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(54) Heat exchanger

(57) A heat exchanger (2) includes a first member
(4) and a second member (5). The first member (4) is
provided with a main body (4a) and a heat transfer ac-
celerating portion (3) formed on the main body (4a) as
one unit. The second member (5) is formed with a recess
(5a) dented from a reference surface (51) and functioning
as a flow channel (21). The first member (4) and the sec-
ond member (5) are joined with each other at the refer-
ence surface (51) in a state where a part, which deviates
from the recess (5a) when the first and second members
(4, 5) are joined, of the heat transfer accelerating portion
(3) of the first member (4) is cut off and the rest of the
heat transfer accelerating portion (3) is inserted into the
recess of the second member (5).
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Description

[0001] The present invention relates to a heat ex-
changer which has an inner fin that is placed in a stream
of flowing medium to cool or warm an object, and it also
relates to a heat exchanger manufacturing method there-
of.

[0002] A conventional heat exchanger is disclosed in
Japanese Patent Application Laid-Open Publication No.
2002 -170915. This conventional heat exchangeris used
for cooling silicon-controlled rectifiers, various electric
power condensers and others, and it includes a pan-like
casing, a base plate attached to the casing, a corrugated
inner fin inserted into an inner space of the casing and
the base plate, and a partition plate holding the fin. The
case and the fin are formed by using press working, and
they assembled, then being integrally formed by brazing.
[0003] Another conventional heat exchanger is dis-
closed in Japanese Patent Application Laid-Open Pub-
lication No. 2007 - 202309. This heat exchanger is used
for cooling an inverter, which converts direct current pow-
er into alternate current power, and others of a hybrid
electric vehicle, and it has an aluminum body formed
therein with a plurality of fins as one unit and a cover
plate attached to the body. The body is formed by using
die casting and fins are formed by means of machining
the body.

[0004] The above known conventional heat exchang-
ers, however, encounter a problem in that they are ex-
pensive due to long manufacturing time.

[0005] Itis, therefore, an object of the presentinvention
to provide a heat exchanger which overcomes at least
one of the drawbacks of the prior art and preferably which
can decrease manufacturing cost, ensuring a necessary
heat transfer efficiency and water tightness thereof.
[0006] It is another object of the present invention to
seek to provide a heat exchanger manufacturing method
which overcomes the foregoing drawbacks and can de-
crease manufacturing cost, ensuring a necessary heat
transfer efficiency and water tightness thereof.

[0007] According to a first aspect of the present inven-
tion there is provided a heat exchanger including a first
member and a second member. The first member is pro-
vided with a main body and a heat transfer accelerating
portion formed on the main body as one unit. The second
member is formed with a recess dented from a reference
surface and functioning as a flow channel. The first mem-
ber and the second member are joined with each other
at the reference surface in a state where a part, which
deviates from the recess when the first and second mem-
bers are joined, of the heat transfer accelerating portion
of the first member is cut off and the rest of the heat
transfer accelerating portion is inserted into the recess
of the second member.

[0008] Therefore, the heat exchanger of embodiments
of the present invention can decrease manufacturing
cost, ensuring a necessary heat transfer efficiency and
water tightness thereof.
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[0009] According to a second aspect of the present
invention there is provided a heat exchanger manufac-
turing method including the following steps: a first step
of preparing blocks to be a first member and a second
member, a second step of forming a heat transfer accel-
erating portion on a main body of the first member as one
unit so that the heat transfer accelerating portion project-
ed from the main body, a third step of forming a recess
in the second member so that the recess is dented from
a reference surface of the second member and forms a
part of a flow channel, a fourth step of cutting off a portion,
deviating from the flow channel when the firstand second
member are joined, of the heat transfer accelerating por-
tion, and a fifth step of joining the first member and the
second member with each other at the reference surface
of the second member.

[0010] Therefore, the heat exchanger manufacturing
method can provide a heat exchanger which can de-
crease manufacturing cost, ensuring a necessary heat
transfer efficiency and water tightness thereof.

[0011] The objects, features and advantages of the
present invention will become apparent as the descrip-
tion proceeds when taken in conjunction with the accom-
panying drawings, in which:

FIG. 1 is a plan view showing a heat exchanger of a
first embodiment according to the present invention;

FIG. 2 is a front view of the heat exchanger of the
first embodiment;

FIG. 3 is a cross sectional side view of the heat ex-
changer of the first embodiment, taken along a line
S3-83inFIG. 1;

FIG. 4 is a plan view of an upper case of the heat
exchanger of the first embodiment;

FIG. 5is afront view of the upper case shown in FIG.
4,

FIG. 6 is a front view of the upper case where a plu-
rality of fin portions are formed thereon as one unit
by using an extrusion process method, before their
unnecessary parts are not cut off;

FIG. 7 is a front view of the upper case shown in FIG.
6;

FIG. 8 is a plan view of a lower case of the heat
exchanger of the first embodiment;

FIG. 9 is a front view showing the lower case shown
in FIG. 8;

FIG. 10 is a cross sectional view showing a heat
exchanger consisting of two sets of the heat ex-
changers shown in FIGS. 1 to 5, being formed as
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one unit, and being provided with a power module
to be cooled;

FIG. 11 is an exploded view of the heat exchanger
shown in FIG. 10;

FIG. 12 is a plan view of an upper case of a heat
exchanger of a second embodiment according to the
present invention;

FIG. 13 is a front view of the heat exchanger shown
in FIG. 12;

FIG. 14 is a cross sectional side view of the heat
exchanger shown in FIGS. 12 and 13, taken along
aline S13 - S13in FIG. 12;

FIG. 15 is a partial cross sectional view of the heat
exchanger shown FIGS. 12 to 14, taken along a line
S15 - S15;

FIG. 16 is a plan view showing a first turning portion
of an upper case of a heat exchanger of a third em-
bodiment according to the present invention;

FIG. 17 is a plan view showing a modification of the
first turning portion of the upper case of the heat ex-
changer of the third embodiment;

FIG. 18 is a partial cross sectional view showing a
first modification of a heat-transfer accelerating part
formed on the upper cases of the first to third em-
bodiments;

FIG. 19 is a partial cross sectional view showing a
second modification of the heat-transfer accelerating
part;

FIG. 20 is a partial cross sectional view showing a
third modification of the heat-transfer accelerating
part;

FIG. 21 is a partial cross sectional view showing a
fourth modification of the heat-transfer accelerating
part;

FIG. 22 is a partial cross sectional view showing a
fifth modification of the heat-transfer accelerating
part;

FIG. 23 is a plan view showing a heat exchanger of
a fourth embodiment according to the presentinven-

tion;

FIG. 24 is a front view of the heat exchanger of the
fourth embodiment;

FIG. 25 is a cross sectional side view of the heat
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exchanger of the fourth embodiment, being provided
with a power module thereon;

FIG. 26 is a plan view of an upper case of the heat
exchanger of the fourth embodiment;

FIG. 27 is a front view of the upper case shown in
FIG. 26;

FIG. 28 is a plan view of a lower case of the heat
exchanger of the fourth embodiment;

FIG. 29 is a front view of the lower case shown in
FIG. 28;

FIG. 30 is an enlarged partial cross sectional view
of the lower case, shown in FIGS. 28 and 29, with a
second turn portion;

FIG. 31 is an enlarged perspective schematic view
showing a flow of cooling water in the second turn
portion shown in FIG. 30;

FIG. 32 is a plan view showing a heat exchanger of
a fifth embodiment according to the present inven-
tion;

FIG. 33 is a front view of the heat exchanger of the
fifth embodiment;

FIG. 34 is a cross sectional side view of the heat
exchanger of the fifth embodiment, taken along a
line S34 - S34 in FIG. 32;

FIG. 35 is an enlarged perspective schematic view
showing a flow of cooling water in a third turn portion
of the heat exchanger of the fifth embodiment; and

FIG. 36 is a plain view showing a lower case used
in a heat exchanger of a sixth embodiment of the
present invention;

FIG. 37 is a front view showing the lower case shown
in FIG. 36;

FIG. 38 is a bottom view showing the lower case
shown in FIGS. 36 and 37;

FIG. 39 is a cross sectional side view of the lower
case shown in FIGS. 36 to 38, taken along a line S39
- S839in FIG. 36:

FIG. 40 is a cross sectional side view of the lower
case shown in FIGS. 36 to 38, taken along a line S40
-S40 in FIG. 36:

FIG. 41 is a front view showing an upper case used
in the heat exchanger of the sixth embodiment;
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FIG. 42 is a bottom view showing the upper case
shown in FIG. 41; and

FIG. 43 is a bottom view showing the upper case
shownin FIGS. 41 and 42 before a part of fin portions
formed on a main body of the upper case is cut off.

[0012] Throughout the following detailed description,
similar reference characters and numbers refer to similar
elements in all figures of the drawings, and their descrip-
tions are omitted for eliminating duplication.

[0013] As defined herein, the terms upper, lower, up-
wards, downwards, side, etc. are provided for ease of
reference with regard to various relative positions of fea-
tures. The terms may be considered to relate to the heat
exchanger when it is mounted and in use.

[0014] Referring to FIG. 1 to FIG. 3 of the drawings,
there is shown a first preferred embodiment of a heat
exchanger according to the present invention. In the first
embodiment, the heat exchanger 2 is used for cooling a
power module with an inverter for supplying electric pow-
er to an electric motor of an electric vehicle or a hybrid
electric vehicle.

[0015] The heat exchanger 2 includes an upper case
4 and a lower case 5, where the upper case 4 is formed
with a plurality of radiation fin portions 3 as one unit, and
the upper 4 is coupled with the lower case 5 to form a
flow channel 21 for flowing cooling water therein. The
upper case 4 corresponds to a first case of an embodi-
ment of the present invention, the lower case 5 corre-
sponds to a second case of an embodiment of the present
invention, and the cooling water corresponds to a flowing
medium of an embodiment of the present invention.
[0016] As shown inFIG. 4 and FIG. 5, the upper case
4 is made of aluminum, having a main body 4a shaped
like a rectangular plate. The radiation fin portions 3 are
formed on a lower surface of the main body 4a of the
upper case 4 as one unit so that they are projected down-
ward therefrom. The fin portions 3 are provided so as to
extend strait in a longitudinal direction of the upper case
4 and be arranged in multi rows at predetermined inter-
vals in a lateral direction thereof. An outer peripheral por-
tion and some portions of the fin portions 3 are removed
from the upper case 4, which will be later described.
[0017] The fin portions 3 form side wall portions of the
flow channel 21, and a part of bottom surface of the main
body 4a form an upper wall portion of the flow channel
21. Consequently, the side and upper wall portions of the
flow channel 21 provide wide surfaces through which
heat is capable of effectively transferring, which can en-
hance heat transfer also because the fin portions 3 and
the main body 4a of the upper case 4 are formed as one
unit made of aluminum with a high heat transfer property.
[0018] These fin portions 3 are formed from the upper
case 4 as one unit by using an extrusion process method.
[0019] AsshowninFIG.5andFIG. 6, inafirstprocess,
the upper case 4 shaped in a rectangular plate is formed
from an aluminum block to have a plurality of protruded
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fin portions 3 over the lower surface of the main body 4a
by using the extrusion process method, so that the fin
portions 3 have a thin rectangular cross-section, project-
ing downward and extending straight in the longitudinal
directions from one edge portion to the other edge portion
of the main body 4a. The fin portions 3 are arranged at
even intervals in the lateral direction. These shapes and
arrangement of the pre-formed fin portions 3 are simple,
so that they can be easily formed by using a simple-
shaped and inexpensive die.

[0020] In a next process, unnecessary portions of the
fin portions 3 are removed therefrom by a machining
process so that the fin portions 3 are formed as shown
in FIG. 4 and FIG. 5. The unnecessary portions of the fin
portions 3 include, for example, the outer peripheral por-
tion, center portions, portions that are not capable of be-
ing inserted in the flow channel 21 and portions corre-
sponding to turning portions 522a to 522c of the flow
channel 21.

[0021] On the other hand, as shown in FIG. 8 and FIG.
9, the lower case 5 is shaped like a rectangular block
provided with a recess 5a which is divided formed down-
ward from an upper surface, as a reference plane 51.
The recess 5ais divided by first to third wall portions 511,
512 and 513 of the lower case 5 to form first to fourth
straight line portions 521a to 521d arranged parallel to
each other and first to third turn portions 522a to 522¢
as a part of the flow channel 21.

[0022] Specifically, the first wall portion 511 extends
in a longitudinal direction of the lower case 5 from a one
side portion of the lower case toward the other side por-
tion thereof to have a clearance between an end portion
of the first wall portion 511 and the other side portion,
where the first turn portion 522a is formed to fluidically
communicate the first and second straight line portions
521a and 521b with each other. The second wall portion
512 extends in the longitudinal direction from the other
side portion toward the one side portion to have a clear-
ance between an end portion of the second wall portion
512 and the one side portion, where the second turn por-
tion 522b is formed to fluidically communicate the second
and third straight line portions 521b and 521¢ with each
other. The second wall portion 512 is offset in a lateral
direction of the lower case 5 at its intermediate portion
which is gradually slanted along the longitudinal direction
so that cooling water can smoothly change its flow vol-
umes and flow speed. The third wall portion 513 extends
in the longitudinal direction from the one side portion to-
ward the other side portion to have a clearance between
an end portion of the third wall portion 513 and the other
side portion, where the third turn portion 522c¢ is formed
to fluidically communicate the third and fourth straight
line portions 521c and 521d with each other.

[0023] An inlet port 53 and an outlet port 54 are pro-
vided on the one side portion of the lower case 5 to be
fluidically communicated with the first straight line portion
521a and the fourth straight line portion 521d, respec-
tively.
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[0024] The lower surface of on the main body 4a of the
upper case 4 and the upper surface of the lower case 5
are fitted to each other, the fin portions 3 of the upper
case 4 being inserted into the recess 5a of the lower case
5. Then, they are watertightly joined with each other by
using a friction stir welding method. The friction stir weld-
ing method is shown in Japanese Patent Application
Laid-Open Publication No. 2002 - 210570 for example,
and it is used for joining metals without fusion and filler
materials, original metal characteristics remaining un-
changed as possible. A cylindrical, shouldered tool with
a profiled probe is moved, being rotated and plunged,
along portions to be joined. This generates frictional heat-
ing and mechanical deformation to weld the portions.
[0025] Forexample, thus manufactured heatexchang-
er 2 is used for cooling a power module 1 having two
inverters, on the upper surface of the upper case 4, on
as shown in FIG. 10 and FIG. 11.

[0026] Therefore, in FIGS. 10 and 11, the heat ex-
changer 2 shown in FIGS. 1 to 3 is slightly modified in
such a way that two heat exchangers 2 are formed as
one unit. Specifically, the lower case 5 is formed with a
large rectangular recess 5b at an upper surface side
thereof to receive the upper case 4. The rectangular re-
cess 5b continuously connected with two recesses 5a
forreceiving thefin portions 3 formed on the upper case 4.
[0027] The upper case 4 is fitted into the rectangular
recess 5b of the lower case 5, and then the fitted portions
22 shown in FIG. 10, which do not form the flow channel
21, of the upper and lower cases 4 and 5 are joined to-
gether by using the friction stir welding method.

[0028] On the other hand, the lower case 5 is provided
a plurality of bolt-holes 55 and 55¢ on a peripheral portion
and a center portion of the lower case 5, respectively.
The upper case 4 is provided with a bolt-hole at its center
position corresponding to the center bolt-hole 55c. The
power module 1 is provided a plurality of bolt-holes 11
and 11c on a peripheral portion and a center portion of
the upper case 4. After joining the upper and lower cases
4 and 5, bolts 6 are screw-cramped into the bolt-holes
55 and 55c through the bolt-holes 11, 11c and 41, so that
the power module 1, the upper case 4 and the lower case
5 are integrally joined so that a bottom surface of the
power module 1 directly contacts with the upper surface
of the upper case 4 of the heat exchanger 2.

[0029] The operation and the advantages of the heat
exchanger 2 of the first embodiment will be described.
[0030] Inthe heatexchanger2 attached with the power
module 1, the cooling water is supplied through the inlet
port 53 to the flow channel 21, and it runs through the
flow channel 21 formed in the heat exchanger 2, then
being discharged through the outlet port 54. The cooling
water is supplied from and returns to a not-shown air-
conditioning system or other cooling system so as to cir-
culate between the heat exchanger 2 and the system.
[0031] Specifically, the cooling water flows in the first
straight line portion 521 a, where heat transfer between
the power module 1 and the cooling water is accelerated
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through the fin portion 3 disposed therein because of its
wide surfaces. In the straight line portion 521a, the fin
portion 3 therein has a plurality of narrow straight chan-
nels extending along the longitudinal direction and par-
allel to each other, providing wider heat-transfer surfac-
es. There are small amount of the cooling water that flows
cross the narrow straight channels.

[0032] When the cooling water reaches the other end
portion of the upper and lower cases 4 and 5, it changes
its flow direction to turn 180 degrees around to face due
to the first turn portions 522a and the center wall portion,
then flowing in the second straight line portion 521b. In
the first turn portion 522a, there is no fin portion because
of cutting-off of the fin portions 3 corresponding thereto,
which enables the cooling water to easily and effectively
turn. Thus, the heat transfer between the power module
1 and the cooling water flowing through the second to
fourth straight line portions 521b to 521d is accelerated,
and the second and third turn portions 522b and 522c¢
easily and effectively turn the directions of the cooling
water to the next straight line portion. Therefore, the pow-
er module 1 is effectively cooled down due to the wide
surfaces of the fin portions 3 and the wall portions of the
upper and lower cases 4 and 5 and also due to a large
flow amount of the cooling water.

[0033] In this cooling operation, the power module 1
directly contacts with the heat exchanger 1 on the upper
surface of the upper case 4, thereby its cooling efficiency
being improved. In addition, since the fin portions 3 are
formed on the upper case 4 as one unit by using the
extrusion process method, its thermal conductivity is su-
perior to an aluminum casting formed therewith, due to
material properties. This enables the fin portions 3 to be
simple in shapes thereof to ensure heat radiation per-
formance, decreasing flow resistance of the cooling wa-
ter running in the flow channel 21.

[0034] In the first embodiment, the fin portions 3 are
formed on the main body 4a of the upper case 4 by using
the extrusion process method, which enables the fin por-
tions 3 to be formed thinner and to have closer intervals
between the adjacent fin portions, compared to the alu-
minum casting. This decreases the flow resistance of the
cooling water running in the flow channel 21, ensuring
the radiation performance thereof.

[0035] Inthe heatexchanger 2 of the first embodiment,
the upper case 4 and the lower case 5 are joined with
each other by using the friction stir welding method, so
that good water-tightness of the heat exchanger 2 can
be obtained without troubles such as a crack caused at
high temperature, an expansion and/or burst due to blow-
hole in a welding process, even when at least one of the
upper case 4 and the lower case 5 is an aluminum cast-
ing. Incidentally, aluminum castings are obtained at low
manufacturing costs and at a high productivity rate.
[0036] By using the friction stir welding method, joining
and sealing can be obtained at the same time, which
removes bolts and a seal member such as a packing, an
O-ring or a liquid gasket, thereby decreasing parts and
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manufacturing man-hour. In addition, the friction stir
welding method can suppress a temperature generated
in a joining process and decrease portions exposed to a
high temperature generated in the joining process. This
can decrease thermal deformation to a negligible extend.
[0037] Next, a heat exchanger of a second embodi-
mentaccording to the presentinvention will be described.
[0038] As shown in FIGS. 12 to 15, in the heat ex-
changer 2 of the second embodiment, fin portions 3 are
provided on a main body 4a as one unit, extending in first
to fourth straight line portions 521a to 521d and further
partially in first to third turn portions 522a to 522c. In ad-
dition, the lower case 5 has first to third downward pro-
jecting portions 5c to 5e projecting from a lower surface
of the lower case 5 at positions corresponding to the first
to third turn portions 522a to 522c¢, respectively. The first
to third downward projecting portions 5c to 5e correspond
to a projecting turn portion of the present invention.
[0039] The first downward projecting portion 5c is lo-
cated at the other side portion of the lower case 5, being
provided therein with a first downward turn portion 523a
as a part of the flow channel 21. The second downward
projecting portion 5d is located at the one side portion,
being provided therein with a second downward turn por-
tion 523b as a part of the flow channel 21. The third down-
ward projecting portion 5e is located at the other side
portion, being provided therein with a third downward turn
portion 523c as a part of the flow channel 21. The first to
third downward turn portions 523a to 523c correspond
to an enlarged turn portion of the present invention.
[0040] The bottom surfaces of the first to third down-
ward turn portions 523a to 523c are lower than those of
the first to fourth straight line portions 521a to 521d.
[0041] The fin portions 3 have the same heights at the
first to third turn portions 522a to 522c as those at first
to fourth straight line portions 521a to 521d. As shown in
FIGS. 14 and 15, the heights "h" of the fin portions 3 is
set to be smaller than the heights "H" between a lower
surface of a main body 4a of an upper case 4 and a
bottom surface of a lower case 5 so that parts of a flow
channel 21 are formed between clearances therebe-
tween to flow and turn the cooling water to the next
straight line portion. The bottom surfaces are formed in
such a way that it is gradually slanted downwardly at the
first straight line portion side, being flat at an intermediate
portion thereof, then being gradually slanted upward.
Bottom surfaces of the second and third turn portions
522b and 522c are formed similarly to that of the first turn
portion 522a.

[0042] The other parts and portions are similarto those
of the first embodiment.

[0043] The operation and the advantages of the heat
exchanger 2 of the second embodiment will be described.
[0044] The cooling water is supplied through an inlet
port 53 into the first straight line portion 521a, then to the
first straight line portion 522a. The fin portions 3 are pro-
vided in the first straight line portion 521a and the first
turn portion 522a, so that wider heat-transfer surface ar-
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eas can be obtained to improve a cooling efficiency of
the heat exchanger 2. Through the bottom side clearanc-
es, namely the first to third downward turn portions 523a
to 523c, of the first to third turn portions 522a to 522c, a
sufficient amount of the cooling water can flow downward
and then upward to the next straight line portion, thereby
improving the cooling efficiency. Therefore, the heat ex-
changer 2 of the second embodiment can improve the
cooling efficiency due to the wider heat-transfer surface
area and the bottom side surfaces of the first to the third
turn portions 522a to 522c, in addition to the advantages
of the first embodiment.

[0045] Next, a heat exchanger of a third embodiment
according to the present invention will be described.
[0046] As shown in FIGS. 16 and 17, in the heat ex-
changer of the third embodiment, a main body 4a of an
upper case 4 is provided at its lower surface with a plu-
rality of heat radiation portions at its portions correspond-
ing to first to third turn portions 522a to 522c.

[0047] The heat radiation portions consist of first radi-
ation portions 311 and second radiation portions 312
shaped in a plate as shown in FIG. 16, or alternatively
they consist of circular column portions 321 as shown in
FIG. 17. Incidentally, the first and second radiation por-
tions 311 and 312 and the circular column portions 321
correspond to projecting pieces of the present invention.
[0048] Inthe former, the firstand second radiation por-
tions 311 and 312 are arranged to be inclined against a
flow direction of the cooling water, and they are also ar-
ranged substantially perpendicular to each other, being
offset in longitudinal and lateral directions of the upper
case 4. The first and second radiation portions 311 and
312 are arranged in lines at predetermined intervals as
indicted by lines 313 and 314. In the latter, the circular
column portions 321 are arranged in lines at predeter-
mined intervals as indicated by lines 323 and 324, being
offset in the longitudinal and lateral directions. The other
parts and portions are similar to those of the first embod-
iment.

[0049] The operation and advantages of the third em-
bodiment will be described.

[0050] In the heat exchanger 2 having the heat radia-
tion portions shown in FIG. 16, a cooling water entering
an inlet port flows through a first straight portion, being
heat-transferred through fin portions therein, and then it
enters afirstturn portion, where some of the cooling water
flows straight, namely in the longitudinal direction, be-
tween the lines 313 and 314 and between other lines and
the other flow in the lateral direction. This enables the
cooling water to turn and also to be accelerated in heat
transfer through the first and second radiation portions
311 and 312 in the first turn portion. The similar advan-
tages can be also obtained in not-shown second and
third turn portions of a flow channel.

[0051] Therefore, the heat exchanger of the third em-
bodiment can obtain the advantage in accelerating the
heat transfer between the cooling water and a power
module through the fin portions in the straight line por-
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tions of the flow channel and the heat radiation portions
in the turn portions of the flow channel, in addition to the
advantages of the first embodiment.

[0052] Incidentally, in the first to third embodiments,
the fin portions 3 may be formed by using a method of
partially cutting off the surface of the main body 4a of the
upper case 4 to rise therefrom as shown in FIG. 18, or
by a method of crimping the surface of the main body 4a
to form fin portions as shown in FIG. 19, or a method of
ruffling the surface of the main body 4a and fixing fins 36
with brazing material or solder material as shown in FIG.
20. Further, the fin portions 3 may be formed to have a
wave shape shown in FIG. 21 or a round corner, along
the turn portion, shown in FIG. 22. In these modifications,
a part of the fin portions are cut off to be received into
the recess 5a of the lower case 5.

[0053] Next, a heat exchanger of a fourth embodiment
according to the present invention will be described.
[0054] As shown in FIG. 23 to FIG. 25, the heat ex-
changer 2 of the fourth embodiment has an upper case
4 and a lower case 5 joined with the upper case 4. The
upper case 4 is formed with a plurality of fin portions 3
on its lower surface as one unit, and the lower case 5 is
formed with a recess 5a, which forms a part of a flow
channel 21 for running cooling water and receives the fin
portions 3 of the upper case 4 when the upper and lower
cases 4 and 5 are joined with each other.

[0055] Specifically, atfirst the fin portions 3 are formed
onamainbody 4a of the upper case 4 as one unit similarly
to those shown in FIG. 6, an then the fin portions 3 cor-
responding to a center portion and first to third turn por-
tions 522a to 522c of the flow channel 21 are cut off sim-
ilarly to the first embodiment as shown in FIG. 26 and
FIG. 27 before the upper and lower case 4 and 5 are
joined, while therestthereof are inserted intofirstto fourth
straight line portions 521a to 521d of the flow channel
21. The first to fourth straight line portions 521a to 521d
and the first to third turn portions 522a to 522c¢ are con-
structed similarly to those of the first embodiment.
[0056] AsshowninFIG. 24, FIG. 25, FIG. 28 and FIG.
29, the lower case 5 is provided with a first projecting
portion 5c at one end portion with an inlet port 53 and an
outlet port 54, a second projecting portion 5d and a third
projecting portion 5e at the other end of the lower case
5. The first to third projecting portions 5¢ to 5e are pro-
jected downward from a lower surface of the lower case
5, and they are formed therein with recesses forming first
to third downward turn portions 523a to 523c as parts of
the flow channel 21, respectively.

[0057] The first downward turn portion 523a of the first
projecting portion 5c is fluidically communicated with the
first turn portion 522a, the second downward turn portion
523b of the second projecting portion 5d is fluidically com-
municated with the second turn portion 522b, and the
third downward turn portion 523c of the third projecting
portion 5e is fluidically communicated with the third turn
portion 522c. The first to third downward turn portions
523a to 523c are fluidically connected with the straight
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line portions 521a, 521b, 521¢ and 521d by a perpendic-
ular step.

[0058] AsshowninFIG. 30, depth"B" atthe downward
turn portion 523a, 523b, 523c is set to be larger than that
at the straight line portion 521a, 521b, 521c, 521d. An
outer end side wall portion, defining the first to third down-
ward turn portions 523ato 523c, of the projecting portions
5c, 5d, 5e is on the same plane as that, defining the flow
channel 21, of the turn portion 522a, 522b, 522c. Aninner
end side wall portion, defining the downward turn portion
523a, 523b, 523c, of the projecting portion 5c, 5d, 5e is
overlapped by several millimeters "d" with an outer end
portion of the fin portion 3. Depth of the downward turn
portion 523a, 523b, 523c (= the depth "B" at the down-
ward turn portion 5c, 5d, 5e - a depth "A" at the turn
portion 522a, 522b, 522c) is set to be larger than a width
"C" of the downward turn portion 523. In this embodiment,
(B - A)/ C is set to be approximately three. Each of the
downward turn portion 523a, 523b and 523c is provided
with a first slanted portion 524a at its inlet side, and a
second slanted portion 524b at its outlet side as shown
in FIG. 31. The first and second slanted portions 524a
and 524b extend and are slanted along a lateral direction
of the lower case 5.

[0059] Therefore,asshowninFIG.31, afterthe cooling
water runs strait in the straight line portion 521a of the
flow channel 21 as indicated by an arrow 101, it turns its
flow direction downward into the first downward turn por-
tion 523a, as indicated by an arrow 102, at the turn portion
522a. Then it runs obliquely downward along the first
slanted portion 524a as indicated by an arrow 103,
changing its direction horizontally at a bottom of the first
downward turn portion 523a as indicated by an arrow
104. The cooling water goes obliquely upward along the
second slanted portion 524b as indicated by an arrow
105, then moving up as indicated by an arrow 106. Then
the cooling water changes its direction to flow along the
second straightline portion 521b. The cooling water flows
in the second to fourth straight line portions 521b to 521d
and the second to thirds turn portions 522b and 522c¢
similarly to in the first straight line portion 521a and the
first turn portion 522a, respectively.

[0060] In the first to third downward turn portions 523a
to 523c of the first to third turn portions 522a to 523, some
of the cooling water flows through clearances formed be-
tween the outer end portions of the fin portions 3 and the
inner wall portion of the turn portions 5¢ to 5e, and the
rest thereof flows through the fist to third downward turn
portions 523a to 523c.

[0061] Therefore, the heat exchanger 2 of the fourth
embodiment has the following advantages in addition to
those of the first embodiment.

[0062] A sufficientamount of the cooling water can flow
through the flow channel 21 without increasing a longi-
tudinal length of the turn portions 522a to 522c. There-
fore, it is advantageous for the heat exchanger 2 to be
installed on a motor vehicle when a power module to be
cooled has a large cooling area, because the heat ex-
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changer does not need its long portion projecting from
the power module. The cooling area of the power module
becomes large because of many chips and others of the
power module in a case where it supplies electric power
to three-phase motor. For example, the power module
needs two IGBT chips (including twelve Insulated Gate
Bipolar Transistors and twelve Fast Recovery Diodes) or
three IGBT chips (including 18 Insulated Gate Bipolar
Transistors and 18 Fast Recovery Diodes) in order to
increase output power thereof, which causes the cooling
area of the power module to become larger.

[0063] Inaddition, the firstand second slanted portions
524a and 524b of the turn portion 522a, 522b, 522c can
smoothly flow the cooling water in the turn portions 522a,
522b and 522c, suppressing flow loss generated therein.
[0064] Further, the fin portions 3 extend at positions
partially overlapping with the first to third downward turn
portions 523a to 523c, which enables the cooling water
to start to flow downward in the first to third downward
turn portions 523a to 523c before it runs over the end
portions of the fin portions 3. Therefore, the cooling water
can also smoothly flow in the turn portions 522a, 522b
and 52c, with the flow loss being suppressed.

[0065] Next a heat exchanger of a fifth embodiment
according to the present invention will be described.
[0066] As shown in FIG. 32 to FIG. 34, the heat ex-
changer 2 of the fifth embodiment has an upper case 4,
formed with fin portions 3, and a lower case 5, coupled
with the upper case 4 and formed with a recess 5a for
receiving the fin portions 3. The fin portions 3 are formed
on a main body 4a of the upper case 4 as one unit, and
then a part thereof is cut off so as to be insertable into
the recess 5a, similarly to the first embodiment.

[0067] The recess 5a forms a part of a flow channel
21 whichincludes first to fourth straight line portions 521a
to 521d and first to third turn portions 522a to 522c. The
first to third turn portions 522a to 522c¢ are provided con-
tinuously with first to third downward turn portions 525a
to 525¢ formed in first to third downward projecting por-
tions 5c¢ to 5e that project downward from the lower sur-
faces thereof. The first to third downward turn portions
525a to 525c¢ correspond to the enlarged turn portion of
the present invention.

[0068] As shown in FIG. 34 and FIG. 35, Each of the
first to third downward turn portions 525a to 525c is pro-
vided on its inner surface forming a part of the flow chan-
nel 21 with a third slanted portion 526 that extends and
is gradually slanted downward along a longitudinal direc-
tion of the lower case 5. The depth of the downward turn
portion 525a, 525b, 525c is set to be smaller than that of
the fourth embodiment, and a partially overlapped por-
tions of the fin portions 3 and the flow channel 21 of the
downward turn portion 525a, 525b, 525c is set to be long-
er than that of the first embodiment, for example the over-
lapped portions is from more than ten millimeters and to
several tens of millimeters.

[0069] In the fifth embodiment, the cooling water, flow-
ing through the first straight line portion 521a as indicated
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by an arrow 201 in FIG. 35, flows downward along the
third slanted portion 526 toward the bottom of the down-
ward turn portion 525a, 525b, 525c¢ in the longitudinal
direction of the lower case 5 as indicated by an arrow
202. It turns its flow direction and runs in the lateral di-
rection of the lower case 5 as indicated by an arrow 203,
and then it turns its direction again to go up along the
third slanted portion 526 toward the second straight line
portion 521b as indicated by an arrow 204. The cooling
water flows in a direction opposite to a flow direction in
thefirst straight line portion 521a as indicated by an arrow
205. It flows at the other straight line portions 521c and
521d and the other turn portions 522b and 522c similarly
to at the firs and second straight portions 521a and 521b
and the first turn portion 522a.

[0070] Therefore, the heat exchanger 2 of the fifth em-
bodiment has the following advantages in addition to
those of the first embodiment.

[0071] Asufficientamount of the cooling water can flow
through the flow channel 21 without increasing a longi-
tudinal length of the turn portions 522a to 522c. There-
fore, it is advantageous for the heat exchanger 2 to be
installed on a motor vehicle when a power module to be
cooled has a large cooling area, because the heat ex-
changer does not need its long portion projecting from
the power module.

[0072] In addition, the third slanted portion 526 of the
turn portion 522a, 522b, 522¢ can smoothly flow the cool-
ing water in the turn portions 522a, 522b and 522c, sup-
pressing flow loss generated therein.

[0073] Further, the fin portions 3 extend at positions
partially overlapping with the first to third downward turn
portions 525a to 525c¢, which enables the cooling water
to start to flow downward in the downward turn portions
523 before it runs over the end portions of the fin portions
3. Therefore, the cooling water can also smoothly flow in
the turn portions 522a, 522b and 522c¢, with the flow loss
being suppressed.

[0074] Next, a heat exchanger of a sixth embodiment
according to the present invention will be described.
[0075] In this sixth embodiment, a flow channel is sim-
plified to have only two straight line portions where flow
medium runs at faster speed relative to speeds in the
first to fifth embodiments.

[0076] As shownin FIGS. 36 to 40, a lower case 5 has
the flow channel 21, mainly consisting of the first straight
line portion 521a, the second straight line portion 521b
and a turn portion 522a. At one end portion of the lower
case 5is provided with aninlet portion 53, communicating
with one end portion of the first straight line portion 521a,
and an outlet portion 54, communicating with one end
portion of the second straight portion 521b. The turn por-
tion 522a is provided at the other end portion of the lower
case 5 to communicate with the other end portions of the
first and second straight line portions 521a and 521b.
[0077] The lower case 5 is formed with a fourth down-
ward projecting portion 5f and a sixth projecting portion
5h, which are projected downward from a bottom surface
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of the lower case 5 at portions corresponding to the one
end portions of the first and second straight line portions
521a and 521b, respectively. A fifth downward projecting
portion 5g is formed to project downward from the bottom
surface of the lower case 5 at a portion corresponding to
the other end portions of the first and second straight line
portions 521a and 521b.

[0078] The fourth to sixth downward projecting por-
tions 5 f to h are provided therein with recesses to form
forth to sixth downward turn portions 523d that constitute
a part of the flow channel 21, respectively. As shown in
FIGS. 36, 39 and 40, the forth to sixth downward turn
portions 523d are deeper than bottom surfaces of the
first and second straight line portions 521a and 521b.
The inlet port 53 and the outlet port 54 face lower side
portions of the forth and sixth downward turn portions
523d and 523f, respectively. The fifth downward turn por-
tions 523e is formed at a lower part of the turn portion
522a, and an intermediate portion thereof is narrowed in
a longitudinal direction of the lower case 5 due to forma-
tion of an inward projecting portion 510 formed on the
end portion of the lower case 5 as shown in FIG. 36 and
FIG. 40. The inward projecting portion 510 extends from
an upper portion to a bottom portion of the downward
turn portion 522a. The inward projecting portion 510 cor-
responds to a speed-distribution changing means of the
present invention.

[0079] On the other hand, as shown in FIG. 42, an
upper case 4 is provided with a plurality of radiation fin
portions 3, arranged in two rows corresponding to the
first and second straight line portions of the lower case
4. The radiation fin portions 3 are formed by using an
extrusion process method so that they extend in a longi-
tudinal direction of the upper case 4 from one end portion
to the other end portion of a main body 4a of the upper
case 4 as shown in FIG. 43, and then both end portions
of the fin portions 3 are cut off as shown in FIG. 42. The
end portion of the fin portions 3 are extended at interme-
diate portions of the fourth to sixth downward turn por-
tions 523d to 523f as indicated by dot lines (of the fin
portions 3) in FIG. 36.

[0080] The other portions and parts are constructed
similarly to those of the first embodiment.

[0081] Inthe heat exchanger of the sixth embodiment,
the flow medium is supplied at high speed to the first
straight line portion 521a through the inlet port 53. The
fin portions 3 in the first straight line portion 521 draw
heat from a power module through the upper case 4 to
give the heat to the flow medium. The flow medium,
reaching the turn portion 522a through the end portion
of the first straight line portion 521a, is turned its flow
direction toward downward to be moved into the down-
ward the fifth turn portion 523a due to the existence of
extended portions of the fin portions 3, and then it moves
toward the second straight line portion 521b. In this move-
ment, flow speed of the flow medium becomes higher at
portions near a central wall portion 511 than at portions
distant therefrom. This may cause peak speed of a speed
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distribution of the flow medium in the turn portion 522a
to be slanted toward the central wall portion 511 at the
first straight line portion 521a side and at the second
straight line portion 521b. Consequently, the flow speed
of the flow medium that runs in the second straight line
portion 521b becomes lower at its outer side portions
thereof relative to that at its inner side thereof, deterio-
rating its heat exchange efficiency.

[0082] However, the inner projecting portion 510 dis-
turbs flow movement of the flow medium, entering the
turn portion 522a, at the inner side so as to suppress the
flow speed thereof, thereby changing speed distribution
of the flow medium so that it can come to be flat as pos-
sible after the flow medium runs through the inner pro-
jecting portion 510.

[0083] Then, the flow medium goes upward toward the
second straight line portion 521b after passing through
the inner projecting portion 510, flowing in the second
straight line portion 521b with the flatter speed distribu-
tion thereof. This efficiently cools the power module.
Then, the flow medium is discharged through the outlet
port 54.

[0084] The heat exchanger of the sixth embodiment
has the following advantage in addition to those of the
first to third embodiments.

[0085] Inthe heat exchanger of the sixth embodiment,
the lower case 5 is provided with the inner projecting
portion 510 at the turn portion 522a, which suppresses
the peak speed of the flow medium at the inner side to
change the speed distribution thereof to be close to a flat
one as possible after it passes through the inner project-
ing portion 510. This can improve the heat exchange ef-
ficiency and decrease the size of the heat exchanger.
[0086] While there have been particularly shown and
described with reference to preferred embodiments
thereof, it will be understood that various modifications
may be made therein.

[0087] In the embodiments, the fin portions 3 are
formed on the main body 4a of the upper case 4 from the
one end portion to the other end portion of the main body
4a before they are partially cut off, while the fin portions
3 may be formed without their outer peripheral portions
from the beginning as shown in FIG. 36. In this case, the
fin portions can be formed easily and at low manufactur-
ing costs by using the extrusion process method.
[0088] The speed-distribution changing means may be
a flat plate or others as long as it can suppress the peak
speed of the flow medium at the turn portion so that the
speed distribution of the flow medium can come to be
close to a flat one after the flow medium passes through
the speed-distribution changing means.

[0089] Inthe embodiments described above, although
the heat exchangers use the cooling water to cool an
object such as the inverter, the cooling water may be
replaced with other cooling medium different from water.
In addition, the heat exchanger may use a hot water and
the like as the flowing medium so as to warm an object.
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Claims

1.

A heat exchanger (2) comprising:

a first member (4) which is provided with a main
body (4a) and a heat transfer accelerating por-
tion (3) formed on the main body (4a) as one
unit; and

a second member (5) which is formed with a
recess (5a) indented from a reference surface
(51) and functioning as a flow channel (21),
wherein

the first member (4) and the second member (5)
are joined with each other at the reference sur-
face (51) in a state where a part, which deviates
from the recess (5a) when the first and second
members (4, 5) are joined, of the heat transfer
accelerating portion (3) of the first member (4)
is cut off and the rest of the heat transfer accel-
erating portion (3) is inserted into the recess (5a)
of the second member (5).

The heatexchanger (2) according to claim 1, wherein
the flow channel (21) has at least two straight line
portions (521a to 521d) parallel to each other and at
least one turn portion (522a to 522¢) which fluidically
communicates end portions of the straight line por-
tions (521a to 521d), and wherein

a portion, corresponding to the turn portion (522a to
522c), of the heat transfer accelerating portion (3) is
cut off.

The heatexchanger (2) according to claim 1, wherein
the flow channel (21) has a plurality of straight line
portions (521a to 521d) parallel to each other and at
least one turn portion (522a to 522c) which fluidically
communicates end portions of the straight line por-
tions (521a to 521d), and wherein

a flow depth (H), of the turn portion (522a to 522c¢),
form the reference surface (51) is set to be larger
than a height (h), of the heat transfer accelerating
portion (3), from the heat-transfer-accelerating-por-
tion side surface of the main body (4a).

The heat exchanger (2) according to any one of
claims 1 to 3, wherein

the first member (4) and the second member (5) are
joined with each other by using a friction stir welding
method.

The heat exchanger (2) according to any one of
claims 1 to 4, wherein
at least the second member (5) is an aluminum cast-

ing.

The heat exchanger (2) according to any one of
claims 1 to 5, wherein
a surface, opposite to the heat transfer accelerating
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10

10.

11.

12.

13.

14.

portion (3), of the first member (4) is one of a cooling
surface and a warming surface.

The heat exchanger (2) according to any one of
claims 1 to 6, wherein

the flow channel (21) has a plurality of straight line
portions (521a to 521d) parallel to each other and at
least one turn portion (522a to 522c¢) which fluidically
communicates end portions of the straight line por-
tions (521a to 521d), and wherein

the heat transfer accelerating portion (3) has a plu-
rality of projecting pieces (311, 312; 321, 322), in the
turn portion (522a to 522c¢), which rise from the main
body (4a) and allows a flowing medium to flow
straight and turn directions thereof.

The heatexchanger (2) according to claim 3, wherein
the turn portion (522a to 522c¢) has a projecting turn
portion (5c, 5d, 5e) that projects in a direction oppo-
site to the reference surface (51) side and has an
enlarged turn portion (523a to 523c; 525a to 525c)
forming a part of the flow channel (21) so that a cool-
ing medium flowing through the straight line portion
(521a to 521d) can turn toward the adjacent straight
line portion (521ato 521d) and in the opposite direc-
tion.

The heatexchanger (2) according to claim 8, wherein
the straight line portion (521a to 521d) and the en-
larged turn portion (523a to 523c; 525a to 525c¢) are
fluidically connected by a perpendicular step.

The heat exchanger (2) according to claim 8 or claim
9, wherein

the enlarged turn portion (523a to 523c; 525a to
525c) has a slanted portion (524a, 524b; 526) fluid-
ically connected with the straight line portion (521a
to 521d).

The heat exchanger (2) according to claim 10,
wherein

the slanted portion (524a, 524b) is slanted along a
direction perpendicular to the straight line portion
(521a to 521d).

The heat exchanger (2) according to claim 10,
wherein

the slanted portion (526) is slanted along a direction
of the straight line portion (521a to 521d).

The heat exchanger (2) according to any one of
claims 8 to 12, wherein

a corner, perpendicular to the straight line portion
(521a to 521d), of the turn portion (522a to 522c) is
chamfered.

The heat exchanger (2) according to any one of
claims 8 to 13, wherein



15.

16.

17.

18.

19.

20.

21.
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a part of the enlarged turn portion (523a to 523c;
525a to 525¢) is partially overlapped with the heat
transfer accelerating portion (3).

The heat exchanger (2) according to any one of
claims 1 to 14, wherein

the heat transfer accelerating portion is a plurality of
fin portions (3).

The heat exchanger (2) according to any one of
claims 1 to 15, wherein

the heat transfer accelerating portion is fin portions
(3) that extends straight and parallel to each other.

The heat exchanger (2) according to any one of
claims 1 to 16, wherein

the heat transfer accelerating portion (3) is formed
by using an extrusion process method.

The heat exchanger according to any one of claims
2 to 17, wherein

the turn portion (522a, 522b) is provided with a
speed-distribution changing means (510) that sup-
presses a peak speed of flow medium running
through the flow channel (21) to change speed dis-
tribution thereof so as to close to be a flat speed
distribution after the flow medium passes through
the speed-distribution changing means (510).

A heat exchanger (2) manufacturing method com-
prising the steps of:

preparing blocks to be a first member (4) and a
second member (5);

forming a heat transfer accelerating portion(3)
on a main body (4a) of the first member (4) as
one unit so that the heat transfer accelerating
portion (3) projects from the main body (4a);
forming a recess (5a) in the second member (5)
so that the recess (5a) is indented from a refer-
ence surface (51) of the second member (5) and
forms a part of a flow channel (21);

cutting off a portion, deviating from the flow
channel (21) when the first and second mem-
bers (4, 5) are joined, of the heat transfer accel-
erating portion (3); and

joining the first member (4) and the second
member (5) with each other at the reference sur-
face (51) of the second member (5).

The heat exchanger (2) manufacturing method ac-
cording to claim 19, wherein

the heat transfer accelerating portion (3) is formed
on the main body (4a) by using an extrusion process
method.

The heat exchanger (2) manufacturing method ac-
cording to claim 19 or claim 20, wherein
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11

the flow channel (21) has a plurality of straight line
portions (521a to 521d) parallel to each other and at
least one turn portion (522a to 522c¢) which fluidically
communicates end portions of the straight line por-
tions (521a to 521d), and wherein

the heat transfer accelerating portion is fin portions
(3) that extends straight over the straight line portion
(521a to 521d) and parallel to each other.



EP 2 056 057 A2

—— e o

{

/

o ——— - G Nt - ——— - " e = = = = S A - e = e - e — o ———

-~ _——————
d \‘ 7 ~
l’
[
1t
1t
11
aaaaa - L7 !-|| - - - -
N I T B I TR ETIT
TR TINTIT] N L T A LU T N on |_——4
[ L | ||I ||||Il th noh y Iy

—521d

0

— A St - S5 - o
—— — ————— " ———— 22— ———— " —— T — T —————— g - —— T - e

12



EP 2 056 057 A2

2 4a
N 2 3 3 )
\ NN
5\ v I; li' . li li LR ] I"I' |i l'; IR HE LALLM ML L L M A LML
REOIEEIRE RSN
[ ) Do ! )
o 53 s 21 512 513 54

13



EP 2 056 057 A2

)

ummm S pL2S eS

N /

\\\:,::IHNN INNANSENARIS VNSNS RENRI AN IR IR I NN RN NN NN NRN RN RENINNRNRINIINN IYNIY

é/%ﬁ//%////////////////%/%/%/////y////g s

\*qs m

N € 'Ol

14



EP 2 056 057 A2

o

r I n I
nonoh
o LRy
ooy Iy
oy LN Iy
o o I
noy o h
oy ohyon I
oy L n
oL h
oy oy I
ooy
noy oy
noh oy
oy oy
oy hon I
TR H
oy hot I
oy n
oo ]
1 ] [} " t
[ | o 1
hohog h
I h
I Iy
I h 1y
ho h
:I :I :l
1 h 1
R
1 h it h
h h I i
Iy N 4 :l Iy
Iy 4 1 gnh
Iy i g
It K I gy
nh n Hog 1y
hoh 0o i
I (LTI
h i I
h N n g
[T I pn
Iy & n an
It Iy o n
non [T
h Iy
h & i 4 n
I h o
W o
I o
W hy g
non It n
Dol

15




EP 2 056 057 A2

16




EP 2 056 057 A2

FIG. 9
L% 5<
5 . ('r . .
\_ I 1ot 11 ]
_7_-_@_____'\' __________ \r.__S‘_________!_\l____Q _____
// \‘| \\ \‘\ \‘\
>3 511 512 512 513

17




EP 2 056 057 A2

FIG. 8
522a 21 522c
J /
5~ / Z 21 / ‘
4 / )
5a ~ a
\\s
521a—
RN
> 521
c\\q
521b—4
521d
\\_,
512
S11—] 513 —
.\ ; N
.7| { "'
53 522b 54

18




EP 2 056 057 A2

FIG. 10

o7 7 XL g 11

19



EP 2 056 057 A2

35

NN T e % e N
///ﬁ/[///J/////’///NJ///H//}//}//////7\1\///J//H////// |

/

da

o



EP 2 056 057 A2

/’:____:_—:________: oo TT ST St vateiututuiuiel ":_—-—\
, _———m—mm N e N
4 N R N
SR I R EEEERE
byl HERTERTIRT] |: |I:||' |I lI I: o [T
L ARy wngat 0
it 1 T L L I B LR LIS LI 1|.§_
[ T T - S 1 | L] 1 gl
b e e
o g |||I|I|||,|||||||,|i
P S UL L RN R W ML S S LI L 1§ [H ] [
NSNS RN
A R I R R RN R R R
I
RNEEERE RN RS R IR RER N RN
a1 TR I I T I P L S B B T T T S T L
A I O S R TR I L R T T R T I T I T
[Tt | | [ L L | [t Pyl
S21a. | LB AEEE LD EEEMNELURAAR LR AR
NN R R R R R RS R
EEEE RIS R N
1k by ! Y T I T T T B TR R T B/ 1
1y o
P E L S20b R
T T T L TR I T ||;| i. |:|I:|l||ll II|I 1l T
21—+ naab b Lol tl N 521€ ¢ hon R non
R R R ﬁ::§§_191
R I I A I I L I
EEEEEREEERE RV E RS EEE Y
S15 Pl e nonon A L T O T T o
ForhEen EERVFAE SRR RN N R R
il T T T S 2N T BT T T O A B B 1
[T TR TR T [ o |
I RN R R R RN RN 1
i U L L 1O T O T T T TN T B B T B 1} ! -
IR I R I I A O R T R I T I B I I T T
R I A R A R A R I R I R non oo
R I I A I I T AR R I I R T o nona
I R R I T B R B A I TR R I Tt ol
T L L LT T AL T B B R || II ll II II 1 T it
A I A A TR A R I TR I R non no
R I R A B R B B R B TR T ST
(LT T T S T AT I TR T I I O nowo
A I A O T T A T I I IR TR hon I
I R I A I A A I B A AR A I R fhou I
S I TR R A T B AR TR B R A gt @bl
R I BT A R TR TR - B
RN v noab
T R R R I i il
R A A TR R A I I R Hononn
A I I O I I L O TR I R B
P e ey e nonoR N
r Y N [ T L L L LR O T g
R v i ke e
. o gt gt |||__u__"__"_|_.|"llll i o
O I I et e i —batg o bl itk
sa—— i b BT g
R R R RN R R R ERFE R NN
N T ] Ml o n o ]:| N ': ': ':'
\\ J/‘\‘]J /I\!J!J !.l!.l,'
S’ K veererermref——— b -~ . \\___i_, -7
: : NPl S SRR § S ’ : I--—
- | !
) ’/ ! - / ,/ fk\
s
i 511 512 /( 513 S14< \

53 522b, 523b 54

21



EP 2 056 057 A2

FIG. 13

-
R
== || L
.
P P =iy (32)
D o
-l....ld." “ n
F—=! |t o
_‘“\\\.Il.ln
AN Y
= =N
I H
E=—=) [t
.
F==1 |
'
A
b3
=
22 |
b == | (aV]
s |3 =
<+~ p==1 | 0
iy 1
1 ~~c
rl.huu..“ | ™ %
F==) _F.(\Z
- 1"
-
F== | |1 e
I n
e \-FII.U“ hl
S H—- &
".HU“ “ o
| __ 1 h[T™~o0 W
] I
4\ lII..\

SN

FIG. 15

ANNNA N TN NN AN NANNRR

_Sa Se

5’

523c

22



EP 2 056 057 A2

9225 9E2S |
PLZS qeeds qees PS

) " N

v NH“\_. lllll \::\\\\\\\\\N\\\\\\\\\\\\\\\\\\\\\<\\\\\\~\\\\\\h\\\\*\_\\\\\\\_\\\\\N

I/ %/%//v////////////////vy/y/////////y////////////yﬁ///&/M, v
/ m

v4 14

Pt

1 "Old

23



EP 2 056 057 A2

FIG. 16

313 314

24



EP 2 056 057 A2

FIG. 17

25



EP 2 056 057 A2

=1
e~ U T T TR

36,37~ Q @‘Q
— Al




EP 2 056 057 A2

FIG. 22




EP 2 056 057 A2

A T

\ S25
\ \ N
N ____31
I(’
1
[}
1
i
1
|
! 521c
e
521d
P

28



EP 2 056 057 A2

FIG. 24

! 3 3 7!
\ AN |
EROERRR AR A IR AREE:
RIS RO RN R O
114

523b 523c 54 Se

[ s \ / /583

29



EP 2 056 057 A2

pLZS

¥4

//g//%%gé/y//z/ T )

G¢Z 'O

30



FIG. 26

EP 2

[ !"
4 m
a—| o .
— . N n
i T 1
! ) |
! i ! "
II | l' ! | |I r,
|| || I || || || || I“I r
1 1 I (! h HY
y ! ) T ] ]
1 Iy i [ ! ! I ] 1 ! 1 i
l' |l I| II l| || |' || ll Il l' |I f
ﬂ'..lln |".ll'.'|' |||rlr
hon it o o I Nl W
I: || ': :l ll I: || l: :I l: :| ‘: :I ) :l ;'I "
N i il ho dh n
i I ! T o ety i ! N non IR
i || W o it '| ! ! ll 1 " T lI ll ! A !
o H il HI il ool ! ] | f! 0ol I i!
o b l ol fl T i | ] ! i I !
Mmoo o | 0o ! o t! ] ! i HEH ! i
) h ! h il H I fl I ! ! HIH] ! h ! ] y!
hoh b d] I il T ! ! I ! Y I !
| b | K ] H] H | I ) i HI! ! H ! HE i}
I b 4 l Iy il g i ! IR | HT gl i
o b ] I ! do il | ] i R Mo !
hoh ho " o H ol N T H ol i (!
ol ! Rt ol h T ! d ! ! i HI] i!
|| I' || |I |I II 'l I| || I| }l '[ |I |l || Il || |I II ||
i H | 1 ] . K | HIRT " o ! i i I ]
o hoh i b ql ol | oy f! ol T (!
! H l n il ! H | by i1 ] ! " i HI| Hi
oo o i Py I F i 0o n HEH TH 1
I Wl ] ol il i ol h 1! HH HI !
'l || || I| '| || |l '| ll || l: ll || I' ll |I :I ||
Hl h ! 1 H] i i i il | i H] ! HEE I !
l H | i ] H H i ! | I q] I\ H i A W
oo 0o T H PRI hoh Ht noy
! b ] " I ] H i ! HIRH I ] ! h il I !
! H i h dl ! H i N J HINH b ]| ) H | g i
! 'I ) II ] i 'I ) i 1 ! i H ) ! h | T i
I noh il b 1l " non hoh i ! HIT oy "
W |I |I II '| ! |I i I' " 1 I II | I l. Il lI i "
HI! hoh ] o ]l oo N dl 1 L ! H
HI il R ol | ! " g T i H ! HI '
i I ! H H! ! L ! ! 0 1 | [ ! ! H ] g i
! H | H H I N 1l H i I | g i h ) T !
I hoh ) no /! " non il i 1! K T it
ol hon h o h | (! i I} 0o i I i ! !
|| |' ) 1 l| l' |I | II " i I| II || || I' Il || I' ||
0o i HEH o i F o hon I " HT 1t N
1! |' )} ll i i II ) W " 1 ! N n ! H Ml g i
! W i no ) ! hon o L HEL T !
J| ||| L ||| Il' ||||Il ] W |Il 1
1 ! n ! 1 |
ARE i o RN 1 o
I 1 i
o I ol I ok il i N
Jblll I 1 ||| ||' II I|I ||I
] 1! " HIl] I ! ool o I}
J " " 0 TH I ! ot T L i
- |-! || l: :l || I: :| |: :l ||
by i I: :l ! i " |:
A E
! H ? H !
TR 1
J |J !}

31




FIG. 27

EP 2 056 057 A2

-—— -

32



EP 2 056 057 A2

5 522a,523a 522c¢,523c

. w——
|
\\ ___________ q ____________ S A ___________ /I
sa-" [
.,
21—
T~
521a
521b |
N L I
512—T
511—rv 513———
I'/ """"" b """"""""" \}
L____I_r___a\\: ____________________ i/,k___r_'__a
N !
53 522b,523b >4

33

521c

521d



EP 2 056 057 A2

FIG. 30

)

d

P —
- i}

/////‘)f////\gf“/”< =

521a ‘§v523a

5

5¢

Y
1

FIG. 31

34



EP 2 056 057 A2

5 522¢,525¢

~ 522a,525a | s34
™ '\ N

,/‘__' _____________________ ’___—_—- --_-___._-—\\
) e T T T TS SS ST AT TS -~ - o T TS ] ———— - \
14 \ N \ -l

1\ IIII",",",',", r'!"r'r"-rn\{rrrr rrﬂrr\\\

SV S R R B

Papat g TR T T T B TR TR LT TN SRTANTI

4 | TR R T L L T T S T LI LI il TINTI

Pl g T T T T B T TR LT o i T

\ | LR I B N T B TR T T A R A R T TR PN B b

b |: 1: |: |: |: : : |: I: |: |: TR '|: |: I : : 1T :: 1: 0

| gl 1

SR

1 T T i e g gy i LT |

| R R R R R L T T LTI

3-- | R L R S L LI TR L it T ook

L b e e I non
e e v 1 h e e

ph b o W h Wk AT o W HE

R REREEEE RIS R R Y

3--1 | B L A A (I A T RN R RN

™~ R A T O O O O T A L L L L THRTIN '

W oy oy nvl PN Ny |

o I I R R A TR T TR R R R TR A I R TR TR

) |I |I |I || || [} ll |I || || " Y II |l |l |l [ I | |I || ll || I

| IR R L A LI (I A T I T T BT ook

521a 1 I: l: o |: : : " |: I: n S ey : gy b
N IR R R R A e R R

~N— T T T L I O A T B O ﬁr‘,

1R} |: T H 1: O A I N O : Py LTI |

R R B

521b ) BRI L L L S T L L 1 A T I T T AT L T R TR ok

< | o i ! 1: |: |:| :lu wothoaglogr ! : Lo gl LTI

2 O R - I o h

1 |: |: 1: |: I: bl |: 1: |: I:I ool b ) H gy ot h

o bl L L L L I TR TR LA LI LI L LTI LT 1

| || || || || || 1 || |l || ||| |l| It || || || || 1 1 || 'l || || |

1 I T TR I L A L L T T T T Nt A TR A T I R T TN |

) || || || || || [ | || || || ||| ||| 1 || |’ || || [ | || || || || |

| R X ) |: no Pl ! by 1 TH |

] T (1 T 1 L B T I T TN T N LA T [T

21\ { || II || ll ll [ ] || || || ||| I I || || l' || 1 l' II || || |

—t !l O L T T I I g oo T |

oo g rEARSEAE RS FRSFaEaEgER=aal 0o 8 b

| N L N T L .u} 1: 1y I: nof

1 1 | I ! HH |

1 i 1: ! n: i

5a- A ! noop

' |: |: noh

! o o

T

521c

\

521d

A\

35



EP 2 056 057 A2

FIG. 33

I 1 | LR M ] LML LML v
b ngq R R
(U uodo S U L T U U U U |
el — L_q_____ —ee
) 1 i -/ > +|L

o
/7~

36




EP 2 056 057 A2

pL2s q5¢5

/

S (P .
[ ™ SRS snsNssssi lh!..‘..‘ﬁ

¢ o676 9§ 9¢s

(NN S
/

22¢2S§

14

S

€ "Old

37



EP 2 056 057 A2

FIG. 35

205

521a

38



EP 2 056 057 A2

FIG. 36 ]

510

$40 =539
3 s522a \I" [_' S23e
|
|

21\/ /] ] %\/'59
\ ([( \\L v z/ /
....... d —mmm——————————
‘-——1(
511
| | I 1521
52la—— || | “]
5f"—’/§ /; -
/ l;'“‘f"
[N
\ / "! / i
s/ ‘
3 53 54
Les40 Losag

39



EP 2 056 057 A2

- 5

N /

4
\\ /I \ \
5f BT ‘

523¢ 53 523d 54 523e

: NS S
\ X J,’

FIG. 41

43

40



Ink

i



EP 2 056 057 A2

¥S

A
4€2S
\\\~\~\-\\\‘\NNNNN\\\\\\\\\\\\\\\\\\\\\\\\\\h \\&
/ \
[ 1 1

qizs | ezzs /
S

6€ Ol

42



EP 2 056 057 A2

ys

65

9E2S

]

TL

|

1

T I

LLS

| J\

5 ezzS  OLS

O "l

43






FFFFFF




EP 2 056 057 A2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 2002170915 A[0002]  JP 2002210570 A [0024]
* JP 2007202309 A [0003]

46



	bibliography
	description
	claims
	drawings

