reinforcement folding. Thus, the start point
of the bending of the second section may coincide with
the end point of the bending of the first section while an
end point of the bending of the second section may co-
incide with a start point of the bending of the third section.
The second section may be bent between its start point
and end point by a bending angle between 150° to 210°,
preferably between 170° to 190°, more preferably by
180°.

[0100] The second section may be followed by the third
section of the reinforcement folding. Thus, the start point
of the bending of the third section may coincide with the
end point of the bending of the second section while an
end point of the bending of the third section may coincide
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with a start point of the bending of the fourth section. The
third section may be bent between its start point and end
point by a bending angle between 280° to 355°, prefer-
ably by 345°.

[0101] The third section may be followed by the fourth
section of the reinforcement folding. Thus, the start point
of the bending of the fourth section may coincide with the
end point of the bending of the third section while an end
point of the bending of the fourth section may coincide
with a start point of the bending of the fifth section. The
fourth section may be bent between its start point and
end point by a bending angle between 150° to 210°, pref-
erably between 170° to 190°, more preferably by 180°.
[0102] The fourth section may be followed by the fifth
section of the reinforcement folding. Thus, the start point
of the bending of the fifth section may coincide with the
end point of the fourth section while an end point of the
bending of the fifth section may coincide with a part of
the second longitudinal section. The fifth section may be
bent between its start point and end point by a bending
angle between 20° to 120°, preferably by 45°.

[0103] This embodimentincreasesthe impactstrength
of the folded tube.

[0104] Inanadvantageous embodiment of the solution
according to the invention, a damping body is inserted in
the hollow space. The damping body has a damping ef-
fectand converts kinetic energy into deformation energy.
[0105] This embodimentincreasesthe impactstrength
of the folded tube.

[0106] Inanadvantageous embodiment of the solution
according to the invention, the tube comprises a plurality
of fluid channels, preferably at least two fluid channels
or four fluid channels. The plurality of fluid channels may
be formed by folding the first longitudinal section and/or
the second longitudinal section. The plurality of fluid
channels may be formed by inserting a folded insert
sheet. The use of plurality of fluid channel improves the
heat transfer due to the larger surface area.

[0107] Further important features and advantages of
the invention emerge from the dependent claims, from
the drawings and from the associated description of the
figures with reference to the drawings.

[0108] It goes without saying that the features men-
tioned above and those which have yet to be explained
below can be used not only in the respectively stated
combination, but also in different combinations or on their
own without departing from the scope of the present in-
vention.

[0109] Preferred exemplary embodiments of theinven-
tion are illustrated in the drawings and are explained in
more detail in the description below, wherein the same
reference signs refer to identical or similar or functionally
identical components.

[0110] In the drawings, in each case schematically,
Fig. 1 shows a side view of a heat exchanger ac-
cording to the invention,
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shows a single plate with a first end section
and a second end section before folding,

shows a cross-section of a first embodiment
of the inventive tube,

shows an enlarged cross-section view of the
reinforcement folding of the first embodiment
of the inventive tube,

shows a cross-section of an embodiment of
the inventive tube with the second end section
forming a U-shaped socket,

shows a cross-section of an embodiment of
the inventive tube with the first end section
forming a U-shaped socket,

shows a cross-section of an embodiment of
the inventive tube with two fluid channels,

shows a cross-section of an embodiment of
the inventive tube with four fluid channels,

shows a cross-section of a second embodi-
ment of the inventive tube,

shows an enlarged cross-section view of the
reinforcement folding of the second embodi-
ment of the inventive tube,

shows a cross-section of a third embodiment
of the inventive tube,

shows an enlarged cross-section view of the
reinforcement folding of the third embodiment
of the inventive tube,

shows a cross-section of a fourth embodiment
of the inventive tube,

shows an enlarged cross-section view of the
reinforcement folding of the fourth embodi-
ment of the inventive tube,

shows a cross-section of a fifth embodiment
of the inventive tube,

shows an enlarged cross-section view of the
reinforcement folding of the fifth embodiment
of the inventive tube,

shows a cross-section of a sixth embodiment
of the inventive tube,

shows an enlarged cross-section view of the
reinforcement folding of the sixth embodiment
of the inventive tube,
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Fig. 19  shows a cross-section of a seventh embodi-
ment of the inventive tube,

Fig. 20 shows an enlarged cross-section view of the
reinforcement folding of the seventh embodi-
ment of the inventive tube,

Fig. 21 shows a cross-section of an eighth embodi-
ment of the inventive tube,

Fig. 22  shows a cross-section of a ninth embodiment
of the inventive tube,

Fig. 23  shows an enlarged cross-section view of the
reinforcement folding of the ninth embodiment
of the inventive tube,

Fig. 24  shows a cross-section of a tenth embodiment
of the inventive tube.

[0111] According to Fig. 1, a heat exchanger 900 ac-

cording to the invention has a first manifold 919 and a
second manifold 920 being spaced apart and fluidically
connected by at least one folded tube 901. The heat ex-
changer 900 comprises a plurality of tubes 901 which are
spaced apart. Adjacent tubes 901 are interconnected by
ribs 921 in order to increase the available surface area
for heat transfer.

[0112] The heat exchanger 900 may be fluidically con-
nected to fluid circuit of a vehicle which is not shown in
the figures. This fluid circuit may have least one electri-
cally driven conveying unit for driving a fluid and/or a
coolant within the fluid circuit.

[0113] The first manifold 919 has an inlet 917 and the
second manifold 920 has an outlet 918. The fluid and/or
a coolant may flow through the inlet 917 into the heat
exchanger 900 and may leave the heat exchanger 900
through the outlet 918. Within the folded tubes 901, the
fluid and/or a coolant may flow parallel to a flow direction
916.

[0114] The fluid and/or a coolant flowing from the first
manifold 919 to the second manifold 920 through the
folded tubes 901 is in thermal contact with internal sur-
faces 914 of the folded tubes 901 while a second fluid
like ambient air is in thermal contact with external sur-
faces 915 of the folded tubes 901. Additionally, the sec-
ond fluid is in contact with the ribs 921. As long as the
two fluids have different temperatures, a heat transfer
from the warmer to the colder fluid can be achieved
through folded tubes 901 and ribs 921.

[0115] The first manifold 919, the second manifold 920
and the folded tubes 901 are assembled such that the
first manifold 919 and the second manifold 920 are flu-
idically connected by the folded tubes 901. This assembly
may be brazed or furnace brazed in order to create
brazed joints between the manifolds 919, 920 and the
folded tubes 901. This provides a cost-efficient and mod-
ular production of the heat exchanger 900.
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[0116] Fig. 2 shows a single plate 902 with a first end
section 903 and a second end section 904 before folding.
During a production process, the single plate 902 is bent
in such away that the first end section 903 and the second
end section 904 contacting each other at least partially.
As aresult, the by the firstend section 903 and the second
end section 904 form a back section 907 of the folded
tube 901.

[0117] The Figs. 3 to 24 show cross-sections of em-
bodiments of the folded tube 901 along an A-A line in
Fig. 1. The cross-sections are cross to a longitudinal ex-
tension direction of the folded tube 901. In Fig. 1, the
longitudinal extension direction of the folded tubes 901
is substantially parallel to the flow direction 916.

[0118] Bending angles and bending radii shown in the
Figs. 3 to 24 are only exemplary and symbolic. Thus, the
lengths of the bending radii shown in the Fig. 3 to 24 do
not correspond to lengths in technical drawings. Starting
points and end points of respective sections of the folded
tube 901 are indicated by dashed lines.

[0119] Inthe Figs. 3 to 24, a first bending direction 912
and the second bending direction 913 are indicated by
curved arrows. The first bending direction 912 and the
second bending direction 913 are opposite. The first
bending direction 912 is clockwise while the second
bending direction 913 is counterclockwise. Additionally,
a longitudinal axis 911 is shown in the Figs. 3 to 24. Ex-
ternal bodies like stones may impact the folded tube 901
along an impact direction 911.

[0120] Inthe Figs. 3,7,8,9, 11, 13,15,17,19, 21, 22
and 24 the cross-section shape of the respective folded
tube 901 comprises a front section 906 and the back
section 907 which are arranged opposite each other. The
front section 906 and the back section 907 are connected
by a first longitudinal section 908 and a second longitu-
dinal section 909. The first longitudinal section 908 and
the second longitudinal section 909 are substantially par-
allel to the longitudinal axis 911. The first longitudinal
section 908 and the second longitudinal section 909 are
spaced apart each other.

[0121] The front section 906, the back section 907, the
first longitudinal section 908 and the second longitudinal
909 section define the atleast one fluid channel 905. The
fluid and/or a coolant which flows through the fluid chan-
nel 905 is in thermal contact with an internal surface 914
while a second fluid like ambient air is in thermal contact
with an external surfaces 915.

[0122] The back section 907 is formed by a first end
section 903 and a second end section 904 contacting
each other atleast partially. The first end section 903 and
the second end section 904 are at least partially bent in
an opposite direction. The first end section 903 is bent
in the second bending direction 912 while the second
end section 901 is bent in the first bending direction 912.
The first end section 903 has a lager bending radius than
the second end section 904.

[0123] Between a start point and an end point of the
bending of the first end section 903, the first end section
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903 may be bent by a bending angle between 150° to
210°, preferably between 170° to 190°, more preferably
by 180°. Between a start point and an end point of the
bending of the second end section 904, the second end
section 904 may be bent by a bending angle between
150°t0210°, preferably between 170° to 190°, more pref-
erably by 180°. The start point of the bending of first end
section 903 coincides with a part of the first longitudinal
section 908. The start point of the bending of second end
section 904 coincides with a part of the second longitu-
dinal section 909.

[0124] The folded tubes 901 in the Figs. 3, 7, 8, 9, 11,
13, 15, 17, 19, 21, 22 and 24 may have back sections
907 which are formed like the back sections shown in
Fig. 5 or Fig. 6. The first end section 903 may form a U-
shaped socket 925 in which a part of the second end
section 904 is inserted. The second end section 904 may
form a U-shaped socket 924 in which a part of the first
end section 903 is inserted.

[0125] The folded tubes 901 in the Figs. 3, 7, 8, 9, 11,
13,15, 17,19, 21, 22 and 24 may have a plurality of fluid
channels, preferably two or four fluid channels, which are
formed like the fluid channels shown in Fig. 7 or Fig. 8.
[0126] Fig. 3 shows a cross-section of a first embodi-
ment of the inventive tube while Fig. 4 shows an enlarged
cross-section view of the reinforcement folding 910.
[0127] The frontsection 906 has atleast one reinforce-
ment folding 910. This reinforcement folding 910 pro-
vides a material thickness along the impact direction 922
which is larger than the thickness of the single plate 902.
[0128] The reinforcementfolding 910 comprises: afirst
section 1 being bentin the first bending direction 912 with
a first bending radius 1a, a second section 2 being bent
in the second bending direction 913 with a second bend-
ing radius 2a, a third section 3 being bent in the first bend-
ing direction 912 with a third bending radius 3a.

[0129] The first longitudinal section 908 is followed by
the first section 1 of the reinforcement folding 910. Thus,
a start point of the bending of the first section 1 coincides
with a part of the first longitudinal section 908 while an
end point of the bending of the first section 1 coincides
with a start point of the bending of the second section 2.
The first section may be bent between its start point and
end point by a bending angle between 150° to 210°, pref-
erably between 170° to 190°, more preferably by 180°.
[0130] The first section 1 is followed by the second
section 2 of the reinforcement folding 910. Thus, the start
point of the bending of the second section 2 coincides
with the end point of the bending of the first section 1
while an end point of the bending of the second section
1 coincides with a start point of the bending of the third
section 3. The second section 2 may be bent between
its start point and end point by a bending angle between
150°t0210°, preferably between 170° to 190°, more pref-
erably by 180°.

[0131] The second section 2 is followed by the third
section 3 of the reinforcement folding 910. Thus, the start
point of the bending of the third 3 section coincides with

10

15

20

25

30

35

40

45

50

55

1"

the end point of the bending of the second section 2 while
an end point of the bending of the third section 3 coincides
with a part of the second longitudinal section 909. The
third section 3 may be bent between its start point and
end point by a bending angle between 150° to 210°, pref-
erably between 170° to 190°, more preferably by 180°.

[0132] The firstbending radius 1a, the second bending
radius 2a and the third bending 3a radius may have the
same length.

[0133] The bending angles and bending radii may be
selected such that the reinforcement folding 910 is mirror
symmetric with respect to an axis parallel to the longitu-
dinal axis 911.

[0134] The folded tube 901 shown in Fig. 5 has a first
end section 903 forming a U-shaped socket 925 in which
a part of the second end section 904 is inserted. Addi-
tionally, the second end section 904 forms a U-shaped
socket 924 in which a part of the first end section 903 is
inserted. The U-shaped socket 924 and the U-shaped
socket 925 are at least partially intertwined.

[0135] The folded tube 901 shown in Fig. 6 has a first
end section 903 forming a U-shaped socket 925 in which
a part of the second end section 904 is inserted. The
folded tube 901 shown in Fig. 7 has a first fluid channel
905a and a second fluid channel 905b. The first fluid
channel 905a and the second fluid channel 905b are sep-
arated by a first transverse folding 923a. The first trans-
verse folding 923a may be formed by a folding of the first
longitudinal section 908 or by a folding of the second
longitudinal section 909. The first transverse folding 923a
extends substantially transverse to the longitudinal axis
911.

[0136] The folded tube 901 shown in Fig. 8 has a first
fluid channel 905a, a second fluid channel 905b, a third
fluid channel 905c and a fourth fluid channel 905d. The
first fluid channel 905a and the second fluid channel 905b
are separated by afirst transverse folding 923a. The sec-
ond fluid channel 905b and the third fluid channel 905c
are separated by a second transverse folding 923b. The
third fluid channel 905c and the fourth fluid channel 905d
are separated by a third transverse folding 923c. Each
of the transverse folding 923a, 923b, 923c¢ and/or 923d
may be formed by a folding of the firstlongitudinal section
908 or by a folding of the second longitudinal section 909.
Each of the transverse folding 923a, 923b, 923¢ and/or
923d extends substantially transverse to the longitudinal
axis 911.

[0137] Fig. 9 shows a cross-section of a second em-
bodiment of the inventive tube while Fig. 10 shows an
enlarged cross-section view of the reinforcement folding
910.

[0138] The frontsection 906 has atleast one reinforce-
ment folding 910. This reinforcement folding 910 pro-
vides a material thickness along the impact direction 922
which is larger than the thickness of the single plate 902.
[0139] The reinforcementfolding 910 comprises: afirst
section 101 being bent in the first bending direction 912
with a first bending radius 101a, a second section 102
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being bentin the first bending direction 912 with a second
bending radius 102a, the second bending radius 102a
being smaller than the first bending radius 101a, a third
section 103 being bent in the second bending direction
913 with a third bending radius 103a, the third bending
radius 103a being greater than the second bending ra-
dius 102a, a fourth section 104 being bent in the second
bending direction 913 with a fourth bending radius 104a,
the fourth bending radius 104a being smaller than the
third bending radius 103a, a fifth section 105 being bent
in the first bending direction 912 with afifth bending radius
1054, the fifth bending radius 105a being greater than
the fourth bending radius 104a, a sixth section 206 being
bent in the second bending direction 913 with a sixth
bending radius 206a, a seventh section 207 being bent
in the first bending direction 912 with a seventh bending
radius 207a.

[0140] The first longitudinal section 908 is followed by
the first section 101 of the reinforcement folding 910.
Thus, a start point of the bending of the first section 101
coincides with a part of the first longitudinal section 908
while an end point of the bending of the first section 101
coincides with a start point of the bending of the second
section 102. The first section 101 may be bent between
its start point and end point by a bending angle between
150°t0210°, preferably between 170° to 190°, more pref-
erably by 180°.

[0141] The first section 101 is followed by the second
section 102 of the reinforcement folding 910. Thus, the
start point of the bending of the second section 102 co-
incides with the end point of the bending of the first section
101 while an end point of the bending of the second sec-
tion 102 coincides with a start point of the bending of the
third section 103. The second section 102 may be bent
between its start point and end point by a bending angle
between 150° to 210°, preferably between 170° to 190°,
more preferably by 180°.

[0142] The second section 102 is followed by the third
section 103 of the reinforcement folding 910. Thus, the
start point of the bending of the third section 103 coin-
cides with the end point of the bending of the second
section 102 while an end point of the bending of the third
section 103 may coincide with a start point of the bending
of the fourth section 104. The third section 103 may be
bent between its start point and end point by a bending
angle between 150° to 210°, preferably between 170° to
190°, more preferably by 180°.

[0143] The third section 103 is followed by the fourth
section 104 of the reinforcement folding 910. Thus, the
start point of the bending of the fourth section 104 coin-
cides with the end point of the bending of the third section
103 while an end point of the bending of the fourth section
104 coincides with a start point of the bending of the fifth
section 105. The fourth section 104 may be bent between
its start point and end point by a bending angle between
150°t0210°, preferably between 170° to 190°, more pref-
erably by 180°.

[0144] The fourth section 104 is followed by the fifth
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section 105 of the reinforcement folding. Thus, the start
point of the bending of the fifth section 105 coincides with
the end point of the bending of the fourth section 104
while an end point of the bending of the fifth section 105
coincides with a start point of the bending of the sixth
section 206. The fifth section 105 may be bent between
its start point and end point by a bending angle between
80° to 180°, preferably by 100°.

[0145] Thefifth section 105 is followed by the sixth sec-
tion 106 of the reinforcement folding 910. Thus, the start
point of the bending of the sixth section 106 coincides
with the end point of the bending of the fifth section 105
while an end point of the bending of the sixth section 106
coincides with a start point of the bending of the seventh
section 207. The sixth section 106 may be bent between
its start point and end point by a bending angle between
20° to 90°, preferably by 45°.

[0146] The sixth section 106 is followed by the seventh
section 107 of the reinforcement folding 910. Thus, the
start point of the bending of the seventh section 107 co-
incides with the end point of the bending of the sixth sec-
tion 106 while an end point of the bending of the seventh
section 107 coincides with a part of the second longitu-
dinal section 909. The seventh section 107 may be bent
between its start point and end point by a bending angle
between 20° to 90°, preferably by 45°.

[0147] Fig. 11 shows a cross-section of a third embod-
iment of the inventive tube while Fig. 12 shows an en-
larged cross-section view of the reinforcement folding
910.

[0148] The frontsection 906 has atleast one reinforce-
ment folding 910. This reinforcement folding 910 pro-
vides a material thickness along the impact direction 922
which is larger than the thickness of the single plate 902.
[0149] The reinforcementfolding 910 comprises: afirst
section 101 being bent in the first bending direction 912
with a first bending radius 101a, a second section 102
being bentin the first bending direction 912 with a second
bending radius 102a, the second bending radius 102a
being smaller than the first bending radius 101a, a third
section 103 being bent in the second bending direction
913 with a third bending radius 103a, the third bending
radius 103a being greater than the second bending ra-
dius 102a, a fourth section 104 being bent in the second
bending direction 913 with a fourth bending radius 104a,
the fourth bending radius 104a being smaller than the
third bending radius 103a, a fifth section 105 being bent
inthefirstbending direction 912 with a fifth bending radius
105a, the fifth bending radius 105a being greater than
the fourth bending radius 104a, a sixth section 306 form-
ing a straight section, a seventh section 307 being bent
in the first bending direction 912 with a seventh bending
radius 307a.

[0150] The first longitudinal section 908 is followed by
the first section 101 of the reinforcement folding 910.
Thus, a start point of the bending of the first section 101
coincides with a part of the first longitudinal section 908
while an end point of the bending of the first section 101
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coincides with a start point of the bending of the second
section 102. The first section 101 may be bent between
its start point and end point by a bending angle between
150°t0210°, preferably between 170° to 190°, more pref-
erably by 180°.

[0151] The first section 101 is followed by the second
section 102 of the reinforcement folding 910. Thus, the
start point of the bending of the second section 102 co-
incides with the end point of the bending of the first section
101 while an end point of the bending of the second sec-
tion 102 coincides with a start point of the bending of the
third section 103. The second section 102 may be bent
between its start point and end point by a bending angle
between 150° to 210°, preferably between 170° to 190°,
more preferably by 180°.

[0152] The second section 102 is followed by the third
section 103 of the reinforcement folding 910. Thus, the
start point of the bending of the third section 103 coin-
cides with the end point of the bending of the second
section 102 while an end point of the bending of the third
section 103 may coincide with a start point of the bending
of the fourth section 104. The third section 103 may be
bent between its start point and end point by a bending
angle between 150° to 210°, preferably between 170° to
190°, more preferably by 180°.

[0153] The third section 103 is followed by the fourth
section 104 of the reinforcement folding 910. Thus, the
start point of the bending of the fourth section 104 coin-
cides with the end point of the bending of the third section
103 while an end point of the bending of the fourth section
104 coincides with a start point of the bending of the fifth
section 105. The fourth section 104 may be bent between
its start point and end point by a bending angle between
150°t0210°, preferably between 170° to 190°, more pref-
erably by 180°.

[0154] The fourth section 104 is followed by the fifth
section 105 of the reinforcement folding. Thus, the start
point of the bending of the fifth section 105 coincides with
the end point of the bending of the fourth section 104
while an end point of the bending of the fifth section 105
coincides with a start point of the bending of the sixth
section 206. The fifth section 105 may be bent between
its start point and end point by a bending angle between
80° to 180°, preferably by 100°.

[0155] Thefifth section 105 is followed by the sixth sec-
tion 106 of the reinforcement folding 910. Thus, the start
point of the sixth section 106 coincides with the end point
of the bending of the fifth section 105 while an end point
of the sixth section 106 coincides with a start point of the
bending of the seventh section 107.

[0156] The sixth section 106 is followed by the seventh
section 107 of the reinforcement folding 910. Thus, the
start point of the bending of the seventh section 107 co-
incides with the end point of the sixth section 106 while
an end point of the bending of the seventh section 107
coincides with a part of the second longitudinal section
909. The seventh section 107 may be bent between its
start point and end point by a bending angle between 20°
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to 90°, preferably by 45°.

[0157] Fig. 13 shows a cross-section of a fourth em-
bodiment of the inventive tube while Fig. 14 shows an
enlarged cross-section view of the reinforcement folding
910.

[0158] The frontsection 906 has atleast one reinforce-
ment folding 910. This reinforcement folding 910 pro-
vides a material thickness along the impact direction 922
which is larger than the thickness of the single plate 902.
[0159] The reinforcementfolding 910 comprises: afirst
section 401 being bent in the first bending direction 912
with a first bending radius 401a, a second section 402
being bentin the first bending direction 912 with a second
bending radius 402a, the second bending radius 402a
being smaller than the first bending radius 401a, a third
section 403 being bent in the second bending direction
913 with a third bending radius 403a, the third bending
radius 403a being smaller than the first bending radius
401a, a fourth section 404 forming a straight section, a
fifth section 405 being bent in the second bending direc-
tion 913 with a fifth bending radius 405a, the fifth bending
radius 405a being smaller than the first bending radius
401a, a sixth section 406 being bent in the first bending
direction 912 with a sixth bending radius 406a, the sixth
bending radius 406a being smaller than the first bending
radius 401a, a seventh section 407 being bent in the first
bending direction 912 with a seventh bending radius
407a, the seventh bending radius 407a being greater
than the sixth bending radius 406a.

[0160] The first longitudinal section 908 is followed by
the first section 401 of the reinforcement folding 910.
Thus, a start point of the bending of the first section 401
coincides with a part of the first longitudinal section 908
while an end point of the bending of the first section 401
coincides with a start point of the bending of the second
section 402. The first section 401 may be bent between
its start point and end point by a bending angle between
20° to 110°, preferably by 70°.

[0161] The first section 401 is followed by the second
section 402 of the reinforcement folding 910. Thus, the
start point of the bending of the second section 402 co-
incides with the end point of the bending of the first section
401 while an end point of the bending of the second sec-
tion 402 coincides with a start point of the bending of the
third section 403. The second section 402 may be bent
between its start point and end point by a bending angle
between 150° to 210°, preferably between 170° to 190°,
more preferably by 180°.

[0162] The second section 402 is followed by the third
section 403 of the reinforcement folding 910. Thus, the
start point of the bending of the third section 403 coin-
cides with the end point of the bending of the second
section 402 while an end point of the bending of the third
section 403 coincides with a start point of the fourth sec-
tion 404. The third section 403 may be bent between its
start point and end point by a bending angle between
150° to 190°, preferably by 170°.

[0163] The third section 403 is followed by the fourth
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section 404 of the reinforcement folding 910. Thus, the
start point of the fourth section 404 coincides with the
end point of the bending of the third section 403 while an
end point of the fourth section 404 coincides with a start
point of the bending of the fifth section 405.

[0164] The fourth section 404 is followed by the fifth
section 405 of the reinforcement folding 910. Thus, the
start point of the bending of the fifth section 405 coincides
with the end point of the fourth section 404 while an end
point of the bending of the fifth section 405 coincides with
a start point of the bending of a sixth section 406. The
fifth section 405 may be bent between its start point and
end point by a bending angle between 150° to 190°, pref-
erably by 170°.

[0165] The fifth section 405 is followed by the sixth sec-
tion 406 of the reinforcement folding 910. Thus, the start
point of the bending of the sixth section 406 coincides
with the end point of the bending of the fifth section 405
while an end point of the bending of the sixth section 406
coincides with a start point of the bending of the seventh
section 407. The sixth section 406 may be bent between
its start point and end point by a bending angle between
150°t0210°, preferably between 170° to 190°, more pref-
erably by 180°.

[0166] The sixth section 406 is followed by the seventh
section 407 of the reinforcement folding 910. Thus, the
start point of the bending of the seventh section 407 co-
incides with the end point of the bending of the sixth sec-
tion 406 while an end point of the bending of the seventh
section 407 coincides with a part of the second longitu-
dinal section 909. The seventh section 407 may be bent
between its start point and end point by a bending angle
between 20° to 110°, preferably by 70°.

[0167] The bending angles and bending radii may be
selected such that the reinforcement folding 910 is mirror
symmetric with respect to an axis parallel to the longitu-
dinal axis 911.

[0168] Fig. 15 shows a cross-section of a fifth embod-
iment of the inventive tube while Fig. 16 shows an en-
larged cross-section view of the reinforcement folding
910.

[0169] Thefrontsection 906 has atleast one reinforce-
ment folding 910. This reinforcement folding 910 pro-
vides a material thickness along the impact direction 922
which is larger than the thickness of the single plate 902.
[0170] The reinforcementfolding 910 comprises: afirst
section 501 being bent in the first bending direction 912
with a first bending radius 501a, a second section 502
being bentin the first bending direction 912 with a second
bending radius 502a, the second bending radius 502a
being smaller than the first bending radius 501a, a third
section 503 being bent in the second bending direction
913 with a third bending radius 503a, the third bending
radius 503a being greater than the second bending ra-
dius 502a, a fourth section 504 being bent in the second
bending direction 913 with a fourth bending radius 504a,
the fourth bending radius 504a being smaller than the
third bending radius 503a, a fifth section 505 being bent

10

15

20

25

30

35

40

45

50

55

14

inthe firstbending direction 912 with a fifth bending radius
505a, the fifth bending radius 505a being smaller than
the first bending radius 501a, a sixth section 506 being
bent in the second bending direction 913 with a sixth
bending radius 5064, the sixth bending radius 506a being
smaller than the first bending radius 501a, a seventh sec-
tion 507 being bent in the second bending direction 913
with a seventh bending radius 507a, the seventh bending
radius 507a being greater than the sixth bending radius
5064a, an eighth section 508 being bentin the firstbending
direction 912 with an eighth bending radius 508a, the
eighth bending radius 508a being smaller than the sev-
enth bending radius 507a, a ninth section 509 being bent
in the first bending direction 912 with a ninth bending
radius 509a, the ninth bending radius 509a being greater
than the eighth bending radius 508a.

[0171] The first longitudinal section 908 is followed by
the first section 501 of the reinforcement folding 910.
Thus, a start point of the bending of the first section 501
coincides with a part of the first longitudinal section 908
while an end point of the bending of the first section 501
coincides with a start point of the bending of the second
section 502. The first section 501 may be bent between
its start point and end point by a bending angle between
5° to 60°, preferably by 40°.

[0172] The first section 501 is followed by the second
section 502 of the reinforcement folding 910. Thus, the
start point of the bending of the second section 502 co-
incides with the end point of the bending of the first section
501 while an end point of the bending of the second sec-
tion 502 coincides with a start point of the bending of the
third section 503. The second section 502 may be bent
between its start point and end point by a bending angle
between 150° to 210°, preferably between 170° to 190°,
more preferably by 180°.

[0173] The second section 502 is followed by the third
section 503 of the reinforcement folding 910. Thus, the
start point of the bending of the third section 503 coin-
cides with the end point of the bending of the second
section 502 while an end point of the bending of the third
section 503 coincides with a start point of the bending of
the fourth section 504. The third section 503 may be bent
between its start point and end point by a bending angle
between 5° to 80°, preferably by 15°.

[0174] The third section 503 is followed by the fourth
section 504 of the reinforcement folding 910. Thus, the
start point of the bending of the fourth section 504 coin-
cides with the end point of the bending of the third section
503 while an end point of the bending of the fourth section
504 coincides with a start point of the bending of the fifth
section 505. The fourth section 504 may be bentbetween
its start point and end point by a bending angle between
150°t0210°, preferably between 170° to 190°, more pref-
erably by 180°.

[0175] The fourth section 504 is followed by the fifth
section 505 of the reinforcement folding 910. Thus, the
start point of the bending of the fifth section 505 coincides
with the end point of the bending of the fourth section
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504 while an end point of the bending of the fifth section
505 coincides with a start point of the bending of a sixth
section 506. The fifth section 505 may be bent between
its start point and end point by a bending angle between
120° to 200°, preferably by 160°.

[0176] The fifth section 505 is followed by the sixth sec-
tion 506 of the reinforcement folding 910. Thus, the start
point of the bending of the sixth section 506 coincides
with the end point of the bending of the fifth section 505
while an end point of the bending of the sixth section 506
coincides with a start point of the bending of the seventh
section 507. The sixth section 506 may be bent between
its start point and end point by a bending angle between
150°t0210°, preferably between 170° to 190°, more pref-
erably by 180°.

[0177] The sixth section 506 is followed by the seventh
section 507 of the reinforcement folding 910. Thus, the
start point of the bending of the seventh section 507 co-
incides with the end point of the bending of the sixth sec-
tion 506 while an end point of the bending of the seventh
section 507 coincides with a start point of the bending of
the eighth section 508. The seventh section 507 may be
bent between its start point and end point by a bending
angle between 5° to 80°, preferably by 15°.

[0178] The seventh section 507 is followed by the
eighth section 508 of the reinforcement folding 910. Thus,
the start point of the bending of the eighth section 508
coincides with the end point of the bending of the seventh
section 507 while an end point of the bending of the eighth
section 508 coincides with a start point of the bending of
the ninth section 509. The eighth section 508 may be
bent between its start point and end point by a bending
angle between 150° to 210°, preferably between 170° to
190°, more preferably by 180°.

[0179] The eighth section 508 is followed by the ninth
section 509 of the reinforcement folding 910. Thus, the
start point of the bending of the ninth section 509 coin-
cides with the end point of the bending of the eighth sec-
tion 508 while an end point of the bending of the ninth
section 509 coincides with a part of the second longitu-
dinal section 909. The ninth section 509 may be bent
between its start point and end point by a bending angle
between 5° to 60°, preferably by 40°.

[0180] The bending angles and bending radii may be
selected such that the reinforcement folding 910 is mirror
symmetric with respect to an axis parallel to the longitu-
dinal axis 911.

[0181] Fig. 17 shows a cross-section of a sixth embod-
iment of the inventive tube while Fig. 18 shows an en-
larged cross-section view of the reinforcement folding
910.

[0182] Thefrontsection 906 has atleast one reinforce-
ment folding 910. This reinforcement folding 910 pro-
vides a material thickness along the impact direction 922
which is larger than the thickness of the single plate 902.
[0183] The reinforcementfolding 910 comprises: afirst
section 601 being bent in the first bending direction 912
with a first bending radius 601a, a second section 602
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forming a straight section, a third section 603 being bent
in the second bending direction 913 with a third bending
radius 603a, a fourth section 604 forming a straight sec-
tion, a fifth section 605 being bent in the first bending
direction 912 with a fifth bending radius 605a, a sixth
section 606 forming a straight section, a seventh section
607 being bent in the second bending direction 913 with
a seventh bending radius 607a, an eight section 608
forming a straight section, a ninth section 609 being bent
in the first bending direction 912 with a ninth bending
radius 609a.

[0184] The first longitudinal section 908 is followed by
the first section 601 of the reinforcement folding 910.
Thus, a start point of the bending of the first section 601
coincides with a part of the first longitudinal section 908
while an end point of the bending of the first section 601
coincides with a start point of the second section 602.
The first section 601 may be bent between its start point
and end point by a bending angle between 150° to 210°,
preferably between 170° to 190°, more preferably by
180°.

[0185] The first section 601 is followed by the second
section 602 of the reinforcement folding 910. Thus, the
start point of the second section 602 coincides with the
end point of the bending of the first section 601 while an
end point of the second section 602 coincides with a start
point of the bending of the third section 603.

[0186] The second section 602 is followed by the third
section 603 of the reinforcement folding 910. Thus, a
start point of the bending of the third section 603 coin-
cides with the endpoint of the second section 602 while
an end point of the bending of the third section 603 co-
incides with a start point of the fourth section 604. The
third section 603 may be bent between its start point and
end point by a bending angle between 150° to 210°, pref-
erably between 170° to 190°, more preferably by 180°.

[0187] The third section 603 is followed by the fourth
section 604 of the reinforcement folding 910. Thus, the
start point of the fourth section 604 coincides with the
end point of the bending of the third section 603 while an
end point of the fourth section 604 coincides with a start
point of the bending of the fifth section 605.

[0188] The fourth section 604 is followed by the fifth
section 605 of the reinforcement folding 910. Thus, a
start point of the bending of the fifth section 605 coincides
with the endpoint of the fourth section 604 while an end
point of the bending of the fifth section 605 coincides with
a start point of the sixth section 606. The fifth section 605
may be bent between its start point and end point by a
bending angle between 150° to 210°, preferably between
170° to 190°, more preferably by 180°.

[0189] Thefifth section 605 is followed by the sixth sec-
tion 606 of the reinforcement folding 910. Thus, the start
point of the sixth section 606 coincides with the end point
of the bending of the fifth section 605 while an end point
of the sixth section 606 coincides with a start point of the
bending of the seventh section 607.

[0190] The sixth section 606 is followed by the seventh



29 EP 3 671 089 A1 30

section 607 of the reinforcement folding 910. Thus, a
start point of the bending of the seventh section 607 co-
incides with the endpoint of the sixth section 606 while
an end point of the bending of the seventh section 607
coincides with a start point of the eighth section 608. The
seventh section 607 may be bent between its start point
and end point by a bending angle between 150° to 210°,
preferably between 170° to 190°, more preferably by
180°.

[0191] The seventh section 607 is followed by the
eighth section 608 of the reinforcement folding 910. Thus,
the start point of the eighth section 608 coincides with
the end point of the bending of the seventh section 607
while an end point of the eighth section 608 coincides
with a start point of the bending of the ninth section 609.
[0192] The eighth section 608 is followed by the ninth
section 609 of the reinforcement folding 910. Thus, the
start point of the bending of the ninth section 609 coin-
cides with the end point of the eighth section 608 while
an end point of the bending of the ninth section 609 co-
incides with a part of the second longitudinal section 909.
The ninth section 609 may be bent between its start point
and end point by a bending angle between 150° to 210°,
preferably between 170° to 190°, more preferably by
180°.

[0193] The bending angles and bending radii may be
selected such that the reinforcement folding 910 is mirror
symmetric with respect to an axis parallel to the longitu-
dinal axis 911.

[0194] Fig. 19 shows a cross-section of a seventh em-
bodiment of the inventive tube while Fig. 20 shows an
enlarged cross-section view of the reinforcement folding
910.

[0195] The frontsection 906 has atleast one reinforce-
ment folding 910. This reinforcement folding 910 pro-
vides a material thickness along the impact direction 922
which is larger than the thickness of the single plate 902.
[0196] The reinforcementfolding 910 comprises: afirst
section 701 being bent in the first bending direction 912
with a first bending radius 701a, a second section 702
being bent in the second bending direction 913 with a
second bending radius 702a, a third section 703 forming
a straight section, a fourth section 704 being bent in the
second bending direction 913 with a fourth bending ra-
dius 704a, a fifth section 705 forming a straight section,
asixth section 706 being bentin the firstbending direction
912 with a sixth bending radius 706a, a seventh section
707 being bent in the first bending direction 912 with a
seventh bending radius 707a, an eight section 708 being
bentin the first bending direction 912 with an eight bend-
ing radius 7083, the seventh bending radius 707a being
greater than the sixth bending radius 706a, the seventh
bending radius 707a being greater than the eight bending
radius 708a, a ninth section 709 forming a straight sec-
tion, a tenth section 710 being bentin the second bending
direction 913 with a tenth bending radius 710a, an elev-
enth section 711 forming a straight section, a twelfth sec-
tion 712 being bent in the second bending direction 913
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with a twelfth bending radius 712a, a thirteenth section
713 being bent in the first bending direction 912 with a
thirteenth bending radius 713a.

[0197] The first longitudinal section 908 is followed by
the first section 701 of the reinforcement folding 910.
Thus, a start point of the bending of the first section 701
coincides with a part of the first longitudinal section 908
while an end point of the bending of the first section 701
coincides with a start point of the bending of the second
section 702. The first section 701 may be bent between
its start point and end point by a bending angle between
30° to 120°, preferably by 90°.

[0198] The first section 701 is followed by the second
section 702 of the reinforcement folding 910. Thus, a
start point of the bending of the second section 702 co-
incides with the end point of the bending of the first section
701 while an end point of the bending of the second sec-
tion 702 coincides with a start point of the third section
703. The second section 702 may be bent between its
start point and end point by a bending angle between 30°
to 120°, preferably by 90°.

[0199] The second section 702 is followed by the third
section 703 of the reinforcement folding 910. Thus, the
start point of the third section 703 coincides with the end
point of the bending of the second section 702 while an
end point of the third section 703 coincides with a start
point of the bending of the fourth section 704.

[0200] The third section 703 is followed by the fourth
section 704 of the reinforcement folding 910. Thus, a
start point of the bending of the fourth section 704 coin-
cides with the end point of the third section 703 while an
end point of the bending of the fourth section 704 coin-
cides with a start point of the fifth section 705. The fourth
section 704 may be bent between its start point and end
point by a bending angle between 150° to 210°, prefer-
ably between 170° to 190°, more preferably by 180°.
[0201] The fourth section 704 is followed by the fifth
section 705 of the reinforcement folding 910. Thus, the
start point of the fifth section 705 coincides with the end
point of the bending of the fourth section 704 while an
end point of the fifth section 705 coincides with a start
point of the bending of the sixth section 706.

[0202] Thefifth section 705 is followed by the sixth sec-
tion 706 of the reinforcement folding 910. Thus, a start
point of the bending of the sixth section 706 coincides
with the end point of the fifth section 705 while an end
point of the bending of the sixth section 706 coincides
with a start point of the bending of the seventh section
707. The sixth section 706 may be bent between its start
point and end point by a bending angle between 150° to
210°, preferably between 170° to 190°, more preferably
by 180°.

[0203] The sixth section 706 is followed by the seventh
section 707 of the reinforcement folding 910. Thus, a
start point of the bending of the seventh section 707 co-
incides with the end point of the sixth section 706 while
an end point of the bending of the seventh section 707
coincides with a start point of the bending of the eighth
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section 708. The seventh section 707 may be bent be-
tween its start point and end point by a bending angle
between 160° to 200°, preferably by 180°.

[0204] The seventh section 707 is followed by the
eighth section 708 of the reinforcement folding 910. Thus,
a start point of the bending of the eighth section 708 co-
incides with the end point of the seventh section 707 while
an end point of the bending of the eighth section 708
coincide with a start point of the ninth section 709. The
eighth section 708 may be bent between its start point
and end point by a bending angle between 150° to 210°,
preferably between 170° to 190°, more preferably by
180°.

[0205] The eighth section 708 is followed by the ninth
section 709 of the reinforcement folding 910. Thus, the
start point of the ninth section 709 coincides with the end
point of the bending of the eighth section 708 while an
end point of the ninth section 709 coincides with a start
point of the bending of the tenth section 710.

[0206] The ninth section 709 is followed by the tenth
section 710 of the reinforcement folding 910. Thus, a
start point of the bending of the tenth section 710 coin-
cides with the end point of the ninth section 709 while an
end point of the bending of the tenth section 710 coin-
cides with a start point of the eleventh section 711. The
tenth section 710 may be bent between its start pointand
end point by a bending angle between 150° to 210°, pref-
erably between 170° to 190°, more preferably by 180°.
[0207] The tenth section 710 is followed by the elev-
enth section 711 of the reinforcement folding 910. Thus,
the start point of the eleventh section 711 coincides with
the end point of the bending of the tenth section 710 while
an end point of the eleventh section 711 coincides with
a start point of the bending of the twelfth section 712.
[0208] The eleventh section 711 is followed by the
twelfth section 712 of the reinforcement folding 910.
Thus, a start point of the bending of the twelfth section
712 coincides with the end point of the eleventh section
711 while an end point of the bending of the twelfth sec-
tion 712 coincides with a start point of the bending of the
thirteenth section 713. The twelfth section 712 may be
bent between its start point and end point by a bending
angle between 30° to 120°, preferably by 90°.

[0209] The twelfth section 712 is followed by the thir-
teenth section 713 of the reinforcement folding 910.
Thus, the start point of the bending of the thirteenth sec-
tion 713 coincides with the end point of the twelfth section
712 while an end point of the bending of the thirteenth
section 713 coincides with a part of the second longitu-
dinal section 909. The thirteenth section 713 may be bent
between its start point and end point by a bending angle
between 30° to 120°, preferably by 90°.

[0210] The bending angles and bending radii may be
selected such that the reinforcement folding 910 is mirror
symmetric with respect to an axis parallel to the longitu-
dinal axis 911.

[0211] Fig. 21 shows a cross-section of a eighth em-
bodiment of the inventive tube. The front section 906 has
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at least one reinforcement folding 910.

[0212] The reinforcementfolding 910 comprises: afirst
bead 801, the first bead 801 is followed by a section 802
being bent in a first bending direction 912 with a bending
radius 802a, the section 802 being followed by a second
bead 803, a damping body 804 in the fluid channel 905.
[0213] The first bead 801 and the second bead 802
may be arranged opposite each other and reduce the
cross-section of the fluid channel 905 at least in some
sections. The first bead may 801 protrude in the direction
of the second bead 805 while the second bead 805 may
protrude in the direction of the first bead 801. The damp-
ing body 804 has a damping effect and converts kinetic
energy into deformation energy.

[0214] The first longitudinal section 908 is followed by
the first bead 801 of the reinforcement folding 910. The
first bead 801 is followed by the bend section 802 of the
reinforcement folding 910. Thus, a start point of the bend-
ing of the section 802 coincides with a part of the first
bead 801 while an end point of the bending of the section
802 coincides with a part of the second bead 803. The
section 802 may be bent between its start point and end
point by a bending angle between 150° to 260°, prefer-
ably by 200°. The second bead 803 is followed by the
second longitudinal section 909.

[0215] The bending angles and bending radii as well
asthe beads may be selected such that the reinforcement
folding 910 is mirror symmetric with respect to an axis
parallel to the longitudinal axis 911.

[0216] Fig. 22 shows a cross-section of a ninth embod-
iment of the inventive tube while Fig. 23 shows an en-
larged cross-section view of the reinforcement folding
910.

[0217] The frontsection 906 has atleast one reinforce-
ment folding 910. This reinforcement folding 910 pro-
vides a material thickness along the impact direction 922
which is larger than the thickness of the single plate 902.
[0218] The reinforcementfolding 910 comprises: afirst
section 951 being bent in a first bending direction 912
with a first bending radius 951a, a second section 952
being bentin the first bending direction 912 with a second
bending radius 952a, the second bending radius 952a
being smaller than the first bending radius 951a, a third
section being 953 bent in a second bending direction 913
with a third bending radius 953a, a fourth section 954
being bent in the first bending direction 912 with a fourth
bending radius 9544, a fifth section 955 being bent in the
first bending direction 912 with a fifth bending radius
9553, the fifth bending radius 955a being greater than
the fourth bending radius 954a, the second section 952
and the third section 953 as well as the fourth section
954 forming a hollow space 956.

[0219] The hollow space 956 is formed by the external
surface 915 of the tube 901. Additionally, the hollow
space 956 is fluidically separated from the fluid channel
905.

[0220] The first longitudinal section 908 is followed by
the first section 951 of the reinforcement folding 910.
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Thus, a start point of the bending of the first section 951
coincides with a part of the first longitudinal section 908
while an end point of the bending of the first section 951
coincides with a start point of the bending of the second
section 952. The first section 951 may be bent between
its start point and end point by a bending angle between
20° to 120°, preferably by 45°.

[0221] The first section 951 is followed by the second
section 952 of the reinforcement folding 910. Thus, the
start point of the bending of the second section 952 co-
incides with the end point of the bending of the first section
951 while an end point of the bending of the second sec-
tion 952 coincides with a start point of the bending of the
third section 953. The second section 952 may be bent
between its start point and end point by a bending angle
between 150° to 210°, preferably between 170° to 190°,
more preferably by 180°.

[0222] The second section 952 is followed by the third
section 953 of the reinforcement folding 910. Thus, the
start point of the bending of the third section 953 coin-
cides with the end point of the bending of the second
section 952 while an end point of the bending of the third
section 953 coincides with a start point of the bending of
the fourth section 954. The third section 953 may be bent
between its start point and end point by a bending angle
between 280° to 355°, preferably by 345°.

[0223] The third section 953 is followed by the fourth
section 954 of the reinforcement folding 910. Thus, the
start point of the bending of the fourth section 954 coin-
cides with the end point of the bending of the third section
953 while an end point of the bending of the fourth section
954 coincides with a start point of the bending of the fifth
section 955. The fourth section 954 may be bent between
its start point and end point by a bending angle between
150°t0210°, preferably between 170° to 190°, more pref-
erably by 180°.

[0224] The fourth section 954 is followed by the fifth
section 955 of the reinforcement folding 910. Thus, the
start point of the bending of the fifth section 955 coincides
with the end point of the fourth section 954 while an end
point of the bending of the fifth section 955 coincides with
a part of the second longitudinal section 909. The fifth
section 955 may be bent between its start point and end
point by a bending angle between 20° to 120°, preferably
by 45°.

[0225] The bending angles and bending radii may be
selected such that the reinforcement folding 910 is mirror
symmetric with respect to an axis parallel to the longitu-
dinal axis 911.

[0226] Fig. 24 shows a cross-section of a tenth em-
bodiment of the inventive tube with a reinforcement fold-
ing 910.

[0227] In contrast to the embodiment shown in Fig. 22
and Fig. 23, the embodiment shown in Fig. 24 comprises
a damping body 1000 which is inserted in the hollow
space 956. The damping body 1000 may contact the ex-
ternal surface 915 within the hollow space 956. The
damping body 1000 has a damping effect and converts
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kinetic energy into deformation energy.

Claims
1. A heat exchanger (900) comprising:

- atleastonefolded tube (901) formed of a single
plate (902),

- the single plate (902) having a first end section
(903) and a second end section (904),

- the folded tube (901) having at least one fluid
channel (905),

- the folded tube (901) having a cross-section
shape comprising:

« a front section (906) and a back section
(907),

« the front section (906) and the back section
(907) being arranged opposite each other,
« the front section (906) and the back section
(907) being connected by afirst longitudinal
section (908) and a second longitudinal sec-
tion (909),

« the front section (906), the back section
(907), the first longitudinal section (908) and
the second longitudinal (909) section define
the at least one fluid channel (905),

« the back section (907) being formed by the
first end section (903) and the second end
section (904) contacting each other at least
partially,

« the front section (906) having at least one
reinforcement folding (910).

2. The heat exchanger (900) according to claim 1,
wherein the first end section (903) and the second
end section (904) being at least partially bent in a
bending direction.

3. The heat exchanger (900) according to claim 1 or 2,
wherein the reinforcement folding (901) is mirror
symmetric with respect to an axis parallel to a longi-
tudinal axis (911).

4. The heatexchanger (900)according to any of claims
1to 3,
wherein the reinforcement folding (910) comprises:

- a first section (1) being bent in a first bending
direction (912) with a first bending radius (1a),
- a second section (2) being bent in a second
bending direction (913) with a second bending
radius (2a),

- athird section (3) being bent in the first bending
direction (912) with a third bending radius (3a).

5. The heatexchanger (900) according to any of claims
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1to 3,
wherein the reinforcement folding (910) comprises:

- afirst section (101) being bentin afirst bending

36

- the third bending radius (403a) being smaller
than the first bending radius (401a),

- a fourth section (404) forming a straight sec-
tion,

direction (912) with afirstbendingradius (101a), 9% - a fifth section (405) being bent in the second
- a second section (102) being bent in the first bending direction (913) with a fifth bending ra-
bending direction (912) with a second bending dius (405a),
radius (102a), - the fifth bending radius (405a) being smaller
- the second bending radius (102a) being small- than the first bending radius (401a),
er than the first bending radius (101a), 10 - asixth section (406) being bentin the firstbend-
- a third section (103) being bent in a second ing direction (912) with a sixth bending radius
bending direction (913) with a third bending ra- (406a),
dius (103a), - the sixth bending radius (406a) being smaller
- the third bending radius (103a) being greater than the first bending radius (401a),
than the second bending radius (102a), 15 - a seventh section (407) being bent in the first
- a fourth section (104) being bent in the second bending direction (912) with a seventh bending
bending direction (913) with a fourth bending ra- radius (407a),
dius (104a), - the seventh bending radius (407a) being great-
- the fourth bending radius (104a) being smaller er than the sixth bending radius (406a).
than the third bending radius (103a), 20
- a fifth section (105) being bent in the first bend- 9. The heatexchanger (900) according to any of claims
ing direction (912) with a fifth bending radius 1t03,
(105a), wherein the reinforcement folding (910) comprises:
- the fifth bending radius (105a) being greater
than the fourth bending radius (104a). 25 - afirst section (501) being bentin a first bending
direction (912) with a first bending radius (501a),
6. The heat exchanger (900) according to claim 5, - a second section (502) being bent in the first
wherein the reinforcement folding (910) comprises: bending direction (912) with a second bending
radius (502a),
- a sixth section (206) being bent in the second 30 - the second bending radius (502a) being small-
bending direction (913) with a sixth bending ra- er than the first bending radius (501a),
dius (206a), - a third section (503) being bent in a second
- a seventh section (207) being bent in the first bending direction (913) with a third bending ra-
bending direction (912) with a seventh bending dius (503a),
radius (207a). 35 - the third bending radius (503a) being greater
than the second bending radius (502a),
7. The heat exchanger (900) according to claim 5, - a fourth section (504) being bent in the second
wherein the reinforcement folding (910) comprises: bending direction (913) with a fourth bending ra-
dius (504a),
- a sixth section (306) forming a straight section, 40 - the fourth bending radius (504a) being smaller
- a seventh section (307) being bent in the first than the third bending radius (503a),
bending direction (912) with a seventh bending - afifth section (505) being bent in the first bend-
radius (307a). ing direction (912) with a fifth bending radius
(505a),
8. Theheatexchanger (900)accordingtoany of claims 45 - the fifth bending radius (505a) being smaller
1t0 3, than the first bending radius (501a),
wherein the reinforcement folding (910) comprises: - a sixth section (506) being bent in the second
bending direction (913) with a sixth bending ra-
- afirst section (401) being bentin afirst bending dius (506a),
direction (912) with a firstbending radius (401a), 50 - the sixth bending radius (506a) being smaller
- a second section (402) being bent in the first than the first bending radius (501a),
bending direction (912) with a second bending - a seventh section (507) being bent in the sec-
radius (402a), ond bending direction (913) with a seventh
- the second bending radius (402a) being small- bending radius (507a),
er than the first bending radius (401a), 55 - the seventh bending radius (507a) being great-

- a third section (403) being bent in a second
bending direction (913) with a third bending ra-
dius (403a),

19

er than the sixth bending radius (506a),
- an eighth section (508) being bent in the first
bending direction (912) with an eighth bending
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radius (508a),

- the eighth bending radius (508a) being smaller
than the seventh bending radius (507a),

- a ninth section (509) being bent in the first
bending direction (912) with a ninth bending ra-
dius (509a),

- the ninth bending radius (509a) being greater

38

- the seventh bending radius (707a) being great-
er than the sixth bending radius (706a),

- the seventh bending radius (707a) being great-
er than the eight bending radius (708a),

- aninth section (709) forming a straight section,
- a tenth section (710) being bent in the second
bending direction (913) with a tenth bending ra-

than the eighth bending radius (508a). dius (710a),
- an eleventh section (711) forming a straight
10. The heatexchanger (900) according to any of claims 70 section,

1to0 3, - a twelfth section (712) being bent in the second
wherein the reinforcement folding (910) comprises: bending direction (913) with a twelfth bending
radius (712a),
- a thirteenth section (713) being bent in the first
bending direction (912) with a thirteenth bending
radius (713a).

- afirst section (601) being bentin afirst bending
direction (912) with afirstbending radius (601a), 75
- a second section (602) forming a straight sec-

tion,

- a third section (603) being bent in a second 12. The heat exchanger (900) according to any of claims
bending direction (913) with a third bending ra- 1t0 3,

dius (603a), 20 wherein the reinforcement folding (910) comprises:

- a fourth section (604) forming a straight sec-
tion,

- a fifth section (605) being bent in the first bend-
ing direction (912) with a fifth bending radius
(605a),

- a sixth section (606) forming a straight section,
- a seventh section (607) being bent in the sec-
ond bending direction (913) with a seventh

25

- afirst bead (801),

- the first bead (801) is followed by a section
(802) being bentin afirstbending direction (912)
with a bending radius (802a),

- the section (802) being followed by a second
bead (803),

-adamping body (804)in the fluid channel (905).

bending radius (607),

- an eight section (608) forming a straight sec- 30 13. The heatexchanger (900) according to any of claims

tion, 1to 3,

- a ninth section (609) being bent in the first wherein the reinforcement folding (910) comprises:

bending direction (912) with a ninth bending ra-

dius (609a). - afirst section (951) being bentin a first bending

35 direction (912) with afirst bending radius (951a),

11. The heatexchanger (900) according to any of claims - a second section (952) being bent in the first
1t0 3, bending direction (912) with a second bending
wherein the reinforcement folding (910) comprises: radius (952a),

- the second bending radius (952a) being small-

- afirst section (701) being bentin afirstbending 40 er than the first bending radius (951a),
direction (912) with a firstbending radius (701a), - a third section (953) being bent in a second
- a second section (702) being bent in a second bending direction (913) with a third bending ra-
bending direction (913) with a second bending dius (953a),
radius (702a), - a fourth section (954) being bent in the first
- a third section (703) forming a straight section, 45 bending direction (912) with a fourth bending ra-
- a fourth section (704) being bent in the second dius (954a),
bending direction (913) with a fourth bending ra- - afifth section (955) being bent in the first bend-
dius (704a), ing direction (912) with a fifth bending radius
- a fifth section (705) forming a straight section, (955a),
- asixth section (706) being bentinthe firstbend- 50 - the fifth bending radius (955a) being greater
ing direction (912) with a sixth bending radius than the fourth bending radius (954a),
(706a), - the second section (952), the third section
- a seventh section (707) being bent in the first (953) and the fourth section (954) forming a hol-
bending direction (912) with a seventh bending low space (956).

55

radius (707a),

- an eight section (708) being bent in the first
bending direction (912) with an eight bending
radius (708a),

14. The heat exchanger (900) according to claim 13,
wherein a damping body (1000) is inserted in the
hollow space (956).

20
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15. The heatexchanger (900) according to any of claims
1to 14,
wherein the tube (901) comprises a plurality of fluid
channels (905), preferably at least two fluid channels
(905a, 905b) or four fluid channels (905a, 905b,
905c¢, 905d).
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Patentamt
0 E:t’:r’:teaonfﬂce Application Number
e LACK OF UNITY OF INVENTION

des brevets SHEET B EP 18 21 5581

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, hamely:

1. claims: 4, 10(completely); 1-3, 15(partially)

This invention comprises a reinforcement having three
sections of different bending radius (claim 4) (see figures
3-8 and 17). According to dependent claim 10, the invention
may further comprise straight portions between the between
the bending portions. No relation between the bending radius
is required.

2. claims: 5-7(completely); 1-3, 15(partially)

This invention comprises a reinforcement having five
sections with a bending radius, the second bending radius
being smaller that the first one, the third bending radius
being greater that the second one, the forth being smaller
that the third, and the fifth being greater than the forth
(see figures 9 and 10). This invention comprises a
reinforcement having five sections as defined in claim 5 and
further comprising a straight sixth section (see figures 11
and 12). DE 10 2008 033 883 seems to disclose the features
of claim 5.

3. claims: 8(completely); 1-3, 15(partially)

This invention comprises a reinforcement having seven
sections with a bending radius, the fourth section forming a
straight section and having a particular relation between
the bending radius of each section (as defined in claim 8)
(see figures 13 and 14)

4. claims: 9(completely); 1-3, 15(partially)

This invention comprises a reinforcement having nine
sections with a bending radius, and having a particular
relation between the bending radius of each section (as
defined in claim 9) (see figures 15 and 16)

5. claims: 11(completely); 1-3, 15(partially)

This invention comprises a reinforcement having thirteen
sections with a bending radius, and having a particular
relation between the bending radius of each section (as
defined in claim 11) (see figures 19 and 20)

6. claims: 12(completely); 1-3, 15(partially)
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Patentamt

0 E:t’:r’:teaonfﬂce Application Number
e LACK OF UNITY OF INVENTION
des brevets SHEET B EP 18 21 5581

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, hamely:

This invention comprises a reinforcement having a first and
a second bead and a damping body (as defined in claim 12)
(see figure 21)

7. claims: 13, 14(completely); 1-3, 15(partially)

This invention comprises a reinforcement having five
sections with a bending radius, having a particular relation
between the bending radius of each section (as defined in
claim 13), and a hollow space (see figures 22 and 24)
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