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Description

Technical Field

[0001] The present invention relates to a clamp appa-
ratus according to the preamble of claim 1 for clamping
workpieces on an automated assembly line or the like.

Background Art

[0002] Heretofore, in an automated assembly line for
automobiles, an assembly process has been carried out
in which clamping is carried out by a clamp apparatus
under a condition in which pre-formed frames are posi-
tioned in an overlaid manner and the frames are welded
together.
[0003] As one such clamp apparatus, as disclosed in
Japanese Patent No. 4950123, a pair of left and right
clamp arms are provided, the clamp arms being disposed
for rotation respectively through pins, and ends of the
clamp arms are supported pivotally via a base to which
a drive unit is connected, whereby distal ends of the
clamp arms are operated to open and close. Thus, a
workpiece such as a frame or the like is gripped from the
left and the right by the distal ends of the pair of clamp
arms.
[0004] US 2007/0241577 A1 discloses a clamp as-
sembly according to the preamble of claim 1 and de-
scribes the dual rod gripper. A gripper assembly includes
an actuator that selectively controls the opening and clos-
ing of gripper jaws. A piston slidingly receives a first and
a second rod. The forward portions of the rods respec-
tively have a cam pin to engage grooves of the jaws for
opening and closing of the jaws. The rods are individually
stopped in the respective position to control to which ex-
tent the clamping jaws can be displaced.
[0005] US 4,537,389 A is directed to a machine tool
fixture for holding and presenting a workpiece to a tool.
The fixture includes a pair of pivotally mounted arms each
of which at one end terminates in an L-shaped recess
with jaws. A piston rod has a frusto-conical portion to
engage rollers mounted on ends of the arms. Engage-
ment of the frusto-conical portion with the rollers causes
the arms to swivel and forces the jaws of the arms towards
each other. Movement of the jaws towards each other is
limited by stop screws.
[0006] WO 95/21722 A1 describes a self-equalizing
clamp that brings one of a pair of clamp arms into en-
gagement with the workpiece at the actual position of the
workpiece. One end of each clamp arm is pivotally con-
nected to a drive cylinder and to a piston rod for pivoting
the opposite ends of the clamp arms between a first open
position and a second closed position. In order to adapt
to different positions of the workpiece, a set screw can
be rotated that causes the second clamp arm to pivot
until it engages the workpiece.
[0007] JP 2009-279698 A relates to a clamping device
for clamping a workpiece between a first clamping lever

and a second clamping lever pivotally supported by pins
to a bracket. Cam grooves are formed on the clamp levers
and extend from the lower side towards the upper side
to then run under an angle to the outside of the clamp
levers. The cam grooves are engaged by a shaft of a
base.
[0008] US 2002/0084564 A1 describes a clamping and
lifting mechanism with two clamp arms supported by a
frame assembly for pivotal and axial movement relative
to the frame assembly. The clamp arms are operatively
connected to a projecting end of a piston. The clamp
arms are connected to the piston via a link assembly.
[0009] WO 2008/011209 A1 is directed to a gripper
assembly and includes an actuator that moves an actu-
ator head between a plurality of positions. Two jaws are
opened and closed by reciprocal movement of the piston
rod. At a distal end of the piston rod cam heads engage
cam slots of the jaws. The movement of cam pins in the
cam slots causes the jaws to pivot between opened and
closed positions.

Summary of Invention

[0010] With the aforementioned clamp apparatus,
since the pair of clamp arms are operated simultaneously
and in the same manner, for example, in a condition in
which a workpiece is set in a predetermined position, it
is possible for the workpiece to be clamped uniformly by
the clamp arms from the left and the right. However, in
a condition in which the workpiece has become shifted
to the left or the right with respect to the predetermined
position, or if there are variations in workpiece dimen-
sions, a difference may occur between the timing (and
abutment position) at which one of the clamp arms abuts
against the workpiece, and the timing (and abutment po-
sition) at which the other of the clamp arms abuts against
the workpiece, thus making it impossible for the work-
piece to be clamped with high precision.
[0011] A general object of the present invention is to
provide a clamp apparatus in which it is possible, after a
workpiece has been positioned by clamp arms in a pre-
determined position, for the workpiece to be clamped re-
liably and highly precisely by the clamp arms.
[0012] The problem is solved with a clamp apparatus
according to claim 1.
[0013] Preferred embodiments of the invention are ev-
ident form the dependent claims.
[0014] There is disclosed a clamp apparatus for clamp-
ing a workpiece with a pair of clamp arms by rotation of
the clamp arms, comprising a body, a drive unit disposed
on the body and having a displaceable body, which is
displaced in axial directions, first and second clamp arms,
which are supported rotatably with respect to the body
and are arranged in a mutually confronting manner, a
driving force transmission mechanism connected to the
drive unit, and which converts linear displacement along
an axial direction of the drive unit into rotary displacement
and transmits a driving force of the drive unit to the first
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and second clamp arms, and positioning means connect-
ed to the driving force transmission mechanism for posi-
tioning and retaining the workpiece in a predetermined
position at a stage prior to clamping the workpiece, by
restricting rotation of the second clamp arm in advance
of the first clamp arm when clamping of the workpiece is
carried out.
[0015] According to the present invention, in a clamp
apparatus having a pair of first and second clamp arms,
and which is capable of clamping a workpiece between
the first and second clamp arms, a positioning means is
connected to the driving force transmission mechanism
which is capable of transmitting a driving force of the
drive unit to the first and second clamp arms. The posi-
tioning means positions and retains the workpiece in a
predetermined position at a stage prior to clamping the
workpiece, by restricting rotation of the second clamp
arm in advance of the first clamp arm when clamping of
the workpiece is carried out. In addition, when the first
and second clamp arms are rotated to clamp the work-
piece under a driving action of the drive unit, after the
second clamp arm has been rotated by a predetermined
angle, rotation of the second clamp arm is restricted by
the positioning means, whereby the workpiece is posi-
tioned and retained in the predetermined position by
abutment of the workpiece against the second clamp
arm.
[0016] Accordingly, a workpiece which has been posi-
tioned by the second clamp arm can be clamped between
the second clamp arm and the first clamp arm by sequen-
tial rotation of the first clamp arm under a driving action
of the drive unit. Owing thereto, even in the event that
the workpiece is set in a position that is shifted somewhat
from the predetermined position intended for the work-
piece, by prior movement of the second clamp arm so
as to abut and press against the workpiece, the work-
piece can be moved into the predetermined position and
proper positioning thereof can be performed in advance,
whereby the workpiece can then be clamped reliably and
highly precisely by rotation of the first clamp arm.
[0017] The above and other objects features and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings in which pre-
ferred embodiments of the present invention are shown
by way of illustrative example.

Brief Description of Drawings

[0018]

FIG. 1 is an overall cross sectional view of a clamp
apparatus according to a first embodiment of the
present invention;
FIG. 2 is a top plan view of the clamp apparatus
shown in FIG. 1;
FIG. 3 is a side view of the clamp apparatus of FIG.
1 as seen from the side of a first clamp arm;

FIG. 4 is an enlarged cross sectional view showing
the vicinity of a driving force transmitting mechanism
in the clamp apparatus of FIG. 1;
FIG. 5 is an exploded perspective view of a body of
the clamp apparatus of FIG. 1;
FIG. 6 is a cross sectional view taken along line VI-
VI of FIG. 4;
FIG. 7 is an exploded perspective view of a second
clamp arm and a link plate in the clamp apparatus
of FIG. 1;
FIG. 8 is an exploded perspective view of the second
clamp arm and a block body in the clamp apparatus
of FIG. 7.
FIG. 9 is an overall cross sectional view showing a
clamped state of the clamp apparatus of FIG. 1;
FIG. 10 is an overall cross sectional view showing a
state in which rotation of the first and second clamp
arms is initiated from an unclamped state of the
clamp apparatus of FIG. 1;
FIG. 11 is an overall cross sectional view of a clamp
apparatus according to a second embodiment of the
present invention;
FIG. 12 is an exploded perspective view of the clamp
apparatus of FIG. 11;
FIG. 13 is a side view of the clamp apparatus shown
in FIG. 11; and
FIG. 14 is a cross sectional view taken along line
XIV-XIV of FIG. 11.

Description of Embodiments

[0019] As shown in FIGS. 1 through 10, the clamp ap-
paratus 10 includes a body 12, a pair of first and second
clamp arms 14, 16 pivotally supported for rotation with
respect to the body 12, a drive unit 18 fixed to the body
12, and a driving force transmission mechanism 20 for
transmitting a driving force of the drive unit 18 to the first
and second clamp arms 14, 16.
[0020] The body 12 is made up from a base 22, which
is formed in a planar shape and is arranged in a horizontal
direction, and a plate body 24 connected to a side surface
of the base 22 in an upstanding manner with respect to
the base 22. The base 22, for example, is mounted on a
floor surface, such that the clamp apparatus 10 can be
fixed in a given location by fixing the base 22 to the floor
surface through non-illustrated bolts.
[0021] The plate body 24 is formed with a predeter-
mined height in an upward direction (the direction of the
arrow A) with respect to the base 22. As shown in FIG.
5, a sub-plate 28 is fixed by connecting bolts 30a and via
a pair of positioning pins 26a with respect to the surface
of the plate body 24. The sub-plate 28 is formed in a
planar and substantially rectangular shape, and is fixed
to a lower portion of the plate body 24 confronting the
base 22.
[0022] Further, at one end in a widthwise direction (the
direction of the arrow C) of the sub-plate 28, a first guide
body 32 is disposed, which guides a later-described block
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94 in vertical directions (the directions of arrows A and
B), whereas at the other end in the widthwise direction
(the direction of the arrow C) thereof, a second guide
body 34 is disposed, which serves to guide a roller 102
rotatably supported by a later-described second clamp
arm 16. More specifically, a guide section is constituted
from the first guide body 32 that guides the block 94, and
the second guide body 34 that guides the roller 102.
[0023] The first and second guide bodies 32, 34 are
formed with rectangular shapes having predetermined
widths, and are arranged such that longitudinal dimen-
sions thereof are arranged perpendicularly with respect
to the widthwise direction (the direction of the arrow C)
of the sub-plate 28. In addition, the first guide body 32 is
formed to be longer in a longitudinal direction than the
second guide body 34. In a state of being positioned on
the sub-plate 28 by two positioning pins 26b, the first
guide body 32 is fixed to the sub-plate 28 by a connecting
bolt 30b disposed between the positioning pins 26b.
[0024] The second guide body 34, similar to the first
guide body 32, is fixed to the sub-plate 28 by a connecting
bolt 30c, which is disposed between two positioning pins
26c, in a state of being positioned on the sub-plate 28 by
the positioning pins 26c.
[0025] Moreover, the first and second guide bodies 32,
34 are disposed respectively on different side surfaces
that face the driving force transmission mechanism 20 in
the body 12.
[0026] At an upper portion of the body 12, a ceiling
portion 40 is connected to an upper end part of the plate
body 24. The ceiling portion 40 is arranged perpendicu-
larly with respect to a direction of extension (the direction
of arrows A and B) of the plate body 24, and is disposed
on the body 12 substantially centrally in the widthwise
direction thereof. Stated otherwise, the ceiling portion 40
is disposed substantially parallel with the base 22.
[0027] A recessed catch groove 42, which is substan-
tially V-shaped in cross section, is formed on a side sur-
face of the ceiling portion 40 that faces toward the later-
described second clamp arm 16 (see FIG. 2), and a po-
sitioning member 44 formed on the second clamp arm
16 is engaged with the catch groove 42. In addition, when
the workpiece W is clamped by the clamp apparatus 10,
the workpiece W is mounted on an upper surface of the
ceiling portion 40 (see FIG. 1).
[0028] The first and second clamp arms 14, 16 are
formed in substantially mutually symmetrical shapes,
and are disposed on the body 12 in facing relation to a
surface of the plate body 24. The first and second clamp
arms 14, 16 are supported rotatably on the body 12 via
first arm pins 46, which are inserted through substantially
central portions thereof in longitudinal directions of the
first and second clamp arms 14, 16.
[0029] Further, on ends of the first and second clamp
arms 14, 16, which are arranged on the side of the base
22 (in the direction of the arrow B), bifurcated fork-shaped
yokes 48 are included, respectively. On an angled portion
of the yoke 48 on the first clamp arm 14, a later-described

link arm 104 is pivotally supported for rotation via a sec-
ond arm pin 50.
[0030] On the other hand, as shown in FIGS. 7 and 8,
on the yoke 48 of the second clamp arm 1,6, a pair of
first locating holes 52 is formed, together with a through
hole 54, which is arranged between the first locating holes
52. The first locating holes 52 and the through hole 54
are arranged on a line and are separated by predeter-
mined distances. The first locating holes 52 and the
through hole 54 penetrate through the yoke 48 in a thick-
ness-wise direction thereof.
[0031] One end of a plate-shaped link plate 56 is in-
serted into the yoke 48 of the second clamp arm 16, and
by insertion of locating pins 36 through a pair of second
locating holes 58 formed in the one end, as well as
through the first locating holes 52 of the second clamp
arm 16, the link plate 56 is positioned with respect to the
one end of the second clamp arm 16. In addition, the link
plate 56 is fixed with respect to the second clamp arm
16 by a fixing bolt 62, which is inserted through the
through hole 54 in the second clamp arm 16, and is screw-
engaged with a screw hole 60 of the link plate 56 (see
FIG. 8).
[0032] Consequently, the other end side of the link
plate 56 is fixed with respect to the end of the second
clamp arm 16, so as to project toward the side of the first
clamp arm 14.
[0033] On the other hand, on the other end side of the
link plate 56, a cam groove 64 is formed through which
the later-described roller 102 is inserted. The cam groove
64 includes a first groove part (restriction groove part) 66
that extends in the vertical direction (the direction of ar-
rows A and B), and a second groove part (rotation groove
part) 68, which is joined to an upper end of the first groove
part 66, and is inclined at a predetermined angle with
respect to the upper end toward the one end side of the
link plate 56. The first and second groove parts 66, 68
are formed with a width dimension that is substantially
the same or slightly greater than the diameter of the later-
described roller 102.
[0034] Further, as shown in FIG. 9, the first groove part
66 is arranged such that, when the second clamp arm
16 is in a clamped state, the inner wall surface on the
one end side of the link plate 56 lies substantially in align-
ment with the side surface of the second guide body 34
that is disposed on the body 12.
[0035] On the other hand, on other ends of the first and
second clamp arms 14, 16, gripping portions 70 are
formed for clamping the workpiece W. Gripping surfaces
72 of the gripping portions 70, which are rectangular in
cross section and confront one another mutually, are
formed as vertical surfaces, which extend substantially
in parallel with longitudinal directions of the first and sec-
ond clamp arms 14, 16.
[0036] Further, the first arm pins 46 are shaft shaped,
and, in positions between one end and the other end of
the first and second clamp arms 14, 16, the first arm pins
46 are inserted perpendicularly with respect to the lon-
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gitudinal directions of the first and second clamp arms
14, 16. In addition, ends of the first arm pins 46 are sup-
ported on the plate body 24. Consequently, the first and
second clamp arms 14, 16 are supported rotatably on
the body 12 via the first arm pins 46, which are inserted
through substantially central portions of the first and sec-
ond clamp arms 14, 16.
[0037] Furthermore, below the gripping portion 70 of
the second clamp arm 16, a positioning member 44 is
formed, which projects perpendicularly to the longitudinal
direction of the second clamp arm 16. As viewed from
above, the positioning member 44 has a triangular shape
in cross section, tapering in a direction away from the
second clamp arm 16 (see FIG. 2). In addition, in a
clamped state in which the gripping portion 70 of the sec-
ond clamp arm 16 approaches the workpiece W to grip
the workpiece W, the positioning member 44 and the
catch groove 42 of the ceiling portion 40 come into en-
gagement with each other.
[0038] The drive unit 18 includes a bottomed tubular
shaped cylinder tube 74 disposed in a substantially cen-
tral position of the body 12, a piston (displaceable body)
76 disposed for displacement in the interior of the cylinder
tube 74, a piston rod (displaceable body) 78 connected
to the piston 76, and a rod cover 80 disposed in an open-
ing of the cylinder tube 74 and which supports the piston
rod 78 while permitting displacement of the piston rod 78
through the rod cover 80.
[0039] First and second ports 82, 84, which penetrate
through the cylinder tube 74 perpendicularly to the axial
direction of the cylinder tube 74 (in the directions of the
arrows A and B), are formed in a side surface of the cyl-
inder tube 74. The interior of the cylinder tube 74 com-
municates with the exterior through the first and second
ports 82, 84. The first port 82 is disposed on one end
side (in the direction of the arrow A) on a bottom side of
the cylinder tube 74, whereas the second port 84 is dis-
posed on the other end side (in the direction of the arrow
B) of the cylinder tube 74 on the side of the rod cover 80.
[0040] In addition, pipes, which are connected to a non-
illustrated pressure fluid supply source, are connected
respectively through pipe joints 86 to the first and second
ports 82, 84. Under a switching action of a non-illustrated
switching device, a pressure fluid is supplied selectively
to either one of the first port 82 and the second port 84.
The cylinder tube 74 is fixed by non-illustrated bolts to
the plate body 24. More specifically, the drive unit 18
comprises a fluid pressure cylinder, which is capable of
displacing the piston 76 and the piston rod 78 along the
axial directions (the directions of arrows A and B) under
the supply of a pressure fluid.
[0041] The piston 76 is formed in a disk shape, for ex-
ample, and has a piston packing 88 installed in an annular
groove formed in an outer circumferential surface there-
of. The piston packing 88 is provided in sliding contact
with the inner wall surface of the cylinder tube 74, so as
to prevent leakage of pressure fluid between the piston
76 and the cylinder tube 74. Further, on an end surface

of the piston 76 facing the one end side of the cylinder
tube 74, an annular damper 90 is disposed so as to
project from the end surface. Thus, as shown in FIG. 1,
when the piston 76 is displaced toward the one end side
(in the direction of the arrow A), the damper 90, which is
formed from an elastic material such as rubber or the
like, comes into abutment against the cylinder tube 74,
whereby shocks can be buffered.
[0042] One end of the piston rod 78 is inserted through
a central portion of the piston 76 and is connected by
deforming integrally with the piston 76. The other end of
the piston rod 78 projects to the exterior of the cylinder
tube 74 through the rod cover 80. A connector 92, which
is initially reduced in diameter and then expanded out-
ward in diameter again, is formed on the other end of the
piston rod 78. The block 94 that constitutes part of the
driving force transmission mechanism 20 is connected
to the connector 92.
[0043] The rod cover 80, after being inserted inside the
cylinder tube 74, is latched by a latching ring, which is
engaged with the inner circumferential surface of the cyl-
inder tube 74. Together therewith, a rod packing, which
is mounted on the inner circumferential surface of the rod
cover 80, is placed in sliding contact with the outer cir-
cumferential surface of the piston rod 78, so that leakage
of pressure fluid between the rod cover 80 and the piston
rod 78 is prevented.
[0044] On the base 22, a block-shaped stopper 96 is
disposed in a downward position (in the direction of the
arrow B) of the piston rod 78, such that when the piston
76 and the piston rod 78 are lowered under a driving
action of the drive unit 18, the block 94 (described later),
which is connected to the piston rod 78, comes into abut-
ment against the stopper 96 and further displacement
thereof is restricted. An upper surface of the stopper 96
that confronts the drive unit 18 is formed with a flat rec-
tangular shape in cross section, and the stopper 96 is
fixed by a bolt with respect to the base 22.
[0045] As shown in FIGS. 1 and 4, the driving force
transmission mechanism 20 includes the block 94, which
is connected to the other end of the piston rod 78, a link
pin 98 inserted through one end of the block 94, the roller
102, which is supported rotatably via a roller pin 100 on
the other end of the block 94, and a link arm 104, which
is supported for rotation between the link pin 98 and the
second arm pin 50 of the first clamp arm 14.
[0046] The block 94 extends in a perpendicular direc-
tion (the direction of the arrow C) to the axial direction
(the directions of arrows A and B) of the piston rod 78,
and is formed with a groove 106 (see FIG. 4) in a center
portion thereof, in which the connector 92 of the piston
rod 78 is inserted. In addition, by insertion of the connec-
tor 92 in the groove 106 of the block 94, the block 94 is
connected in a perpendicular condition with respect to
the axial direction of the piston rod 78, and is displaceable
integrally together with the piston rod 78.
[0047] Further, the block 94 has a predetermined
length in a longitudinal direction (the direction of the arrow
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C), and both ends of the block 94 are distanced equally
about the axis of the piston rod 78. On one end of the
block 94 on the side of the first clamp arm 14, the other
end of the link arm 104 is supported rotatably via a link
pin 98, which is inserted through a pair of through holes
108a of a first retainer 108, which is formed in a bifurcated
fork shape.
[0048] Furthermore, on the one end side of the block
94, a guide portion 110 is formed in a stepped fashion
with respect to a distal end of the first retainer 108. The
guide portion 110 is formed so as to come into abutment
against a side surface of the first guide body 32, which
is disposed on the body 12.
[0049] On the other hand, as shown in FIGS. 1, 4, and
8, on the other end side of the block 94 on the side of the
second clamp arm 16, the roller 102 is arranged inside
a second retainer 112, which is formed in a bifurcated
fork shape. In addition, the roller 102 is supported rotat-
ably by insertion of a roller pin 100 through two through
holes 112a formed in the second retainer 112. The roller
102 is held on the second retainer 112 via a pair of spac-
ers 114, and is inserted into the cam groove 64 of the
link plate 56.
[0050] By raising and lowering the block 94 under a
driving action of the drive unit 18, the first clamp arm 14
is rotated via the link arm 104, and the second clamp arm
16 is rotated together therewith via the link plate 56 in
which the roller 102 is inserted. Further, the guide portion
110 of the block 94 abuts against the side surface of the
first guide body 32, and by movement thereof along the
first guide body 32, the block 94 is guided in vertical di-
rections (the directions of arrows A and B).
[0051] The clamp apparatus 10 according to the first
embodiment of the present invention is constructed ba-
sically as described above. Next, operations and advan-
tageous effects of the clamp apparatus 10 will be de-
scribed. In the following descriptions, the unclamped
state shown in FIG. 1, in which the gripping portions 70
of the first and second clamp arms 14, 16 are mutually
separated, will be referred to as an initial position.
[0052] In the initial position, a pressure fluid is supplied
to the second port 84 to thereby move the piston 76 up-
ward, whereby the gripping portion 70 of the first clamp
arm 14 is rotated in a direction (i.e., the direction of the
arrow D1) to move away from the gripping portion 70 of
the second clamp arm 16 via the block 94 and the link
arm 104 of the driving force transmission mechanism 20.
On the other hand, by movement of the roller 102 into
the second groove part 68 of the cam groove 64, the
gripping portion 70 of the second clamp arm 16 is rotated
in a direction (i.e., the direction of the arrow D1) to move
away from the gripping portion 70 of the first clamp arm
14.
[0053] A brief description will now be presented con-
cerning the workpiece W, which is gripped by the afore-
mentioned clamp apparatus 10. The workpiece W is
made up, for example, from a first frame W1, which is U-
shaped in cross section and constitutes part of the frame

of a vehicle, and a second frame W1, which is U-shaped
in cross section and is intended for assembly onto the
first frame W1.
[0054] In a state in which an opening of the first frame
W1 is oriented downward (in the direction of the arrow
B), the first frame W1 is placed between the gripping
portions 70 of the first and second clamp arms 14, 16.
On the other hand, side walls 116 of the second frame
W2 are formed in an inclined manner, so as to expand
gradually outward toward the open side thereof, and the
opening is arranged to face upwardly (in the direction of
the arrow A). Additionally, the workpiece W is mounted
on the ceiling portion 40, in a state in which the first frame
W1 is inserted into the interior of the second frame W2.
[0055] Stated otherwise, the second frame W2 is ar-
ranged on the outside of the first frame W1, and the side
walls 116 of the second frame W2 are inclined in a grad-
ually expanding manner toward sides of the first and sec-
ond clamp arms 14, 16.
[0056] In this manner, in a state in which the workpiece
W is set at a predetermined position in the clamp appa-
ratus 10, under a switching action of a non-illustrated
switching device, the pressure fluid, which had been sup-
plied to the second port 84, is switched and supplied in-
stead to the first port 82. As a result, as shown in FIG.
10, the piston 76 is pressed toward the side of the rod
cover 80 (in the direction of the arrow B) by the pressure
fluid that is introduced into the cylinder tube 74, whereby
the piston 76 is lowered integrally with the piston rod 78
and the block 94. At this time, the block 94 is made to
move in a state in which the guide portion 110 abuts
against a side surface of the first guide body 32, which
is disposed on the body 12, and therefore, the block 94
is guided with high precision in a vertical downward di-
rection (in the direction of the arrow B).
[0057] Consequently, the one end side of the link arm
104 pivotally supported by the link pin 98 moves down-
ward, and the link arm 104 is tilted gradually into a sub-
stantially horizontal orientation, accompanied by the one
end of the first clamp arm 14, which is connected to the
other end of the link arm 104, being pressed in a direction
to separate mutually therewith. In addition, while being
pivotally supported about the first arm pin 46, the gripping
portion 70 on the other end of the first clamp arm 14
begins to rotate in a direction (the direction of the arrow
D2) to approach the side of the second clamp arm 16.
[0058] Further, simultaneously with start of rotation of
the first clamp arm 14, along with lowering of the block
94, the roller 102 moves downward inside the cam groove
64, and then the roller 102 moves from the second groove
part 68 into the first groove part 66. At this time, the roller
102 moves in a vertical downward direction (the direction
of the arrow B) along the side surface of the second guide
body 34.
[0059] Consequently, upon movement of the roller
102, the one end of the second clamp arm 16 is pressed
in a direction away from the first clamp arm 14, accom-
panied by the one end of the second clamp arm 16 being
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made to rotate about the first arm pin 46 in a direction
away from the first clamp arm 14. In addition, at a stage
in which the roller 102 has moved into the first groove
part 66, since rotation of the link plate 56 is restricted,
rotational movement of the second clamp arm 16 is
stopped. At this time, the second clamp arm 16 comes
into abutment against the side wall 116 of the second
frame W2, thereby resulting in clamping of the workpiece
W, and a clamped state is brought about, in which the
gripping surfaces 72 of the gripping portions 70 are sub-
stantially parallel and aligned with each other in the ver-
tical direction (the direction of arrows A and B).
[0060] More specifically, the first and second clamp
arms 14, 16 begin to rotate together with lowering of the
block 94 under a driving action of the drive unit 18, and
at a stage in which the roller 102 moves from the second
groove part 68 into the first groove part 66, rotational
movement only of the second clamp arm 16 in the direc-
tion of the arrow D2 is stopped.
[0061] At this time, the positioning member 44, which
is disposed on the second clamp arm 16, comes into
engagement with the catch groove 42 of the body 12,
whereby at the time of clamping, the second clamp arm
16 is positioned in a predetermined stop position.
[0062] In addition, under a driving action of the drive
unit 18, the block 94 is lowered further, whereby the one
end side of the first clamp arm 14 is pressed further in a
direction away from the second clamp arm 16 via the link
arm 104. Along therewith, the gripping portion 70 of the
first clamp arm 14 is rotated about the first arm pin 46 in
a direction (the direction of the arrow D2) to approach
the second clamp arm 16. Owing thereto, the one side
wall 116 of the second frame W2 is pressed and de-
formed toward the side of the second clamp arm 16, i.e.,
toward the side of the first frame W1.
[0063] On the other hand, since the roller 102 moves
downward along the first groove part 66 that extends in
a vertical direction in the cam groove 64 of the link plate
56, a thrust force is not applied via the link plate 56 to
the one end side of the second clamp arm 16 in directions
to approach toward or separate away from the first clamp
arm 14, and rotation of the second clamp arm 16 is
stopped completely.
[0064] Furthermore, by lowering the block 94, as
shown in FIG. 10, the first clamp arm 14 rotates further,
and the gripping portion 70 thereof is moved in a direction
(the direction of the arrow D2) to approach the side of
the second clamp arm 16, whereby the side walls 116 of
the second frame W2 are mutually pressed and deformed
so as to approach each other, the side walls 116 of the
second frame W2 are brought into abutment against the
side walls of the first frame W1, and a clamped state is
brought about in which the clamping is completed in a
state where the side walls of the workpiece are substan-
tially parallel (see FIG. 9).
[0065] In addition, in a state in which the first and sec-
ond frames W1, W2 are clamped by the first and second
clamp arms 14, 16, the side walls of the first and second

frames W1, W2 are welded together, for example, using
a non-illustrated welding device.
[0066] In the foregoing manner, by lowering the block
94 of the driving force transmission mechanism 20 under
a driving action of the drive unit 18, the first clamp arm
14 is rotated via the link arm 104 so that the gripping
portion 70 thereof approaches the side of the second
clamp arm 16, while rotary operation of the second clamp
arm 16 is maintained in a state of being rotated through
a predetermined angle by the roller 102, which is inserted
into the cam groove 64 of the link plate 56. Owing thereto,
after positioning of the workpiece W has been performed
by the second clamp arm 16 rotary operation of which is
maintained in advance with respect to the first clamp arm
14, the first clamp arm 14 is then rotated in succession,
whereby the workpiece W can be clamped at a prede-
termined position.
[0067] As has been described above, according to the
first embodiment, in a clamp apparatus 10 having a pair
of first and second clamp arms 14, 16, and which is ca-
pable of gripping a workpiece W between the first and
second clamp arms 14, 16, an end of the first clamp arm
14 is connected to the block 94, which is linked with the
drive unit 18 through the link arm 104, together with the
link plate 56, which is formed with the cam groove 64
therein, being disposed on one end of the second clamp
arm 16, and the roller 102 which is supported on the block
94 being inserted into the cam groove 64. Consequently,
when clamping of the workpiece W is carried out by ro-
tation of the first and second clamp arms 14, 16 under a
driving action of the drive unit 18, after the second clamp
arm 16 has been rotated by a predetermined angle, fur-
ther rotation of the second clamp arm 16 is restricted by
the roller 102 that is inserted in the cam groove 64, where-
by positioning of the workpiece W can be maintained in
a state of abutment of the workpiece W against the grip-
ping portion 70 of the second clamp arm 16.
[0068] Accordingly, the workpiece W, which has been
positioned by the second clamp arm 16, can be clamped
by the first clamp arm 14, which is rotated in succession
under the driving action of the drive unit 18.
[0069] Owing thereto, even in the event that the work-
piece W is set in a position that is shifted somewhat from
the predetermined position intended for the workpiece
W (i.e., a position in which the center of the workpiece
W in the widthwise direction is arranged centrally in re-
lation to the widthwise dimension of the ceiling portion
40), by stopping rotation of the second clamp arm 16 in
a state of abutment against the workpiece W, since the
workpiece W can be moved to and held at the predeter-
mined position, the workpiece W can then be clamped
reliably and highly precisely upon subsequent rotation of
the first clamp arm 14.
[0070] Next, a clamp apparatus 150 according to a sec-
ond embodiment is shown in FIGS. 11 through 14. Con-
stituent elements of the clamp apparatus 150, which are
the same as those of the clamp apparatus 10 according
to the above-described first embodiment, are designated
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by the same reference characters, and detailed descrip-
tion of such features is omitted.
[0071] The clamp apparatus 150 according to the sec-
ond embodiment differs from the clamp apparatus 10 ac-
cording to the first embodiment, in that, in place of the
first guide body 32 that guides the block 94 in vertical
directions (the directions of arrows A and B) and the sec-
ond guide body 34 that guides the roller 102, as shown
in FIGS. 11 through 13, guide bodies 152a, 152b are
provided respectively on a pair of plate bodies 24, where-
by a block 154 can be guided in the vertical directions by
the guide bodies 152a, 152b, which are inserted respec-
tively through guide grooves 156a, 156b formed on side
surfaces of the block 154.
[0072] On the plate bodies 24 that make up the clamp
apparatus 150, the guide bodies 152a, 152b are dis-
posed respectively on mutually confronting wall surfaces
(see FIGS. 12 and 13). The guide bodies 152a, 152b, for
example, have predetermined lengths in the vertical di-
rection (the direction of arrows A and B), and are dis-
posed at the central portions of the plate bodies 24 in the
width direction. As shown in FIG. 14, each of the guide
bodies 152a, 152b includes main body portion 158, which
is formed with a rectangular shape in cross section, and
a pair of bearings 160a, 160b, which are installed on both
side surfaces of the main body portion 158.
[0073] The main body portions 158, for example, are
fixed by bolts onto the plate bodies 24, and are formed
in straight lines along the vertical direction (the direction
of arrows A and B). The bearings 160a, 160b, for exam-
ple, are formed from a metal material, and in the same
manner as the main body portions 158, are formed along
straight lines having a predetermined length with rectan-
gular shapes in cross section, and are fixed by bolts to
the main body portions 158. In addition, the bearings
160a, 160b include a plurality of recesses 162 on side
surfaces thereof opposite to the side surfaces that abut
against the main body portions 158. The recesses 162
are filled with a lubricant such as grease or the like, for
example.
[0074] On the other hand, as shown in FIG. 14, the
guide groove 156a, 156b through which the guide bodies
152a, 152b are inserted are formed centrally in the width-
wise direction (the direction of the arrow C) of the block
154, are formed in opposite side surfaces of the block
154 that face toward the plate bodies 24, and are re-
cessed toward the center of the block 154 with rectan-
gular shapes in cross section. The guide grooves 156a,
156b extend perpendicularly to the widthwise direction
of the block 154, and a pair of guide surfaces 162a, 162b,
which are separated mutually by a predetermined dis-
tance, are arranged in sliding contact with the bearings
160a, 160b of the guide bodies 152a, 152b.
[0075] In addition, when the block 154 is raised and
lowered under a driving action of the drive unit 18, since
the block 154 is guided highly precisely by the guide bod-
ies 152a, 152b that are inserted through the guide
grooves 156a, 156b, together with the lubricant being

provided on the bearings 160a, 160b of the guide bodies
152a, 152b via the recesses 162, the block 154 can be
guided smoothly due to application of the lubricant onto
the guide surfaces 162a, 162b of the guide grooves 156a,
156b.
[0076] The specific operations of the clamp apparatus
150 are basically the same as those of the clamp appa-
ratus 10 according to the above-described first embodi-
ment, and therefore, detailed descriptions of such oper-
ations are omitted.
[0077] The clamp apparatus according to the present
invention is not limited to the above embodiments. Var-
ious changes and modifications may be made to the em-
bodiments without departing from the scope of the inven-
tion as set forth in the appended claims.

Claims

1. A clamp apparatus for clamping a workpiece with a
pair of clamp arms by rotation of the clamp arms,
comprising:

a body (12);
a drive unit (18) disposed on the body (12) and
having a displaceable body (76, 78) which is dis-
placed in axial directions;
first and second clamp arms (14, 16), which are
supported rotatably with respect to the body (12)
and are arranged in a mutually confronting man-
ner;
a driving force transmission mechanism (20)
connected to the drive unit (18), and which con-
verts linear displacement along an axial direc-
tion of the drive unit (18) into rotary displacement
and transmits a driving force of the drive unit
(18) to the first and second clamp arms (14, 16);
and
positioning means connected to the driving force
transmission mechanism (20) for positioning
and retaining the workpiece in a predetermined
position at a stage prior to clamping the work-
piece, by restricting rotation of the second clamp
arm (16) in advance of the first clamp arm (14)
when clamping of the workpiece is carried out,
characterized in

that the positioning means comprises:

a cam groove (64) formed in the second clam
arm (16); and
a roller (102) supported rotatably on one end of
a block (94) that is connected to the displaceable
body (78), the roller (102) being movable along
the cam groove (64); and
the cam groove (64) comprising:

a rotation groove part (68), which is inclined
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with respect to a displace-ment direction of
the displaceable body (78), and is engaged
with the roller (102) when the second clamp
arm (16) is rotated; and
a restriction groove part (66) connected to
the rotation groove part (68), and which ex-
tends along the displacement direction of
the displaceable body (78), and is engaged
with the roller (102) when rotation of the sec-
ond clamp arm (16) is restricted, and

that the driving force transmission mechanism
(20) comprises a link pin (98) inserted through
the other end of the block (94), and a link arm
(104) supported for rotation between the link pin
(98) and a second arm pin (50) of the first clamp
arm (14).

2. The clamp apparatus according to claim 1, wherein
the body (12) includes a guide body (34) against
which the roller (102) abuts and which guides the
roller (102) along the displacement direction of the
displaceable body (78).

3. The clamp apparatus according to claim 1, wherein
the body (12) includes a guide mechanism for guid-
ing the block (94) along the displacement direction
of the displaceable body (78).

4. The clamp apparatus according to claim 3, the guide
mechanism comprising:

guide bodies (152a, 152b) disposed to extend
in a vertical direction with respect to the body
(12); and
guide grooves (156a, 156b) formed in the block
(94) and in which the guide bodies (152a, 152b)
are inserted.

5. The clamp apparatus according to claim 1, wherein
the drive unit (18) comprises a fluid pressure cylinder
that displaces the displaceable body (76, 78) along
the axial directions by supply of a pressure fluid to
the fluid pressure cylinder.

Patentansprüche

1. Eine Klemmvorrichtung zum Klemmen eines Werk-
stücks mit einem Paar von Klemmarmen durch Ro-
tation der Klemmarme, umfassend:

einen Körper (12);
eine Antriebseinheit (18), die an dem Körper
(12) vorgesehen ist und einen verschiebbaren
Körper (76, 78) aufweist, der in axialen Richtun-
gen verschoben wird;
erste und zweite Klemmarme (14, 16), die relativ

zu dem Körper (12) drehbar gehalten werden
und so angeordnet sind, dass sie einander ge-
genüber liegen;
einen Antriebskraftübertragungsmechanismus
(20), der mit der Antriebseinheit (18) verbunden
ist und der eine Linearverschiebung entlang ei-
ner axialen Richtung der Antriebseinheit (18) in
eine Drehverschiebung umwandelt und eine An-
triebskraft der Antriebseinheit (18) auf die ersten
und zweiten Klemmarme (14, 16) überträgt; und
Positionierungsmittel, die mit dem Antriebskraft-
übertragungsmechanismus (20) verbunden
sind, um das Werkstück in einem Stadium vor
dem Klemmen des Werkstücks an einer festge-
legten Position zu positionieren und zu halten,
indem die Rotation des zweiten Klemmarmes
(16) vor dem ersten Klemmarm (14) begrenzt
wird, wenn das Klemmen des Werkstücks
durchgeführt wird, dadurch gekennzeichnet,
dass die Positionierungsmittel umfassen:

eine Nockennut (64), die in dem zweiten
Klemmarm (16) ausgebildet ist; und
eine Walze (102), die drehbar an einem En-
de eines Blocks (94) gehalten wird, der mit
dem verschiebbaren Körper (78) verbun-
den ist, wobei die Walze (102) entlang der
Nockennut (64) bewegbar ist; und

dass die Nockenut (64) umfasst:

einen Rotationsnutenabschnitt (68), der re-
lativ zu einer Verschiebungsrichtung des
verschiebbaren Körpers (78) geneigt ist und
mit der Walze (102) in Eingriff steht, wenn
der zweite Klemmarm (16) gedreht wird;
und
einen Begrenzungsnutenabschnitt (66), der
mit dem Rotationsnutenabschnitt (68) ver-
bunden ist und der sich entlang der Ver-
schiebungsrichtung des verschiebbaren
Körpers (78) erstreckt und der mit der Walze
(102) in Eingriff tritt, wenn die Rotation des
zweiten Klemmarmes (16) begrenzt wird,
und

dass der Antriebskraftübertragungsmechanis-
mus (20) einen Verbindungsstift (98) aufweist,
welcher durch das andere Ende des Blockes
(94) eingesetzt ist, und einen Verbindungsarm
(104), welcher zur Rotation zwischen dem Ver-
bindungsstift (98) und einem zweiten Armstift
(90) des ersten Klemmarmes (14) gehalten wird.

2. Die Klemmvorrichtung nach Anspruch 1, wobei der
Körper (12) einen Führungskörper (34) aufweist, an
welchem die Walze (102) anliegt und welcher die
Walze (102) entlang der Verschiebungsrichtung des
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verschiebbaren Körpers (78) führt.

3. Die Klemmvorrichtung nach Anspruch 1, wobei der
Körper (12) einen Führungsmechanismus zum Füh-
ren des Blocks (94) entlang der Verschiebungsrich-
tung des verschiebbaren Körpers (78) aufweist.

4. Die Klemmvorrichtung nach Anspruch 3, wobei der
Führungsmechanismus umfasst:

Führungskörper (152a, 152b), die so angeord-
net sind, dass sie sich in einer vertikalen Rich-
tung relativ zu dem Körper (12) erstrecken; und
Führungsnuten (156a, 156b), die in dem Block
(94) ausgebildet sind und in welche die Füh-
rungskörper (152a, 152b) eingesetzt sind.

5. Die Klemmvorrichtung nach Anspruch 1, wobei die
Antriebseinheit (18) einen Fluiddruckzylinder auf-
weist, welcher den verschiebbaren Körper (76, 78)
durch Zufuhr eines Druckfluides zu dem Fluiddruck-
zylinder entlang den axialen Richtungen verschiebt.

Revendications

1. Dispositif de serrage pour serrer une pièce à usiner
avec une paire de bras de serrage par rotation des
bras de serrage, comprenant :

un corps (12) ;
une unité d’entraînement (18) disposée sur le
corps (12) et ayant un corps déplaçable (76, 78)
qui est déplacé dans des directions axiales ;
un premier et un second bras de serrage (14,
16), qui sont soutenus rotativement par rapport
au corps (12) et sont disposés de manière à se
faire face mutuellement;
un mécanisme de transmission de force d’en-
traînement (20) raccordé à l’unité d’entraîne-
ment (18) et qui convertir un déplacement linéai-
re le long d’une direction axiale de l’unité d’en-
traînement (18) en un déplacement rotatif et
transmet une force d’entraînement de l’unité
d’entraînement (18) au premier et au second
bras de serrage (14, 16) ; et
un moyen de positionnement raccordé au mé-
canisme de transmission de force d’entraîne-
ment (20) pour positionner et retenir la pièce à
usiner dans une position prédéterminée à un
stade antérieur au serrage de la pièce à usiner,
en restreignant la rotation du second bras de
serrage (16) en avance du premier bras de ser-
rage (14) lorsque le serrage de la pièce à usiner
est effectué,
caractérisé en ce que le moyen de positionne-
ment comprend :

une rainure de came (64) formée dans le
second bras de serrage (16) ; et
un rouleau (102) soutenu rotativement sur
une extrémité d’un bloc (94) qui est raccor-
dé au corps déplaçable (78), le rouleau
(102) étant mobile le long de la rainure de
came (64) ; et
la rainure de came (64) comprenant :

une partie de rainure de rotation (68), qui est
inclinée par rapport à une direction de déplace-
ment du corps déplaçable (78) et vient en prise
avec le rouleau (102) quand le second bras de
serrage (16) est tourné ; et
une partie de rainure de restriction (66) raccor-
dée à la partie de rainure de rotation (68) et qui
s’étend le long de la direction de déplacement
du cops déplaçable (78) et vient en prise avec
le rouleau (102) lorsque la rotation du second
bras de serrage (16) est restreinte, et
que le mécanisme de transmission de force
d’entraînement (20) comprend un axe de liaison
(98) inséré à travers l’autre extrémité du bloc
(94) et un bras de liaison (104) soutenu en vue
d’une rotation entre l’axe de liaison (98) et un
second axe de bras (50) du premier bras de ser-
rage (14).

2. Dispositif de serrage selon la revendication 1, dans
lequel le corps (12) inclut un corps de guidage (34)
contre lequel le couleau (102) bute et qui guide le
rouleau (102) le long de la direction de déplacement
du corps déplaçable (78).

3. Dispositif de serrage selon la revendication 1, dans
lequel le corps (12) inclut un mécanisme de guidage
pour guider le bloc (94) le long de la direction de
déplacement du corps déplaçable (78).

4. Dispositif de serrage selon la revendication 3, le mé-
canisme de guidage comprenant :

des corps de guidage (152a, 152b) disposés de
manière à s’étendre dans une direction verticale
par rapport au corps (12) ; et
des rainures de guidage (156a, 156b) formées
dans le bloc (94) et dans lesquelles les corps de
guidage (152a, 152b) sont insérés.

5. Dispositif de serrage selon la revendication 1, dans
lequel l’unité d’entraînement (18) comprend un vérin
de pression de fluide qui déplace le corps déplaçable
(76, 78) le long des directions axiales en alimentant
une pression de fluide dans le vérin de pression de
fluide.
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