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Description
Technical Field

[0001] The presentinvention relates to a radiating lou-
ver fin used in a heat exchanger, and a corrugation cutter
for forming this louver fin.

Background Art

[0002] Incooling devices and air conditioners mounted
on vehicles such as automobiles, heat exchangers such
as radiators, heater cores, condensers, and evaporators
are used. These heat exchangers are configured to ex-
change with air via a corrugated fin that is formed in a
corrugated shape. In recent years, in order to improve
heat dissipation performance, a corrugated fin with lou-
vers (hereinafter referred to as a louver fin) has been
developed, in which a plurality of louvers that are oblique-
ly open in flat portions (sections between bent portions)
of the fin are formed.

[0003] Fig. 1isa perspective view showing the appear-
ance of a typical louver fin. In a louver fin 1, a strip thin
sheet 3 is formed in a corrugated shape so that bent
portions 3a and flat portions 3b are alternately continued,
and that a plurality of louvers 5 having oblique opening
directions are formed in each flat portion 3b along the
width direction.

[0004] The louver fins 1 are classified into bidirectional
louver fins and unidirectional louver fins according to the
arrangement of the louvers 5 of the flat portions 3b. The
louver arrangement of a bidirectional louver fin is shown
in Fig. 2. Fig. 2 is a cross-sectional view of the bidirec-
tional louver fin shown in Fig. 1, when is cut in the width
direction. In a bidirectional louver fin 1A, the louvers 5
(5a and 5b) formed in one flat portion 3b are formed to
be symmetrical to each other so that the opening direc-
tions (bending directions) thereof become opposite on
the opposite sides of a central portion C1. Further, the
louver arrangement of a unidirectional louver fin is shown
inFig. 3. Fig. 3is across-sectional view of an unillustrated
unidirectional louver fin, when is cut in the width direction.
In a unidirectional louver fin 1B, all the opening directions
of the louvers 5 are formed to be in the same direction
over the entire area of one flat portion 3b. This unidirec-
tional louver fin 1B has advantages such as higher heat
dissipation performance and lower air-flow resistance
than those of the bidirectional louver fin 1A.

[0005] When the louvers 5 are cut and bent, the ma-
terial is stretched inward and outward in bottom portions
of the louvers, and distortion caused at this time is accu-
mulated around side end portions of the bent portions
3a. In the unidirectional louver fin 1B, the distortion of the
louvers 5 which is caused by cutting and bending is dis-
tributed in the same direction over the entire side por-
tions. Accordingly, as shown in Fig. 4, a twist occurs in
the entire fin due to the distortion, and this causes the fin
to curl. Ifthe fin curls in this way after corrugation forming,
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itbecomes impossible to automate the attachment there-
of to a heat exchanger core.

[0006] Incidentally, in the bidirectional louver fin 1A,
since distortion caused when the louvers are cut and bent
is brought into balance in the central portion C1, the fin
does not curl after corrugation forming.

[0007] As a conventional technology for preventing
such a unidirectional louver fin from curling after corru-
gation forming, a corrugated fin is known in which pe-
ripheral portions of a strip metal sheet are bent to in-
crease rigidity and to prevent the fin from curling after
shaping (JPA 2003-83691).

Disclosure of Invention

[0008] However, in a corrugated fin described as the
conventional technology, the process of bending periph-
eral portions of a strip metal sheet is needed, and the fin
width needs to be increased by a quantity corresponding
to the bending. For this reason, there has been the prob-
lem that material yields are decreased.

[0009] To solve the above-described problem, it is de-
sired to develop a louver fin having such a shape in which
the fin does not curl after corrugation forming, and a cor-
rugation cutter for forming such a louver fin without in-
creasing the number of processes, and without decreas-
ing material yields.

[0010] An object of the present invention is to provide
a louver fin which does not curl after corrugation forming,
and a corrugation cutter.

Brief Description of the Drawings
[0011]

[Fig. 1] Fig. 1 is a perspective view showing the ap-
pearance of a typical louver fin.

[Fig. 2] Fig. 2 is a cross-sectional view of a bidirec-
tional louver fin, when is cut in the width direction.
[Fig. 3] Fig. 3 is a cross-sectional view of a unidirec-
tional louver fin, when is cut in the width direction.
[Fig. 4] Fig. 4 is a perspective view showing the curl-
ing state of a unidirectional louver fin.

[Fig. 5] Fig. 5 is a perspective view showing part of
a louver fin according to a first embodiment of the
present invention.

[Fig. 6] Fig. 6 is a cross-sectional view taken along
line 6-6 of Fig. 5.

[Fig. 7] Fig. 7 is an overall constitution diagram show-
ing a process for manufacturing the louver fin.

[Fig. 8] Fig. 8 is a perspective view showing the ar-
rangement of a corrugation cutter according to the
first embodiment.

[Fig. 9] Fig. 9 is an enlarged partial view showing a
plurality of tooth portions shown in Fig. 8.

[Fig. 10] Fig. 10 is an exploded perspective view of
a corrugation cutter according to the first embodi-
ment of the present invention.
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[Fig. 11] Fig. 11 is an enlarged side view of a tooth
portion (for one blade) of the corrugation cutter ac-
cording to the first embodiment of the present inven-
tion.

[Fig. 12] Figs. 12A to 12C are cross-sectional views
taken along lines 12A-12A, 12B-12B, and 12C-12C
of Fig. 11.

[Fig. 13] Fig. 13 is a partial cross-sectional view
showing a meshing portion of the corrugation cutter
according to the first embodiment of the present in-
vention.

[Fig. 14] Fig. 14 is an enlarged side view showing a
tooth portion (for one blade) of a corrugation cutter
according to a second embodiment of the present
invention.

[Fig. 15] Figs. 15A to 15C are cross-sectional views
taken along lines 15A-15A, 15B-15B, and 15C-15C
of Fig. 14.

[Fig. 16] Fig. 16 is a perspective view showing the
arrangement of the corrugation cutter according to
the second embodiment of the present invention.
[Fig. 17] Fig. 17 is an enlarged partial view showing
a plurality of tooth portions shown in Fig. 16.

[Fig. 18] Fig. 18 is an exploded perspective view of
the corrugation cutter according to the second em-
bodiment of the present invention.

[Fig. 19] Fig. 19 is a perspective view showing part
of a louver fin according to the second embodiment
of the present invention. [Fig. 20] Fig. 20 is a per-
spective view showing the arrangement of a corru-
gation cutter according to a third embodiment of the
present invention.

[Fig. 21] Fig. 21 is an enlarged partial view of a plu-
rality of tooth portions shown in Fig. 20.

[Fig. 22] Fig. 22 is an exploded perspective view of
the corrugation cutter according to the third embod-
iment of the present invention.

[Fig. 23] Fig. 23 is a perspective view showing part
of a louver fin according to the third embodiment of
the presentinvention. [Fig. 24] Fig. 24 is an enlarged
side view of a tooth portion (for one blade) of the
corrugation cutter according to the third embodiment
of the present invention.

[Fig. 25] Figs. 25A to 25C are cross-sectional views
taken along lines 25A-25A, 25B-25B, and 25C-25C
of Fig. 24.

[Fig. 26] Fig. 26A is an explanatory diagram showing
the arrangement of upper and lower cutters, corre-
sponding to Fig. 25A; Fig. 26B is an explanatory di-
agram showing the arrangement of the upper and
lower cutters, corresponding to Fig. 25B; and

Fig. 26C is an explanatory diagram showing the ar-
rangement of the upper and lower cutters, corre-
sponding to Fig. 25C.

[Fig. 27] Fig. 27A is an explanatory cross-sectional
view showing a state in which the upper and lower
cutters are cutting and bending louvers, correspond-
ing to Fig. 25A; Fig. 27B is an explanatory cross-
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sectional view showing a state in which the upper
and lower cutters are cutting and bending the lou-
vers, corresponding to Fig. 25B; and Fig. 27C is an
explanatory cross-sectional view showing a state in
which the upper and lower cutters are cutting and
bending the louvers, corresponding to Fig. 25C.

Best Mode for Carrying out the Invention

[0012] Hereinafter, details of louver fins and corruga-
tion cutters according to embodiments of the present in-
vention will be described with reference to drawings.

FIRST EMBODIMENT

[0013] Fig. 5 is a perspective view showing part (cor-
rugated shape for one crest) of a louver fin according to
a first embodiment, and Fig. 6 is a cross-sectional view
taken along line 6-6 of Fig. 5.

[0014] A louver fin 11 described in this embodiment
has a continuous corrugated shape obtained by alter-
nately forming bent portions 15 and flat portions 17 in a
strip thin sheet 13 made of, for example, an aluminum
member. In each flat portion 17, a plurality of louvers 18
or 19 cut and bent along the longitudinal direction Y of
the strip thin sheet 13 are arranged parallel to each other
along the width direction X of the strip thin sheet 13.
[0015] As showninFig. 6, these louvers 18 and 19 are
formed so that the respective bending directions thereof
are aligned with one direction. Further, the bending di-
rections of the louvers 18 and 19 are approximately the
same angle 6 along the longitudinal direction Y of the
strip thin sheet 13.

[0016] Here, a process for manufacturing the louver
fin 11 will be briefly described. Fig. 7 is an overall con-
stitution diagram showing the process for manufacturing
the louver fin. When the strip thin sheet 13 unwound from
a roll 13A passes between a pair of corrugation cutters
21A and 21B (corrugation cutter 21) placed upper and
lower positions in the traveling direction, the formation of
the bent portions 15 by corrugation forming and the cut-
ting and bending of the louvers 18 and 19 in the flat por-
tions 17 by louver forming are performed at almost the
sametime. Thereafter, aresistance is applied to the feed-
ing of a corrugated portion by pitch adjusting rolls 23A
and 23B, thus reducing the length and adjusting the pitch
of the adjacent bent portions 15. Then, the strip thin sheet
13 is fed to a next cutting blade 25 to be cut to a prede-
termined length. Thus, the louver fin 11 having a length
corresponding to the dimensions of a heat exchanger
core on which the louver fin 11 is to be mounted is com-
pleted.

[0017] Next, the structure of a corrugation cutter 21 for
shaping the louver fin 11 such as shown in Fig. 5 will be
described.

[0018] Fig. 8 is a perspective view showing the ar-
rangement of the corrugation cutter 21 shown in Fig. 7.
In the corrugation cutter 21 including the pair of (first and
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second) corrugation cutters 21A and 21B, one cutter as
a male cutter and the other as a female cutter are placed
so as to mesh with each other, and are rotationally driven
in the directions of arrows by an unillustrated driving
mechanism. The structure will be described below pri-
marily by taking the corrugation cutter 21A as an exam-
ple.

[0019] Inthe corrugation cutter 21A, a plurality of tooth
portions 31A are formed radially at a predetermined pitch
along the circumferential direction, and apex portions 33
and bottom portions 35 of the tooth portions 31A are al-
ternately formed on the perimeter. As shown in an en-
larged partial view of Fig. 9, in each tooth portion 31A, a
plurality of cutting and bending edges 39 are formed on
one side surface 37, and a plurality of cutting and bending
edges 41 are formed on other side surface 37. Thus, the
bent portions 15 are consecutively formed in the strip thin
sheet 13 at a predetermined pitch by the apex portions
33 and the bottom portions 35 of the tooth portions 31A,
and the plurality of louvers 18 and 19 such as shown in
Fig. 5 are cut and bent out of the flat portions 17 of the
strip thin sheet 13 by the cutting and bending edges 39
and 41 formed on the side surfaces 37 of the tooth por-
tions 31A.

[0020] Fig. 10 is an exploded perspective view of the
corrugation cutter 21A. The corrugation cutter 21A has
a structure in which a predetermined number of thin-plate
blades 29 each having a plurality of tooth portions 31A
formed radially along the circumferential direction are
stacked. In each blade 29, cutting and bending edges 39
and 41 are alternately formed at a predetermined pitch
along the circumferential direction. It should be noted that
the corrugation cutter 21A may be one formed monolith-
ically.

[0021] Similarly in the corrugation cutter 21B., a plu-
rality of tooth portions 31B are formed radially at a pre-
determined pitch along the circumferential direction, a
plurality of cutting and bending edges are formed on one
side surface of each tooth portion 31B, and a plurality of
cutting and bending edges are formed on other side sur-
face thereof (reference numerals are not shown).
[0022] The corrugation cutter 21A configured as de-
scribed above and the corrugation cutter 21B pairing up
therewith are placed so that the respective tooth portions
31A and 31B thereof mesh with each other. By the apex
portions 33 of one of the corrugation cutters 21Aand 21B
meshing with the bottom portions 35 of the other cutter,
the bent portions 15 and the flat portions 17 are alter-
nately formed in the strip thin sheet 13. Atthe same time,
by the cutting and bending edges 39 (41) of one cutter
meshing with the cutting and bending edges 41 (39) of
the other cutter, the louvers 18 and 19 are cut and bent.
[0023] Next, the shapes of the cutting and bending
edges 39 and 41 formed on the side surfaces 37 of the
tooth portions 31B will be described. Fig. 11 is an en-
larged side view of the tooth portion 31B (for one blade),
and Figs. 12A to 12C are cross-sectional views taken
along lines 12A-12A, 12B-12B, and 12C-12C of Fig. 11.
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[0024] In the corrugation cutter 21B of this embodi-
ment, the edge angles of the cutting and bending edges
39and41 are changed so thatthe angles become smaller
in cutting start portions of the louvers 18 and 19 and that
the angles become larger in cutting finish portions.
[0025] For example, if the direction of shaping the fin
is assumed to be the direction of an arrow Z as shown
in Fig. 5, the louvers 18 and 19 are cut and bent in the
order from a heavy lined arrow ab to a heavy lined arrow
cd. Here, let 19a and 19b be cut and bent portions in
opposite end portions of the louver 19, and similarly let
18c and 18d be cut and bent portions in opposite end
portions of the louver 18. The cut and bent portion 19a
is the cutting start portion of the louver 19, and the cut
and bent portion 19b is the cutting finish portion. More-
over, the cut and bent portion 18c is the cutting start por-
tion of the louver 18, and the cut and bent portion 18d is
the cutting finish portion.

[0026] Onthe otherhand,inthe corrugation cutter21B,
as shown in Figs. 11to 12C, the edge angle of the cutting
and bending edge 41 for cutting and bending the louver
19is gradually increased so thatthe edge angle becomes
an edge angle of ¢h in an edge portion 41h for shaping
the cut and bent portion 19a, an edge angle of ¢hi in an
intermediate portion, and an edge angle of ¢i in an edge
portion 41ifor shaping the cut and bent portion 19b. Here,
these edge angles have the relationship ¢i>¢hi>¢h, and
the edge angle is steplessly changed between edge an-
gles of oh and oi.

[0027] Further, the edge angle of the cutting and bend-
ing edge 39 for cutting and bending the louver 18 is grad-
ually increased so that the edge angle becomes an edge
angle of ¢j in an edge portion 39j for shaping the cut and
bent portion 18c, an edge angle of gjk in an intermediate
portion, and an edge angle of ¢k in an edge portion 39k
for shaping the cut and bent portion 18d. Here, these
edge angles have the relationship ¢k>@jk>@j, and the
edge angle is steplessly changed between edge angles
of ok and ¢gj .

[0028] It should be noted that, with regard to the direc-
tions of forming the cutting and bending edges 39 and
41, as shown in Figs. 12A to 12C, cutting surfaces of the
edges are formed to face opposite directions on the side
surfaces 37 positioned on opposite sides of the apex por-
tion 33 of one tooth portion 31B.

[0029] On the other hand, the corrugation cutter 21A
pairing up with the corrugation cutter 21B is also formed
in about the same shape. The edge angles of the cutting
and bending edges are changed so that the angles be-
come smaller in cutting start portions of the louvers 18
and 19 and that the angles become larger in cutting finish
portions. Fig. 13 is a partial cross-sectional view showing
the meshing portion between the corrugation cutters 21A
and 21B. Each cutting and bending edge of the corruga-
tion cutter 21B is paired with the cutting and bending
edge 39 (41) of the corrugation cutter 21A so that the
directions and angles of the edges become mirror sym-
metric when they are meshed with each other.
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[0030] Generally, in louver forming using corrugation
cutters, the edge angles ¢ of the cutting and bending
edges 39 and 41 determine the bending angles of the
louvers 18 and 19. That is, the bending angles become
larger in portions in which the edge angles ¢ are large,
and the bending angles become smaller in portions in
which the edge angles ¢ are small. In usual louver form-
ing, cutting and bending are neatly performed in a portion
(cutting start portion) cut and bent first. However, in a
portion (cutting finish portion) cut and bent later, cutting
and bending are not neatly performed. Accordingly,
bending angles differ between cut and bent portions at
opposite ends of one louver, and distortion occurs in the
louver.

[0031] Onthe other hand, in the corrugation cutter 21A
(21B) of this embodiment, the edge angles of the cutting
and bending edges 39 and 41 become smaller in cutting
start portions of louvers, and become larger in cutting
finish portions. Accordingly, in the cutting start portions
neatly cut and bent, shaping is performed so that the
bending angles do not become larger; and, in the cutting
finish portions not neatly cut and bent, shaping is per-
formed so that the bending angles become larger. Ac-
cordingly, as shown in Fig. 5, shaping can be performed
so that the bending angles in the cut and bent portions
18c, 18d, 19a, and 19b at both ends of the louvers 18
and 19 become approximately equal. Thus, since the
bending angles in the cut and bent portions at both ends
of the louvers become approximately equal, there is no
distortion in the louvers, and a twist of the entire fin due
to distortion can be prevented. Therefore, a warp in the
louver fin 11 after shaping can be prevented.

[0032] Accordingly, in the corrugation cutter 21 de-
scribed in this embodiment, there is no need for the proc-
ess of bending peripheral portions of the strip thin sheet
13 in order to prevent a twist, and there is also no need
for increasing the fin width by a quantity corresponding
to the bending. Thus, a unidirectional louver fin which
does not warp after corrugation forming can be obtained
without increasing the number of manufacturing process-
es and decreasing material utilization.

[0033] It should be noted that for the edge angles of
the cuttingand bending edges 39 and 41, optimum values
are individually found according to the shape and mate-
rial of the fin. These values can be determined by per-
forming an experiment or a simulation.

SECOND EMBODIMENT

[0034] Next, acorrugation cutteraccording to asecond
embodiment of the present invention will be described.

[0035] As a technology relating to the machining of a
corrugation cutter such as shown in the aforementioned
first embodiment, a method is known in which an inclined
edge surface of a cutter is ground at an angle so as to
match the grinding surface of a grinding stone (see JPA
1-2833) . However, in the machining method described
in JPA 1-2833, since an inclined edge can be machined
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only at a constant edge angle, it is technically difficult to
manufacture a corrugation cutter (gradual-change cor-
rugation cutter) according to the aforementioned firstem-
bodimentin which an edge angle gradually changes. Fur-
ther, a gradual-change corrugation cutter can be ma-
chined by machining an inclined edge by means other
than a grinding process using a grinding stone, such as
a cutting process or a discharge process. However, since
a cutting process is inferior in the surface roughness of
a machined surface to a grinding process, fin shaping
may be adversely affected. Further, a discharge process
takes more machining time than a grinding process, and
therefore causes an increase in cost.

[0036] In view of this, in the second embodiment, a
corrugation cutter is provided which has functions equiv-
alent to those of the corrugation cutter that can form the
louver fin according to the first embodiment and that have
edge angles gradually changing, and which can be man-
ufactured by a grinding process.

[0037] First, the basic structure of the corrugation cut-
teraccording to the second embodiment will be described
using Figs. 16to 18. Fig. 16 is a perspective view showing
the arrangement of the corrugation cutter. Fig. 17 is an
enlarged partial view of tooth portions. Fig. 18 is an ex-
ploded perspective view of the corrugation cutter. Fig. 19
is a perspective view showing part (corrugated shape for
one crest) of a louver fin.

[0038] As shown in Fig. 16, a corrugation cutter 121
includes a pair of (first and second) corrugation cutters
121A and 121B. The corrugation cutters 121A and 121B
are placed so that one as a male cutter and the other as
afemale cutter mesh with each other, and are rotationally
driven in the directions of arrows by an unillustrated driv-
ing mechanism. The following description will be given
by taking the corrugation cutter 121A as an example.
[0039] In the corrugation cutter 121A, a plurality of
tooth portions 131A are formed radially at a predeter-
mined pitch along the circumferential direction, and apex
portions 133 and bottom portions 135 of the tooth portions
131A are alternately formed on the perimeter. As shown
in Fig. 17, in each tooth portion 131A, a plurality of cutting
and bending edges (shapes of the edges are not shown)
139 are formed on one side surface 137a, and a plurality
of cutting and bending edges (shapes of the edges are
not shown) 141 are formed on other side surface 137b.
[0040] AsshowninFig. 18, the corrugation cutter 121A
has a structure in which a predetermined number of thin-
plate blades 129 each having a plurality of tooth portions
131A formed radially along the circumferential direction
are stacked. In each blade 129, cutting and bending edg-
es 139 and 141 are alternately formed at a predetermined
pitch along the circumferential direction. It should be not-
ed, however, that the corrugation cutter is not limited to
a structure in which a plurality of members are stacked,
and may be one formed monolithically.

[0041] Similarly, in the corrugation cutter 121B, a plu-
rality of tooth portions 131B are formed radially at a pre-
determined pitch along the circumferential direction, a
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plurality of cutting and bending edges are formed on one
side surface of each tooth portion 131B, and a plurality
of cutting and bending edges are formed on other side
surface thereof (reference numerals are not shown).
[0042] AsshowninFig. 16, whenthe corrugation cutter
121A having the above-described cutting and bending
edges 139 and 141 formed therein and the corrugation
cutter 121B having cutting and bending edges formed
therein which have the same structures are meshed with
each other and rotationally driven, and a strip thin sheet
113 is supplied between these cutters, the apex portions
133 of one corrugation cutter mesh with the bottom por-
tions 135 of the other corrugation cutter, and bent por-
tions 115 and flat portions 117 are alternately formed in
the strip thin sheet 113 such as shown in Fig. 19. At the
same time, by the cutting and bending edges 139 (141)
of one corrugation cutter meshing with the cutting and
bending edges 139 (141) of the other corrugation cutter,
a plurality of louvers 118 and 119 are cut and bent out
of the flat portions 117 of the strip thin sheet 113, thus
obtaining a louver fin 111.

[0043] Next, the shapes of the cutting and bending
edges 139 and 141 formed on the side surfaces 137a
and 137b of the tooth portions 131A (131B) will be de-
scribed. Fig. 14 is an enlarged partial view showing the
shapes of side surfaces of adjacent tooth portions 131B.
Figs. 15A to 15C are cross-sectional views taken along
lines 15A-15A, 15B-15B, and 15C-15C of Fig. 14, show-
ing the mesh of cutting and bending edges, and showing
a virtual cross section at the time when the corrugation
cutters 121A and 121B mesh with each other.

[0044] In the corrugation cutter 121B of this embodi-
ment, as shown in Fig. 14, the cutting and bending edge
139 provided on one side surface 137a of the tooth por-
tion 131Bis shaped (ground down) so that an edge height
h1 becomes smallest in an apex-side edge portion 139a
for machining the cutting start portion of the louver 118,
that an edge height h2 becomes largest in a bottom-side
edge portion 139a for machining the cutting finish portion
of the louver 118, and that the edge height continuously
increases from the apex-side edge portion 139a toward
the bottom-side edge portion 139b.

[0045] Here, as shown in Fig. 19, a louver 118 is cut
and bent in the direction of an arrow from a cutting start
portion 118a toward a cutting finish portion 118b, and a
louver 119 is cut and bent in the direction of an arrow
from a cutting start portion 119c toward a cutting finish
portion 119d (the direction of shaping the fin is assumed
to be the direction of an arrow a). The edge heights h1
and h2 are represented as heights from a chain line show-
ing the shape of an original gear. It should be noted that
a two-dot chain line indicates an edge height before the
edge heights h1 and h2 are provided in this embodiment.
That is, the two-dot chain line indicates a shape obtained
by attaching an edge to the shape of the original gear.
[0046] Accordingly, the cross sections of the cutting
and bending edge 139 are the same from the apex-side
edge portion 139a to the bottom-side edge portion 139b.
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However, in this embodiment, by continuously cutting
down the edge height of the cutting and bending edge
139 from the position of the two-dot chain line, the thick-
ness t (land width) of the cutting and bending edge 139
in the width direction thereof gradually decreases from
the apex-side edge portion 139a toward the bottom-side
edge portion 139b.

[0047] Further, an inclined edge 140 is shaped at the
same edge angle 6 from the apex-side edge portion 139a
to the bottom-side edge portion 139b. The two-dot chain
line shown in Fig. 14 indicates a line for the case where
shaping is performed at the edge angle 6 from the apex-
side edge portion 139a to the bottom-side edge portion
139b. In this embodiment, since the edge height is con-
tinuously cut down from the apex-side edge portion 139a
toward the bottom-side edge portion 139b, the range out-
side the solid line of the cutting and bending edge 139
indicates a region in which the inclined edge 140 is not
actually machined.

[0048] Moreover, a cutting and bending edge 141 pro-
vided on the other side surface 137b of the tooth portion
131B is shaped (ground down) so that the edge height
h1 is smallest in a bottom-side edge portion 141a for
machining the cutting start portion 119c of the louver 119
shown in Fig. 19, that the edge height h2 is largest in an
apex-side edge portion 141b for machining the cutting
finish portion 119d of the louver 119, and that the edge
height continuously increases from the apex-side edge
portion 141a toward the bottom-side edge portion 141b.
[0049] Accordingly, the cross section of the cutting and
bending edge 141 is the same from the bottom-side edge
portion 141a to the apex-side edge portion 141b. How-
ever, in this embodiment, by continuously cutting down
the edge height of the cutting and bending edge 141 from
the position of the two-dot chain line, the thickness t (land
width) of the cutting and bending edge 141 in the width
direction thereof gradually decreases from the bottom-
side edge portion 141a toward the apex-side edge por-
tion 141b.

[0050] Further, an inclined edge 142 is shaped at the
same edge angle 6 from the bottom-side edge portion
141a to the apex-side edge portion 141b. The two-dot
chain line shown in Fig. 14 indicates a line for the case
where shaping is performed at the edge angle 6 from the
bottom-side edge portion 141a to the apex-side edge
portion 141b. In this embodiment, since the edge height
is continuously cut down from the bottom-side edge por-
tion 141a toward the apex-side edge portion 141b, the
range outside the solid line of the cutting and bending
edge 141 indicates a region in which the inclined edge
142 is not actually machined.

[0051] In the tooth portions 131A of the corrugation
cutter 121A pairing up with the above-described corru-
gation cutter 121B, cutting and bending edges (herein-
after denoted by 139A and 141A) similar to those of the
tooth portions 131B are formed. Further, when the cor-
rugation cutters 121A and 121B are meshed with each
other, the cutting and bending edges 139 provided on
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the side surfaces 137a of the tooth portions 131B of the
corrugation cutter 121B face the cutting and bending edg-
es 139A provided on the side surfaces 137a of the tooth
portions 131A of the corrugation cutter 121A, and the
cutting and bending edges 141 provided on the side sur-
faces 137b of the tooth portions 131B of the corrugation
cutter 121B face the cutting and bending edges 141A
provided on the side surfaces 137b of the tooth portions
131A of the corrugation cutter 121A. Thus, each cutting
and bending edge 139 (141) of the corrugation cutter
121B is paired with the cutting and bending edge 139A
(141A) of the corrugation cutter 121A so that the direc-
tions and angles of the edges become mirror symmetric
when they are meshed with each other.

[0052] Next, the action of the corrugation cutter 121
according to this embodiment will be described. Here, a
description will be given for the case where the louver
119 is cut and bent in the direction of an arrow from the
cutting start portion 119c toward the cutting finish portion
119d in Fig. 19.

[0053] Inthe machining of the cutting start portion 119¢
of the louver 119, as shown in Fig. 15A which is a cross
section taken along line 15A-15A of Fig. 14, the flat por-
tion 117 of the strip thin sheet 113 is cut and bent between
the bottom-side edge portion 141a of the cutting and
bending edge 141 of the corrugation cutter 121B and the
apex-side edge portion 141b of the cutting and bending
edge 141A of the corrugation cutter 121A. At this time,
the flat portion 117 is cut and bent at a bending angle of
oa along the line connecting a corner portion 142b of the
inclined edge (hereinafter referred to as an upperinclined
edge) 142 of the corrugation cutter 121A and a corner
portion 142a of the inclined edge (hereinafter referred to
as a lower inclined edge) 142 of the corrugation cutter
121B.

[0054] Inthe machining of anintermediate cutand bent
portion 119cd of the louver 119, as shown in Fig. 15B
which is a cross section taken along line 15B-15B of Fig.
14, the flat portion 117 of the strip thin sheet 113 is cut
and bent between an intermediate edge portion 141ab
of the cutting and bending edge 141 of the corrugation
cutter 121B and an intermediate edge portion 141a of
the corrugation cutter 121A. At this time, the flat portion
117 is cut and bent at a bending angle of ¢b along the
line connecting a corner portion 142ab of the upper in-
clined edge 142 and a corner portion 142ab of the lower
inclined edge 142.

[0055] Inthe machining of a cutting finish portion 119d
of the louver 119, as shown in Fig. 15C which is a cross
section taken along line 15C-15C of Fig. 14, the flat por-
tion 117 of the strip thin sheet 113 is cut and bent between
the apex-side edge portion 141b of the cutting and bend-
ing edge 141 of the corrugation cutter 121B and the bot-
tom-side edge portion 141a of the cutting and bending
edge 141A of the corrugation cutter 121A. At this time,
the flat portion 117 is cut and bent at a bending angle of
oc along the line connecting a corner portion 141a of the
upper inclined edge 142 and a corner portion 142b of the
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lower inclined edge 142.

[0056] As described above, in the corrugation cutters
121A and 121B of this embodiment, since the width-di-
rection thicknesses t of the cutting and bending edges
139 and 141 gradually changes from t1 to t3 (t1>t2>t3)
while the edge angles 6 thereof are made constant, the
bending angles of the inclined edges 140 and 142 also
change continuously. Accordingly, the louvers formed in
the strip thin sheet 113 are shaped so that the bending
angles ¢ become smaller (pa) in cutting start portions
and that the bending angles ¢ become larger (¢c) in cut-
ting finish portions.

[0057] Generally, in louver forming using corrugation
cutters, the edge angles ¢ of the cutting and bending
edges 139 and 141 determine the bending angles of lou-
vers. That is, the bending angles ¢ become larger when
machining is performed using portions in which the edge
angles 6 are large, and the bending angles ¢ become
smaller when machining is performed using portions in
which the edge angles 6 are small. In usual louver form-
ing, cutting and bending are neatly performed in a portion
(cutting start portion) cut and bent first. However, in a
portion (cutting finish portion) cut and bent later, cutting
and bending are not neatly performed. Accordingly,
bending angles differ between opposite ends of one lou-
ver, and distortion occurs in the louver.

[0058] On the other hand, with the corrugation cutters
121A (121B) of this embodiment, the bending angle ¢
becomes smaller (@a) in the cutting start portion of a lou-
ver and becomes larger (pc) in the cutting finish portion.
Accordingly, as in the case where shaping is performed
using a gradual-change corrugation cutter, in the cutting
start portion neatly cut and bent originally, shaping is per-
formed so that the bending angle does notbecome larger;
and, in the cutting finish portion not neatly cut and bent,
shaping is performed so that the bending angle becomes
larger. Accordingly, as shown in Fig. 19, the bending an-
gles ¢ in the cutting start portion 118a and the cutting
finish portion 118b of the louver 118 and those in the
cutting start portion 119¢ and the cutting finish portion
119d of the louver 119 can be made approximately equal
after shaping. Thus, since the bending angles in opposite
end portions of the louvers 118 and 119 shaped in one
direction are made approximately equal, there is no dis-
tortion in the louvers, and a twist of the entire fin due to
distortion can be prevented. Therefore, a warp in the lou-
ver fin 111 after shaping can be prevented.

[0059] Moreover, in the corrugation cutters 121A and
121B of this embodiment, since the edge angles 6 can
be made constant, a corrugation cutter can be manufac-
tured which has functions equivalent to those of the grad-
ual-change corrugation cutter according to the aforemen-
tioned first embodiment. According to this second em-
bodiment, since the inclined edges 140 and 142 are ma-
chined by not a cutting process but a grinding process,
the surface roughness of machined surfaces can be
made equivalent to that of current ones, and adverse
affects on fin shaping can be avoided. Further, unlike a
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discharge process, along machining time is not required.
Therefore, an increase in cost can be avoided.

[0060] It should be noted that for the edge heights and
edge angles of the cutting and bending edges 139 and
141, optimum values are individually found according to
the shape and material of the fin. These values can be
determined by performing an experiment or a simulation.

THIRD EMBODIMENT

[0061] Next, a corrugation cutter according to a third
embodiment of the present invention will be described.
[0062] Inthe machining method described in the afore-
mentioned JPA 1-2833, since an inclined edge can be
machined only at a constant edge angle, it is technically
difficult to manufacture a corrugation cutter (gradual-
change corrugation cutter) according to the aforemen-
tioned first embodiment in which an edge angle gradually
changes. Further, a gradual-change corrugation cutter
can be machined by machining an inclined edge by
means other than a grinding process using a grinding
stone, such as a cutting process or a discharge process.
However, since a cutting process is inferior in the surface
roughness of a machined surface to a grinding process,
fin shaping may be adversely affected. Further, a dis-
charge process takes more machining time than a grind-
ing process, and therefore causes an increase in cost.
[0063] In view of this, in the third embodiment, a cor-
rugation cutter is provided which has functions equivalent
to those of the corrugation cutter according to the afore-
mentioned first embodiment having edge angles gradu-
ally changing, and which can be manufactured by a grind-
ing process.

[0064] First, the basic structure of the corrugation cut-
ter according to the third embodiment will be described
using Figs. 20to 23. Fig. 20 s a perspective view showing
the arrangement of the corrugation cutter. Fig. 21 is an
enlarged partial view of tooth portions. Fig. 22 is an ex-
ploded perspective view of the corrugation cutter. Fig. 23
is a perspective view showing part (corrugated shape for
one crest) of a louver fin.

[0065] As shown in Fig. 20, a corrugation cutter 221
includes a pair of (first and second) corrugation cutters
221A and 221B. The corrugation cutters 221A and 221B
are placed so that one as a male cutter and the other as
afemale cutter mesh with each other, and are rotationally
driven in the directions of arrows by an unillustrated driv-
ing mechanism. The following description will be given
by taking the corrugation cutter 221A as an example.
[0066] In the corrugation cutter 221A, a plurality of
tooth portions 231A are formed radially at a predeter-
mined pitch along the circumferential direction, and apex
portions 233 and bottom portions 235 of the tooth portions
231A are alternately formed on the perimeter. As shown
in Fig. 21, in each tooth portion 231A, a plurality of cutting
and bending edges (shapes of the edges are not shown)
239 are formed on one side surface 237a, and a plurality
of cutting and bending edges (shapes of the edges are
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not shown) 241 are formed on other side surface 237b.
[0067] AsshowninFig.22,the corrugation cutter 221A
has a structure in which a predetermined number of thin-
plate blades 229 each having a plurality of tooth portions
231A formed radially along the circumferential direction
are stacked. In each blade 229, cutting and bending edg-
es 239 and 241 are alternately formed at a predetermined
pitch along the circumferential direction. It should be not-
ed, however, that the corrugation cutter is not limited to
a structure in which a plurality of members are stacked,
and may be one formed monolithically.

[0068] Similarly, in the corrugation cutter 221B, a plu-
rality of tooth portions 231B are formed radially at a pre-
determined pitch along the circumferential direction, a
plurality of cutting and bending edges are formed on one
side surface of each tooth portion 231B, and a plurality
of cutting and bending edges are formed on other side
surface thereof (reference numerals are not shown).
[0069] When the corrugation cutter 221A having the
above-described cutting and bending edges 239 and 241
formed therein and the corrugation cutter 221B having
cutting and bending edges formed therein which have
the same structures are meshed with each other and
rotationally driven, and a strip thin sheet 213 is supplied
between these cutters as shown in Fig. 20, the apex por-
tions 233 of one corrugation cutter mesh with the bottom
portions 235 of the other corrugation cutter, and bent
portions 215 and flat portions 217 such as shown in Fig.
23 are alternately formed in the strip thin sheet 213. At
the same time, by the cutting and bending edges 239
(241) of one corrugation cutter meshing with the cutting
and bending edges 239 (241) of the other corrugation
cutter, a plurality of louvers 218 and 219 are cut and bent
out of the flat portions 217 of the strip thin sheet 213, thus
obtaining a louver fin 211.

[0070] Next, the shapes of the cutting and bending
edges 239 and 241 formed on the side surfaces 237a
and 237b of each tooth portion 231A (231B) will be de-
scribed. Fig. 24 is an enlarged partial view showing the
shapes of side surfaces of adjacent tooth portions 231B.
Figs. 25A to 25C are cross-sectional views taken along
lines 25A-25A, 25B-25B, and 25C-25C of Fig. 24, show-
ing the mesh of cutting and bending edges, and showing
a virtual cross section at the time when the corrugation
cutters 221A and 221B mesh with each other.

[0071] It should be noted that Fig. 26A shows a state
in which cutting and bending edges start cutting the lou-
ver 219, and a cross section of the mesh thereof corre-
sponds to Fig. 25A. Fig. 26B shows a state in which the
cutting and bending edges are cutting an intermediate
portion 219cd of the louver 219, and a cross section of
the mesh thereof corresponds to Fig. 25B. Fig. 26C
shows a state in which the cutting and bending edges
are cutting a cutting and bending finish portion 219d of
the louver 219, and a cross section of the mesh thereof
corresponds to Fig. 25C. Moreover, Figs. 27Ato 27C are
views showing the states of the flat portion 217 actually
cut and bent by the corrugation cutters 221A and 221B
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at mesh positions corresponding to Figs. 25A to 25C,
respectively.

[0072] In the corrugation cutter 221B of this embodi-
ment, as shown in Fig. 24, the cutting and bending edge
239 provided on one side surface 237a of the tooth por-
tion 231B is set so that the thickness (land width) of the
edge in the width direction thereof becomes equal be-
tween an apex-side edge portion 239a for machining a
cutting start portion 218a of the louver 218 shown in Fig.
23 and a bottom-side edge portion 239b for machining
the cutting finish portion 218b of the louver 218. As shown
in Fig. 24, the cutting and bending edges 239 and 241
are formed so that the angles and land widths of inclined
edges are made constant from the apex-side edge por-
tions to the bottom-side edge portions, and the lengths
(portions denoted by ha, hb, and hc) vary by which the
inclined edges protrude from the portions indicated by
chain lines.

[0073] Here, as shown in Fig. 23, the louver 218 is cut
and bent in the direction of an arrow from the cutting start
portion 218a toward the cutting finish portion 218b, and
the louver 219 is cut and bent in the direction of an arrow
from the cutting start portion 219c toward the cutting finish
portion 219d (the direction of shaping the fin is assumed
to be the direction of an arrow a).

[0074] In this embodiment, as shown in Figs. 25A to
25C, inclined edges 240 and 242 are formed so that the
edge angles of the cutting and bending edges 239 and
241 of the corresponding tooth portions 231A and 231B
of the corrugation cutters 221A and 221B are the same
angle 06 over the longitudinal directions of the edges.
These inclined edges 240 and 242 are formed by being
ground down. Further, the edges denoted by the same
reference numeral of the inclined edges 240 and 242 of
the cutting and bending edges 239 and 241 are set so
asto be parallel to each other with a predetermined clear-
ance c provided therebetween in a state in which they
mesh with each other.

[0075] Hereinafter, the clearance c will be described
with reference to Figs. 24 to 27C.

[0076] This clearance c is set so that the distance be-
tween the inclined edges 240 becomes a large clearance
c1 as shown in Fig. 25A at a position (see Fig. 26A) 241a
at which the louver 219 starts being cut. The flat portion
217 to be cut and bent is cut and bent at a bending angle
of ga along the line connecting a corner portion 242a of
the inclined edge (hereinafter referred to as an upper
inclined edge) 242 of the corrugation cutter 221A and a
corner portion 242a of the inclined edge (hereinafter re-
ferred to as a lower inclined edge) 242 of the corrugation
cutter 221B.

[0077] Next, in the machining of the intermediate cut
and bent portion 219cd of the louver 219, as shown in
Fig. 25B which is a cross-sectional view taken along line
25B-25B at a position 241ab of Fig. 24, an intermediate-
level clearance c2 is set. Further, the flat portion 217 of
the strip thin sheet 213 is cut and bent between an inter-
mediate edge portion 241ab of the cutting and bending
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edge 241 of the corrugation cutter 221B and an interme-
diate edge portion 241ab of the corrugation cutter 221A.
At this time, the flat portion 217 is cut and bent at a bend-
ing angle of ¢b along the line connecting a corner portion
242ab of the upperinclined edge 242 and a corner portion
242ab of the lower inclined edge 242.

[0078] Next, in the machining of the cutting and bend-
ing end point position 219d of the louver 219, as shown
in Fig. 25 which is a cross-sectional view taken along line
25C-25C at a position 241b of Fig. 24, a small clearance
c3 is set. Further, as shown in Fig. 25C, the flat portion
217 of the strip thin sheet 213 is cut and bent between
an end-point-side edge portion 241b of the cutting and
bending edge 241 of the corrugation cutter 221B and an
edge portion 241a of the corrugation cutter 221A. At this
time, the flat portion 217 is cut and bent at a bending
angle of ¢c along the line connecting a corner portion
242a of the upper inclined edge 242 and a corner portion
242b of the lower inclined edge 242. In this way, in the
cutting and bending edges of the corrugation cutter of
this embodiment, the clearances cl, c2, and c3 are de-
termined by the protruding quantities (ha, hb, and hc) of
the inclined edges.

[0079] Next, the action of the corrugation cutter 221
according to this embodiment will be described. Here, a
description will be given for the case where the louver
219 is cut and bent in the direction of an arrow from the
cutting start portion 219c toward the cutting finish portion
219d in Fig. 23.

[0080] Inthe machining of the cutting start portion 219¢
of the louver 219, as shown in Fig. 25A which is a cross
section taken along line 25A-25A of Fig. 24, the flat por-
tion 217 of the strip thin sheet 213 is cut and bent between
the bottom-side edge portion 241a of the cutting and
bending edge 241 of the corrugation cutter 221B and the
edge portion 241b of the corrugation cutter 221A. At this
time, the flat portion 217 of the strip thin sheet 213 is cut
and bent at a bending angle of ga with the clearance c1
along the line connecting the corner portion 242b of the
upper inclined edge 242 and the corner portion 242a of
the lower inclined edge 242.

[0081] In the machining of the intermediate cut and
bent portion 219cd of the louver 219 shown in Fig. 23,
as shown in Fig. 25B which is a cross section taken along
line 25B-25B of Fig. 24, the flat portion 217 of the strip
thin sheet 213 is cut and bent between the intermediate
edge portion 241ab of the cutting and bending edge 241
of the corrugation cutter 221B and the intermediate edge
portion 241ab of the corrugation cutter 221A. At this time,
the flat portion 217 is cut and bent at a bending angle of
b with a clearance of c2 along the line connecting the
corner portion 242ab of the upper inclined edge 242 and
the corner portion 242ab of the lower inclined edge 242.
[0082] In the machining of the cutting finish portion
219d of the louver 219, as shown in Fig. 25C which is a
cross section taken along line 25C-25C of Fig. 24, the
flat portion 217 of the strip thin sheet 213 is cut and bent
between the apex-side edge portion 241b of the cutting
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and bending edge 241 of the corrugation cutter 221B and
the edge portion 241a of the corrugation cutter 221A. At
this time, the flat portion 217 is cut and bent at a bending
angle of @c with clearance c3 along the line connecting
the corner portion 242a of the upper inclined edge 242
and the corner portion 242b of the lower inclined edge
242.

[0083] As described above, in the corrugation cutters
221A and 221B of this embodiment, since only the clear-
ance c is gradually changed (c3<c2<c1) while the edge
angles 6 of the cutting and bending edges 239 and 241
are made constant as shown in Figs. 25A to 25C, the
bending angles of the inclined edges 240 and 242 also
change continuously. Accordingly, the louvers formed in
the strip thin sheet 213 are shaped so that the bending
angles ¢ become smaller (pa) in cutting start portions
and that the bending angles ¢ become larger (pc) in cut-
ting finish portions.

[0084] Generally, in louver forming using corrugation
cutters, the edge angles 6 of the cutting and bending
edges 239 and 241 determine the bending angles of lou-
vers. That is, the bending angles ¢ become larger when
machining is performed using portions in which the edge
angles 6 are large, and the bending angles ¢ become
smaller when machining is performed using portions in
which the edge angles 6 are small. In usual louver form-
ing, cutting and bending are neatly performed in a portion
(cutting start portion) cut and bent first. However, in a
portion (cutting finish portion) cut and bent later, cutting
and bending are not neatly performed. Accordingly,
bending angles differ between opposite ends of one lou-
ver, and distortion occurs in the louver.

[0085] On the other hand, with the corrugation cutters
221A (221B) of this embodiment, the bending angle ¢
becomes smaller (¢a) in the cutting start portion of a lou-
ver and becomes larger (¢c) in the cutting finish portion.
Accordingly, as in the case where shaping is performed
using a gradual-change corrugation cutter, in the cutting
start portion neatly cut and bent performed originally,
shaping is performed so that the bending angle does not
become larger; and, in the cutting finish portion not neatly
cut and bent, shaping is performed so that the bending
angle becomes larger. Accordingly, as shown in Fig. 23,
the bending angles in the cutting start portion 218a and
the cutting finish portion 218b of the louver 218 and those
in the cutting start portion 219¢ and the cutting finish por-
tion 219d of the louver 219 can be made approximately
equal after shaping. Thus, since the bending angles in
opposite end portions of the louvers 218 and 219 shaped
in one direction are made approximately equal, there is
no distortion in the louvers, and a twist of the entire fin
due to distortion can be prevented. Therefore, a warp in
the louver fin 211 after shaping can be prevented.
[0086] Moreover, in the corrugation cutters 221A and
221B of this embodiment, since the edge angles 6 can
be made constant, a corrugation cutter can be easily
manufactured which has functions equivalent to those of
the corrugation cutter according to the aforementioned
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first embodiment. According to this third embodiment,
since the inclined edges 240 and 242 are machined by
not a cutting process but a grinding process, the surface
roughness of machined surfaces can be made equivalent
tothat of current ones, and adverse affects on fin shaping
can be avoided. Further, unlike a discharge process, a
long machining time is not required. Therefore, an in-
crease in cost can be avoided.

[0087] It should be noted that for the edge heights and
edge angles of the cutting and bending edges 239 and
241, optimum values are individually found according to
the shape and material of the fin. These values can be
determined by performing an experiment or a simulation.

Industrial Applicability

[0088] Corrugation cutters according to the presentin-
vention can be applied to heat exchangers including a
radiator mounted on a vehicle such as an automobile,
and a heater core, a condenser, an evaporator, and the
like used in an air conditioner, and are useful particularly
in manufacturing a unidirectional louver fin suitable for
these heat exchangers.

Claims
1. Alouver fin characterized by comprising:

a plurality of flat portions which are made of a
strip thin sheet, and in each of which a plurality
of louvers are cut and bent along a longitudinal
direction of the strip thin sheet, are arranged par-
allel to each other along a width direction of the
strip thin sheet, and are formed so that bending
angles of the louvers become approximately the
same with respect to the longitudinal direction
of the strip thin sheet; and

a bent portion serving as a boundary between
the flat portions and being a portion for coupling
the flat portions so that the plurality of flat por-
tions form a corrugated shape.

2. A corrugation cutter characterized by comprising:
a pair of cutters in each of which a plurality of tooth
portions are formed along a circumferential direction,
and which are combined to mesh with each other;
and
characterized in that:

a corrugated fin with louvers is formed by form-
ing alternately bent portions and flat portions in
a strip thin sheet, which is supplied between the
pair of cutters, at a predetermined pitch by using
apex portions and bottom portions of the tooth
portions facing each other, and by cutting and
bending a plurality of louvers out of the flat por-
tions of the strip thin sheet by using a plurality
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of cutting and bending edges provided on side
surfaces of the tooth portions; and that

an edge angle of the cutting and bending edge
provided on a side surface of each of the tooth
portions changes along a longitudinal direction
of the strip thin sheet so that the angle becomes
smaller in a cutting start portion of one of the
louvers and that the angle becomes larger in a
cutting,finish portion thereof.

3. A corrugation cutter characterized by comprising:

a first cutter in which a plurality of first tooth por-
tions having triangular shapes are formed along
a circumferential direction, in which a plurality
of first cutting and bending edges for cutting and
bending louvers in a strip thin sheet are provided
on side surfaces in the circumferential direction
of each of the first tooth portions, and in which
an edge angle of each of the first cutting and
bending edges gradually changes along longi-
tudinal directions of the first cutting and bending
edges so that the angle becomes smaller in a
cutting start portion of one of the louvers, and
that the angle becomes larger in a cutting finish
portions thereof; and

a second cutter which is rotationally driven in
synchronization with the first cutter so as to
mesh with the first cutter; in which a plurality of
second tooth portions are formed along a cir-
cumferential direction; in which the second tooth
portions alternately form bent portions and flat
portions machine the strip thin sheet into a cor-
rugated shape in conjunction with the first tooth
portions by alternately forming bent portions and
flat portions of the strip thin sheet; in which a
plurality of second cutting and bending edges
for cutting and bending the louvers in the strip
thin sheet in conjunction with the first tooth por-
tions are provided on the side surfaces in the
circumferential direction of the second tooth por-
tions; and in which an edge angle of each of the
second cutting and bending edges gradually
changes along longitudinal directions of the cut-
ting and bending edges so that the angle be-
comes smaller in the cutting start portion of one
ofthe louvers, and thatthe angle becomes larger
in the cutting finish portion thereof.

4. A corrugation cutter characterized by comprising a
pair of cutters in each of which a plurality of tooth
portions are radially formed, and which are placed
to face each other at a predetermined distance,
characterized in that:

a corrugated fin with louvers is formed by form-
ing alternately bent portions and flat portions in
a strip thin sheet, which is supplied between the
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pair of cutters by using apex portions and bottom
portions of the tooth portions facing each other,
and by cutting and bending a plurality of louvers
out of the flat portions of the strip thin sheet by
using a plurality of cutting and bending edges
provided on side surfaces of the tooth portions;
the cutting and bending edge provided on one
side surface of each tooth portion is formed with
an edge height which continuously increases
from the apex-side edge portions toward the bot-
tom-side edge portions, and which becomes
smallest in an apex-side edge portion for ma-
chining a cutting start portion of one of the lou-
vers, and becomes largest in a bottom-side edge
portion for machining a cutting finish portion
thereof, the cutting and bending edge including
aninclined edge having an edge angle 6 formed
from the apex-side edge portions to the bottom-
side edge portions; and that

the cutting and bending edge provided on the
other side surface of each tooth portionis formed
with an edge height which continuously increas-
es from the apex-side edge portions toward the
bottom-side edge portions, and which becomes
smallest in a bottom-side edge portion for ma-
chining the cutting start portion of the louver, and
becomes largest in apex-side edge portions for
machining the cutting finish portion thereof, and
the cutting and bending edge including an in-
clined edge having an edge angle 6 formed from
the bottom-side edge portions to the apex-side
edge portions.

5. A corrugation cutter characterized by comprising:

a first cutter in which a plurality of first tooth por-
tions are formed along a circumferential direc-
tion, in which a plurality of first cutting and bend-
ing edges for cutting and bending louvers in a
strip thin sheet are provided on side surfaces in
the circumferential direction of each of the first
tooth portions, and in which an edge height of
each of the first cutting and bending edges grad-
ually changes along longitudinal directions of
the first cutting and bending edges so that the
height becomes smallest in a cutting start por-
tion of one of the louvers, and become largest
in a cutting finish portion thereof; and

a second cutter which is rotationally driven in
synchronization with the first cutter so as to
mesh with the first cutter; in which a plurality of
second tooth portions are formed along a cir-
cumferential direction; in which the second tooth
portions machine the strip thin sheet into a cor-
rugated shape in conjunction with the first tooth
portions by alternately forming bent portions and
flat portions of the strip thin sheet; in which a
plurality of second cutting and bending edges
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for cutting and bending the louvers in the strip
thin sheet in conjunction with the first tooth por-
tions are provided on the side surfaces in the
circumferential direction of the second tooth por-
tions; and in which an edge height of each ofthe 5
second cutting and bending edges gradually
changes along longitudinal directions of the sec-
ond cutting and bending edge so that the height
becomes smallest in the cutting start portion of

the louver, and becomes largest in the cutting 170
finish portion thereof.

6. A corrugation cutter characterized by comprising:

a first cutter in which a plurality of first tooth por- 75
tions are formed along a circumferential direc-
tion, and in which a plurality of first cutting and
bending edges for cutting and bending louvers

in a strip thin sheet are provided on side surfaces

in the circumferential direction of the first tooth 20
portions, and in which an edge angle 6 of each

of the first cutting and bending edges is constant
along longitudinal directions thereof; and

a second cutter which is rotationally driven in
synchronization with the first cutter so as to 25
mesh with the first cutter; in which a plurality of
second tooth portions are formed along a cir-
cumferential direction; in which the second tooth
portions machine the strip thin sheet into a cor-
rugated shape in conjunction with the first tooth 30
portions, by alternately forming bent portions
and flat portions of the strip thin sheet; in which

a plurality of second cutting and bending edges

for cutting and bending the louvers in the strip

thin sheet in conjunction with the first tooth por- 35
tions are provided on side surfaces of the sec-

ond tooth portions in the circumferential direc-
tion; in which an edge angle 6 of each of the
second cutting and bending edges is constant
along longitudinal directions thereof; and in 40
which a clearance between the first cutting and
bending edge and the second cutting and bend-

ing edge gradually changes relatively to be larg-
estin a cutting start portion of one of the louvers

and to be smallest in a cutting finish portion 45
thereof.

50
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