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(54) Method and apparatus for joining plates by caulking

(57) A caulking method for joining a first plate (10),
having a tapered hole (11) and a hollow cylindrical caulk-
ing portion (12) extending from a periphery of the tapered
hole (11), and a second plate (20) having a hole (21), the
method including inserting the caulking portion (12) of
the first plate (10) through the hole (21) of the second
plate (20) to project a tip end portion of the caulking por-
tion (12) beyond the hole (21) and overlay the second

plate (20) on the first plate (10), and folding back the tip
end portion of the caulking portion (12) over a periphery
of the hole (21) of the second plate (20) on one side
surface thereof, while pressing against a beveled surface
defining the tapered hole (11) so as to prevent a material
of the caulking portion from flowing toward the other side
surface of the first plate (10) along the periphery of the
tapered hole (11). A caulking apparatus for carrying out
the method described above is also disclosed.

FIG.3B

\7

12—
45A 1€
20

21 46A

42A
43

45A

10
13

47

41A | 4
47A 4041 3442138

13
42B

\41

Printed by Jouve, 75001 PARIS (FR)



1 EP 1738 842 A1 2

Description

[0001] The present invention relates to a method and
apparatus for joining plates by caulking.

[0002] In order to join at least two plates together,
caulking has been widely used as well as welding. Jap-
anese Patent Application First Publication No.

11-239834 discloses a method for caulking metal plates.
Caulking is advantageous in comparison with welding in
that the facility cost and the number of processes are
reduced.

[0003] Caulking a first plate and a second plate is car-
ried out in the following manner. First, the first plate hav-
ing a hole and a hollow cylindrical caulking portion ex-
tending from a periphery of the hole is prepared. The
caulking portion of the first plate is formed by burring.
The second plate having an insertion hole for receiving
the caulking portion of the first plate is prepared. The
second plate is overlaid on the first plate by inserting the
caulking portion of the first plate into the insertion hole
of the second plate. Then, the first plate is fastened to
the second plate by folding back a tip end portion of the
caulking portion over a periphery of the insertion hole on
one side surface of the second plate.

[0004] The joining strength provided by caulking varies
greatly depending on an amount of overlapping of the
folded-back tip end portion of the caulking portion of the
first plate over the periphery of the insertion hole of the
second plate, namely, a so-called lap amount of the fold-
ed-back tip end portion of the caulking portion. In order
to increase the lap amount, it is necessary to increase a
projecting amount of the caulking portion which projects
from a surface of the first plate. However, in such a case,
a diameter of a bore of the caulking portion will be inev-
itably increased depending on the burring ratio. Accord-
ingly, if a diameter of the holes formed on the plates must
be reduced from the viewpoint of the layout or overall
strength of the product, caulking cannot be used at the
caulking portion.

[0005] There is a demand to provide a technology for
joining plates by caulking which can ensure a sufficient
joining strength by providing a sufficient lap amount even
when a hole of a plate has a relatively small diameter.
[0006] Itis anobject of the presentinvention to provide
a technology for joining plates by caulking which can en-
sure a sufficient joining strength by providing a sufficient
lap amount even when a bore of a caulking portion of the
plate has a relatively small diameter.

[0007] In one aspect of the present invention, there is
provided a caulking method for joining a first plate having
a tapered hole tapered toward one side surface thereof
and defined by a beveled surface, and a hollow cylindrical
caulking portion extending from a periphery of the ta-
pered hole on the one side surface, and a second plate
having a hole, the caulking method comprising:

inserting the hollow cylindrical caulking portion of the
first plate through the hole of the second plate to
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project a tip end portion of the hollow cylindrical
caulking portion beyond the hole and overlay the
second plate on the first plate; and

folding back the tip end portion of the hollow cylin-
drical caulking portion of the first plate over a periph-
ery of the hole of the second plate on one side surface
thereof, while pressing against the beveled surface
of the first plate so as to prevent a material of the
hollow cylindrical caulking portion from flowing to-
ward the other side surface of the first plate along
the periphery of the tapered hole.

[0008] In a further aspect of the present invention,
there is provided a caulking apparatus for joining a first
plate having a tapered hole tapered toward one side sur-
face thereof and defined by a beveled surface with an
inside edge and an outside edge, and a hollow cylindrical
caulking portion extending from a periphery of the ta-
pered hole on the one side surface, and a second plate
having a hole, the caulking apparatus comprising:

a caulking unit comprising:

a caulking punch axially moveably disposed;
and

a support die having a tapered portion for press-
ing against the beveled surface of the first plate,
the support die being disposed substantially in
axial alignment with the caulking punch and ax-
ially moveable to be inserted into the tapered
hole of the first plate,

the caulking punch and the support die cooper-
ating with each other to fold back a tip end por-
tion of the hollow cylindrical caulking portion
which projects beyond the hole of the second
plate, over a periphery of the hole of the second
plate on the one side surface thereof, while
pressing against the beveled surface of the first
plate so as to prevent a material of the hollow
cylindrical caulking portion from flowing toward
the other side surface of the first plate along the
periphery of the tapered hole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1Aisa perspective view of a vehicular pan-
el formed by a method of joining two plates, according
to the present invention.

[0010] FIG. 1Bisasectionofthe vehicular panel, taken
along line 1B-1B shown in FIG. 1.

[0011] FIGS.2A-2C are explanatory diagramsiillustrat-
ing a burring step of the method of the present invention,
showing a section of a burring unit of a caulking apparatus
used in the method.

[0012] FIGS. 3A-3B are explanatory diagramsiillustrat-
ing a caulking step of the method of the presentinvention,
showing a section of a caulking unit of a first embodiment
of the caulking apparatus.
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[0013] FIG. 4A is an explanatory diagram illustrating
function of the present invention, showing a section of
an important portion of the caulking unit of the present
invention.

[0014] FIG. 4B is an explanatory diagram illustrating
function of a comparative example, showing a section of
an important portion of a caulking unit of the comparative
example.

[0015] FIG.5isadiagram similarto FIG. 3B, but show-
ing a section of a caulking unit of a second embodiment
of the caulking apparatus.

DETAILED DESCRIPTION

[0016] In the followings, embodiments of the present
invention will be described with reference to the accom-
panying drawings. For ease of understanding, various
directional terms, such as upper, lower, upward, down-
ward and the like, are used in the following description.
However, the terms denote the directions merely in the
drawings. Referring to FIGS. 1A-1B, a first embodiment
ofthe presentinventionis explained. As illustrated in FIG.
1A, vehicular panel 100 includes two plates 10 and 20
joined with each other. As illustrated in FIG. 1B, plate 10
has tapered hole 11 and hollow cylindrical caulking por-
tion 12 extending from a periphery of tapered hole 11 on
one side surface of plate 10. Plate 20 has insertion hole
21 for receiving caulking portion 12 of plate 10. Plates
10 and 20 are connected with each other by inserting
caulking portion 12 of plate 10 into insertion hole 21 of
plate 20 and overlaying plate 20 on plate 10, and then
caulking a tip end portion of caulking portion 12 which
projects from insertion hole 21, so as to fold back the tip
end portion of caulking portion 12 over a periphery of
insertion hole 21 on one side surface of plate 20.
[0017] ReferringtoFIGS.2A-2C and 3A-3B, acaulking
method of joining plates 10 and 20 and a caulking appa-
ratus used in the caulking method, of a first embodiment
of the present invention, will be explained hereinafter.
FIGS. 2A-2C show a burring operation of the caulking
method and burring unit 30 of the caulking apparatus.
FIGS. 3A-3B show a caulking operation of the caulking
method and caulking unit 40 of the caulking apparatus.
The caulking apparatus is thus constituted of burring unit
30 and caulking unit 40.

[0018] AsillustratedinFIG. 2A, plate 10 as aworkpiece
has hole 14 into which burring punch 31 of burring unit
30 is pushed as shown in FIG. 2B. Burring unit 30 is in
the form of a press machine including upper and lower
dies moveable relative to each other. As illustrated in
FIG. 2B, the upper die includes burring die 35, and the
lower die includes burring punch 31 and retainer 36. Spe-
cifically, burring punch 31 has small-diameter portion 32,
large-diameter portion 33 connected with small-diameter
portion 32, and shoulder portion 34 disposed between
small-diameter portion 32 and large-diameter portion 33.
Small-diameter portion 32 serves for forming hollow cy-
lindrical caulking portion 12 of plate 10. Shoulder portion
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34 has a tapered surface that is tapered toward small-
diameter portion 32 and has an inclination relative to an
axis of burring punch 31. Shoulder portion 34 thus has a
small-diameter side edge on a side of small-diameter por-
tion 32 and a large-diameter side edge on a side of large-
diameter portion 33. Burring die 35 has insertion hole
35A into which small-diameter portion 32 of burring
punch 31 is inserted. Retainer 36 supports plate 10 ther-
eon and has guide hole 36A for guiding large-diameter
portion 33 of burring punch 31. Insertion hole 35A and
guide hole 36A are so arranged as to be substantially in
axial alignment with each other when burring die 35 and
retainer 36 are held in place in an axially opposed relation
to each other. Burring punch 31 is moveable in the axial
direction thereof within guide hole 36A of retainer 36.
Shoulder portion 34 of burring punch 31 is formed in such
a position as to press against a periphery of one end
portion of hole 14 of plate 10 when shoulder portion 34
is pushed into hole 14 through guide hole 36A of retainer
36.

Shoulder portion 34 serves for forming beveled surface
13 that defines tapered hole 11, as shown in FIG. 2C.
Beveled surface 13 is tapered toward a bore of caulking
portion 12 and has a section having a linear and inclined
contour inclined relative to a center axis of caulking por-
tion 12. Beveled surface 13 has inside edge 13A on a
small-diameter side thereof and outside edge 13B on a
large-diameter side thereof. Inside edge 13A is formed
by the small-diameter side edge of shoulder portion 34,
and outer edge 13B is formed by the large-diameter side
edge of shoulder portion 34.

[0019] Caulking unit40 shown in FIGS. 3A-3B is in the
form of a press machine including upper and lower dies
moveable relative to each other. As illustrated in FIGS.
3A-3B, the upper die includes caulking punch 43 and
upper retainer 44, and the lower die includes support die
41 and lower retainer 47. Specifically, upper retainer 44
has guide hole 44A for guiding caulking punch 43 therein.
Caulking punch 43 includes small-diameter portion 46,
large-diameter portion 45 connected with small-diameter
portion 46, and a shoulder portion between small-diam-
eter portion 46 and large-diameter portion 45. Small-di-
ameter portion 46 is inserted into the bore of caulking
portion 12 of plate 10. Large-diameter portion 45 is guid-
ed into guide hole 44A of upper retainer 44 along a guide
surface surrounding guide hole 44A. Guide surface 45A
is formed on the shoulder portion. Guide surface 45A
serves for guiding the tip end portion of caulking portion
12 of plate 10 which projects beyond insertion hole 21
so as to orient the tip end portion of caulking portion 12
toward the one side surface of plate 20 when the tip end
portion of caulking portion 12 is folded back over the pe-
riphery of caulking portion 12 as shown in FIG. 3B. Guide
surface 45A has an arcuate section which may be in the
formofarecess. Small-diameter portion 46 has abutment
surface 46A coming into contact with receiving surface
41A of support die 41. Caulking punch 43 is disposed
substantially in axial alignment with support die 41 and
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axially moveable relative thereto within guide hole 44A
of upper retainer 44. Caulking punch 43 and support die
41 cooperate with each other to fold back the tip end
portion of caulking portion 12 of plate 10 which projects
beyond hole 21 of plate 20, over the periphery of hole 21
of plate 20 on the one side surface thereof, while pressing
against beveled surface 13 of plate 10 so as to prevent
a material of caulking portion 12 from flowing toward the
other side surface of plate 10 along the periphery of ta-
pered hole 11.

[0020] Lower retainer 47 retains plate 10 and plate 20
which overlap each other. Lower retainer 47 has guide
hole 47A for guiding support die 41 thereinto. Guide hole
47A of lower retainer 47 and guide hole 44A of upper
retainer 44 are so arranged as to be substantially in axial
alignment with each other when upper retainer 44 and
lower retainer 47 are held in place in an opposed relation
to each other. Support die 41 is so disposed as to be
moveable in an axial direction thereof within guide hole
47A of lower retainer 47. Support die 41 includes tapered
portion 42 which has the same shape as that of tapered
hole 11 of plate 10 so as to be engaged with beveled
surface 13 surrounding tapered hole 11. Specifically, ta-
pered portion 42 has an inclined surface relative to a
central axis of support die 41. The inclined surface has
an inclination equivalent to that of beveled surface 13,
namely, equivalent to the inclination of shoulder portion
34 of burring punch 31. As illustrated in FIG. 3A, tapered
portion 42 has small-diameter side edge 42A coming into
engagement with inside edge 13A of beveled surface 13
of plate 10, and large-diameter side edge 42B coming
into engagement with outside edge 13B of beveled sur-
face 13 of plate 10 upon the caulking operation.

[0021] The method of joining plate 10 and plate 20 by
using the caulking apparatus of the first embodiment will
be explained hereinafter. The method includes a burring
operation using burring unit 30 and a caulking operation
using caulking unit 40. Upon the burring operation as
shown in FIG. 2B, burring die 35 and retainer 36 are
axially moved closer to each other so as to support plate
10 as the workpiece therebetween. At this time, plate 10
is held in a position where hole 14 of plate 10 is substan-
tially in axial alignment with burring punch 31.

[0022] Next, burring punch 31 is upwardly moved to-
ward plate 10 such that small-diameter portion 32 is
pushed into hole 14 of plate 10 and then moved into in-
sertion hole 35A of burring die 35 as shown in FIG. 2B.
Burring punch 31 is further upwardly moved until caulking
portion 12 of plate 10 is formed with the cooperation of
small-diameter portion 32 and burring die 35, and tapered
hole 11 of plate 10 is formed with the cooperation of shoul-
der portion 34 and burring die 35, as shown in FIG. 2B.
[0023] During the upward movement of burring punch
31, a material of the periphery of hole 14 of plate 10 un-
dergoes plastic deformation between an outer circumfer-
ential surface of small-diameter portion 32 of burring
punch 31 and a circumferential periphery of insertion hole
35A of burring die 35. As aresult, hollow cylindrical caulk-
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ing portion 12 of plate 10 is formed on the one side surface
of plate 10. As burring punch 31 is further upwardly
moved, shoulder portion 34 of burring punch 31 is
pressed against the periphery of the one end portion of
hole 14 of plate 10 as shown in FIG. 2B. The periphery
of the one end portion of hole 14 of plate 10 undergoes
coining and thereby is formed into beveled surface 13.
Thus, tapered hole 11 defined by beveled surface 13 is
formed. During the pressing operation of shoulder portion
34 of burring punch 31 against the periphery of the one
end portion of hole 14, the material of the periphery of
the one end portion of hole 14 is caused to flow toward
the tip end side of caulking portion 12 as indicated by
arrows shown in FIG. 2B. Therefore, even when hole 14
having a relatively small diameter is subjected to the burr-
ing operation of the method of the first embodiment, a
sufficient height or dimension of caulking portion 12
which extends from the one side surface of plate 10 can
be ensured unlike the conventional burring operation in
which no or less material of the periphery of the one end
portion of hole 14 flows toward the tip end portion of caulk-
ing portion 12. Further, according to the burring operation
of the caulking method of the first embodiment, the height
of caulking portion 12 can be kept, and the tip end portion
of caulking portion 12 can be prevented from suffering
from hair crack and further occurrence of cracks during
the subsequent caulking operation as explained later.
This results in increase in joining strength.

[0024] After completion of the upward movement, burr-
ing punch 31 is then downwardly moved and retreated
from tapered hole 11 of plate 10. Then, burring die 35
and retainer 36 are axially moved away from each other,
and plate 10 formed with tapered hole 11 and caulking
portion 12 is taken out. The burring operation is thus ac-
complished.

[0025] Subsequently, caulking portion 12 of plate 10
is inserted through insertion hole 21 of plate 20 to project
the tip end portion of caulking portion 12 beyond insertion
hole 21, and thus plate 20 is overlaid on plate 10. Thus-
overlapping plates 10 and 20 are subjected to caulking
as shown in FIGS. 3A-3B. Upon the caulking operation,
first, as shown in FIG. 3A, upper and lower retainers 44
and 47 are moved closer to each other so as to support
overlapping plates 10 and 20 between upper and lower
retainers 44 and 47. At this time, overlapping plates 10
and 20 is held in a position where caulking portion 12 of
plate 10 is substantially in axial alignment with support
die 41 and caulking punch 43.

[0026] Next, support die 41 is upwardly moved such
that tapered portion 42 is pressed against beveled sur-
face 13 surrounding tapered hole 11 of plate 10. Tapered
portion 42 is engaged with beveled surface 13 as shown
in FIG. 3A. In this engaged state, small-diameter side
edge 42A of tapered portion 42 is aligned with inside
edge 13A of beveled surface 13 of plate 10, and large-
diameter side edge 42B of tapered portion 42 is aligned
with outside edge 13B of beveled surface 13 of plate 10.
While keeping the engaged state of tapered portion 42
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and beveled surface 13, caulking punch 43 is downward-
ly moved toward caulking portion 12 of plate 10 such that
small-diameter portion 46 is inserted into the bore of
caulking portion 12. As caulking punch 43 is further down-
wardly moved and small-diameter portion 46 is inserted
into the bore of caulking portion 12, the tip end portion
of caulking portion 12 is radially outwardly expanded
along guide surface 45A of caulking punch 43. When
small-diameter portion 46 abuts on receiving surface 41A
of support die 41 as shown in FIG. 3B, caulking portion
12 is folded back over the periphery of insertion hole 21
on the one side surface of plate 20. The tip end portion
of caulking portion 12 is thus caulked onto the periphery
of insertion hole 21 of plate 20, so that overlapping plates
10 and 20 are joined with each other.

[0027] Subsequently, caulking punch 43 is upwardly
moved and retreated from caulking portion 12 of plate
10, and support die 41 is downwardly moved and retreat-
ed from tapered hole 11 of plate 10. Then, upper and
lower retainers 44 and 47 are moved away from each
other, and joined plates 10 and 20 are taken out. The
caulking operation is thus accomplished.

[0028] Referring to FIGS. 4A and 4B, functions and
effects of the method of the above-described first em-
bodiment are explained as compared to those of a com-
parative example. FIG. 4B illustrates a schematic en-
larged view of parts of plates 51 and 52 joined with each
other in the comparative example. As shown in FIG. 4B,
plate 52 includes a hole defined by curved surface 52A
and caulking portion 55 extending from a periphery of
the hole on one side surface of plate 52. Curved surface
52A is formed by a conventional burring operation.
Curved surface 52A has an arcuate section and contin-
uously and smoothly connected with an inner circumfer-
ential surface of caulking portion 55 and the other side
surface of plate 52. There is no edges between curved
surface 52A and the inner circumferential surface of
caulking portion 55 and between curved surface 52A and
the other side surface of plate 52. Upon the caulking op-
eration, support die 53 having recessed portion 54 is
used. Recessed portion 54 has such a shape as to en-
gage curved surface 52A surrounding the hole of plate
52. When recessed portion 54 of support die 53 is
pressed against curved surface 52A of plate 52 upon the
caulking operation, a material of caulking portion 55 of
plate 52 is caused to flow from a tip end side of caulking
portion 55 toward the other side surface of plate 52 along
a periphery of the hole of plate 52 as indicated by arrow
shown in FIG. 4B. This results in reduction of lapping
amount Lb of caulking portion 55 which is obtained by
the caulking operation.

[0029] In contrast, according to the method of the first
embodiment as shown in FIG. 4A, beveled surface 13
defining tapered hole 11 of plate 10 is formed by the
burring operation. Beveled surface 13 is tapered toward
caulking portion 12 of plate 10 and has a linear and in-
clined contour in section. Beveled surface 13 has inside
edge 13A on the small-diameter side thereof, namely, on
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the side of caulking portion 12, and outside edge 13B on
the large-diameter side thereof. With this arrangement,
the material of caulking portion 12 on the one side surface
of plate 10 can be effectively prevented from flowing to-
ward the other side surface of plate 10 along the periph-
ery of tapered hole 11, as compared to the comparative
example. This suppresses reduction of lapping amount
La of caulking portion 12 of plate 10, serving for ensuring
a necessary joining strength of plates 10 and 20.
[0030] In addition, upon the caulking operation of the
method of the first embodiment as shown in FIG. 4A,
supportdie 41 having tapered portion42is used. Tapered
portion 42 of support die 41 has small-diameter side edge
42A and large-diameter side edge 42B which are en-
gageable with inside edge 13A and outside edge 13B of
beveled surface 13 of plate 10, respectively. With the
provision of small-diameter side edge 42A and large-di-
ameter side edge 42B, the shapes of inside edge 13A
and outside edge 13B of beveled surface 13 can be surely
retained, and the effect of preventing the material flow of
caulking portion 12 of plate 10 toward the other side sur-
face thereof upon the caulking operation can be ensured.
[0031] Specifically, inside edge 13A and outside edge
13B of beveled surface 13 of plate 10 and small-diameter
side edge 42A and large-diameter side edge 42B of ta-
pered portion 42 of support die 41 are provided in order
to achieve the effect of suppressing the material flow of
caulking portion 12 of plate 10 upon the caulking opera-
tion. From the viewpoint of accuracy of forming shoulder
portion 34 of burring punch 31 and tapered portion 42 of
support die 41, inside edge 13A and outside edge 13B
and small-diameter side edge 42A and large-diameter
side edge 42B may be rounded as microscopically
viewed. Evenin such a case, the material flow of caulking
portion 12 of plate 10 upon the caulking operation can
be sufficiently suppressed, as compared to the compar-
ative example shown in FIG. 4B. Accordingly, the "edge"
used in the description can have all of shapes that can
prevent the material of caulking portion 12 of plate 10
from flowing toward the other side surface thereof along
the periphery of tapered hole 11. Forinstance, the shapes
may be a sharp ridge shape formed by two intersecting
planes, and a microscopically rounded shape.

[0032] The inclination of shoulder portion 34 of burring
punch 31 and tapered portion 42 of support die 41 may
not be limited to a specific value. However, it is preferred
to adjust the inclination of shoulder portion 34 and ta-
pered portion 42 to about 45 degrees in order to obtain
a good balance between the effect of allowing the mate-
rial flow directed toward the one side surface of plate 10
upon the burring operation and the effect of suppression
of the material flow directed from caulking portion 12 of
plate 10 toward the other side surface thereof along the
periphery of tapered hole 11 upon the caulking operation.
[0033] Further, for the purpose of suppressing the ma-
terial flow of caulking portion 12 of plate 10 upon the
caulking operation, it is effective to form fine recesses
and projections on beveled surface 13 of plate 10 and
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the inclined surface of tapered portion 42 of support die
41 or roughen beveled surface 13 and the inclined sur-
face of tapered portion 42.

[0034] Meanwhile, if a stepped portion is formed on
beveled surface 13 of plate 10 upon the burring operation
in order to prevent the material flow of caulking portion
12 upon the caulking operation, a thickness of plate 10
will be reduced at the stepped portion. This causes stress
concentration around the stepped portion, whereby suf-
ficient joining strength cannot be ensured. Therefore, it
is preferred that beveled surface 13 has the linear and
inclined contour in section as explained above.

[0035] In the first embodiment as explained above,
while pressing tapered portion 42 of support die 41
against beveled surface 13 defining tapered hole 11 of
plate 10, caulking portion 12 of plate 10 is caulked to
plate 20. Upon the caulking operation, the material of
caulking portion 12 can be prevented from flowing toward
the other side surface of plate 10 along the periphery of
tapered hole 11. Therefore, even in a case where a re-
duced-diameter side of tapered hole 11, namely, the bore
of caulking portion 12 has a relatively small diameter,
sufficient lapping amount La of caulking portion 12 can
be effectively attained and sufficient joining strength of
plates 10 and 20 can be obtained. Accordingly, even
when a diameter of the reduced-diameter side of tapered
hole 11 of plate 10 must be set relatively small in view of
layout of a finished product and strength of the finished
product as awhole, the caulking operation can be suitably
performed.

[0036] Further, upon the burring operation prior to the
caulking operation, caulking portion 12 and beveled sur-
face 13 of plate 10 can be readily formed by small-diam-
eter portion 32 and shoulder portion 34 of burring punch
31, respectively.

[0037] Referringto FIG. 5, a calking method for joining
plates and a caulking apparatus used in the calking meth-
od, according to a second embodiment of the present
invention, will be explained hereinafter. The second em-
bodiment differs in the caulking operation and the caulk-
ing unit of the caulking apparatus from the first embodi-
ment. Since the burring operation and the burring unit in
this embodiment are the same as those of the first em-
bodiment, detailed explanations therefor are omitted. As
illustrated in FIG. 5, caulking unit 140 includes lower re-
tainer 48 having support surface 48B on which overlap-
ping plates 10 and 20 are retained such that a lower sur-
face of plate 10 is contacted with support surface 48B.
Lower retainer 48 includes guide hole 48A for guiding
support die 41 and recess 60 open to guide hole 48A.
Recess 60 is radially inwardly disposed on support sur-
face 48B. Stepped portion 61 is formed between support
surface 48B and a bottom of recess 60. Edge 61A is
formed at a boundary between support surface 48B and
stepped portion 61. Edge 61A is engaged with the lower
surface of plate 10 to thereby prevent the material of
caulking portion 12 of plate 10 from flowing toward an
upper side surface of plate 10 along the periphery of ta-
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pered hole 11 upon the caulking operation. A depth of
recess 60, namely, a height of stepped portion 61 is 1
mm or less, preferably, about 0.5 mm. A radial length of
recess 60 may be several millimeters.

[0038] Caulking unit 140 are thus formed with edge
61A of lower retainer 48 in addition to small-diameter
side edge 42A and large-diameter side edge 42B of ta-
pered portion 42 of support die 41. Thus, with the provi-
sion of edge 61A of lower retainer 48, the flow of the
material of caulking portion 12 of plate 10 toward the
upper side surface thereof along the periphery of tapered
hole 11 upon the caulking operation can be more effec-
tively prevented. This attains more sufficient lapping
amount La of caulking portion 12 and more increased
joining strength of plates 10 and 20 even if tapered hole
11 has a relatively small diameter.

Accordingly, even when a diameter of the reduced-diam-
eter side of tapered hole 11, namely, a diameter of the
bore of caulking portion 12 must be set relatively small
in view of layout of a finished product and strength of the
finished product as a whole, the caulking operation can
be suitably performed.

[0039] Further, the formation of caulking portion 12 and
beveled surface 13 of plate 10 is not limited to burring,
i.e., punching as explained the above-described embod-
iments, and may be performed by forging.

[0040] Thisapplicationisbasedon prior Japanese Pat-
ent Application No. 2004-092928 filed on March 26,
2004. The entire content of the Japanese Patent Appli-
cation No. 2004-092928 is hereby incorporated by refer-
ence.

[0041] Although the invention has been described
above by reference to certain embodiments of the inven-
tion, the invention is not limited to the embodiments de-
scribed above. Modifications and variations of the em-
bodiments described above will occur to those skilled in
the art in light of the above teachings. The scope of the
invention is defined with reference to the following claims.

Claims

1. A caulking method for joining a first plate having a
tapered hole,tapered toward one side surface there-
of and defined by a beveled surface, and a hollow
cylindrical caulking portion extending from a periph-
ery of the tapered hole on the one side surface there-
of, and a second plate having a hole, the caulking
method comprising:

inserting the hollow cylindrical caulking portion
of the first plate through the hole of the second
plate to project a tip end portion of the hollow
cylindrical caulking portion beyond the hole and
overlay the second plate on the first plate; and
folding back the tip end portion of the hollow cy-
lindrical caulking portion of the first plate over a
periphery of the hole of the second plate on one



11 EP 1738 842 A1 12

side surface thereof, while pressing against the
beveled surface of the first plate so as to prevent
material of the hollow cylindrical caulking portion
from flowing toward the other side surface of the
first plate along the periphery of the tapered
hole.

The caulking method as claimed in claim 1, wherein
the beveled surface has an inside edge on a small-
diameter side thereof and an outside edge on alarge-
diameter side thereof, and the pressing against op-
eration comprises engaging with the inside edge and
the outside edge of the beveled surface.

The caulking method as claimed in claim 2, wherein
the pressing against operation further comprises en-
gaging with the other side surface of the first plate.

The caulking method as claimed in any one of claims
1-3, wherein the folding back operation comprises
guiding the tip end portion of the hollow cylindrical
caulking portion of the first plate so as to orient the
tip end portion of the hollow cylindrical caulking por-
tion toward the one side surface of the second plate.

The caulking method as claimed in any one of claims
1-4, further comprising subjecting a workpiece hav-
ing a hole to burring to provide the beveled surface
and the hollow cylindrical caulking portion of the first
plate.

The caulking method as claimed in claim 5, wherein
the burring operation comprises punching the work-
piece to push material of the workpiece around the
hole toward the one side surface to form the hollow
cylindrical caulking portion of the first plate.

The caulking method as claimed in any one of claims
1-4, further comprising subjecting a workpiece hav-
ing a hole to forging to provide the beveled surface
and the hollow cylindrical caulking portion of the first
plate.

A caulking apparatus for joining a first plate having
a tapered hole,tapered toward one side surface
thereof and defined by a beveled surface with an
inside edge and an outside edge, and a hollow cy-
lindrical caulking portion extending from a periphery
of the tapered hole on the one side surface thereof,
and a second plate having a hole, the caulking ap-
paratus comprising:

a caulking unit comprising:

a caulking punch axially moveably dis-
posed; and

a support die having a tapered portion for
pressing against the beveled surface of the
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13.

14.

first plate, the support die being disposed
substantially in axial alignment with the
caulking punch and axially moveable to be
inserted into the tapered hole of the first
plate,

the caulking punch and the support die co-
operating with each other to fold back a tip
end portion of the hollow cylindrical caulking
portion which projects beyond the hole of
the second plate, over a periphery of the
hole of the second plate on the one side
surface thereof, while pressing against the
beveled surface of the first plate so as to
prevent material of the hollow cylindrical
caulking portion from flowing toward the
other side surface of the first plate along the
periphery of the tapered hole.

The caulking apparatus as claimed in claim 8, where-
in the tapered portion of the support die comprises
a small-diameter side edge and a large-diameter
side edge which are engageable with the inside edge
and the outside edge of the beveled surface of the
first plate, respectively.

The caulking apparatus as claimed in claim 8 or 9,
wherein the caulking punch further comprises a
small-diameter portion, a large-diameter portion
connected with the small-diameter portion, and a
shoulder portion between the small-diameter portion
and the large-diameter portion, the small-diameter
portion being adapted to be inserted into a bore of
the hollow cylindrical caulking portion of the first
plate.

The caulking apparatus as claimed in claim 10,
wherein the caulking punch further comprises a
guide surface formed on the shoulder portion, the
guide surface being adapted for guiding the tip end
portion of the hollow cylindrical caulking portion of
the first plate so as to orient the tip end portion of the
hollow cylindrical caulking portion toward the one
side surface of the second plate.

The caulking apparatus as claimed in claim 10 or 11,
wherein the caulking unitfurther comprises aretainer
having a guide hole for guiding the large-diameter
portion of the caulking punch.

The caulking apparatus as claimed in any one of
claims 8-12, wherein the caulking unit further com-
prises a retainer for retaining the first plate and the
second plate overlapping each other, the retainer
having a support surface adapted to be in contact
with the other side surface of the first plate and a
guide hole for guiding the support die.

The caulking apparatus as claimed in claim 13,
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wherein the retainer has a recess radially inwardly
formed on the support surface and open to the guide
hole, a stepped portion between the support surface
and a bottom of the recess, and an edge between
the stepped portion and the support surface, the
edge of the retainer being engageable with the other
side surface of the first plate.

The caulking apparatus as claimed in any one of
claims 8-14, further comprising a burring unit for sub-
jecting a workpiece having a hole to burring, the burr-
ing unit comprising a burring punch axially moveable
and having a small-diameter portion, a large-diam-
eter portion connected with the small-diameter por-
tion, and a shoulder portion disposed between the
small-diameter portion and the large-diameter por-
tion and tapered toward the small-diameter portion,
the small-diameter portion being adapted to be
pushed into the hole of the workpiece to form the
hollow cylindrical caulking portion of the first plate,
the shoulder portion being adapted to press against
a periphery of the hole of the workpiece to form the
beveled surface of the first plate.

The caulking apparatus as claimed in claim 15,
wherein the burring unit further comprises a burring
die disposed substantially in axial alignment with the
burring punch, the burring die cooperating with the
burring punch to form the hollow cylindrical caulking
portion and the beveled surface of the first plate.
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