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ABSTRACT

For example, in hemming processing that is performed
along the peripheries of an automobile door panel, conven
tionally, a bent portion of the panel formed by flanging
processing is previously bent at an angle of approximately
45, and then is finally bent by changing a posture of a
bending roller and rolling thereto again. Therefore, it is
difficult to Shorten time for hemming processing. It is one
object of the present inventions to complete hemming pro
cessing in only one rolling Step, to thereby reduce working
time for hemming processing.
Therefore, the invention is constructed Such that a bending
roller R rolls on a bent portion We in a posture that an axis
of rotation R3 of the bending roller is rearwardly inclined
relative to a normal line R2 perpendicular to a rolling
direction R1 at a side of a folded edge Wee of the bent
portion in a plan view. According to this construction,
because the bent portion We is bent while a side pressure in
a bending direction is applied thereto, the bent portion We
can be bent to a folded State in one bending Step.
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DEVICE AND METHOD FOR HEMMING
PROCESSING
TECHNICAL FIELD OF THE INVENTION

0001. The invention relates to a device for hemming
processing the peripheries of, for example, door panels and

hood panels of automobiles (hereinafter simply referred to
as “work”) and a method thereof.
BACKGROUND OF THE INVENTION

0002 Conventionally, as disclosed in Japanese Patent
Nos. 1,844,282 and 2,693,282, roller type hemming devices
have been proposed as hemming devices for performing
Such hemming processing. Such devices comprise a bending
roller attached to a robot hand. The bending roller is rolled
along a bent portion that is formed along the periphery of the
work when the robot hand is moved, thereby hemming the
bent portion.
0003. In such a hemming device, the bending roller can
be rolled along a desired three-dimensional trajectory by
operating the robot hand based on a specified operational
program. Therefore, it is possible to perform Smooth and
highly qualified hemming processing along the curved pro
file of the work.

0004 Furthermore, it is possible to easily conform to
modifications to the curvature of the work by changing the
operational program of the robot hand. Therefore, unlike
bending processing by a conventional press die, it may have
high versatility.
DISCLOSURE OF THE INVENTION

0005. However, as shown in FIG. 19, when such a roller
type hemming device is used to perform hemming proceSS
ing, in order to bend a bent portion We which is formed by
pre-bending the periphery of the work W at an angle of

approximately 90 (by flanging processing) as shown by the

solid line to a folded state as shown by the chain double
dashed line in one Step, if a bending roller R is pressed to an
edge of the bent portion We in a condition in which the axis
of rotation of the bending roller R is approximately perpen
dicular to a direction of a Surface of the bent portion, as
shown in FIG. 20, the bent portion buckles and cannot be
bent to the folded State. One aspect of the hemming pro
cessing is that any member for controlling bending does not
exist inside or outside of the bent portion.
0006 For this reason, conventionally, as shown in FIG.
21, first, the bending roller R is positioned in an inclined
posture in which it is inclined at an angle of approximately
45 and is rolled onto the bent portion We that is formed by
the flanging processing, thereby inwardly bending the bent
portion at an angle of approximately 45 toward the bending

direction (which is referred to as pre-bending step). There

after, the posture of the bending roller R was changed to a

horizontal posture (i.e., the posture shown in FIG. 19) in

which its axis of rotation is approximately perpendicular to
the direction of the surface of the bent portion, and the
bending roller R is again rolled along the same rolling
trajectory, thereby completely bending the pre-bent bent
portion We to a folded state as shown by the chain double

dashed line in FIG. 19 (which is referred to as final-bending
Step).

0007 Such a process is similarly necessary in conven
tional hemming devices that utilize a preSS die. In the press
die type hemming device, the hemming processing must be
performed in two steps, a pre-bending Step and a final
bending Step, in order to avoid buckling of the bent portion.
Therefore, different metal dies must be prepared in order to
perform respective Steps. These dies are often incorporated
into a common die holder. Also, it is generally difficult to
prepare and adjust the die for pre-bending Step. As a result,
it has been desired to provide a device that can perform the
hemming processing in one step.
0008 Thus, in the conventional hemming devices, the
bent portion We that is formed by the flanging processing
must be bent in two Separate Steps, the pre-bending Step and
the final-bending Step, in order to prevent buckling of the
bent portion We. Therefore, it is necessary to roll the
bending roller R twice along the bent portion. As a result, it
is difficult to reduce working time for hemming processing.
0009 Moreover, in the conventional press die type hem
ming device, because the pre-bending Step and the final
bending Step are required in order to avoid buckling of the
bent portion, it is necessary to Separately use the different
metal dies in the respective Steps. Therefore, considerable
time must be consumed to prepare and adjust these dies. This
may lead to increased die production costs. Also, highly
skilled workers are required to perform the hemming pro
cessing.
0010 That is, because the pre-bending step is necessary
in the conventional hemming devices, the hemming devices
are complicated, thereby increasing manufacturing costs
thereof. In addition, the conventional hemming devices may
lead to a problem of low productivity due to Sophisticated
adjustment techniques and considerable hemming time.
0011. Accordingly, it is one object of the present inven
tions to provide a hemming method that can complete
hemming processing of a bent periphery of a work in only
one bending Step without performing a conventional So
called pre-bending Step, and a device for performing the
method.

0012. Therefore, in the present invention, a hemming
method or a hemming device having the following construc
tion is proposed.
0013 A first invention is characterized in that a side
preSSure in a bending direction is actively applied to a bent
portion of a work that is formed by flanging processing,
thereby bending the bent portion to a folded state in one
bending Step.
0014. The second invention is a roller type hemming
method. The method is performed by pressing a bending
roller on a bent portion of a work that is formed by flanging
processing and is characterized in that a side pressure in a
bending direction is applied to the bent portion by moving
the bending roller in a rolling direction while a bending
Surface of the bending roller is rearwardly inclined relative
to a normal line perpendicular to the rolling direction at a
side of a folded edge of the bent portion, thereby bending the
bent portion to a folded State in one bending Step.
0015 The third invention is a hemming device that is
used for performing the hemming method as defined in
claim 2, which comprises a multi-axes type robot hand, a
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bending roller rotatably attached to the robot hand, and a
controller that controls the action of the robot hand Such that

the bending roller is rolled along the bent portion in a
posture that an axis of rotation of the bending roller is
rearwardly inclined relative to the normal line perpendicular
to the rolling direction at the side of the folded edge of the
bent portion in a plan view.
0016. The fourth invention is a hemming device that is
used for performing the hemming method as defined in
claim 2, which comprises a multi-axes type robot hand, a
tapered bending roller rotatably attached to the robot hand,
and a controller that controls the action of the robot hand

Such that the bending roller is rolled along the bent portion
in a posture that a Small diameter Side of the bending roller
is positioned at the side of the folded edge of the bent portion
and a rolling Surface of the bending roller is parallel to the
bent portion when hemming processing is completed.
0.017. The fifth invention is a press type hemming method
for folding a bent portion of a work that is formed by
flanging processing. The method is performed by pressing a
bending blade to the bent portion and is characterized in that
a side pressure in a bending direction is actively applied to
the bent portion by pressing the bending blade while moving
it in a resultant direction of a direction of a Surface of the

bent portion and a direction perpendicular thereto, thereby
bending the bent portion to a folded State in one pressing
Step.

0.018. The sixth invention is a hemming method as
defined in claim 5 characterized in that the bent portion is
incompletely bent while moving the bending blade in the
resultant direction of a die closing direction and a direction
perpendicular thereto, and then the bending blade is lowered
with an upper die, thereby bending the bent portion to the
folded state.

0019. The seventh invention is a hemming device that is
used for performing the hemming method as defined in
claim 5 or 6, which comprises a lower die that Supports the
work, an upper die that vertically moves relative to the lower
die, a bending blade that is attached to the upper die and is
movable in the direction perpendicular to a die closing
direction, and a bending blade moving mechanism that
moves the bending blade in the direction perpendicular to
the die closing direction.
0020. The eighth invention is a hemming device that is
used for performing the hemming method as defined in
claim 5 or 6, which comprises an X-axis moving mechanism
that moves the bending blade along the X-axis correspond
ing to the direction of the Surface of the bent portion, and a
Y-axis moving mechanism that moves the bending blade
along the Y-axis perpendicular to the X-axis, wherein the
bending blade is adapted to press the bent portion while
moving it in the resultant direction of the direction of the
X-axis and the direction of the Y-axis.

0021. The ninth invention is a hemming device as defined
in claim 8 characterized in that the movement of the bending
blade by means of the X-axis moving mechanism and/or the
Y-axis moving mechanism is numerically controlled.
0022. According to the hemming method of the first
invention, because the bent portion is bent while applying
the Side pressure thereto, the bent portion can be bent at an
angle of approximately 90 from an unfolded state to a
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folded State in one bending Step without producing buckling.
Therefore, unlike the conventional method, it is not neces

Sary to bend the bent portion in two Steps of a pre-bending
Step and a final-bending Step. As a result, it is possible to
reduce working time for hemming processing and to dras
tically simplify and downsize a hemming device.
0023. According to the hemming method of the second
invention, the bending roller is moved while the bending

Surface (a portion that is pressed to the bent portion) of the

bending roller is rearwardly inclined relative to the normal
line perpendicular to the rolling direction at the Side of the
folded edge of the bent portion. Therefore, because the bent
portion can be bent while the Side pressure in the bending
direction is applied thereto, the bent portion can be bent
from an unfolded State to a folded State in one bending Step
without producing buckling even if the conventional pre
bending Step is omitted. As a result, it is possible to reduce
working time for hemming processing and to drastically
Simplify and downsize a hemming device.
0024. According to the hemming device of the third
invention, the bending roller rolls on the bent portion in the
posture that the axis of rotation of the bending roller is
rearwardly inclined relative to the normal line perpendicular

to the rolling direction (moving direction of the bending
roller) at the side of the folded edge of the bent portion in a

plan view. Thus, a pressing force of the bending roller is
applied to an edge of the bent portion as a force component
that presses the bent portion in the bending direction.
Therefore, the bent portion can be bent to the folded state
without producing buckling. That is, it is possible to com
plete the hemming processing in one bending Step without
performing the conventional pre-bending Step. As a result, it
is possible to reduce working time for hemming processing.
0025. According to the hemming device of the fourth
invention, the tapered bending roller rolls on the bent portion
in the posture that the Small diameter Side of the bending
roller is positioned at the side of the folded edge of the bent
portion and the axis of rotation of the bending roller is
parallel to the bent portion when the hemming processing is
completed. Thus, the pressing force of the bending roller is
applied to the edge of the bent portion as a force component
that presses the bent portion in the bending direction.
Therefore, the bent portion can be bent to the folded state
without producing buckling. That is, it is possible to com
plete the hemming processing in one bending Step without
performing the conventional pre-bending Step. As a result, it
is possible to reduce working time for hemming processing.
0026. According to the hemming method of the fifth
invention or the hemming device of the Seventh invention,
the bending blade presses the edge in the resultant direction

(downwardly inclined direction) of the direction of the

Surface of the bent portion and the direction perpendicular
thereto. Thus, the Side pressure in the bending direction is
applied to the bent portion. Therefore, the bent portion can
be bent to the folded state without producing buckling. That
is, it is possible to complete the hemming processing in one

bending Step (one shot) without performing the conventional
pre-bending Step. As a result, it is possible to omit the
pre-bending Step in the hemming processing.
0027 According to the hemming method of the sixth
invention or the hemming device of the Seventh invention,
in addition to the above-described effect, it is possible to
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minimize a moving distance of the bending blade in the
direction perpendicular to the die closing direction and to
remarkably reduce sliding motion of the bending blade
relative to the bent portion. As a result, the bent portion can
be more reliably bent to the folded state.
0028. According to the hemming device of the eighth
invention, the bending blade is moved in the resultant

direction (downwardly inclined direction) of the direction of
the X-axis and the direction of the Y-axis, so that the

pressing force in the bending direction can be applied to the
bent portion. Therefore, the bent portion can be bent to the
folded State without producing buckling. That is, it is poS
Sible to complete the hemming processing in only one
bending Step without performing the conventional pre-bend
ing Step. As a result, it is possible to omit the pre-bending

Step (device) in the hemming processing.
0029. According to the hemming device of the ninth
invention, in addition to the above-described effect, it is

possible to increase versatility of the hemming device in
order to process a various types of work.
BRIEF DESCRIPTION OF THE DRAWINGS

0030 FIG. 1 is an overall side view of a roller type
hemming device according to a first embodiment of the

0041 FIG. 12 is a side view of a further bending blade,
illustrating an area around a lower edge of a bending blade
17, which area has a rounded convex portion 17a.
0042 FIG. 13 is a side view of a further bending blade,
illustrating an area around a lower edge of a bending blade
18, which area has a shouldered concave portion 18a.
0043 FIG. 14 is a side view of a further bending blade,
illustrating an area around a lower edge of a bending blade
19, which area has an arcuate concave portion 19a.
0044 FIG. 15 is a side view illustrating a condition in
which the bent portion We is bent by the bending blade 18
shown in FIG. 13. The uppermost drawing shows a condi
tion in which the bending blade 18 contacts the bent portion
We, in which the periphery of the bent portion We engages
the concave portion 18a. The central drawing shows a
condition in which the bent portion We is bent at an angle of
about 45 and an edge thereof is disengaged from the
concave portion 18a of the bending blade 18. The lowermost
drawing shows a condition in which the bending blade 18 is
lowered in the vertical direction and the bent portion We is
substantially bent to a folded state.
004.5 FIG. 16 is a side view of a single-axis NC
controlled hemming device according to a fourth embodi

invention.

ment of the invention.

0031 FIG. 2 is a view of the hemming device in FIG. 1
that is seen in the direction shown by Arrow H, showing a
plan view of a bending roller that is bending a bent portion

0046 FIG. 17 is a side view illustrating another type of
upper-die Vertical position detection device of the hemming

of a work.

0047 FIG. 18 is a side view illustrating a dual-axes
NC-controlled hemming device according to a fifth embodi

0032 FIG. 3 is a view of the hemming device in FIG. 2
that is seen in the direction shown by Arrow Y, showing a
side view of the bending roller that is bending the bent
portion of the work.
0.033 FIG. 4 is a view of a device according to a second
embodiment of the invention, illustrating a condition in
which a tapered bending roller is bending a bent portion of
a work.

0034 FIG. 5 is a view of the device in FIG. 4 that is seen
in the direction shown by Arrow Y, illustrating a condition
in which the tapered bending roller is bending the bent
portion of the work.
0035 FIG. 6 is a plan view of a cylindrical bending
roller, illustrating a side pressure generating principle when
Such a cylindrical bending roller is used.
0.036 FIG. 7 is a plan view of the tapered bending roller,
illustrating a side pressure generating principle when Such a
tapered bending roller is used.
0037 FIG. 8 is a side view of a press die type hemming
device according to a third embodiment of the invention.
0038 FIG. 9 is a view illustrating a condition in which
a bending blade 14 approaches a bent portion We in the
hemming device of the third embodiment.
0039 FIG. 10 is a view illustrating a condition in which
the bending blade 14 moves and bends the bent portion We
to a folded State.

0040 FIG. 11 is a side view of another bending blade,
illustrating an area around a lower edge of a bending blade
16, which area has a beveled portion 16a.

device of the fourth embodiment.

ment of the invention.

0048 FIG. 19 is a side view illustrating an area around
a bent portion of a work, which portion is formed by flanging
processing.
0049 FIG. 20 is a side view of the bent portion of the
work, which portion is formed by flanging processing,
illustrating a condition in which a bending roller rolls on the
bent portion without pre-bending and the bent portion is
buckled.

0050 FIG. 21 is a side view of the bent portion of the
work, which portion is formed by flanging processing,
illustrating a condition in which the bent portion is pre-bent.
PREFERRED EMBODIMENTS OF THE
INVENTION

0051

Next, a first embodiment of the present invention

will be described with reference to FIGS. 1 to 3. FIG. 1

shows a hemming device 1 of a first embodiment. In the first
embodiment, a roller type hemming device 1 is exemplified.
0052 The hemming device 1 comprises a multi-axes type

robot hand 2 (a polar coordinate type multi-joint robot), a
lower die 5 for supporting a work W, and a base 7 for
Securing these parts in a constant Spatial relationship.
0053 A bending roller R is rotatably attached to a distal
end of the robot hand 2 via a support device 3. The robot
hand 2 is operated based on a program that is previously
memorized by teaching. When the robot hand 2 is operated,
the bending roller R is rolled along a bent portion We formed
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along a periphery of the work W, so that the bent portion We
is bent to a folded State. Thus, hemming processing of the
work W is performed.
0.054 The work W is a door panel for an automobile and
comprises an inner panel Wi and an outer panel Wo. When
the bent portion We that is formed along a periphery of the
outer panel Wo is bent to a folded state, a periphery of the
inner panel Wi is sandwiched therebetween. Thus, the panels
Wo and Wi are integrated. The work W is placed on an upper
Surface 5a of the lower die 5 and secured in a desired

position by fixture members 6-6.
0.055 FIG. 2 is a plan view illustrating a condition in
which the bending roller R rolls on the bent portion We of

the work W (the outer panel Wo), thereby bending the bent

portion We. In this specification, the “plan view' corre
sponds to a view that is seen in the direction of Arrow H in
FIG. 1, that is, a view that is seen in the direction perpen
dicular to the bent portion We that is folded.
0056. In the drawing, an arrow-tipped line R1 indicates a

rolling direction (moving direction) of the bending roller R.

Hereinafter, the arrow-tipped line that indicates the direction
of the rolling direction of the bending roller R will also be
referred to as a rolling direction R1. The rolling direction R1
of the bending roller R corresponds to a tangent line at the
bent portion We having an arcuate shape. When the bent
portion has a linear shape, the rolling direction of the
bending roller R corresponds to a Straight line parallel to the
bent portion. A line R2 indicates a normal line perpendicular
to the rolling direction R1, and a line R3 represents an axis
of rotation of the bending roller R. The axis of rotation R3
is inclined at an angle 01 relative to the normal line R2 when
shown in a plan view. The axis of rotation R3 is inclined
relative to the normal line R2 Such that one end of the roller

R corresponding to a folded edge Wee of the bent portion We
that is folded may form a rearward end when viewed in the
rolling direction.
0057. On the other hand, as shown in FIG. 3, the axis of
rotation R3 of the bending roller R is set, so as to be parallel
to the bent portion We that is folded, when laterally viewed
as indicated by Arrow Y in FIG. 2. This arrangement is
identical to the arrangement in a conventional final-bending
Step.

0.058 According to the hemming device 1 described
above, when the robot hand 2 is operated, the bending roller
R moves in an inclined position and rolls on the bent portion
We of a work W that is previously bent at an angle of
approximately 90 by flanging processing. Therefore, it is
possible to complete the hemming processing in one bend
ing Step without performing a conventional pre-bending Step
and without producing buckling in the bent portion We.
0059) That is, in a plan view, the bending roller R rolls on
the bent portion We in a posture that the axis of rotation R3
thereof is rearwardly inclined at an angle 01 relative to the
rolling direction R1 at a side of the folded edge Wee of the
bent portion We that is folded. Therefore, a portion of a
pressing force of the bending roller R is applied to the folded
edge Wee of the bent portion We as a force component (side
pressure) that presses the bent portion We in its bending
direction. Thus, because the bending roller R rolls on the
bent portion We in the posture that it is inclined relative to
the rolling direction, the bent portion We will be subjected

to a pressing force in a direction of its Surface and a pressing

force (side pressure) in the direction (lateral direction)

perpendicular to the Surface. Therefore, even if the bending
roller R rolls on the bent portion We in the same posture as
that in the final-bending Step of the conventional hemming
device, the bent portion We is bent to a folded state as shown
by the chain double-dashed line in FIG. 19 without produc
ing buckling. Thus, it is possible to bend the bent portion We
to the folded State without performing the conventional
pre-bending Step and without producing buckling in the bent
portion We, to thereby complete the hemming processing.
0060 Conventionally, the pre-bending step is performed
in a posture that in a side view, the axis of rotation R3 of the
bending roller R is inclined at an angle of approximately
45, and then an additional vending Step is again performed
in a posture that in a side view, the axis of rotation R3 is
positioned parallel to the bent portion We that is folded. To
the contrary, according to the hemming method exemplary
described, the axis of rotation R3 of the bending roller R is

maintained in the same posture (the posture that the axis of
rotation is positioned parallel to the bent portion We that is

folded) as the conventional final-bending step in a side view
and is inclined in a desired direction relative to the rolling
direction in a plan view. AS a result, it is possible to bend the
bent portion We from its unfolded state to its folded state in
one Step without producing buckling. Therefore, according
to the hemming device 1 of the first embodiment and the
hemming method that uses this device, it is possible to
drastically reduce time required to perform the hemming

processing (approximately onehalf of the conventional
method).
0061 A variety of modifications may be added to the first
embodiment described above. For example, with regard to
the rolling posture of the bending roller R in a plan view, the
inclination angle 01 can be modified in accordance with the

bent angle that is formed by the flanging processing (the

angle relative to the portion along the upper Surface 5a of the
lower die 5; hereinafter referred to as a flange angle 02; See

FIG. 19). For example, if the flange angle 02 is an angle of
approximately 60-80, the inclination angle 01 is set to an
angle of approximately 10-15, and if the flange angle 02 is
an angle of approximately 80-100, the inclination angle 02
is set to an angle of approximately 20-30. Thus, the effects
described above are obtained. In addition, the inclination

angle 01 can be variously modified based on the diameter of
the bending roller R, the shape of the bent portion We, or
other Such elements.

0062 Further, in the first embodiment exemplified above,
although the cylindrical bending roller R having a fixed
diameter is used, for example, as shown in FIGS. 4 and 5,
a tapered bending roller RT having an unfixed diameter can
be used in order to bend the bent portion We from the
unfolded State to the folded State in one rolling Step.
0063. The bending roller RT is positioned such that its
Small diameter Side corresponds to the folded edge of the
bent portion We that is folded, and the axis of rotation R3
thereof is positioned Such that a bending Surface of the roller

(an edge line that contacts the bent portion) is parallel to the

bent portion We when the bending step is completed. Thus,
the pressing force of the bending roller acts on an edge of the

bent portion as a force component (side pressure) that
presses the bent portion We in its bending direction. As a
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result, the bent portion can be bent to the folded state without
producing buckling. Therefore, Similar to the bending roller
R, the tapered bending roller RT can also bend the bent
portion We from the unfolded state to the folded state in one
rolling Step. As a result, it is possible to drastically reduce
the time required to perform the hemming processing. This

embodiment (a Second embodiment) corresponds to an
embodiment described in claim 2 or 4.

0064. Further, in the second embodiment, the axis of
rotation R3 of the bending roller RT can be inclined at, for
instance, angle 01 relative to the normal line R2 that is
perpendicular to the rolling direction R1 in a plan View.
0065. With regard to the first and second embodiments
described above, by appropriately controlling the shape or
the rolling posture of the bending roller, the Side pressure in
the bending direction can be applied to the bent portion We.
A Side pressure producing mechanism will be explained.
0.066 As shown in FIG. 6, when the cylindrical bending
roller R having a constant diameter is rolled in the direction

the force (side pressure S) that presses the bent portion We
in the bending direction. As a result, the bent portion We is
reliably bent to the folded state without producing buckling.
0070 Further, with regard to the tapered bending roller
RT, the Side pressure S can be increased, if the axis of
rotation R3 of the roller is inclined at an angle 01 relative to
the normal line R2 at a side of the folded edge Wee of the
bent portion We that is folded.
0071 Next, a third embodiment of the present invention
will be described with reference to FIGS. 8 to 15. In the third

embodiment, a preSS type hemming device 10 is exempli
fied. The hemming device 10 of the third embodiment is
illustrated in FIG. 8. The hemming device 10 comprises an
upper die 11 that moves up and down, a lower die 12 on
which the work W is seated, a bending blade 14 attached to
the upper die 11 via an X-axis Sliding device 13, and a cam
die 15 for moving the bending blade 14 in a direction of the
X-axis.

0072 The work W and the lower die 12 are the same

of Arrow R1 (the direction along the bent portion We) along

members as those used in the first embodiment.

the bent portion We in a posture that the axis of rotation R3
thereof is tilted at an angle 01 relative to the normal line R2,

0073. The upper die 11 is moved upwardly or down
Wardly by means of a lifting device that is actuated by a

a direction that the bending roller RT tends to roll (a
direction of rotation) corresponds to the direction of Arrow
C (a direction perpendicular to the axis of rotation R3).
Therefore, the direction of rotation C inclines by angle 01
relative to the rolling direction R1. As a result, the bending

roller R is rolled while sliding outwardly (a direction oppo
site to the direction of Arrow S) of the bent portion We.
0067 Thus, a force component in the direction of Arrow
S of the pressing force that is applied to the bent portion We

via the bending roller R (the pressing force that is applied
along a direction of a Surface of the bent portion We, that is,
the pressing force that may produce buckling in the con

ventional method) is applied to the bent portion We as a
force (side pressure S) that presses the bent portion We in the
bending direction. As a result, the bent portion We is reliably
bent to the folded State without producing buckling.
0068. Further, as shown in FIG. 7, when the tapered
bending roller RT having an unfixed diameter is positioned
Such that the Small diameter Side corresponds to the folded
edge Wee of the bent portion We that is folded and is rolled
in the direction of Arrow R1 along the bent portion We in a
condition that the axis of rotation R3 coincides with the

normal line R2, the direction that the bending roller RT tends

to roll (the direction of rotation) corresponds to the direction
of Arrow C (the direction perpendicular to the edge line E of
the circumferential Surface). That is, the direction of rotation
C corresponds to a direction that is inclined at angle 03
relative to the rolling direction R1. The angle 03 corresponds

to an inclination angle of the circumferential Surface (edge
line E) relative to the axis of rotation R3. Therefore, the

bending roller RT is also rolled along the bent portion We
while sliding in the direction opposite to the direction of
Arrow S.

0069. Thus, a force component in the direction of Arrow
S of the pressing force that is applied to the bent portion We

via the bending roller R (the pressing force that is applied
along the direction of the surface of the bent portion We, that
is, the pressing force that may produce buckling in the

conventional method) is applied to the bent portion We as

hydraulic cylinder (not shown). The X-axis sliding device 13

is attached to the lower surface of the upper die 11. Further,
in this specification, the X-axis direction will be referred to

as the horizontal direction (the right-to-left direction in FIG.
8).
0074 The X-axis sliding device 13 comprises a base 13d,

a compressing Spring 13e that is Sandwiched between the
base 13d and the upper die 11, and a follower 13g rotatably
attached to the base 13d via a bracket 13f. The base 13d can
be freely slid in the X-axis direction by means of a sliding
mechanism 13c. The Sliding mechanism 13c comprises a
slide rail 13a and a sliding member 13b that moves therea
long. The base 13d is biased by means of the compressing
spring 13e in the rightward direction in FIG. 8. Rightward
movement of the base 13d is restricted by a stopper 13h.
Further, the X-axis sliding device 13 does not have any
Special driving Source for sliding the base 13d.
0075) The bracket 13f downwardly extends from the
lower surface of the base 13d, and the follower 13g is
rotatably retained on the proximal end thereof at a desired
distance below the upper side 11.
0076) The bending blade 14 is attached to the lower
surface of the base 13d and downwardly projects. The bent
portion We of the work W is positioned beneath the bending
blade 14.

0.077 On the other hand, the cam die 15 is placed beneath
the follower 13g and is seated on and secured to a mount 15b
at a desired height.
0078. According to the hemming device 10 of the third
embodiment and the hemming method by utilizing Such a
device, it is also possible to bend the bent portion We from
the unfolded State to the folded State by an angle of approxi

mately 90 by a single downward motion (one shot) of the

upper die 11. Therefore, it is possible to complete hemming
processing without performing the conventional pre-bend
ing step.
007.9 That is, when the upper die 11 is lowered by a
desired distance, the follower 13g contacts a cam Surface
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15a of the cam die 15. Thereafter, when the upper die 11 is
further lowered while maintaining this contacting State, the
follower 13g slidably contacts the cam surface 15a, so that
the base 13d slides along the X-axis in the leftward direction
in the drawing against the Spring force of the compressing
Spring 13e.
0080 Because the base 13d slides leftwardly along the

X-axis (inwardly in the bending direction) while the upper

die 11 is lowered, the bending blade 14 moves along an

arcuate trajectory toward a combined direction (downwardly
inclined direction) of a lowering direction (vertical direc
tion) of the upper die 11 and an X-axis direction (horizontal
direction). As shown in FIG. 9, after the bending blade 14

begins to move toward the downwardly inclined direction,
an edge of the bending blade 14 contacts the edge of the bent
portion We of the work W.
0081. After the edge of the bending blade 14 contacts the
bent portion We, when the upper die 11 is further lowered
and the follower 13g slidably contacts the cam surface 15a
of the cam die 15, the bending blade 14 is moved leftwardly
along the X-axis by means of the X-axis Sliding device 13c.
As a result, the bending blade 14 moves in the downwardly
inclined direction along the arcuate trajectory. This motion
is illustrated in FIG. 10. Because the bending blade 14
moves along Such an arcuate trajectory, the bent portion We
is downwardly pressed while being Subjected to the pressing

force in the bending direction (leftward direction along the
X-axis). Therefore, the bent portion We is bent without

producing buckling. The cam Surface 15a is positioned Such
that the follower 13g is disengaged from the edge of the cam
surface 15a when the bending of the bent portion We reaches

its final stage (when it is bent, for example, by an angle of
45 or more from the unfolded state toward the folded state).
0082) When the upper die 11 is moved downwardly after
the follower 13g is disengaged from the cam surface 15a, the
follower 13g moves downwardly in the vertical direction.
That is, afterward, the bending blade 14 is not moved along
the X-axis by the X-axis sliding device 13c. As a result, the
bending blade 14 moves downwardly in the vertical direc

tion (the same direction as the direction of movement of the
upper die 11). Thus, the bent portion Weisbent to the folded

state by the bending blade 14 that moves downwardly
straight in the vertical direction. FIG. 10 shows a condition
that the bent portion We is bent to the folded state. Further,
the light arrow in FIG. 10 shows movement of the bending
blade 14 that moves in the downwardly inclined direction
along the arcuate trajectory and Subsequently moves down
wardly in the vertical direction.
0.083. When the upper die 11 has reached a lowermost
position and the bent portion We is completely bent to the
folded State, the upper die 11 begins to move upwardly.
When the upper die 11 moves upwardly, the bending blade
14 and the follower 13g move upwardly along a path
opposite to the path along which they move when the upper
die 11 is moved downwardly. When the follower 13g
reaches the cam surface 15a, the bending blade 14 moves
upwardly while Sliding rightwardly along the X-axis by
means of the Spring force of the compressing Spring 13e of
the X-axis sliding device 13. When the follower 13g sepa
rates from the cam Surface 15a, the base 13d of the X-axis

Sliding device 13c returns by means of the Spring force of the
compressing Spring 13e, to thereby contacting the Stopper
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13h. Thereafter, the upper die 11 is returned to an uppermost
position in this State. Thus, a hemming cycle of the hemming
device 10 of this embodiment is completed. This cycle is
repeated in order to hem another bent portion of the work.
0084. According to the hemming device 10 of the third
embodiment thus constructed and the hemming method by
utilizing Such a device, the bending blade 14 moves in the
downwardly inclined direction along the arcuate trajectory.
Therefore, the bent portion We can be bent to the folded state
without producing buckling. As a result, it is possible to
complete the hemming processing by a single downward

motion (one shot) of the upper die 11 (die for the final
bending step) without performing the conventional pre
bending step. Therefore, it is possible to omit the die for the
conventional pre-bending Step.
0085. A variety of modifications can be added to the
hemming device 10 of the third embodiment described
above. For example, as shown in FIGS. 11 to 14, the edge
of the bending blade 14 may have a variety of shapes. A
bending blade 16 shown in FIG. 11 has a flat beveled portion
16a that is formed in its edge. Abending blade 17 shown in
FIG. 12 has a rounded convex portion 17a that is formed in
its edge. A bending blade 18 shown in FIG. 13 has a
shouldered concave portion 18a that is formed in its edge. A
bending blade 19 shown in FIG. 14 has a rounded concave
portion 19a that is formed in its edge.
0086 The edge 14a of the bending blade 14 shown in
FIGS. 9 and 10 is not specifically changed and has a normal
shape. When the upper die 11 moves downwardly and the
follower 13g slidably contacts the cam surface 15a, the
bending blade 14 moves leftwardly along the X-axis

(inwardly in the bending direction), So that the edge 14a
thereof is laterally forced against the bent portion We.
Therefore, when the bending blade 14 moves leftwardly
along the X-axis, the bending blade 14 bends the bent

portion We while sliding (relatively moving) the edge 14a

thereof toward the edge of the bent portion We along the
Surface thereof. The cam Surface 15a can be designed Such
that when the bent portion We is progressively bent and is
bent by an angle of approximately 45, the follower 13g is
disengaged therefrom and the edge 14a of the bending blade
14 is disengaged from the edge of the bent portion We,
whereby the bending blade 14 moves downwardly in the
Vertical direction without moving along the X-axis. In this
case, it is possible to reliably and attractively bend the bent
portion We.
0087. By utilizing the bending blade 18 shown in FIG. 13
or the bending blade 19 shown in FIG. 14, it is possible to
substantially prevent the bending blade 18 or 19 from sliding
along the bent portion We. For example, when the bending
blade 18 shown in FIG. 15 is used, it is possible to move the
bending blade 18 in the downwardly inclined direction in a
condition that the edge of the bent portion We is received

within the concave portion 18a (a condition shown in the
uppermost drawing of FIG. 15), as shown in the light arrow
in the drawing. In this case, the bending blade 18 can be

prevented from moving (sliding) relative to the bent portion
We until the bent portion We is bent by approximately 45
(a condition shown in the central drawing of FIG. 15). After

the edge of the bent portion We is disengaged from the
concave portion 18a, the bending blade 18 moves down
Wardly only in the vertical direction without moving along
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the X-axis, as shown in the light arrow of the drawing (a
condition shown in the lowermost drawing of FIG. 15). The

bending blade 18 can be prevented from sliding relative to
the bent portion We until the bent portion We is completely
folded.

0088. The beveled portion 16a of the bending blade 16
shown in FIG. 11 and the rounded convex portion 17a of the
bending blade 17 shown in FIG. 12 do not have a lesser
Slide-preventing performance than the bending blades 18
and 19. Therefore, these bending blades 16 and 17 will cause
a certain amount of sliding motion relative to the bent
portion We. However, these bending blades 16 and 17 may
have a greater Slide-preventing performance than the bend
ing blade 14.
0089. A hemming device 30 of a fourth embodiment is
shown in FIG. 16. The hemming device 30 of the fourth
embodiment has a mechanism for moving a bending blade
33 along the X-axis, which mechanism is different from that
in the hemming device 10 of the third embodiment. The
hemming device comprises an upper die 31, an upper-die
Vertical position detector 32 for detecting the Vertical posi
tion of the upper die 31, a bending blade 33, an X-axis
sliding device 34 for moving the bending blade 33 along the
X-axis, a Single-axis driver 35 for driving the X-axis sliding
device 34, and a lower die 36 for Supporting the work W.
0090 Similar to the third embodiment, the upper die 31
is moved upwardly or downwardly by means of a lifting

device that is actuated by a hydraulic cylinder (not shown).
0.091 The upper-die vertical position detection device 32
is a So-called linear Scale that comprises a Sensing beam 32a
attached to the upper die 31 and a position sensor 32b for
detecting the position of the Sensing beam. The position of
the Sensing beam 32a detected by the position Sensor 32b,
i.e., the position of the upper die 31 is input into an NC
controller 35a of the single-axis driver 35.
0092. The X-axis sliding device 34 has the same con
struction as the X-axis sliding device 13c of the third
embodiment and includes a base 34a. The bending blade 33
and a nut 35b of the single-axis driver 35 are attached to the
lower Surface of the base 34a.

0093. The single-axis driver 35 comprises a servo motor
35c, a threaded shaft 35d that is rotated by the servo motor,
the nut 35b which meshes the threaded shaft 35d, and the NC

controller 35a for controlling the rotation of the servo motor
35c.

0094. According to the hemming device 30 thus con
Structed, when the upper die 31 is lowered to a certain
position, Such a position is detected by the upper-die Vertical
position detection device 32. The detection signal output by
the upper-die Vertical position detection device 32 is input
into the NC controller 35a. When a certain detection signal
from the upper-die Vertical position detection device 32 is
input into the NC controller 35a, according to a previously
Stored program, the Servo motor 35c is actuated, thereby
rotating the threaded shaft 35d. Thus, the base 34a of the
X-axis sliding device 34 moves leftwardly along the X-axis
because the threaded shaft 35d meshes the nut 35b.

0.095 When the base 34a moves leftwardly along the X
while the upper die 31 is lowered, similar to the third
embodiment, the bending blade 33 is lowered in the down

Wardly inclined direction along an arcuate trajectory. At this
time, an edge of the bending blade 33 contacts the bent
portion We of the work W. Thereafter, when the upper die 31
is further lowered, the bending blade 33 is lowered along the
arcuate trajectory. As a result, Similar to Said third embodi
ment, the bent portion We is folded from the unfolded state
to the folded state.

0096. Thus, according to the hemming device 30 of the
fourth embodiment, because the bending blade 33 is lowered
in the downwardly inclined direction along the arcuate
trajectory, the bending blade 33 can apply a lateral force

(side pressure) against the bent portion We. Therefore, it is
possible to bend the bent portion to the folded state without
performing the conventional pre-bending Step in one shot.
AS a result, Similar to the third embodiment, it is possible to
omit the die for the conventional pre-bending.
0097. In the fourth embodiment, the program can be

changed by operating an input device (ten-key pad or
pendant) provided to the NC controller 35a, in order to

change or adjust the motion of the bending blade 33.
Therefore, the hemming device 30 can be applied to the
work W that has a variety of shapes. Thus, it is possible to
increase versatility of the device.
0098. A variety of modifications may also be added to the
fourth embodiment. For example, the upper-die Vertical
position detection device 32 may be replaced with that as
shown in FIG. 17. An upper-die vertical position detection
device 37 shown in FIG. 17 comprises a rack 37a attached
to the upper die 31, a pinion 37b meshed with the rack 37a,
and an encoder 37c. The pinion 37b is attached to, for
example, the lower die 36. The encoder 37c has an output
shaft, which shaft is coupled to the pinion 37b. When the
upper die 31 is lowered, the meshing position of the pinion
37b relative to the rack 37a changes. The change of the
meshing position is converted into the rotation of the
encoder 37c, so that the position of the upper die 31 is
detected. A corresponding detection signal is input into the
NC controller 35 as described above.

0099. The hemming method of the present invention can
also be performed by utilizing a dual-axis-controlled hem
ming device 40 shown in FIG. 18. Unlike the third and
fourth embodiments, the hemming device 40 of a fifth
embodiment does not require the upper die 11 or 31.
0100. The hemming device 40 of the fifth embodiment
comprises a lower die 41 for Supporting the work W, a lifting
base 42 that is Supported on a Side Surface of the lower die
41 So as to be slidable in the vertical direction, a vertical

driving device 43 for raising and lowering the lifting base
42, an X-axis sliding device 45 disposed on an upper portion
of the lifting base 42 for moving a bending blade 44 along
the X-axis, and a lateral driving device 46 for sliding a base
45a of the X-axis sliding device 45 along the X-axis.
0101 The lifting device 42 is supported by means of a
rail 42a that is vertically attached to the side surface of the
lower die 41, so as to be slidable in the vertical direction.

0102) The vertical driving device 43 comprises a base
43a that is attached to the side Surface of the lower die 41

and projects therefrom, a servo motor 43b attached to the
base 43a, a drive pulley 43c attached to an output shaft of
the motor, a threaded shaft 43e rotatably supported on the
base 43a via bearings 43d, 43d, a driven pulley 43f attached
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to the lower end portion of the threaded shaft 43e, and a belt
43g engaged with the driven pulley 43f and the drive pulley
43c. The upper end portion of the threaded shaft 43e is
meshed with a nut 43h that is attached to the lower end

portion of the lifting base 42.
0103) The X-axis sliding device 45 has the same con
struction as that of the the third and fourth embodiments.

The sliding device 46 comprises a Support bracket 46a
Vertically attached to the upper Surface of the lifting base 42,
a servo motor 46b attached to the upper portion of the
Support bracket 46a, a drive pulley 46c attached to an output
shaft of the motor, a threaded shaft 46e rotatably supported
on the support bracket 46a via bearings 46d, 46d, a driven
pulley 46f attached to one end of the threaded shaft 46e, and
a belt 46g engaged with the driven pulley 46f and the drive
pulley 46c. The other end of the threaded shaft 46e is
meshed with a nut 46h that is attached to the base 45a of the

X-axis sliding device 45.
0104. The bending blade 44 is attached to the left-side
Surface of the base 45a.

0105. According to the hemming device 40 of the fifth
embodiment thus constructed, when the sliding device 46 is
actuated while the lifting base 42 is lowered by the vertical
driving device 43, the bending blade 44 is moved in the
downwardly inclined direction along an arcuate or linear
trajectory, to thereby bend the bent portion We of the work
W from its unfolded state to its folded state without pro
ducing buckling. Therefore, similar to the first to fourth
embodiments, it is possible to complete hemming process
ing by a single pressing operation of the bending blade 44
without performing the conventional pre-bending Step.
Therefore, it is possible to omit the die for the conventional
pre-bending Step.
0106 AS described above, in the X-axis sliding devices
34 and 45 in the fourth and fifth embodiments or the lifting
device 43 in the fifth embodiment, a slide mechanism

comprising a slide rail and a sliding member that moves
along the slide rail is exemplified. However, Such a mecha
nism can be replaced with a link mechanism in order to
move the bending blades 33 and 44 in the X-axis direction
or in the vertical direction

1. A hemming method characterized in that a Side preSSure
in a bending direction is actively applied to a bent portion of
a work that is formed by flanging processing, thereby
bending the bent portion to a folded State in one bending
Step.

2. A roller type hemming method, the method being
performed by pressing a bending roller on a bent portion of
a work that is formed by flanging processing, characterized
in that a Side pressure in a bending direction is applied to the
bent portion by moving the bending roller in a rolling
direction while a bending Surface of the bending roller is
rearwardly inclined relative to a normal line perpendicular to
the rolling direction at a side of a folded edge of the bent
portion, thereby bending the bent portion to a folded State in
one bending Step.
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3. A hemming device that is used for performing the
hemming method as defined in claim 2 comprising a multi
axes type robot hand, a bending roller rotatably attached to
the robot hand, and a controller that controls the action of the

robot hand such that the bending roller rolls on the bent
portion in a posture that an axis of rotation of the bending
roller is rearwardly inclined relative to the normal line
perpendicular to the rolling direction at the Side of the folded
edge of the bent portion in a plan view.
4. A hemming device that is used for performing the
hemming method as defined in claim 2 comprising a multi
axes type robot hand, a tapered bending roller rotatably
attached to the robot hand, and a controller that controls the

action of the robot hand such that the bending roller rolls on
the bent portion in a posture that a Small diameter Side of the
bending roller is positioned at the Side of the folded edge of
the bent portion and a rolling Surface of the bending roller
is parallel to the bent portion when hemming processing is
completed.
5. A press type hemming method for folding a bent
portion of a work that is formed by flanging processing, the
method being performed by pressing a bending blade to the
bent portion, characterized in that a side pressure in a
bending direction is actively applied to the bent portion by
pressing the bending blade while moving it in a resultant
direction of a direction of a Surface of the bent portion and
a direction perpendicular thereto, thereby bending the bent
portion to a folded State in one pressing Step.
6. A hemming method as defined in claim 5 characterized
in that the bent portion is incompletely bent while moving
the bending blade in the resultant direction of a die closing
direction and a direction perpendicular thereto, and then the
bending blade is lowered with an upper die, thereby bending
the bent portion to the folded state.
7. A hemming device that is used for performing the
hemming method as defined in claim 5 or 6 comprising a
lower die that Supports the work, an upper die that vertically
moves relative to the lower die, a bending blade that is
attached to the upper die and is movable in the direction
perpendicular to a die closing direction, and a bending blade
moving mechanism that moves the bending blade in the
direction perpendicular to the die closing direction.
8. A hemming device that is used for performing the
hemming method as defined in claim 5 or 6 comprising an
X-axis moving mechanism that moves the bending blade
along the X-axis corresponding to the direction of the
Surface of the bent portion, and a Y-axis moving mechanism
that moves the bending blade along the Y-axis perpendicular
to the X-axis, wherein the bending blade is adapted to press
the bent portion while moving it in the resultant direction of
the direction of the X-axis and the direction of the Y-axis.

9. A hemming device as defined in claim 8 characterized
in that the movement of the bending blade by means of the
X-axis moving mechanism and/or the Y-axis moving mecha
nism is numerically controlled.

