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Description

The present invention relates to an apparatus
for forming a corrugated fin for a heat exchanger
which can contribute suitably to miniaturization
and weight lightening of the heat exchanger.

In the case of the heat exchanger in which a
heat exchange is carried out between two fluids
inside and outside a pipe, it is prevalent to
dispose fins on the side of the fluid having a less
heat transfer with the intention of improving heat
transfer performance. Thus, in a condenser or an
evaporator in an automotive air conditioner, or in
a radiator or the like, the heat exchanger having a
corrugated fin as shown in Figure 1 attached
hereto is now employed.

Such a corrugated fin type heat exchanger can
be manufactured by bending, in a hairpin style, a
heat transfer pipe 2 equipped with union joints 1,
at both the ends thereof, for connecting itself to
other pipes; inserting corrugated fins 3 between
straight portions of the heat transfer pipe 2; and
securing the fins 3 to the pipe 2 with the aid of
brazing.

Further, in place of the simply flat corrugated
fin, other types of corrugated fin are suggested:
One exampie is a louvred corrugated fin 5 in
which louvers 4 are formed in the flat portions
thereof for the purpose of improving heat transfer
performance, as shown in Figure 2, and another
example is a needle corrugated fin 6 in which the
thin metal plate thereof is configured in the form
of a ladder for the sake of, for example, decreas-
ing a pressure loss on the air side, as shown in
Figure 3 (Japanese Utility Model Application No.
71462/1982 and Japanese Patent Application No.
35653/1982).

US—A—3 137 337, in Figs. 4 and 5, provides
that a sheet metal strip is compressed and formed
by means of rotating barrel members rotating in
two different directions and then it is discharged
in the direction at a right-angle to the axis of the
barrel members.

The aforesaid louvred corrugated fin 5 can be
manufactured by means of a system as shown in
Figure 4. That is to say, a strip metal plate 10 is fed
to between a pair of confronted gear rolls 11,
where a cutting of the louvers and a rough
formation of a wavy shape are accomplished by a
cutting means provided on tooth surfaces of each
gear roll 11 and by a forming mechanism, respec-
tively. Next, the wavy fin 12 is suppressed on the
tops thereof by a suppressive spring plate 14
equipped with a pressure-adjusting member 13 in
order to regulate a feed of the fin 12, thereby
obtaining a desired pitch thereof. The thus pre-
pared fin 12 is cut into a predetermined length,
thereby manufacturing desired fin products.

On the other hand, the aforesaid needle corru-
gated fin 6 has less stiffness in the direction of a
height h thereof than the louvred corrugated fin 6.
Further, in the needle corrugated fin, it is
necessary that the metal plate is closely corru-
gated narrowing each fin pitch P and that
finishing is made with high accuracy, when its
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high performance is required. For these reasons,
itis difficult to employ the conventional apparatus
for manufacturing louvred corrugated fins as
shown in Figure 4, for the formation of the needie
corrugated fin, without any modification. Accord-
ingly, an improvement in the apparatus has been
desired by which the formation of the fin can be
carried out efficiently.

In view of such a desire, the present invention
has now been accomplished, and its object is to
provide an apparatus for forming needie corru-
gated fins with high accuracy and at a high speed.’
The apparatus of the present invention for achiev-
ing the above-mentioned object may comprise a
pair of confronted gear rolis for roughly forming,
into a wavy shape, a strip metal plate in which a
group of ladderlike or netlike needie fin units is
previously formed, and a pair of screw shafts
rotatably disposed in parallel with a feeding
passage of the roughly formed strip metal plate
and on opposite sides of the feeding passage, the
screw shafts being provided with helical blades
on outer peripheries thereof, the piich of the
blades being constituted so as to gradually
approach to a predetermined fin pitch toward
front edges of the screw shafts, the biades serving
to compressively form the strip metal plate into a
wavy shape by being brought into contact with
valleylike portions of the strip metal plate.

Another object of the present invention is to
provide an apparatus for forming a corrugated fin .
to which reinforcing tapes are attached.

Since being made of a thin metal plate of 0.2
mm or less in thickness, the flat corrugated fin 3
and the louvred corrugated fin 5 are extremely
low in stiffness and tend to be easily bent and
distorted. Further, when the corrugated fins
which have been thus formed are stocked over-
lapping each other, the curved portions 7 of the
corrugated fins get disadvantageously in between
flat portions 8 thereof. In other words, while being
stocked, the corrugated fins will become entang-
led, which fact will make troublesome handling
such as their conveyance to a farther process.

Also with regard to the needle corrugated fin 6,
the thin metal plate of approximately 0.3 mm in
thickness is used, and the needie fins 9 of approxi-
mately 0.3 mm in diameter are punched out,
thereby obtaining a ladderlike shape. Therefore,
its stiffness is also disadvantageously at a low
level, as in the case of the above louvred corru-
gated fin.

Because of such a low stiffness, it is hard to
mechanize or automate an insertion of the fins in
between straight portions of the heat transfer
pipe when the fins are joined to the heat transfer
pipe. Therefore, it is inevitable that the above
operation is carried out by hand, and this is an
only unautomatic process out of the processes of
manufacturing heat exchangers, which unauto-
matic process stands in the way of the improve-
ment in the whole production efficiency. More-
over, it takes a long period of time to assemble
the heat exchangers owing to the manual oper-
ation above, which leads to an increase in manu-
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facturing cost. And such a lengthy successive
operation will render workers very tired, and after
the insertion of the fins, their concentration on the
work of uniformizing the fin pitch will drop.
Additionally, when the corrugated fins are taken
out after storage and if they are in the entangled
state mentioned above, the fin pitch thereof will
be disordered, which fact will bring about
deterioration in heat transfer performance and in
quality.

The decline in the stiffness of the fins has been
investigated by the inventors of the present case,
and it has been found that its main cause is an
elongation of the fin pitch, i.e. an elongation of a
wave length of each formed corrugation, i.e. a
drop in wave height thereof caused by the above
elongation.

In view of such a result of the above investiga-
tion, the present invention has now been accom-
plished, and its object is to provide an apparatus
for forming a corrugated fin having supporting
means by which the fin pitch of the corrugated fin
can be retained and the stiffness can be enhanced
without altering a configuration of the fin and a
thickness of the used metal plate. The apparatus
of the present invention for achieving the above-
mentioned object further includes a device for
attaching tapes to free areas of the corrugated fin
which will be joined to the heat transfer pipe with
a predetermined fin pitch, so as to retain the fin
pitch.

Other objects of the present invention will be
understood from the following description with
reference to the accompanying drawings, in
which:

Figure 1 is an elevational view of a corrugated
fin type heat exchanger, with its central portion
omitted;

Figure 2 is a partial perspective view of a
louvred corrugated fin type heat exchanger;

Figure 3 is a partial perspective view of a needle
corrugated fin type heat exchanger;

Figure 4 is a schematic layout view of a conven-
tional apparatus for forming the louvred corru-
gated fins; )

Figure 5 is a schematic layout view regarding
one embodiment of an apparatus for forming
corrugated fins according to a preferred embodi-
ment of the present invention; Figure 5 (a) is an
elevational view and Figure 6 (b) is a plan view;

Figures 6 to 8 show a compressive-formation
step; Figure 6 is a plan view, Figure 7 is an
elevational view, and Figure 8 is a right-side view;

Figure 9 is an elevational view showing another
embodiment of a fin formed by the apparatus
according to a preferred embodiment of the
present invention;

Figure 10 is a plan view showing the apparatus
according to a preferred embodiment of the
present invention in which there is equipped with
a device for attaching fin pitch-supporting tapes
to the corrugated fin;

Figure 11 is an enlarged sectional view taken
alang line I—l in Figure 10;

Figure 12 is a partial perspective view of a
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needle corrugated fin having the fin pitch-
supporting tapes; and

Figure 13 is a similar partial perspective view of
a louvred corrugated fin.

The apparatus for forming the needle corru-
gated fins comprises a pair of upper-side and
lower-side molds 22 for punching holes in a strip
metal plate 21 to form it into a ladderlike shape,
thereby obtaining a primary processed strip metal
plate 23 having a group of needle fin units, as
shown in Figure 5 (a); a rough forming section 24
for roughly forming the primary processed strip
metal plate 23 into a wavy shape; and a compres-
sive forming section 26 for compressively form-
ing the roughly formed, i.e. secondarily pro-
cessed strip metal plate 25 so that it may have a
predetermined closer fin patch P, as shown in
Figure 5 (b).

In the rough forming section 24, there is dis-
posed, on the left and right sides in a horizontal
plane when viewed from plan, a pair of gear rolls
27 which can be rotated at a constant speed while
engaged with each other, and the primary pro-
cessed ladderlike strip metal plate 23 is fed to
between this pair of gear rolls 27 in order to form
it into the wavy shape. As the pair of gear rolls 27
to be used, rolis are used which are slightly longer
in the axial direction thereof than the width of the
strip metal plate 21, i.e. a height h of-the fin joined
to a heat transfer pipe. Further, seeing that the
strip metal plate 21 is roughiy formed into the
wavy shape only at-the opposite edges in the
width direction thereof, the gear rolls 27 may be
employed each of which has a thin-wall gear
structure only at the opposite ends thereof and
includes no gear structure on the central portion
thereof. Furthermore, as for teeth of the rolls 27,
tooth tops thereof and tooth bottoms there-.
between are rounded in the form of arc which is
suitable for corrugation.

The above-mentioned compressive forming
section 26 is illustrated in Figures 6, 7 and 8. As
shown in the respective drawings, a pair of screw
shafts 30 is disposed in parallel with a feeding
passage of the secondarily processed strip metal
plate 25 which is provided on a bed 28 and on the
opposite sides of the above feeding passage, and
bearing-supporting plates 29 are disposed on
right and left sides of the screw shafts 30, when
viewed from plan, across the above feeding
passage. In this case, the screw shafts 30 are
rotatably mounted on bearings (not shown) in the
bearing-supporting plate 29.

The above bearings may be constituted mov-
ably inside the bearing-supporting plate 29 so as
to adjust the space between the respective screw
shafts 30.

Each screw shaft 30 is provided with blades 31
on the outer periphery thereof. These blades 31
serve to compressively form the roughly wavily
formed, i.e. secondarily processed strip metal
plate 25 (hereinafter also referred to as the wavy
metal plate) into the fin structure having a pre-
determined pitch by a contact of the outer peri-
pheral tops of the blades with valleylike portions
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of the metal plate 25 and by a forward movement
of the metal plate 25 with the aid of the rotation of
the screw shafts 30. For this service, the blades are
helically constituted so that intervals there-
between may become gradually narrower toward
the front end of each screw shaft 30 and so that the
pitch of the blades in the vicinity of the front end
thereof may be equal to a predetermined pitch of
the fin.

The above-mentioned screw shafts 30 are
adapted to be rotated reversely to each other.
Therefore, helical directions of the blades 31 onthe
respective screw shafts 30 are reverse to each
other, and the wavy metal plate 25 can thus be
forward moved in the feeding direction by means
of the rotation of the screw shafts 30. In order to
cause this rotation, a follower 32 which engages
with a pinion of an electric motor (not shown) is
fixed to a flexible drive-shaft 33. By rotating the
follower 32, either screw shaft 30 can be rotated via
a bevel gear 34 at the other end of the flexible
drive-shaft 33 and another bevel gear 35 at an end
of the screw shaft 30. Further, a transmission gear

- 36 at the other end of the above screw shaft 30

rotates a gear 39 fixed at an end of the other screw
30 via intermediate gears 37 and 38. In this way,
both the screw shafts 30 can be rotated in direc-
tions reverse to each other and at an equal speed.
In this case, the disposition of the flexible drive-
shaft 33 and the intermediate gears 37 and 38
permits the screw shafts 30 to be moved in parallel
for the purpose of adjusting the space there-
between by sliding the screw shaft 30, while the
engagement between the bevel gears 34 and 35 is
maintained and while the transmission gear 36
and the gear 39 are in contact with the inter-
mediate gears 37 and 38.

Further, although not shown in any drawings,
the gear rolls 27 for the rough formation and the
screw shafts 30 are connected to each other so that
they may be rotated at a constant rotational ratio.
For exampie, when the number of the teeth on
each gear roll 27 is taken as n, the rotational
frequency of the gear roll 27 is set to I/n of that of
the follower 32.

The bed 28 is provided with a base stand 40 for
supporting the wavy metal plate 5, on the lower
side thereof, which is fed between the screw shafts
30. The base stand 40 includes a cylindrical feeding
guide 41 having an enlarged inlet on the rear side
of the compressive forming section 26, and a
discharge guide 42 on the front side thereof.
Additionally, reference numeral 44 represents a
counter for counting the rotational frequency of
the screw shafts 30.

The formation may be carried out by means of
the thus constituted apparatus according to the
present invention, as follows:

First, the strip metal plate 21 is subjected to a
punching operation of the upper-side and lower-
side molds 22 in order to prepare the primarily
processed {adderlike strip metal plate 23in which a
group of needle fin units is formed. Then, the gear
rolls 27 and the screw shafts 30 are rotated
respectively, and the primary processed strip
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metal plate 23 is fed to between the gear rolls 27 in
orderto obtain a secondarily processed strip metal
plate 25 which has been roughly formed into a
wavy shape. Next, the secondarily processed strip
metal plate 25 is fed to between the screw shafts 30
via the feeding guide 41, and then in this section,
the tops of the blades 31 come in touch with the
valleylike portions of the wavy metal plate 25 and
cause the plate 25 to move forward with the aid of
the rotation of the screw shafts 30. The wavy metal
plate 25 is compressively formed by the blades
which have gradually decreasing pitch so that the
fin pitch of the plate 25 may become equal to a
predetermined fin pitch P. The thus produced
needle corrugated fin 23 is then disengaged from
the blades and discharged through the discharge
guide 42 as a product.

By operatively associating the gear rolls 27 with
the screw shafts 30 at a constant rotational ratio,
the needle corrugated fins 43 can be continuously
formed. Further, it is possible by the use of the
counter 44 to know the number of the corrugated
fins 43 produced. ’

According to the apparatus of the present inven-
tion, the needle corrugated fins having the pitch of
0.8 to 1.0 mm may be obtained, though that of the
conventional corrugated fins is 1.5 to 2.0 mm.
Moreover, in the present case it is unnecessary to
apply aforce to the tops ofthe fins at the time ofthe
formation as in the conventional apparatus. There-
fore, even if the group of needle fin units has a low
stiffness, the metal plate can be compressively
formed into the predetermined fin pitch structure
corresponding to the pitch of the blades with high
accuracy, and the formation can be carried out
easily and rapidly.

In the above given embodiment, reference has
just been made to the formation of the strip metal
plate having a group of ladderlike needle fin units,
but the pattern of the fin is not limited to such a
style. For example, the metal plate having a group
of netlike needle fin units as shown in Figure 9 can
also be compressively formed with ease by means
of the apparatus of the present invention.

Now, a device for attaching reinforcing tapes to
the aforesaid needle corrugated fin and a louvred
corrugated fin will be concretely described as
follows:

Figures 10 and 11 are respectively a plan view
and a cross-sectional view taken along line |—I
therein, where means for maintaining the fin pitch
of the corrugated fin according to the present
invention are applied to the needle corrugated fin.

First, the wavy metal plate 50, which has been
provided with a group of needle fin units and
formed roughly into a wavy shape in the preceding
process, is fed to between the screw shafts 52.

Each screw shaft 52 is provided with helical
forming blades 51 thereon so that intervais be-
tween the blades may become gradually narrow
toward the front end of the screw shaft 52, and the
respective screw shafts 52 are mutually arranged
so that the blades 51 on one screw shaft may be
placed at positions of 1/2 pitch of the blades on the
other shaft.
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By the rotation of both of the screw shafts 52,
the tops of the blades 51 are engaged with the
valleylike portions of the wavy metal plate 50, and
the wavy metal plate 50 is compressively formed
into a closer wavy shape. Afterward, the wavy
metal plate 50 is fed to between the pair of fin
pitch-regulating screw shafts 53 disposed in an
upper and lower relation in order to obtain a
predetermined fin pitch.

The needle corrugated fin 6 will be joined to the
heat transfer pipe 2, with opposite edges of the fin
6 in a width direction thereof directly connected to
the pipe 2. Therefore, as seen best in Figure 12,
tapes 54 are attached to the needle fin 9 adjacent
to curved free areas 7, of the needle corrugated
fin 6, in a plane crossing at right angle a plane
including the edge portions which will be directly
connected to the heat transfer pipe 2. For this
purpose, tape-attaching mechanisms 55 are dis-
posed in the vicinity of an outlet of the fin pitch-
regulating screw shaft 53 and on right and left
sides thereof when viewed from plan.

in the tape-attaching mechanisms 55, the tapes.

54 which are wound on supporting shafts in a roll
form are fed via tension rolls 56 and pressure rolis
57 for pressing the tapes against both the sides of

" " the needle corrugated fin 6 to cause the former to

adhere to the latter. During the feeding of the
tapes, an adhesive is applied to an attaching
surface of each tape 54 from adhesive-applying
nozzle 58. The feeding speed of the tapes 54 and
the speed of attaching them to the needle corru-
gated fin 6 are caused to coincide with the
formation speed of the corrugated fin 6, so that
the tapes 54 can smoothly be pressed against the
curved portions 7 by the pressure rolls 57, thereby
ensuring the adhesive attachment. As a result, the
tapes 54 are adhesively and combinedly attached
to the curved portions 7, which will not be directly
connected to the heat transfer pipe 2, of the
needle corrugated fin 6, as shown in Figure 12,
whereby its desired fin pitch is maintained and its
stiffness is heightened.

The needle corrugated fin 6 to which the tapes
54 has been thus caused to combinedly adhere is
cut into a predetermined length each by means of
a cutter not shown here, and the resultant pro-
ducts are afterward stocked. In this case, it is
preferred that a high-energy non-contact cutting
is carried out by using laser beam, light beam or
the like for the sake of inhibiting a deformation of
the fin by the cutting operation.

After the storage, the needle corrugated fin
products 6 having the tapes 54 are inserted into
between straight portions of the heat transfer
pipe 2, and they are then dipped in a washing tank
or the like containing a solution therein to dis-
solve the adhesive before securing, in order to
remove the adhesive. Afterward, the needle
corrugated fins 6 are secured to the heat transfer
pipe 2 by brazing or another manner.

According to a preferred embodiment of the
present invention, it is assured that the adhesive
attachment of the tapes 54 to the fin 6 can be
accomplished while the former is pressed against
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the latter by the pressure roill 57 and while the fin
6 is carried by the fin pitch-regulating screw
shafts 53, therefore the shafts 53 function as
spacers in order to prevent the fin from being
deformed by the applied force. Further, since the
tapes are carried coinciding with the formation
speed during the step of forming the corrugated
fin, the combinative adhesion of the tapes can be
accomplished at a high speed simultaneously
with the formation of the fin.

In the louvred corrugated fin 5 as shown in
Figure 13, the tapes 54 are caused to combinedly -
adhere to the opposite edges in a width direction
of the corrugated fin which are not directly con-
nected to the heat transfer pipe 2, because the
portions which will be directly connected thereto
are the curved portions 7 of the corrugated fin.

Further, the above tape can be made of an
optical material such as paper, and an adhesive
tape on which an adhesive has previously been
applied can also be utilized, in this case the
adhesive-applying nozzles can be omitted.

As understood from the foregoing, the tapes
are combinedly attached to the free areas, which
are not directly connected to the heat transfer
pipe, of the corrugated fin. Accordingly, the fin
pitch of the formed fin can be uniformly main-
tained, and the stiffness of the corrugated fin can
be enhanced. As a result, the produced fins are
hard to be distorted or curved, and each of them
can be handled as one block. Therefore, the
insertion of the fins in between the straight
portions of the heat transfer pipe can be
mechanized and automated, which fact permits
the manufacturing efficiency of the heat exchan-
gers to be improved to a noticeable degree.
Further, the tapes are combinedly attached to the
areas which are unconcerned with the connection
to the heat transfer pipe. Therefore, after fins have
been inserted between the straight portions of the
heat transfer pipe, the adhesive can be removed
by an easy operation such as dipping them into a
washing tank containing a solution to dissolve the
adhesive, whereby a further process of brazing
can be carried out without any trouble. Further-
more, while stocked, the corrugated fins having
the tapes are not entangled with other adjacent
fins, which fact can make their handling easy, for
example, they can be carried smoothly to a
further step.

Claims

1. Apparatus for forming a corrugated fin for a
heat exchanger wherein there are provided a pair
of facing gear rolls (27) for roughly forming a
band-shape metal plate (23) into corrugated con-
dition, a pair of rotatable screw shafts (26) in
parallel with the direction of feeding of said
roughly formed band-shape metal plate {23) and a
spiral blade (31) disposed on the external circum-
ference of each of said screw shafts, each of said
spiral blades {31) being brought into contact with
a valley of said roughly formed band-shape metal
plate (23}, thereby compressing and forming said



9 0 143 136 10

band-shape metal plate (23) into the required
corrugation, characterized in that said apparatus
comprises a tape-adhering mechanism (55) for
adhering a tape (54) to each lateral side of the
corrugated fin (6).

2. Apparatus for forming a corrugated fin for a
heat exchanger, as claimed in claim 1, wherein
there is provided an additional spiral blade screw,
{Fig. 10, 53) said additional spiral blade screw (53)
being located between the outlet portion of said
pair of screw shafts (26) and said tape-adhering
mechanism (55), said additional spiral blade
screw (53) engaging with the corrugated band-
shape material (50} in the proximity of said outlet
portion for forming the required final pitch.

Patentanspriiche

1. Vorrichtung zum Formen einer Wellrippe flr
einen Warmetauscher mit zwei gegentiber-
liegenden Zahnradwalzen (27) zum Vorformen
eines bandférmigen Bleches (23) in den gewellten
Zustand, zwei drehbaren, mit der Vorschubrich-
tung des vorgeformten bandférmigen Bleches
(23) parallel liegenden Schraubenwellen (26) und
mit einem auf dem &duReren Umfang jeder der
Schraubenwellen angeordneten Spiralblatt (31),
wobei jedes Spiralblatt (31) mit einem Tai des
vorgeformten bandférmigen Bleches (23) in Kon-
takt gebracht wird, wodurch das bandférmige
Blech (23) in die erforderliche Wellung geformt
wird, dadurch gekennzeichnet, da die Vorrich-
tung eine Bandhaftungseinrichtung (55) zum
Haftendmachen eines Bandes oder Streifens (54)
an jeder Seitenflache der Wellirippe (6) aufweist.

2. Vorrichtung nach Anspruch 1, gekennzeich-
net durch eine zusétzliche Spiralblattschraube
(Fig. 10, 53), die zwischen dem austretenden
Abschnitt des Schraubenwellenpaares (26) und
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der Bandhaftungseinrichtung (55) liegt, wobei die
zusatzliche Spiralblattschraube (53) in der Nahe
des austretenden Abschnitts mit dem geweliten
bandférmigen Material (50) zum Formen der end-
glltigen Sollganghdhe in Eingriff kommt.

Revendications

1. Appareil pour former une ailette ondulée
pour un échangeur de chaleur, dans lequel sont
prévues une paire de roues dentées {27) en vis-a-
vis pour former a I'état d’ébauche une plaque de
métal (23) en forme de bande dans un aspect
ondulé, une paire d’arbres rotatifs (26) paralléles
avec la direction d'introduction de ladite plaque
de métai (23) en forme de bande, et une lame
hélicoidale (31) disposée sur la circonférence
externe de chacun desdits arbres, chacune desdi-
tes lames hélicoidales (31) étant amenée en con-
tact avec un creux de ladite plaque de métal (23)
en forme de bande a I'état d'ébauche, en com-
pressant et en formant ainsi ladite plague de
métai (23) en forme de bande avec |‘ondulation
souhaitée, caractérisé en ce que |‘appareil com-
prend un mécanisme (55) pour I'adhésion d'un
ruban (54} sur-chaque co6té latéral de I'ailette
ondulée (6).

2. Appareil pour former une ailette ondulée
pour un échangeur de chaleur selon la revendica-
tion 1, dans lequel il est prévu un arbre supplé-
mentaire 3 fame hélicoidale {fig. 10, 53), ledit
arbre supplémentaire a lame hélicoidale étant
situé entre la partie de sortie de ladite paire
d'arbres (26) et ledit mécanisme (55), ledit arbre
supplémentaire a lame hélicoidale (53) s’engage-
ant avec la plague (50) en forme de bande
ondulée a proximité de ladite partie de sortie pour
former le pas final souhaité.
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