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Description

[0001] The present invention relates generally to a joint
forming apparatus and more specifically to a die and
punch and related method for forming a joint between
sheets of material.
[0002] In the manufacture of products, there is often a
need to join a pair or several pieces of material, such as
sheet metal to build various assemblies and subassem-
blies. There are many different means for accomplishing
this joining task. For example, there is adhesive bonding,
welding or cold deformation. Both bonding and welding
processes require the introduction of a foreign material
to the assembly. The foreign material can tend to fail,
thereby weakening the assembly. In cold deformation,
several pieces of sheet material are plastically deformed
in such a manner that they are locked together. Depend-
ing on the thickness, strength and/or the number of piec-
es of material to be joined, a great amount of force is
required to accomplish this task.
[0003] Traditional presses for providing this force in-
clude in-line hydraulic presses and accordion-type toggle
presses. Such presses, however, are often heavy and
include many intricate parts making maintenance difficult
and time consuming. Furthermore, many presses require
a robot to feed (such as horizontally) the pieces of ma-
terial into a position between a die and punch. Moreover,
in many instances it can become difficult and inefficient
to manage and accommodate the associated rotational
and translational movements of the various components
in the press. For example, WO 2004/045787 A1 de-
scribes an apparatus notably for pressing mechanical
parts together. This apparatus comprises a C-frame jaw
and a moving part pivoting with respect to the C-frame
jaw around a pivot axis. This apparatus further comprises
an actuator pivotally connected to the moving part so as
to cause the moving part to pivot in a closed position with
respect to the C-frame jaw. The distance between the
two axes, pivot axis between the moving part and the jaw
and the pivot axis between the moving part and the ac-
tuator, is chosen to compensate the bending moment
produced by the tool. The movement of the jaw can be
locked by means of a locking mechanism arranged re-
mote from the working zone thanks to a pushing rod.
[0004] Therefore, it is proposed an apparatus for
clinching a workpiece, according to claim 1.
[0005] Preferred embodiments of this clinching appa-
ratus are proposed in the dependent claims.
[0006] In accordance with the present invention, a
clamping apparatus is provided. The apparatus generally
includes a clamp body, an arm, a punch, a die and a first
linear actuator. The arm is rotatably fixed to the clamp
body around a first pivot axis between a closed position
and an open position. The punch is mounted to one of
the body and the arm. The die is fixedly mounted to the
other of the body and the arm. The first linear actuator
includes a rod that is rotatably coupled to the arm around
a second pivot axis. The rod moves between a first po-

sition corresponding to the arm being in the closed posi-
tion and a second position corresponding to the arm be-
ing in the open position. A first distance is defined be-
tween the first and second pivot axes in the closed posi-
tion. A second distance is defined between the first and
second pivot axes in the open position. The first and sec-
ond distances are equivalent.
[0007] According to additional features of the present
invention, the first linear actuator is rotatably fixed to the
body about a third pivot axis. The linear actuator rotates
around the third pivot axis during translation of the rod
between the first and second positions. The arm gener-
ally comprises an arcuate body having a first body portion
that extends between a first end and the first pivot axis
and a second body portion that extends between the sec-
ond end and the first pivot axis. The first end of the first
arm includes one of the punch and die. The second end
of the arm includes an engagement member that is con-
figured to contact a portion of the clamp body when the
arm rotates to the closed position.
[0008] According to additional aspects of the present
invention, a second linear actuator is provided on the
clamp body. The second linear actuator includes a mov-
able member that moves between a retracted position
and an extended position. In the extended position, the
movable member is aligned for contact with the second
end of the arm and inhibits rotation of the arm around the
first pivot axis toward the open position during operation
of the punch.
[0009] The clamping apparatus is moved to an open
position. The workpiece is located between a punch and
die oppositely mounted to a clamp body and an arm,
respectively, of the clamping apparatus. A rod of a first
linear actuator is actuated from a first position to a second
position. The arm is caused to rotate relative to the clamp
body around a first pivot axis and into a closed position.
The rod is rotatably coupled to the arm around a second
pivot axis. A first distance is defined between a first and
second pivot axes in the closed position and a second
distance is defined between the first and second axes in
the open position. The first and second distances are
equivalent. The punch is then actuated.
[0010] An engagement member disposed on the arm
is contacted with a stop disposed on the clamp body upon
rotation of the arm into the closed position. Actuating the
rod further comprises rotating the first linear actuator rel-
ative to the body about a third pivot axis. A second linear
actuator is actuated from a first position to a second po-
sition causing a movable member to become aligned for
contact with the arm prior to actuating the punch. The
movable member engages and inhibits rotation of the
arm around the first pivot axis toward the open position
upon actuation of the punch.
[0011] According to other aspects of the present inven-
tion, the clamping apparatus is advantageous over con-
ventional clamping devices. In this regard, the clamping
apparatus according to the present invention provides a
lower cost clamping configuration that requires less mov-
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ing parts compared to other conventional clamping de-
vices that may incorporate a camming action between a
track and follower associated with the arm. Furthermore,
the clamping apparatus of the present invention provides
a swing arm that rotates around a pivot pin to an open
position that allows vertical insertion of workpieces onto
the die. The swing arm has a counterbalance body por-
tion that extends opposite the pivot pin relative to the
punch assembly to improve balance of the swing arm
relative to the clamp body. The configuration of the swing
arm, clamp body and first actuator provide an apparatus
that accommodates higher loads and has improved bal-
ance as compared to conventional clamping devices.
[0012] Further areas of applicability of the present in-
vention will become apparent from the detailed descrip-
tion provided hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention will become more fully
understood from the detailed description and the accom-
panying drawings, wherein:
[0014] Fig. 1 is a perspective view of a clinch clamp
constructed in accordance with the principles of the
present invention and shown with the clinch clamp in an
open position;
[0015] Fig. 2 is a perspective view of the clinch clamp
of Fig. 1 and shown with the clinch clamp in the closed
position;
[0016] Fig. 3 is a side view of the clinch clamp of Fig.
2 shown in a work position;
[0017] Fig. 4 is a top view of the clinch clamp of Fig. 2;
[0018] Fig. 5 is a front view of the clinch clamp of Fig. 2;
[0019] Fig. 6 is a side view of the clinch clamp of Fig.
1 and shown with a lockout key in a retracted position;
[0020] Fig. 7 is a side view of the clinch clamp of Fig.
3 and shown in a closed position with the lockout key in
an extended position;
[0021] Fig. 8 is a cross-sectional view taken along lines
8-8 of Fig. 4;
[0022] Fig. 9 is a side view of a clinch clamp construct-
ed in accordance with additional features of the present
invention and shown with the clinch clamp in a closed
position and shown with the punch in an actuated posi-
tion;
[0023] Fig. 10 is a top view of the clinch clamp of Fig. 9;
[0024] Fig. 11 is a front view of the clinch clamp of Fig.
9;
[0025] Fig. 12 is a side view of the clinch clamp of Fig.
9 and shown with the clinch clamp in the open position
and with a lockout key in a retracted position;
[0026] Fig. 13 is a cross-sectional view of the clinch
clamp of Fig. 9 and shown with the punch in a retracted
position;
[0027] Fig. 14 is a perspective view of a clinch clamp
constructed in accordance with additional principles of
the present invention and incorporating an anti-rotation
feature, the clinch clamp shown in a closed position;

[0028] Fig. 15 is a cross-sectional view taken along
lines 15-15 of Fig. 14;
[0029] Fig. 16 is a front perspective view of the anti-
rotation feature of the clinch clamp of Fig. 14;
[0030] Fig. 17 is a bottom side perspective view of the
anti-rotation feature of the clinch clamp of Fig. 14;
[0031] Fig. 18 is a cross-sectional view taken along
lines 18-18 of Fig. 15;
[0032] Fig. 19 is a perspective view of a clinch clamp
constructed with additional principles of the present in-
vention and shown in an open position; and
[0033] Fig. 20 is a perspective view of the clinch clamp
of Fig. 19 and shown in a closed, working position.
[0034] Corresponding reference numerals indicate
corresponding parts throughout the several views of the
drawings.

DETAILED DESCRIPTION

[0035] With initial reference to Figs. 1 and 2, an appa-
ratus for clinching a workpiece constructed in accordance
to the present invention is shown and generally identified
at reference numeral 10. The apparatus 10 is preferably
a clinch-type clamp. The apparatus 10 generally includes
a body assembly 12, a punch assembly 14, a die assem-
bly 16 and a first linear actuator 20. The body assembly
12 generally comprises a clamp body 22 having a pair
of support arms 24 that support a swing arm 26. The
body assembly 12 is fixedly mounted to a clamp base
28. The swing arm 26 is rotatably fixed to the clamp body
22 around a pivot pin 30 for rotation around an arm pivot
axis 32. It can be appreciated that while the illustrated
embodiment comprises support arms 24 that are bifur-
cated for supporting a single swing arm 26 therebetween,
the clamp body 22 can alternatively comprise a single
riser having a bifurcated swing arm pivotally mounted
thereto.
[0036] The punch assembly 14 generally comprises a
punch holder 36, a punch 38, a biasing member 40 (see
also Fig. 8), and a stripper 42. The punch assembly 14
is mounted to the swing arm 26 by a cylinder mounting
block 44. A punch cylinder 46 and actuator 48 are mount-
ed against the cylinder mounting block 44. The actuator
48 is hydraulically actuated however other configura-
tions, such as pneumatic and mechanical are contem-
plated. The biasing member 40 provides clamping force
to the stripper 42.
[0037] The die assembly 16 is fixedly mounted to the
support arms 24 by a die support 50. The die assembly
16 generally includes a die body 52 and an anvil 54 (Fig.
6). The die assembly 16 further includes three movable
die blades 56. While not specifically identified by refer-
ence numeral in the figures, the die assembly 16 further
includes a guard, a canted coil spring, a dowel and a bolt.
Further description of the die assembly 16 may be found
in commonly owned U.S. Patent Nos. 6,115,898;
6,092,270; and 5,581,860, which are expressly incorpo-
rated herein by reference.
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[0038] With further reference now to Figs. 3-7, the first
linear actuator 20 will be further described. The first linear
actuator 20 generally includes a piston 60 that translates
through a cylinder 62. The first linear actuator 20 is a
pneumatically actuated cylinder however other configu-
rations, such as hydraulic and mechanical are contem-
plated. The piston 60 is fixedly connected to a piston rod
64. As will become appreciated from the following dis-
cussion, the piston rod 64 translates between a first po-
sition (or extended position), illustrated in Fig. 3, corre-
sponding to the swing arm 26 being in a closed position
to a second position (or retracted position), illustrated in
Fig. 6, corresponding to the swing arm 26 being in an
open position. The first linear actuator 20 further includes
a lower end cap 70 and an upper end cap 72 connected
at opposite ends of the cylinder 62 and further supported
by four tie rods 74. The first linear actuator 20 is rotatably
coupled to the clamp body 22 through a trunion mount
78. Explained further, the first linear actuator 20 is rotat-
ably coupled through a cylinder pivot pin 80 extending
through the trunion mount 78 for rotation around a cylin-
der pivot axis 82 (Fig. 1). A distal end 86 of the piston
rod 64 includes a piston rod pivot joint 90. The piston rod
pivot joint 90 generally includes a rod eye 92, a bushing
94, a piston rod pivot pin 96 and a piston rod mount 98.
As viewed in Fig. 2, the piston rod mount 98 generally
includes a clevis 100 having a first leg 102 and a second
leg 104. The rod eye 92 is rotatably mounted around the
piston rod pivot pin 96. The bushing 94 is interposed be-
tween the pivot pin 96 and the rod eye 92. The bushing
94 according to the present invention is constructed of
bronze. The bronze bushing 94 provides favorable wear
properties in the present application. The piston rod pivot
pin 96 defines a pivot pin axis 110 through which the
piston rod mount 98 and therefore the swing arm 26 ro-
tates about.
[0039] With specific reference now to Figs. 3 and 6-8,
additional features of the apparatus 10 will be described.
A second linear actuator 120 is mounted generally be-
tween the support arms 24 of the clamp body 22. The
second linear actuator 120 is a pneumatically actuated
cylinder however other configurations, such as hydraulic
and mechanical are contemplated. The second linear ac-
tuator 120 generally includes a piston 122 that is config-
ured for slidable translation within a cylinder 124. The
piston 122 carries a rod 126 that has a lock-out key 130
disposed on a distal end 132 thereof. The second linear
actuator 120 is configured to translate the lock-out key
130 between an extended position (Figs. 3, 7 and 8) and
a retracted position (Fig. 6). As will become appreciated
from the following discussion, the lock-out key 130 is con-
figured to move to the expanded position subsequent to
the swing arm 26 being rotated to the closed position to
engage the swing arm 26 and inhibit rotation of the swing
arm 26 in a counterclockwise direction around the swing
arm pivot pin 30 during actuation of the punch 38. Sub-
sequent to a punching event (e.g., clinching of a work-
piece), the lock-out key 130 is retracted, such that the

swing arm 26 is uninhibited from rotating in a counter-
clockwise direction around the pivot pin 30 as viewed in
Fig. 3 to the open position as shown in Fig. 6.
[0040] With specific reference now to Figs. 6 and 8,
additional features of the apparatus 10 will be further de-
scribed. An engagement member 136 is disposed on the
swing arm 26. The engagement member 136 is config-
ured to contact a hard stop 140 that is fixedly connected
between the support arms 24 of the clamp body 22. Con-
tact of the engagement member 136 onto the hard stop
140 facilitates the stopping of clockwise rotation of the
swing arm 26 around the arm pivot axis 32 when rotating
from the open position (Fig. 6) to the closed position (Fig.
8). As can be appreciated, the hard stop 140 can assist
in dissipating the rotational stopping energy of the swing
arm 26 that could otherwise be taken up by the piston
rod pivot joint 90. The engagement member 136 can be
formed of urethane or rubber. The hard stop 140 can be
formed of metal, such as steel or other hard material.
[0041] The apparatus 10 according to the present in-
vention incorporates components that are arranged for
rotational and translational movement that are without
any joints that require a cam or track configuration. In
this regard, a more robust, efficient and repeatable mo-
tion of the swing arm 26 between the open position (Fig.
1) and the closed position (Fig. 2) is provided. To further
illustrate a geometrical relationship provided by the body
assembly 12 and first linear actuator 20, specific refer-
ence now is made to Figs. 3 and 6. A first distance D1 is
defined between the axis 32 of the swing arm pivot pin
30 and the axis 110 of the piston rod pivot pin 96. The
distance D1 is illustrated in Fig. 3 with the swing arm 26
in the closed position. A distance D2 is defined between
the axis 32 of the swing arm pivot pin 30 and the axis
110 of the piston rod pivot pin 96 with the swing arm 26
in the open position. The distances D1 and D2 are equiv-
alent. Furthermore, the distance between the axis 32 of
the swing arm pivot pin 30 and the axis 110 of the piston
rod pivot pin 96 remains unchanged throughout the ro-
tational motion of the swing arm 26 between the closed
position (Fig. 3) and open position (Fig. 6).
[0042] With particular reference to Fig. 6, the swing
arm 26 will be described in greater detail. The swing arm
26 generally comprises an arcuate or C-shaped body
150 including a first body portion 152 and a second body
portion 154. The first body portion 152 extends between
a first end 160 of the swing arm 26 and the axis 32 of the
swing arm pivot pin 30. The second body portion 154
extends between a second end 162 of the swing arm 26
and the axis 32 of the swing arm pivot pin 30. According
to an advantage of the present invention, the second
body portion 154 of the swing arm 26 has a significant
amount of mass opposite the first body portion 152 rel-
ative to the axis 32. In one example, the first body portion
152 can account for at least one-quarter of the mass of
the swing arm 26. In this regard, the second body portion
154 can provide a counter balance to the mass associ-
ated with the first body portion 152 (and also the mass
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associated with the components of the punch assembly
14).
[0043] The apparatus 10 according to the present in-
vention provides other useful advantages. Notably, with
the swing arm 26 rotated to the open position as illustrat-
ed in Fig. 6, the immediate space above and adjacent to
the die assembly 16 is unobstructed. Explained further,
a longitudinal axis 168 taken through the die body 52 with
the swing arm 26 rotated to the open position is non-
intersecting relative to the punch assembly 14. In this
regard, if desired, a user (a robot, etc.) is able to horizon-
tally locate a workpiece (specifically identified at refer-
ence numeral 170 in Fig. 8) against the die body 52 with
reduced effort as compared to introducing a workpiece
that may require additional and/or more complicated
movements, such as translating horizontally and/or ro-
tating.
[0044] An exemplary method of using the apparatus
10 according to the present invention will now be de-
scribed. At the outset, the body assembly 12 is rotated
to the open position (Figs. 1 and 6). A workpiece (iden-
tified at reference numeral 170 in Fig. 8) is then located
generally against the die assembly 16. The first linear
actuator 20 is then actuated, such that the piston rod 64
translates from the retracted position illustrated in Fig. 6
to the expanded position illustrated in Fig. 3. During the
actuation of the piston rod 64, the cylinder 62 of the first
linear actuator 20 is caused to rotate around the cylinder
pivot axis 82 in a direction counterclockwise as viewed
in the figures relative to the cylinder pivot pin 80 of the
trunion mount 78. Concurrently, the piston rod mount 98
is caused to rotate clockwise around the axis 110 of the
piston rod pivot pin 96. During rotational movement of
the cylinder 62 relative to the trunion mount 78, the lower
end cap 70 simply rotates uninhibited in a direction away
from the clamp body 22. Rotation of the piston rod mount
98 around the axis 110 causes the swing arm 26 to rotate
in a direction clockwise (as view in Fig. 6) around the
swing arm pivot pin 30 until the engagement member
136 disposed on the second end 162 of the swing arm
26 engages the hard stop 140 disposed on the clamp
body 22 (Fig. 8).
[0045] At this point, the swing arm 26 is in the closed
position as shown in Figs. 3, 7 and 8. Next, the second
linear actuator 120 is actuated causing the rod 126 and
lock-out key 130 to move from the position shown in Fig.
6 to the position shown in Fig. 8. The lock-out key 130 is
now in position to resist any counterclockwise rotation of
the swing arm 26 about the pivot axis 32 that is caused
from firing of the punch 38. With the lock-out key 130
expanded to the position shown in Fig. 8, the punch 38
can then be actuated creating a clinch joint on the work-
piece 170. The punch 38 is linearly actuated in a direction
along the longitudinal axis 168 (Fig. 6). Again, a backlash
force that may tend to influence the swing arm 26 to rotate
in a counterclockwise direction around the pivot axis 32
resulting from engagement of the punch 38 onto the work-
piece 170 can be blocked by the lock-out key 130. Once

the clinch joint has been made, the punch 38 is then
retracted by the cylinder 46. The second linear actuator
120 is then retracted, such that the rod 126 translates
back into the cylinder 124 to a position where the lock-
out key 130 clears the second end 162 of the swing arm
26 (Fig. 6).
[0046] The first linear actuator 20 is then actuated,
such that the piston rod 64 retracts into the cylinder 62
causing the piston rod mount 98 to rotate in a counter-
clockwise direction around the axis 110 of the piston rod
pivot pin 96. Concurrently, the cylinder 62 rotates in a
clockwise direction around the cylinder pivot axis 82 (Fig.
1). As can be appreciated, the swing arm 26 is therefore
caused to rotate in a counterclockwise direction around
the axis 32 of the swing arm pivot pin 30 until reaching
the open position shown in Fig. 6. The method then re-
peats for successive clinching operations.
[0047] With reference now to Figs. 9-13, an apparatus
for clinching a workpiece constructed in accordance to
additional features of the present invention is shown and
generally identified at reference numeral 210. The appa-
ratus 210 is preferably a clinch-type clamp. The appara-
tus 210 generally includes a body assembly 212, a punch
assembly 214, a die assembly 216 and a first linear ac-
tuator 220. The body assembly 212 generally comprises
a clamp body 222 having a pair of support arms 224 (Fig.
10) that support a swing arm 226. The body assembly
212 is fixedly mounted to a clamp base 228. The swing
arm 226 is rotatably fixed to the clamp body 222 around
a pivot pin 230 for rotation about an arm pivot axis 232.
It will be appreciated that while the illustrated embodi-
ment comprises support arms 224 that are bifurcated for
supporting a single swing arm 226 therebetween, the
clamp body 222 can alternatively comprise a single riser
having a bifurcated swing arm pivotally mounted thereto.
[0048] The punch assembly 214 generally comprises
a punch holder 236, a punch 238, a biasing member 240
and a stripper 242. The punch assembly 214 is mounted
to the swing arm 226 by a cylinder mounting block 244.
A punch cylinder 246 and an actuator 248 are mounted
against the cylinder mounting block 244. The actuator
248 is an air/oil intensifying cylinder however, other con-
figurations, such as pneumatic and mechanical are con-
templated. The biasing member 240 provides a clamping
force to the stripper 242.
[0049] The die assembly 216 is fixedly mounted to the
support arms 224 by a die support 250. The die assembly
216 can have any configuration such as one that includes
three movable die blades as discussed above with re-
spect to the die assembly 16. Other configurations are
contemplated.
[0050] With reference now to Figs. 9, 12, and 13, the
first linear actuator 220 will be further described. The first
linear actuator 220 generally includes a piston 260 that
translates through a cylinder 262. The first linear actuator
220 is a pneumatically actuated cylinder however, other
configurations, such as hydraulic and mechanical are
contemplated. The piston 260 is fixedly connected to a
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piston rod 264. As will become appreciated from the fol-
lowing discussion, the piston rod 264 translates between
a first position (or extended position), illustrated in Figs.
9 and 13, corresponding to the swing arm 226 being in
a closed position to a second position (or retracted posi-
tion), illustrated in Fig. 12, corresponding to the swing
arm 226 being in an open position. The first linear actu-
ator 220 is rotatably coupled to the clamp body 222
through a trunion mount 278. The first linear actuator 220
is rotatably coupled through a cylinder pivot pin 280 ex-
tending through the trunion mount 278 for rotation about
a cylinder pivot axis 282 (Fig. 12). A distal end 286 of the
piston rod 264 includes a piston rod pivot joint 290. The
piston rod pivot joint 290 generally includes a rod eye
292 (Fig. 9), a bushing 294, a piston rod pivot pin 296,
and a piston rod mount 298. The piston rod pivot joint
290 may be configured similarly to the piston rod pivot
joint 90 described above with respect to Figs. 3-7. The
piston rod pivot pin 296 defines a pivot pin axis 299
through which the piston rod mount 298 and, therefore
the swing arm 226 rotates about.
[0051] The linear actuator 220 remains at a non-or-
thogonal angle relative to the clamp base 228 in both the
closed position (Fig. 9) and the open position (Fig. 12).
Such a relationship allows an increase in throat depth,
identified at area 300 (Fig. 15).
[0052] A second linear actuator 320 is mounted gen-
erally between the support arms 224 of the clamp body
222. The second linear actuator 320 is a pneumatically
actuated cylinder however, other configurations, such as
hydraulic and mechanical are contemplated. The second
linear actuator 320 generally includes a piston 322 that
is configured for slidable translation within a cylinder 324.
The piston 322 carries a rod 326 that has a lock-out key
330 disposed on a distal end 332 thereof. The second
linear actuator 320 is configured to translate the lock-out
key 330 between an extended position (Figs. 9 and 13)
and a retracted position (Fig. 12). The lock-out key 330
is configured to move to the expanded position subse-
quent to the swing arm 226 being rotated to the closed
position to engage the swing arm 226 and inhibit rotation
of the swing arm 226 in a counterclockwise direction
around the swing arm pivot pin 230 during actuation of
the punch 238. The lock-out key 330 can operate similar
to the lock-out key 130 described above. In this regard,
subsequent to a punching event, the lock-out key 330 is
retracted, such that the swing arm 226 is uninhibited from
rotating in a counterclockwise direction around the pivot
pin 230 as viewed in Fig. 9 to the open position as shown
in Fig. 12. The second linear actuator 320 is also ar-
ranged at a non-orthogonal angle relative the clamp base
228 to align with the swing arm 226.
[0053] An engagement member 336 (Fig. 13) is dis-
posed on the swing arm 226. The engagement member
336 is configured to contact a hard stop 340 that is fixedly
connected between the support arms 224 of the clamp
body 222. The configuration of the engagement member
336 and the hard stop 340 is similar to that described

above with respect to the engagement member 136 and
140. In this regard, the engagement member 336 is con-
figured to engage the hard stop 340 to facilitate the stop-
ping of clockwise rotation of the swing arm 226 around
the arm pivot axis 232 when rotating from the open po-
sition (Fig. 12) to the closed position (Fig. 13). The hard
stop 340 can assist in dissipating the rotational stopping
energy of the swing arm 226 that could otherwise be tak-
en up by the piston rod pivot joint 290.
[0054] As with the apparatus 10 described above, the
apparatus 210 according to the present invention incor-
porates components that are arranged for rotational and
translational movement that are without any joints that
require a cam or track configuration. In this regard, a
more robust, efficient, and repeatable motion of the swing
arm 226 between the open position (Fig. 12) and the
closed position (Figs. 9 and 13) is provided. To further
illustrate a geometrical relationship provided by the body
assembly 212 and the first linear actuator 220, specific
reference now is made to the Figs. 9 and 12. A first dis-
tance D3 is defined between the axis 232 of the swing
arm pivot pin 230 and the axis 299 of the piston rod pivot
pin 296. The distance D3 is illustrated in Fig. 9 with the
swing arm 226 in the closed position. A distance D4 is
defined between the axis 232 of the swing arm pivot pin
230 and the axis 299 of the piston rod pivot pin 296 with
the swing arm 226 in the open position. The distances
D3 and D4 are equivalent. Furthermore, the distance be-
tween the axis 232 of the swing arm pivot pin 230 and
the axis 299 of the piston rod pivot pin 296 remains un-
changed throughout the rotational motion of the swing
arm 226 between the closed position (Figs. 9 and 13)
and the open position (Fig. 12).
[0055] With particular reference now to Fig. 13, the
swing arm 226 will be described in greater detail. The
swing arm 226 generally comprises an arcuate or C-
shaped body 350 including a first body portion 352 and
a second body portion 354. The first body portion 352
extends between a first end 360 of the swing arm 226
and the axis 232 of the swing arm pivot pin 230. The
second body portion 354 extends between a second end
362 of the swing arm 226 and the axis 232 of the swing
arm pivot pin 230. Similar to the swing arm configuration
described above with respect to the swing arm 26, the
swing arm 226 incorporates a significant amount of mass
on the second body portion 354 opposite the first body
portion 352 relative to the axis 232. In one example, the
first body portion 352 can account for at least one-quarter
of the mass of the swing arm 226. In this regard, the
second body portion 354 can provide a counter balance
to the mass associated with the first body portion 352
(and also the mass associated with the components of
the punch assembly 214). In addition, when the swing
arm 226 is rotated to the open position as illustrated in
Fig. 12, the immediate space above and adjacent to the
die assembly 216 is unobstructed.
[0056] An exemplary method of using the apparatus
210 according to the present invention will now be de-
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scribed. At the outset, the body assembly 212 is rotated
to the open position (Fig. 12). A workpiece (not specifi-
cally shown) may be generally located against the die
assembly 216. The first linear actuator 220 is then actu-
ated, such that the piston rod 264 translates from the
retracted position illustrated in Fig. 12 to the expanded
position illustrated in Fig. 13. During the actuation of the
piston rod 264, the cylinder 262 of the first linear actuator
220 is caused to rotate around the cylinder pivot axis 282
(Fig. 12) in a direction counterclockwise as viewed in the
Figures relative to the cylinder pivot pin 280 of the trunion
mount 278. Concurrently, the piston rod mount 298 is
caused to rotate clockwise around the axis 299 of the
piston rod pivot pin 296. During rotation of the piston rod
mount 298 around the axis 299 causes the swing arm
226 to rotate in a direction clockwise (as viewed in Fig.
12) around the swing arm pivot pin 230 until the engage-
ment member 336 (Fig. 13) disposed on the second end
362 of the swing arm 226 engages the hard stop 340
disposed on the clamp body 222. At this point, the swing
arm 226 is in the closed position as illustrated in Fig. 9.
Next, the second linear actuator 320 is actuated causing
the rod 326 and the lock-out key 330 to move from the
position shown in Fig. 12 (retracted position) to the po-
sition shown in Fig. 13 (actuated position). The lock-out
key 330 is now in position to resist any counterclockwise
rotation of the swing arm 226 about the pivot axis 232
that is caused from firing of the punch 238.
[0057] With the lock-out key 330 expanded to the po-
sition shown in Fig. 13, the punch 238 can then be actu-
ated from the position shown in Fig. 13 to the position
shown in Fig. 9. Again, a backlash force that may tend
to influence the swing arm 226 to rotate in a counter-
clockwise direction around the pivot axis 232 resulting
from the engagement of the punch 238 onto a workpiece
can be blocked by the lock-out key 330. Once the clinch
joint has been made, the punch 238 is then retracted by
the cylinder 246. The second linear actuator 320 is then
retracted, such that the rod 326 translates back into the
cylinder 324 to a position where the lock-out key 330
clears the second end 362 of the swing arm 226 (Fig.
12). The first linear actuator 220 is then actuated, such
that the piston rod 264 retracts into the cylinder 262 caus-
ing the piston rod mount 298 to rotate in a counterclock-
wise direction around the axis 299 of the piston rod pivot
pin 296. Concurrently, the cylinder 262 rotates in a clock-
wise direction around the cylinder pivot axis 282 (Fig.
12). As can be appreciated, the swing arm 226 is there-
fore caused to rotate in a counterclockwise direction
around the axis 232 of the swing arm pivot pin 230 until
reaching the open position shown in Fig. 12. The method
then repeats for successive clinching operations.
[0058] With reference now to Figs. 14-18, an apparatus
for clinching a workpiece constructed in accordance to
additional features of the present invention is shown and
generally identified at reference numeral 410. The appa-
ratus 410 is preferably a clinch-type clamp. The appara-
tus 410 generally includes a body assembly 412, a die

assembly 416, and a first linear actuator 420. The appa-
ratus 410 is constructed substantially similar to the ap-
paratus 210 described above and shown in Figs. 9-13,
however the apparatus 410 incorporates an anti-rotation
feature 430. The following discussion will be directed to-
ward features associated with the anti-rotation feature
430. A description of the remainder of the apparatus 410
may be found above with the description of the apparatus
210 and will not be repeated here. The anti-rotation fea-
ture 430 generally includes an anti-rotation block 432, an
anti-rotation key 434, and a punch 440. The anti-rotation
block 432 is rigidly secured to a support block 444 that
is coupled to a swing arm 426 with a fastener 450. The
anti-rotation block 432 is coupled to the support block
444 by way of fasteners 452. The anti-rotation block 432
incorporates opposing flats 456 (Fig. 18) that are config-
ured to slidably engage complementary flats 460 formed
on the punch 440.
[0059] The anti-rotation key 434 is coupled to the
punch 440 by way of a fastener 468. The anti-rotation
feature 430 is configured to cooperate with a punch as-
sembly 470 that generally comprises a punch holder 472,
the punch 440, a biasing member 474 and a stripper 476.
The punch assembly 470 is mounted to the swing arm
426 by a cylinder mounting block 478 and the support
block 444. A punch cylinder 480 and an actuator 482 are
mounted against the cylinder mounting block 478. The
respective flats 456 of the anti-rotation block 432 and
flats 460 of the punch 440 maintain a fixed rotational ori-
entation of the punch 440 and punch assembly 470 as a
whole. It will be appreciated that the anti-rotation feature
430 may also be incorporated on the apparatus 10 de-
scribed above with respect to Figs. 1-8.
[0060] With reference now to Figs. 19 and 20, an ap-
paratus for clinching a workpiece constructed in accord-
ance to additional features of the present invention is
shown and generally identified at reference numeral 510.
The apparatus 510 is preferably a clinch-type clamp. The
apparatus 510 generally includes a body assembly 512,
a die assembly 516, and a first linear actuator 520. The
apparatus 510 is constructed substantially similar to the
apparatuses 10 and 210 described above, however the
apparatus 510 incorporates a locater arm assembly 530
and a locater pin mount assembly 532. The body assem-
bly 512 comprises a clamp body 533 having a pair of
support arms 534 that support a swing arm 535. The first
linear actuator 520 is configured to be arranged similar
to the actuator 20 in that the first linear actuator 520 at-
tains a substantially vertical orientation relative to a clamp
base 536 in the closed position (Fig. 20). The following
discussion will be directed toward features associated
with the locater arm assembly 530 and locater pin mount
assembly 532. A description of the remainder of the ap-
paratus 510 may be found above with the description of
the apparatus 10 and the apparatus 210 and will not be
repeated here.
[0061] The locater arm assembly 530 generally in-
cludes a pair of upper mounting blocks 540 that are con-
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figured to be fixedly mounted to the swing arm 535. In
other examples, the mounting blocks 540 can be addi-
tionally or alternatively fixedly mounted to the cylinder
mounting block 544. A punch assembly 546 can extend
from the mounting block 544. A corresponding pair of
locating arms 548 extends from the upper mounting
blocks 540 and extends generally on opposing sides of
the punch assembly 546. The locating arms 548 define
terminal workpiece engaging surfaces 550. As will be
described herein, the terminal workpiece engaging sur-
faces 550 of the locating arms 548 are configured to en-
gage and therefore position a workpiece collectively re-
ferred to at 560. The workpiece 560 can generally include
any workpieces that are to be joined such as a first work-
piece 562 and a second workpiece 564 as shown in Fig.
20.
[0062] The locater pin mount assembly 532 generally
includes a pair of lower mounting blocks 566 that are
fixedly mounted relative to a die support 568. A die body
570 can be mounted to the die support 568. A pair of
mounting arms 572 extends from the lower mounting
blocks 566 and includes a corresponding pair of locater
pins 576 extending generally upright therefrom. The lo-
cater pins 576 can include a generally conical and pointed
tip 578. The locater pins 576 extend generally on oppos-
ing sides of the die body 570.
[0063] In the closed and working configuration shown
in Fig. 20, the conical portions 578 of the locater pins 576
can be configured to extend through corresponding ap-
ertures formed in the first workpiece 562 and second
workpiece 564. The terminal workpiece engaging surfac-
es 550 of the respective locating arms 548 can engage
the second (or upper) workpiece 564 to permit the proper
geometric orientation of a single workpiece or multiple
workpieces during a joining operation. The locating pins
576 can be accurately positioned at desired locations on
the workpiece 560 such as with a laser to qualify the
apparatus 510 as a gauge such that the first and second
workpieces 562 and 564 can be properly aligned to each
other or to another subassembly. It will be appreciated
that the locater arm assembly 530 and/or the locater pin
mount assembly 532 can be configured as part of any of
the other clinch-type clamp apparatuses 10, 210, and
410 described above.
[0064] The description of the invention is merely ex-
emplary in nature and, thus, variations within the scope
of the claims are intended.

Claims

1. An apparatus (10; 210; 410; 510) for clinching a
workpiece (170; 560, 562, 564), the apparatus (10;
210; 410; 510) comprising:

a clamp body (22; 222);
a swing arm (26; 226; 426) having an arcuate
or C-shaped body rotatably fixed to the clamp

body (22; 222) around a first pivot axis at a swing
arm pivot pin between a closed position and an
open position, the arm having a first end (160;
360) at a first side of the first pivot axis and a
second end (162; 362) at a second side of the
pivot axis;
a clinching punch mounted to one of the body
and the first end of the arm;
a clinching die fixedly mounted to the other of
the body and the arm; and
a first linear actuator (20; 220; 520) having a
fluid-powered cylinder and a rod that is config-
ured to selectively translate relative to the fluid-
powered cylinder, the rod being rotatably cou-
pled to the arm around a second pivot axis and
configured to move between a first position cor-
responding to the arm being in the closed posi-
tion and a second position corresponding to the
arm being in the open position, wherein a first
distance (D1; D3) is defined between the first
and second pivot axes in the closed position and
a second distance (D2; D4) is defined between
the first and second pivot axes in the open po-
sition, wherein the first and second distances
(D1, D2 ; D3, D4) are equivalent; and
a second linear actuator (120; 320) that has a
movable member that is configured to move be-
tween a retracted position and an extended po-
sition, wherein in the extended position the mov-
able member is configured to be aligned for con-
tact with the second end (162; 362) of the arm
and to inhibit rotation of the arm around the first
pivot axis toward the open position during oper-
ation of the punch.

2. The apparatus (10; 210; 410; 510) of claim 1 wherein
the arm (26; 226; 426) generally comprises an arcu-
ate body having a first body portion that extends be-
tween the first end and the first pivot axis and a sec-
ond body portion that extends between the second
end and the first pivot axis.

3. The apparatus (10; 210; 410; 510) of claim 1 or 2
wherein the first linear actuator (20; 220; 520) is ro-
tatably fixed to the body about a third pivot axis and
wherein the first linear actuator is configured to rotate
around the third pivot axis during translation of the
rod between the first and second positions.

4. The apparatus (10; 210; 410; 510) of any one of
claims 1 to 3 wherein the rod is coupled to the arm
at a pivot pin (96, 296).

5. The apparatus (410) of any one of claims 1 to 4,
further comprising:

an anti-rotation block (432) fixedly coupled to
the arm (426), the anti-rotation block (432) hav-
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ing first opposing flats (456) formed thereon con-
figured to cooperate with complementary sec-
ond flats (460) formed on the clinching punch.

6. The apparatus (510) of any one of claims 1 to 5,
further comprising:

a locater arm assembly (530) extending from
the arm and having a pair of locating arms (548)
extending on opposing sides of the clinching
punch, the pair of locating arms (548) having
terminal engaging surfaces configured to en-
gage and position a workpiece (560; 562; 564)
relative to the clinching die.

7. The apparatus (510) of claim 6, further comprising:

a locater pin mount assembly (532) extending
from the die support and having a pair of locater
pins (576) that extend on opposing sides of the
clinching die, the pair of locater pins (576) having
conical portions configured to extend through
the workpiece (560; 562; 564) and position the
workpiece relative to the clinching die.

Patentansprüche

1. Vorrichtung (10; 210; 410; 510) zum Durchsetzfügen
eines Werkstücks (170; 560; 562; 564), wobei die
Vorrichtung (10; 210; 410; 510) Folgendes umfasst:

einen Klammerkörper (22; 222);
einen Schwenkarm (26; 226; 426) mit einem bo-
genförmigen oder C-förmigen Körper, der um
eine erste Drehachse an einem Schwenkarm-
Drehzapfen zwischen einer geschlossenen Po-
sition und einer offenen Position drehbar an dem
Klammerkörper (22; 222) fixiert ist, wobei der
Arm ein erstes Ende (160; 360) an einer ersten
Seite der ersten Drehachse und ein zweites En-
de (162; 362) an einer zweiten Seite der Dreh-
achse aufweist;
einen Durchsetzfügestempel, der an einem aus
dem Körper und dem ersten Ende des Arms an-
gebracht ist;
eine Durchsetzfügematrize, die an dem anderen
aus dem Körper und dem Arm angebracht ist;
und
einen ersten linearen Aktuator (20; 220; 520) mit
einem fluidbetriebenen Zylinder und einer Stan-
ge, die dazu gestaltet ist, sich in Bezug auf den
fluidbetriebenen Zylinder selektiv zu verschie-
ben,
wobei die Stange um eine zweite Drehachse
drehbar mit dem Arm gekoppelt ist und dazu ge-
staltet ist, sich zwischen einer ersten Position,
die dem Arm in der geschlossenen Position ent-

spricht, und einer zweiten Position, die dem Arm
in der offenen Position entspricht, zu bewegen,
wobei in der geschlossenen Position ein erster
Abstand (D1; D3) zwischen der ersten und der
zweiten Drehachse definiert ist und in der offe-
nen Position ein zweiter Abstand (D2; D4) zwi-
schen der ersten und der zweiten Drehachse
definiert ist, wobei der erste und der zweite Ab-
stand (D1, D2; D3, D4) gleichwertig sind; und
einen zweiten linearen Aktuator (120; 320) mit
einem beweglichen Element, das dazu gestaltet
ist, sich zwischen einer zurückgezogenen Posi-
tion und einer ausgefahrenen Position zu bewe-
gen, wobei das bewegliche Element in der aus-
gefahrenen Position dazu gestaltet ist, für einen
Kontakt mit dem zweiten Ende (162; 362) des
Arms ausgerichtet zu werden und während des
Betriebs des Stempels eine Drehung des Arms
um die erste Drehachse in die offene Position
zu verhindern.

2. Vorrichtung (10; 210; 410; 510) nach Anspruch 1,
wobei der Arm (26; 226; 426) im Allgemeinen einen
bogenförmigen Körper mit einem ersten Körperab-
schnitt, der sich zwischen dem ersten Ende und der
ersten Drehachse erstreckt, und einem zweiten Kör-
perabschnitt, der sich zwischen dem zweiten Ende
und der ersten Drehachse erstreckt, umfasst.

3. Vorrichtung (10; 210; 410; 510) nach Anspruch 1
oder 2, wobei der erste lineare Aktuator (20; 220;
520) um eine dritte Drehachse drehbar an dem Kör-
per fixiert ist, und wobei der erste lineare Aktuator
dazu gestaltet ist, sich während der Verschiebung
der Stange zwischen der ersten und der zweiten Po-
sition um die dritte Drehachse zu drehen.

4. Vorrichtung (10; 210; 410; 510) nach einem der An-
sprüche 1 bis 3, wobei die Stange an einem Dreh-
zapfen (96, 296) mit dem Arm gekoppelt ist.

5. Vorrichtung (410) nach einem der Ansprüche 1 bis
4, ferner umfassend:

einen Verdrehsicherungsblock (432), der fest
mit dem Arm (426) gekoppelt i st, wobei der Ver-
drehsicherungsblock (432) daran gebildete ers-
te einander gegenüberliegende Abflachungen
(456) aufweist, die zur Zusammenwirkung mit
komplementären zweiten Abflachungen (460),
die an dem Durchsetzfügestempel gebildet sind,
gestaltet sind.

6. Vorrichtung (510) nach einem der Ansprüche 1 bis
5, ferner umfassend:

einen Platzierungsarmaufbau (530), der sich
von dem Arm erstreckt und ein Paar von Anord-
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nungsarmen (548) aufweist, die sich an entge-
gengesetzten Seiten des Durchsetzfügestem-
pels erstrecken, wobei das Paar von Anord-
nungsarmen (548) Eingreifendflächen aufweist,
die dazu gestaltet sind, mit einem Werkstück
(560; 562; 564) einzugreifen und es in Bezug
auf die Durchsetzfügematrize zu positionieren.

7. Vorrichtung (510) nach Anspruch 6, ferner umfas-
send:

einen Platzierungsstiftanbringungsaufbau
(532), der sich von der Matrizenhalterung er-
streckt und ein Paar von Platzierungsstiften
(576) aufweist, die sich an entgegengesetzten
Seiten der Durchsetzfügematrize erstrecken,
wobei das Paar von Platzierungsstiften (576)
konische Abschnitte aufweist, die dazu gestaltet
sind, durch das Werkstück (560; 562; 564) zu
verlaufen und das Werkstück in Bezug auf die
Durchsetzfügematrize zu positionieren.

Revendications

1. Appareil (10 ; 210 ; 410 ; 510) pour le rivetage d’une
pièce à river (170 ; 560, 562, 564), l’appareil (10 ;
210 ; 410 ; 510) comprenant :

- un corps de serrage (22 ; 222) ;
- un bras oscillant (26 ; 226 ; 426) ayant un corps
arqué ou en forme de C fixé avec faculté de ro-
tation au corps de serrage (22 ; 222) autour d’un
premier axe pivot à une broche pivot du bras
oscillant entre une position fermée et une posi-
tion ouverte, le bras oscillant ayant une première
extrémité (160 ; 360) sur le premier côté du pre-
mier axe pivot et une seconde extrémité (162 ;
362) sur le second côté de l’axe pivot ;
- un poinçon de rivetage monté sur l’un des corps
et la première extrémité du bras oscillant ;
- une matrice de rivetage montée sur l’autre des
corps et le bras oscillant ; et
- un premier actionneur linéaire (20 ; 220 ; 520)
comportant un cylindre actionné par fluide et une
tige configurée pour se translater sélectivement
par rapport au cylindre actionné par fluide, la
tige étant couplée avec faculté de rotation au
bras oscillant autour d’un second axe pivot et
configurée pour se déplacer entre une première
position correspondant au bras oscillant en po-
sition fermée et une seconde position corres-
pondant au bras oscillant en position ouverte,
une première distance (D1 ; D3) étant définie
entre les premier et second axes pivots dans la
position fermée et une seconde distance (D2 ;
D4) étant définie entre les premier et second
axes pivots dans la position ouverte, ces pre-

mière et seconde distances (D1, D2 ; D3, D4)
étant équivalentes ; et
- un second actionneur linéaire (120 ; 320) com-
portant un élément mobile configuré pour se dé-
placer entre une position rétractée et une posi-
tion déployée, l’élément mobile étant configuré
pour, dans la position déployée, être aligné pour
être contact avec la seconde extrémité (162 ;
362) du bras oscillant et empêcher la rotation
du bras oscillant autour du premier axe pivot
vers la position ouverte durant le fonctionne-
ment du poinçon.

2. Appareil (10 ; 210 ; 410 ; 510) selon la revendication
1, dans lequel le bras oscillant (26 ; 226 ; 426) com-
prend de manière générale un corps arqué dont une
première partie de corps s’étend entre la première
extrémité et le premier axe pivot et une seconde par-
tie de corps s’étend entre la seconde extrémité et le
premier axe pivot.

3. Appareil (10 ; 210 ; 410 ; 510) selon la revendication
1 ou 2, dans lequel le premier actionneur linéaire
(20 ; 220 ; 520) est fixé avec faculté de rotation au
corps sur un troisième axe pivot et dans lequel ce
premier actionneur linéaire est configuré pour tour-
ner autour du troisième axe pivot durant la translation
de la tige entre les première et seconde positions.

4. Appareil (10 ; 210 ; 410 ; 510) selon l’une quelcon-
que des revendications 1 à 3, dans lequel la tige est
couplée au bras oscillant par une broche pivot (96,
296).

5. Appareil (410) selon l’une quelconque des revendi-
cations 1 à 4, comprenant en outre:

un bloc anti-rotation (432) couplé de manière
fixe au bras oscillant (426), ce bloc anti-rotation
(432) présentant des premières parties plates
opposées (456) configurées pour coopérer avec
des secondes parties plates complémentaires
(460) formées sur le poinçon de rivetage.

6. Appareil (510) selon l’une quelconque des revendi-
cations 1 à 5, comprenant en outre :

un ensemble de bras de positionnement (530)
partant du bras oscillant et comportant une paire
de bras de positionnement (548) atteignant les
côtés opposés du poinçon de rivetage, la paire
de bras de positionnement (548) ayant des sur-
faces d’engagement terminales configurées
pour se mettre en prise avec une pièce à river
(560 ; 562 ; 564) et positionner celle-ci par rap-
port à la matrice de rivetage.

7. Appareil (510) selon la revendication 6, comprenant
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en outre :

un ensemble de montage de broches de posi-
tionnement (532) partant du support de matrice
et ayant une paire de broches de positionne-
ment (576) atteignant les côtés opposés de la
matrice de rivetage, la paire de broches de po-
sitionnement (576) ayant des parties coniques
configurées pour s’étendre à travers la pièce à
river (560 ; 562 ; 564) et positionner la pièce à
river par rapport à la matrice de rivetage.
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