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(54) TUBE FOR HEAT EXCHANGERS AND METHOD OF MANUFACTURING SAME

(57) A tube for heat exchangers, in which roll form-
ing is used to form a bead compartmenting medium flow
passages in a tube and a thickness (B) of the bead base
is made larger than that of a stock plate for the tube. The
roll forming comprises a first step of bending and form-
ing the plate successively in a concave form to provide
a planned bead portion as an intermediate formed bead
portion, a second step of drawing the planned bead por-
tion laterally, and a third step of compressing the
planned bead portion after the second step in a bead
heightwise direction. A width (w') of recesses of the

planned bead portion (21a) in the first step is made
larger than a width (w) of recesses of beads (21) after
forming, and a height (h') of the planned bead portion
(21b) after the second step is made larger than a height
(h) of the bead (21) after forming. Accordingly, methods
of manufacturing a heat exchanger tube, in which bases
of beads are enhanced in pressure resisting property,
and a heat exchanger tube, in which unevenness of the
plate can be reduced when beads are formed, are
obtained.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a tube for a
heat exchanger in which beads for dividing passages for
a medium in tubes are formed by roll forming and a
method for producing the same.

BACKGROUND OF THE INVENTION

[0002] It is generally known that a parallel flow type
heat exchanger has a plurality of tubes laminated with
fins alternately interposed therebetween and both ends
of the tubes connected to communicate with header
pipes, in which a medium for heat exchanging is flown to
meander a plurality of times between inlet and outlet
joints disposed on the header pipes so to exchange
heat with the atmosphere while flowing through the
tubes.
[0003] Recently, the tubes used for the aforesaid
type of heat exchanger are formed by roll forming of a
metallic plate material of a strip belt (hereinafter referred
to as the plate) into a tube shape having beads for divid-
ing the medium passages, and brazing its required por-
tions.
[0004] The roll forming is performed by passing the
plate material between a plurality of rotating rolls which
respectively have a predetermined shape and are dis-
posed appropriately, and beads are continuously
formed on required portions of the plate in a longitudinal
direction of the tube. Specifically, the beads are formed
by bending the plate to have recessed shapes and have
their inwardly protruded tops brazed to opposed por-
tions of the plate so to divide the passage for the
medium formed within the tube into a plurality of sec-
tions in order to improve a pressure resistance and a
heat-exchanging property of the tube.
[0005] Generally, the plate in use is a brazing sheet
which has a brazing material clad on its entire surface.
After assembling the tubes, fins and header pipes into
one body by means of a jig and the like, the required
portions of the tubes and other required portions of the
heat exchanger are brazed by heating the assembled
body by one heating operation.
[0006] The tube formed by the roll forming as
described above is provided with beads 31, 31 at prede-
termined intervals within a tube 30 as shown in Fig. 6 for
example. And, there are disposed joint portions 32, 32
at one end of the formed tube 30 in its breadth direction,
and a folding portion 33 at the opposite end in the
breadth direction of the tube 30, and the beads 31 and
the inside flat surface of the tube 30, and the joint por-
tions 32, 32 are brazed mutually, and respectively.
[0007] Thus, a plurality of medium passages 34, 34
divided by the beads 31, 31 are formed within the tube
30.
[0008] In the heat exchanger tube formed by the roll

forming as described above, the plate used is very thin
to suit such conditions as formability, heat-exchanging
property and light weight.

[0009] Therefore, where the plate is to be formed, it
is necessary to suppress the plate from having an
unnecessary deviation in thickness (uneven thickness
of the plate in section) in order to secure a sufficient
pressure resistance for the tube. Specifically, when the
plate has any portion having an insufficient thickness
owing to the uneven thickness, the pressure resistance
of the tube is lowered. Therefore; the occurrence of the
uneven thickness must be avoided.
[0010] However, the forming of the heat exchanger
tube by the conventional roll forming did not take the
occurrence of the uneven thickness into consideration,
so that an uneven thickness was often formed when the
beads were formed, and such an uneven thickness was
caused conspicuously when a plurality of beads were
formed in the longitudinal direction of the plate.
[0011] In the aforesaid type of heat exchanger tube,
a larger stress is applied to the roots of the beads,
namely the base portions of the beads, in view of the
structure. The reason for this is that a stress is concen-
trated on the base portions of the beads due to the bent
shape in the section of the plate.
[0012] Therefore, the base portions of the beads
had a poor strength as compared with other portions,
resulting in a disadvantage that the pressure resistance
of the tube is limited.
[0013] The present invention was achieved in view
of the aforesaid problems. And it is an object of the
invention to provide a tube for a heat exchanger with its
pressure resistance improved by reinforcing the base
portions of beads and a method for producing a tube for
a heat exchanger which can decrease an uneven thick-
ness of a plate when the beads are formed.

SUMMARY OF THE INVENTION

[0014] The invention described in claim 1 is a tube
for a heat exchanger which is formed to have beads for
dividing passages for a medium in the tube by roll form-
ing, wherein base portions of the beads are formed to
have a thickness greater than that of a plate material for
the tube.
[0015] Thus, the tube for a heat exchanger accord-
ing to the invention has the plate at the base portions of
the beads made thicker than that of the plate material,
so that its pressure resistance can be improved further.
[0016] Specifically, the base portion of the bead
requires structurally a higher stress as compared with
other portions. Therefore, there were conventionally dis-
advantages that the base portion of the bead had a poor
strength, and the pressure resistance of the tube was
limited and degraded. But, according to the present
invention, the plate is made thick at the base of the bead
to reinforce the base of the bead, so that the pressure
resistance of the tube can be improved, and the existing

1 2

5

10

15

20

25

30

35

40

45

50

55



EP 1 014 024 A1

3

drawbacks can be remedied.

[0017] The invention described in claim 2 is a
method for producing a tube for a heat exchanger which
has beads for dividing passages for a medium in the
tube formed by roll forming, wherein the roll forming
comprises a first step of sequentially bending a flat
metal strip plate to have depressions so to form por-
tions-to-be-bead, which are intermediate forms of the
beads, a second step of performing a width drawing of
the portions-to-be-bead, and a third step of compress-
ing the portions-to-be-bead, after the second step, in a
direction of a height of the beads, wherein the portions-
to-be-bead formed in the first step having a concave
width wider than that of the beads formed from the por-
tions-to-be-bead, and a height of the portions-to-be-
bead after the second step is determined to be higher
than the height of the beads after the forming.
[0018] As described above, according to the
method for producing a tube for a heat exchanger
according to the present invention, an undesired une-
ven thickness of the plate involved in the formation of
the beads can be decreased, and the tube with the
pressure resistance secured can be obtained.
[0019] Specifically, it was conventional that the
plate was often made to have an uneven thickness
when the beads were formed. But, according to the
present invention, the portions-to-be-bead having a
wider concave width than that of the formed beads are
temporarily formed and then drawn, so that the plate
can be suppressed from having an uneven thickness
when the beads are formed, and the tube can be pre-
vented from having a degraded strength.
[0020] And, the portions-to-be-bead are com-
pressed after the drawing, so that the dimensional accu-
racy of the beads can be improved.
[0021] The invention described in claim 3 is a
method for producing a tube for a heat exchanger
according to claim 2, wherein the thickness of the base
portions of the beads in the third step is made greater
than the thickness of the plate material for the tube.
[0022] Thus, the base of the bead is made thicker
than the thickness of the plate material, so that the tube
having its pressure resistance further improved can be
obtained.
[0023] And the increment of increase in thickness of
the base of the bead can be obtained by compressing
the portion-to-be-bead.
[0024] The invention described in claim 4 is a
method for producing a tube for a heat exchanger
according to claim 2, wherein the beads are formed in
three or four, one or two at the center among them are
first subjected to the first step, two beads at both ends
are then subjected to the first step, and all the beads are
subjected to the third step at the same time.
[0025] Thus, when three or four beads are formed,
the first step is conducted on one or two beads at the
center and then on two beads at both ends. Accordingly,
the material can be gathered to the center portion in the

process of forming the center bead or beads into a con-
cave shape. Therefore, an uneven thickness formed
when the aforesaid step is not performed, particularly a
situation that the center portion is made thin because of
the formation of the center bead or beads, can be pre-
vented. And, when the material is gathered to the center
by the first step, a situation that the center portion
becomes thin, namely an uneven thickness, is not
caused even when the third step is conducted on all the
beads at the same time. Therefore, the respective
beads can be formed in good balance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a front view showing a heat exchanger
according to an embodiment of the present inven-
tion;
Fig. 2 is a sectional view showing a tube for a heat
exchanger according to an embodiment of the
present invention;
Figs. 3 (a), (b), (c) and (d) respectively show exte-
rior views of a plate, a portion-to-be-bead, a por-
tion-to-be-bead after drawing and a bead;
Fig. 4 is a sectional view showing a plate being bent
according to an embodiment of the present inven-
tion;
Fig. 5 is a sectional view showing beads according
to an embodiment of the present invention; and
Fig. 6 is a sectional view of a conventional tube for
a heat exchanger.

BEST MODE FOR CARRYING OUT THE INVENTION

[0027] Embodiments of the invention will be
described in detail with reference to the drawings.
[0028] As shown in Fig. 1, a heat exchanger 1 of an
embodiment has a plurality of tubes 2, 2, which are lam-
inated with fins 5, 5 alternately interposed therebe-
tween, connected to communicate with header pipes 3,
4 which are disposed at both ends of the tubes 2, 2.
[0029] The header pipes 3, 4 are cylindrical pipes
which have their top and bottom openings sealed with a
blind cap 6 respectively, their interiors being divided by
partition plates 7, 7 which are disposed at predeter-
mined positions, and provided with an inlet joint 3a to let
in a medium and an outlet joint 4a to externally dis-
charge the medium. Tube insertion holes 9, 9 are
formed at predetermined intervals along a longitudinal
direction of each of the header pipes 3, 4. The tubes 2,
2 have their both ends inserted into and brazed to the
tube insertion holes 9, 9. A side plate 8 is placed on the
top and bottom of a layer of the stacked tubes 2, 2. The
side plate 8 has its ends fixed to the header pipes 3, 4
to reinforce the structural strength of the heat
exchanger.
[0030] By configuring as described above, the
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medium taken in through the inlet joint 3a is meandered
a plurality of times to flow between the header pipes 3,
4 in a predetermined group unit of tubes 2 while heat
exchanging and discharged from the outlet joint 4a. And
the heat exchange by the medium is promoted by an
effect of heat conduction of the fins 5 which are alter-
nately interposed between the tubes 2 and also
between the side plates 8.

[0031] As shown in Fig. 2, the tube 2 is provided
with a plurality of beads 21, 21. These beads 21, 21 are
formed by sequentially bending a plate P as shown in
Figs. 3(a) to (d).
[0032] In Fig. 2, 22 is a joint portion, 23 is a folding
portion of the plate, and 24 is a passage for a medium.
Formation of the beads 21, 21 and the joint portions 22,
22 and folding of the plate are made by roll forming.
Specifically, the plate is formed into a predetermined
tube shape by being passed between a plurality of
rotary rolls disposed to oppose one another.
[0033] In Fig. 2 and Fig. 3, the bead 21 is formed
through a first step of forming a portion-to-be-bead 21a
which is an intermediate form of the bead 21, a second
step of width drawing of the portion-to-be-bead 21a,
and a third step of compressing the portion-to-be-bead
21b, after the width drawing, in a direction of the height
of the bead.
[0034] Specifically, the first step bends the plate P
(see Fig. 3(a)) at required portions into a concave shape
to provide the portion-to-be-bead 21a (see Fig. 3(b)).
[0035] At this time, a concave width w' of the por-
tion-to-be-bead 21a is determined to be wider than a
concave width w of the formed bead 21.
[0036] The second step draws the portion-to-be-
bead 21a formed by the first step in its breadth direction.
At the time of this width drawing, the plate P is drawn to
narrow the concave width w' of the portion-to-be-bead
21a and to increase a height of the portion-to-be-bead
21a. Therefore, the plate P is shrunk in its breadth direc-
tion as a whole. And, a height h' of the portion-to-be-
bead 21b, after the width drawing (see Fig. 3 (c)), is
determined to be higher than a height h of the formed
bead 21.
[0037] And, the third step forms the bead 21 having
the predetermined width w and height h (see Fig. 3 (d))
by compressing the portion-to-be-bead 21b, after the
width drawing, in a direction of the height of the bead.
And, a change in thickness, which is caused when the
portion-to-be-bead 21b is compressed, is controlled so
to have a thickness B at the base of the bead 21 made
thicker than a thickness A of the plate P.
[0038] Specifically, the width w' of the portion-to-be-
bead 21a is changed to the predetermined width w
through the second and third steps, and the height h' of
the portion-to-be-bead 21b after the second step is
changed to the predetermined height h through the third
step.
[0039] Thus, this embodiment forms the portion-to-
be-bead 21a which has the concave width w' wider than

the concave width w of the formed bead 21, performs
the width drawing of the portion-to-be-bead 21a to form
the portion-to-be-bead 21b which has the height h'
higher than the height h of the formed bead 21, and
compresses the portion-to-be-bead 21b in the height
direction of the bead. Therefore, the formation of an
undesired uneven thickness of the plate involved in the
formation of the beads can be reduced, and there can
be formed a tube with a pressure resistance secured.

[0040] And, by utilizing the change in thickness
caused at the time of compressing the portion-to-be-
bead 21b, the thickness B at the base of the bead 21 is
formed to be greater than the portion other than the
bead 21, or the thickness A of the plate P in this embod-
iment. Therefore, the existing drawbacks that a stress is
concentrated onto the base of the bead due to the bend-
ing forming in the section of the plate and the base of
the bead has a poor strength as compared with the
other portion can be remedied by the bead 21 which
has the thickness B of this embodiment. Thus, the pres-
sure resistance of the tube can be improved.
[0041] As shown in Fig. 5, the plate P having the
beads 21, 21 formed is folded along the center folding
portion 23 in the breadth direction of the plate P so that
the joint portions 22, 22 which are formed at both ends
in the breadth direction of the plate P are mutually
joined and brazed. The plate P is folded along the fold-
ing portion 23 at a predetermined curvature corre-
sponding to the thickness of the tube 2.
[0042] Thus, the tops of the respective beads 21,
21 are brazed with the inside flat surface of the plate P
and the joint portions 22, 22 are mutually brazed to form
the passages 24, 24 for the medium which are divided
by the plurality of beads 21, 21.
[0043] The brazing is performed together with the
other parts of the heat exchanger by one operation of
heat treatment after assembling the tubes 2, 2, the
header pipes 3, 4, the fins 5, 5 and other members into
one body and conveying the assembled body into a fur-
nace.
[0044] Besides, to form the four beads 21, 21 in this
embodiment, the first step is first conducted to form the
two beads 21 near the center and then the two beads 21
at both ends, and the third step is applied at least to all
the beads at the same time.
[0045] Specifically, when three beads are formed or
four beads are formed as in this embodiment, the first
step may be conducted first to form one or two beads at
the center and then to form the two beads at both ends.
Thus, the material can be gathered to the center in the
step of bending the plate to form the bead or beads at
the center, and the formation of an uneven thickness
caused if the aforesaid step is not conducted, particu-
larly a situation that the center portion becomes thin
because of the formation of the bead or beads at the
center, can be avoided. And, when the material is gath-
ered to the center in the first step, a situation that the
center portion becomes thin, namely an uneven thick-
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ness, is not caused even if the third step is simultane-
ously applied to all the beads. Therefore, the respective
beads can be formed in good balance.

[0046] As described above, in the method for pro-
ducing a tube for a heat exchanger of this embodiment,
the portion-to-be-bead with a concave width greater
than that of the formed bead is formed, and the portion-
to-be-bead is subjected to the width drawing and then
compressed in a direction of the height of the bead, so
that an undesired uneven thickness of the plate involved
in the formation of the bead can be decreased, and the
tube with its pressure resistance secured can be
obtained.
[0047] In other words, it was conventionally con-
spicuous that the plate was caused to have an uneven
thickness when the beads were formed. But the present
invention can prevent the plate from having an uneven
thickness due to the formation of the beads because the
portion-to-be-bead having a concave width greater than
the formed bead is temporarily formed and subjected to
the width drawing. And the tube strength can be pre-
vented from being degraded.
[0048] The portion-to-be-bead is compressed after
the width drawing, so that the dimensional accuracy of
the beads can be improved.
[0049] And, the thickness of the bead at the base is
greater than that of the plate, so that the tube having its
pressure resistance further improved can be obtained.
[0050] Specifically, since a greater stress was struc-
turally applied to the base of the bead as compared with
the other portions, there were conventionally disadvan-
tages that the base of the bead was poor in strength,
and the pressure resistance of the tube was limited and
degraded accordingly. But, the present invention can
improve the pressure resistance of the tube and remedy
the aforesaid disadvantages because the base of the
bead is reinforced by increasing the thickness of the
base of the bead.
[0051] And, the increment of increase in thickness
at the base of the bead can be obtained by compressing
the portion-to-be-bead.

INDUSTRIAL APPLICABILITY

[0052] The present invention is a tube for a heat
exchanger having its pressure resistance improved by
reinforcing the base portions of beads and a method for
producing a tube for a heat exchanger capable of
decreasing an uneven thickness of a plate in forming
the beads. And, the tube is suitable for a refrigeration
cycle for cars requiring a relatively severe pressure
resistance.

Claims

1. A tube for a heat exchanger which is formed to have
beads for dividing passages for a medium in the
tube by roll forming, wherein base portions of the

beads are formed to have a thickness greater than
that of a plate material for the tube.

2. A method for producing a tube for a heat exchanger
which has beads for dividing passages for a
medium in the tube formed by roll forming, wherein

the roll forming comprises a first step of
sequentially bending a flat metal strip plate to have
depressions so to form portions-to-be-bead which
are intermediate forms of the beads, a second step
of performing a width drawing of the portions-to-be-
bead, and a third step of compressing the portions-
to-be-bead, after the second step, in a direction of a
height of the beads, so to have the portions-to-be-
bead in the first step with a concave width wider
than that of the beads formed from the portions-to-
be-bead, and a height of the portions-to-be-bead
after the second step is determined to be higher
than the height of the beads after the forming.

3. A method for producing a tube for a heat exchanger
according to claim 2, wherein the thickness of the
base portions of the beads in the third step is made
greater than the thickness of the plate material for
the tube.

4. A method for producing a tube for a heat exchanger
according to claim 2, wherein the beads are formed
in three or four, one or two at the center among
them are first subjected to the first step, two beads
at both ends are then subjected to the first step, and
all the beads are subjected to the third step at the
same time.
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