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(54) ELECTRIC-POWERED CLAMPING DEVICE

(57) An electrical clamping apparatus is provided
that can reduce an entire size using a motor as a driving
source and largely improve a grip torque by applying a
sliding crank portion and a changed toggle link portion
with a driving force transfer mechanism. The electrical
clamping apparatus for clamping and fixing one side of
a panel includes a main body; a driving motor installed
within the main body and that generates a driving force;
a clamp portion that clamps or unclamps the panel; a
toggle link portion connected to the clamp portion and
that transfers rotatory power to the clamp portion to rotate
the clamp portion; a driving force transfer portion con-
nected to the driving motor to transfer a driving force of
the driving motor to the toggle link portion; and a sliding
crank portion connected to one side of the toggle link
portion to convert a rotational motion of the driving force
transfer portion to a linear reciprocating motion and to
operate the toggle link portion in a state in which one side

thereof is connected to the driving force transfer portion
and in which the other side thereof is vertically bent to-
ward the toggle link portion.
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Description

[Technical Field]

[0001] The present invention relates to a clamping apparatus, and more particularly, to an electrical clamping apparatus
that can stably clamp a panel by reducing an entire size using a motor as a driving source and enhancing a grip torque
through an enhanced driving force transfer mechanism.

[Background Art]

[0002] In general, a clamping apparatus fixes not to move a panel upon performing a processing work such as cutting,
plating, and welding of the panel, has a different grip torque or regulation portion according to a sectional shape of the
panel in each processing work, and has a different structure.
[0003] A conventional clamping apparatus includes a locator that receives a panel, a clamp that supports the panel,
an operation cylinder that generates a driving force by a pneumatic pressure or a hydraulic pressure, and a link portion
that receives a driving force to rotate a clamper.
[0004] In such a clamping apparatus, when an operation pressure is supplied to the operation cylinder, while an
operation load increases, the link portion is operated by the operation load, and the front end of the clamper connected
to the link portion rotates by a hinge operation to clamp the panel.
[0005] However, the conventional clamping apparatus uses an operation cylinder as a power source, and when the
operation cylinder and a pneumatic pressure pipe are installed, there is a drawback that a size of the clamping apparatus
increases and that an operation structure thereof is complex. Further, there is a problem that a production cost of the
clamping apparatus increases.
[0006] Further, in order to clamp a panel having various thicknesses, there is a problem that a driving force transfer
mechanism should be controlled to change a grip torque or that a separate clamping apparatus having a driver of different
outputs should be prepared.
[0007] Accordingly, development of a driving force transfer mechanism that can improve a grip torque by gripping a
panel in various thicknesses by the same driving torque is required.

[Disclosure of Invention]

[Technical Problem]

[0008] The present invention has been made in view of the above problems and provides an electrical clamping
apparatus that can reduce an entire size using a motor as a driving source and that can largely improve a grip torque
by applying a sliding crank portion and a changed toggle link portion with a driving force transfer mechanism.

[Solution to Problem]

[0009] In accordance with an aspect of the present invention, an electrical clamping apparatus for clamping and fixing
one side of a panel includes a main body; a driving motor installed within the main body and that generates a driving
force; a clamp portion that clamps or unclamps the panel; a toggle link portion connected to the clamp portion and that
transfers rotatory power to the clamp portion to rotate the clamp portion; a driving force transfer portion connected to
the driving motor to transfer a driving force of the driving motor to the toggle link portion; and a sliding crank portion
connected to one side of the toggle link portion to convert a rotational motion of the driving force transfer portion to a
linear reciprocating motion and to operate the toggle link portion in a state in which one side thereof is connected to the
driving force transfer portion and in which the other side thereof is vertically bent toward the toggle link portion.
[0010] Preferably, the electrical clamping further includes a locator portion in which a locator body protruded in a
horizontal direction of the main body is provided at an upper end portion of the main body to receive an end portion of
the panel, wherein the locator portion further includes a locator tip protruded to an end portion of the locator body to
support the panel.
[0011] Preferably, the clamp portion includes a clamp body installed in an upper portion of the main body; a pair of
clamp fingers bent in a downward direction from an upper portion of both corners of one side of the clamp body to
rotatably installed in the main body in order to grip the panel; a clamp tip protruded in a direction of the locator portion
at the other side of the clamp body to grip the panel received in the locator portion; and a clamp hinge that rotatably
connects the pair of clamp fingers to the main body.
[0012] Preferably, the driving force transfer portion includes a worm gear connected to a shaft of the driving motor to
rotate by driving of the driving motor; a worm wheel supported by a shaft within the main body and installed to engage
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with the worm gear to rotate by interlocking with the worm gear; and a pivot bearing installed in an end portion of a shaft
of the driving motor to prevent the worm gear from separating.
[0013] Preferably, the sliding crank portion includes a pair of crank arms coupled to the worm wheel by the connection
shaft in a state in which one side thereof is separated by a predetermined gap in an outer circumferential direction from
the center of the worm wheel; a pair of crank sliders in which the other sides of the pair of crank arms are each installed
to sliding move to support the other side of the pair of crank arms; a pair of first links integrally extended to the other
side of the pair of crank arms and bent toward the toggle link portion to be vertically connected to the toggle link portion;
and a pair of guide grooves formed at both side surfaces of the main body to guide a movement of the crank slider.
[0014] Preferably, the guide groove has one side inclined in a downward direction toward the ground to guide a slant
movement of the pair of crank sliders.
[0015] Preferably, the pair of crank arms have one side connected to the worm wheel to perform a rotational recipro-
cating motion and the other side connected to the crank slider to perform a rotational reciprocating motion.
[0016] Preferably, the pair of crank arms further includes a bending portion in which one side of a crank arm is bent
upward in order to avoid interference with a shaft of the worm wheel when the pair of crank arms rotate.
[0017] Preferably, the toggle link portion includes a pair of second links connected to end portions of the pair of first
links, respectively, to rotate about a connection portion when the pair of first links operate; and a third link connected
between the pair of second links to rotate the clamp hinge according to an operation of the second link.
[0018] Preferably, in the unclamping state of the clamp portion, the pair of second links are overlapped between the
pair of first links, and a portion of the third link is overlapped between a pair of second links overlapped between the pair
of first links, and in a clamping state of the clamp portion, a pair of second links rotate to be a horizontal state to the pair
of first links, and a third link rotates to be a vertical state to the pair of second links.

[Advantageous Effects of Invention]

[0019] As described above, by an electrical clamping apparatus according to an exemplary embodiment of the present
invention, by using a driving motor as a driving source, upon applying a conventional operation cylinder, a separate
pneumatic pressure or hydraulic pressure supply apparatus can be removed, except for a connection pipe for supplying
a pneumatic pressure or a hydraulic pressure and a power supply source; thus, an apparatus size can be reduced to
the maximum.
[0020] Further, according to the present invention, by applying a toggle link portion and a sliding crank portion formed
in an overlap structure sliding moved with a driving force transfer mechanism that rotates a clamp finger, a grip torque
can be remarkably improved.
[0021] In this case, because a first link is integrally formed with a crank arm in a vertical direction to the crank arm,
the first link can be moved together with the crank arm; thus, an angular speed transferred to a clamp finger can be
reduced to the maximum; thus, a more improved grip torque can be provided with the same driving torque that as of a
conventional case.
[0022] Further, according to the present invention, because a stroke can be accurately adjusted through a driving
force transfer portion configured with a worm gear and a worm wheel, a constant grip torque is provided; thus, a scratch
can be prevented from occurring in a clamped panel and marketability can be improved.

[Brief Description of Drawings]

[0023]

FIG. 1 is a perspective view illustrating a clamping state in a structure of an electrical clamping apparatus according
to an exemplary embodiment of the present invention;
FIG. 2 is a perspective view illustrating an unclamping state in a structure of an electrical clamping apparatus
according to an exemplary embodiment of the present invention;
FIG. 3 is a schematic diagram illustrating a clamping state in a structure of an electrical clamping apparatus according
to an exemplary embodiment of the present invention;
FIG. 4 is a schematic diagram illustrating an execution state of clamping in a structure of an electrical clamping
apparatus according to an exemplary embodiment of the present invention;
FIG. 5 is a schematic diagram illustrating a clamping state in a structure of an electrical clamping apparatus according
to an exemplary embodiment of the present invention;
FIGS. 6A to 6C are graphs illustrating step by step an operation state of a driving force transfer mechanism according
to an exemplary embodiment of the present invention;
FIGS. 7 to 9 are graphs illustrating step by step an operation state of a driving force transfer mechanism before and
after optimization of an electrical clamping apparatus; and
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FIG. 10 is a graph comparing a grip torque before and after optimization derived through FIGS. 7 to 9.

[Mode for the Invention]

[0024] Hereinafter, exemplary embodiments of the present invention will be described in detail with reference to the
accompanying drawings. The same reference numbers are used throughout the drawings to refer to the same or like
parts. Further, detailed descriptions of well-known functions and structures incorporated herein may be omitted to avoid
obscuring the subject matter of the present invention.
[0025] Hereinafter, an exemplary embodiment of the present invention will be described with reference to FIGS. 1 to 10.
[0026] FIG. 1 is a perspective view illustrating a clamping state in a structure of an electrical clamping apparatus
according to an exemplary embodiment of the present invention, and FIG. 2 is a perspective view illustrating an unclamping
state in a structure of an electrical clamping apparatus according to an exemplary embodiment of the present invention.
[0027] FIG. 3 is a schematic diagram illustrating a clamping state in a structure of an electrical clamping apparatus
according to an exemplary embodiment of the present invention, FIG. 4 is a schematic diagram illustrating an execution
state of clamping in a structure of an electrical clamping apparatus according to an exemplary embodiment of the present
invention, and FIG. 5 is a schematic diagram illustrating a clamping state in a structure of an electrical clamping apparatus
according to an exemplary embodiment of the present invention.
[0028] FIGS. 6A to 6C are graphs illustrating step by step an operation state of a driving force transfer mechanism
according to an exemplary embodiment of the present invention, FIGS. 7 to 9 are graphs illustrating step by step an
operation state of a driving force transfer mechanism before and after optimization of an electrical clamping apparatus,
and FIG. 10 is a graph comparing a grip torque before and after optimization derived through FIGS. 7 to 9.
[0029] As shown in FIGS. 1 and 2, an electrical clamping apparatus 10 according to an exemplary embodiment of the
present invention may include a main body 100, driving motor 200, clamp portion 400, toggle link portion 700, force
transfer portion 500, and sliding crank portion 600.
[0030] In this case, an electrical clamping apparatus according to an exemplary embodiment of the present invention
may further include a locator portion 300. The locator portion 300 may be installed or may not be installed according to
a kind and a size of a panel.
[0031] The main body 100 is formed in a quadrangular-shaped box body, at one side of the main body 100, a protruding
portion 110 is formed to install the worm wheel 520 to be described later within the main body 100, and in an upper
portion of the main body 100, a receiving portion 120 that receives the locator portion 300 is formed.
[0032] The driving motor 200 is installed within the main body 100 and is rotatably driven by an input electric signal.
In this case, the driving motor 200 is installed in a vertical direction within the main body 100, and a shaft of the driving
motor 200 is disposed toward an upper portion of the main body 100. As the driving motor 200, a servomotor that can
minutely adjust the rotation number may be used.
[0033] As the driving motor 200, various kinds of motors such as a direct current (DC) motor, alternating current (AC)
motor, induction motor, and brushless motor may be used.
[0034] The locator portion 300 is installed in the receiving portion 120 formed at an upper end portion of the main body
100, and an end portion of a panel (not shown) is received in the locator portion 300. Such a locator portion 300 may
include a locator body 310.

[0035] The locator body 310 is formed in an approximately " " shape to be protruded in a horizontal direction by a
predetermined length in the main body 100, and such a locator body 310 may be integrally produced with the main body
100 or may be separately produced from the main body 100 to be coupled to the main body 100.
[0036] Further, the locator portion 300 may further include a locator tip 320 protruded from an end portion of the locator
body 310 to support the panel.
[0037] In this case, although the locator tip 320 is not shown, the locator tip 320 may be detachably installed by a
screw fastening structure and may be installed to adjust a height by a rotation of a screw fastening structure according
to a panel form.
[0038] An end portion of the locator tip 320 directly contacts a lower surface of the panel, and it is preferable that the
panel is made of an elastic material while being formed in a round shape in order to prevent a scratch from occurring at
a lower surface of the panel when the panel is received.
[0039] The clamp portion 400 performs a function of clamping or unclamping the panel received in the locator tip 320
of the locator portion 300, and such a clamp portion 400 may include a clamp body 410, a pair of clamp fingers 420, a
clamp tip 430, and a clamp hinge 440.
[0040] The clamp body 410 is installed at an upper portion of the main body 100 while forming an external shape of
the clamp portion 400. In this case, a pair of clamp fingers 420 are bent in a downward direction from both corners of
one side of the clamp body 410 to be rotatably installed in the main body 100 in order to grip the panel.
[0041] Further, the clamp tip 430 is protruded in a direction of the locator tip 320 at the other side of the clamp body
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410 to grip the panel received in the locator tip 320. In this case, although not shown, the clamp tip 430 may be detachably
installed by a screw fastening structure, and as the clamp tip 430 is detachably installed, when the clamp tip 430 is
broken and abraded, only the clamp tip 430 may be easily exchanged.
[0042] Further, an end portion of the clamp tip 430 directly contacts an upper surface of the panel, as in an end portion
of the locator tip 320, and in order to prevent a scratch from occurring at an upper surface of the panel when gripping
the panel, it is preferable that the end portion of the clamp tip 430 is made of an elastic material while being formed in
a round shape, as in the end portion of the locator tip 320.
[0043] Both ends of the clamp hinge 440 are formed in a rectangular-shaped cross-section, and a corner portion of
the lower end of a pair of clamp fingers 420 is rotatably connected to the main body 100 through the clamp hinge 440.
In this case, in a pair of clamp fingers 420, a quadrangular hole 421 is provided to couple the clamp hinge 440.
[0044] As shown in FIGS. 3 to 5, a driving force transfer portion 500 according to an exemplary embodiment of the
present invention is connected to the driving motor 200 to perform a function of transferring a driving force of the driving
motor 200 to the toggle link portion 700 to be described later. Such a driving force transfer portion 500 may include a
worm gear 510, worm wheel 520, and pivot bearing 530.
[0045] The worm gear 510 is connected to a shaft of the driving motor 200 within the main body 100 to be rotated by
driving of the driving motor 200, the worm wheel 520 is engaged with the worm gear 510 to rotate by interlocking with
the worm gear 510, and the pivot bearing 530 is installed in an end portion of a shaft of the driving motor 200 to prevent
the worm gear 510 from being separated from a shaft of the driving motor 200.
[0046] In this case, the worm wheel 520 is disposed at a protruding portion 110 side of the main body 100, is installed
to be a vertical state to the worm gear 510, and a screw thread (not shown) is formed at an outer circumferential surface
to engage with the worm gear 510 and to receive a rotate driving force from the worm gear 510 to be rotation driven.
[0047] In an electrical clamping apparatus according to an exemplary embodiment of the present invention, in order
to transfer a driving force of a driving motor, a driving force transfer portion is installed, but any configuration that can
transfer rotatory power of a driving motor is available and the driving force transfer portion is not limited. For example,
a structure of a bevel gear and a spur gear rotated by various motors may be applied.
[0048] One side of the sliding crank portion 600 according to an exemplary embodiment of the present invention is
connected to the driving force transfer portion 500 and the other side thereof is connected to one side of the toggle link
portion 700 in a vertically bent state toward the toggle link portion 700 to convert a rotational motion of the driving force
transfer portion 500 to a linear reciprocating motion and to operate the toggle link portion 700. Such a sliding crank
portion 600 may include a pair of crank arms 610, a pair of crank sliders 620, a first link 630, and a guide groove 640.
[0049] One side of a pair of crank arms 610 is coupled to the worm wheel 520 by a connection shaft 611 in a state
separated by a predetermined gap in an outer circumferential direction from the center of the worm wheel 520. In this
case, a portion connected to the worm wheel 520 and a pair of crank arms 610 are interlocked according to a forward
and backward rotation of the worm wheel 520 to be rotated in the same direction.
[0050] A pair of crank arms 610 may further include a bending portion 650 in which one side of the pair of crank arms
610 is bent upward in order to avoid interference with a shaft 521 of the worm wheel 520 when the pair of crank arms
610 rotate.
[0051] More specifically, the worm wheel 520 rotates in a state supported and fixed to the main body 100 by the worm
wheel shaft 521 installed at the center. In this case, when the worm wheel 520 rotates counterclockwise, the pair of
crank arms 610 interlocked with the worm wheel 520 rotate counterclockwise about the worm wheel shaft 521. In this
case, when the pair of crank arms 610 move about the worm wheel shaft 521 by a rotation, a bending portion 650 may
rotate to the outside of the worm wheel shaft 521 to move without interference of the worm wheel shaft 521.
[0052] A pair of crank sliders 620 are installed to slide at the other side of the pair of crank arms 610, respectively, to
support the other side of the pair of crank arms 610. In this case, at the other side of a pair of crank arms 610, a coupling
hole (not shown) is formed to couple the crank slider 620.
[0053] A pair of crank sliders 620 very much receive a load of the toggle link portion 700 to be described later, and a
cylindrical-shaped needle bearing may be used to endure a load of the toggle link portion 700.
[0054] Here, one side of the pair of crank arms 610 is connected to the worm wheel 520 to rotate according to a
rotation of the worm wheel 520 and to perform a rotational reciprocating motion, and the other side thereof is connected
to the pair of crank sliders 620 to perform a rotational reciprocating motion.
[0055] A pair of first links 630 are integrally extended at the other side of the pair of crank arms 610 and is connected
vertically to the toggle link portion 700 in a state bent toward the toggle link portion 700 to move together with a pair of
crank arms. The pair of first links 630 may be integrally formed in an oblique line direction at the other side of a crank
arm according to a size of the electrical clamping apparatus 10 and a structure of a driving force transfer mechanism.
[0056] A pair of guide grooves 640 are formed at both side surfaces of the main body 100 to guide a movement of a
pair of crank sliders 620.
[0057] In an exemplary embodiment of the present invention, one side of the guide groove 640 is formed to slant in
a downward direction toward the ground to guide a slant movement of a pair of crank sliders 620. The guide groove
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may be formed in a form having a horizontal angle, a vertical angle, and a specific angle according to a size of the
electrical clamping apparatus 10 and a structure of a driving force transfer mechanism.
[0058] More specifically, when the other side of a pair of crank arms 610 performs a rotational reciprocating motion,
a pair of crank sliders 620 connected to the other side of the crank arm 610 move along a pair of guide grooves 640 of
an inclined form. In this case, when the crank slider 620 moves in an inclined upward direction of a pair of guide grooves
640, by applying a push force to the toggle link portion 700, the clamp portion 400 rotates to be a clamping state, and
in contrast, when the crank slider 620 moves in an inclined downward direction of a pair of guide grooves 640, by applying
a force pulling to the toggle link portion 700, the crank slider 620 rotates such that the clamp portion 400 becomes an
unclamping state.
[0059] The toggle link portion 700 according to an exemplary embodiment of the present invention is connected to
the clamp portion 400 and transfers rotatory power to the clamp portion 400 to perform a function of rotating the clamp
portion 400. Such a toggle link portion 700 may include a pair of second link 720 and third link 730.
[0060] The pair of second links 720 are connected to an end portion of a pair of first links 630 to rotate about a
connection portion when the pair of first links 630 operate.
[0061] The third link is connected between the pair of second links 720 to rotate the clamp hinge 440 according to
operation of the second link 720.
[0062] FIGS. 6A to 6C are graphs illustrating an operation state of a toggle link portion of a driving force transfer
mechanism according to an exemplary embodiment of the present invention.
[0063] In this case, as shown in FIG. 6A, in order to grip the panel, in an unclamping state of the toggle link portion
700, a pair of second links 720 are in an overlapped state between a pair of first links 630, and a portion of the third link
730 is in an overlapped state between a pair of second links 720 overlapped between a pair of first links 630.
[0064] Further, as shown in FIGS. 6B and 6C, in a clamping state for gripping the panel, a pair of second links 720
rotate to be a horizontal state to a pair of first links 630, the third link 730 rotates to be a vertical state to a pair of second
links 720; thus, the second link 720 becomes a horizontal state to a pair of first links 630, and the third link 730 becomes
a vertical state to the second link 720.
[0065] A grip torque is inversely proportional to an angular speed of the clamp finger 420 and an angular speed of the
driving motor 200. That is, as an angular speed of the clamp finger 420 reduces, compared with an angular speed of
the driving motor 200, a grip torque increases. That is, in an electrical clamping apparatus according to an exemplary
embodiment of the present invention, a pair of crank arms 610 and a pair of first links 630 are integrally formed in a

shape " ", by reducing an angular speed transferred to the clamp finger 420 to the maximum by applying a driving
force transfer mechanism of a structure in which a portion of a third link is overlapped and in which the second link 720
is overlapped with the first link 630, a grip torque can be thus improved.
[0066] With reference to FIGS. 7 to 10, a comparison structure before and after optimization of a driving force transfer
mechanism of the electrical clamping apparatus is described as follows. In this case, a structure before optimization
represents a structure of a general driving force transfer mechanism, and a structure after optimization represents a
structure of a driving force transfer mechanism according to an exemplary embodiment of the present invention.
[0067] In this case, FIG. 7 is a graph illustrating a schematic structure of a driving force transfer mechanism before
and after optimization of an unclamping state, FIG. 8 is a graph illustrating a schematic structure of a driving force transfer
mechanism before and after optimization while clamping is performed, and FIG. 9 is a graph illustrating a schematic
structure of a driving force transfer mechanism before and after optimization of a clamping state. In this case, a unit of
a horizontal axis and a vertical axis is mm and represents a length of each element.
[0068] In this case, a portion indicated by a solid line represents a structure of a driving force transfer mechanism
before optimization, and a portion indicated by a dotted line represents a state of a driving force transfer mechanism
after optimization.
[0069] Here, L1 before optimization indicated by a solid line represents a length from a worm wheel shaft to a connection
shaft of a clamp arm, L2 represents a length of a clamp arm, L3 represents a length of a second link, and L4 represents
a length of a third link.
[0070] Further, L1 after optimization indicated by a dotted line represents a length from the worm wheel shaft 521 to
the connection shaft 611 of the clamp arm 610, L2 represents a length of the clamp arm 610, d1 represents a length of
the first link 630 integrally formed in a vertical direction to the clamp arm 610, L3 represents a length of the second link
720, and L4 represents a length of the third link 730.
[0071] Here, L1-L4 and d1 represent a length of each element of a driving force transfer mechanism, but hereinafter,
for convenience of description, L1-L4 and d1 will be described by replacing with each element.
[0072] With reference to FIG. 7, in an unclamping state before optimization, L1 is in a horizontal state with overlapped
about L2, L3 is in a horizontal state on an extension line of L2, and L4 is in a vertical state to L3. In this case, in an
unclamping state after optimization, L1 is in a horizontal state with overlapped with L2, d1 is in a vertical state to L2, L3
is in a state overlapped adjacent to horizontal to d1, and L4 is in a state partially overlapped adjacent to horizontal to
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d1 and L3.
[0073] With reference to FIG. 8, in a state in which clamping is performed before optimization, L1 is rotated, L2 is
moved by L1, L3 is rotated by L2, and L4 is rotated by L3. In this case, in a state in which clamping is performed after
optimization, L1 is rotated, L2 and d1 vertically formed integrally with L2 are together moved by L1, L3 overlapped with
d1 is rotated by d1, and L4 overlapped with d1 and L3 is rotated by L3.
[0074] With reference to FIG. 9, in a clamping state before optimization, as L1 is rotated and L2 is moved by L1, L2
is horizontal to L1, as L3 is rotated by L2, L3 is horizontal to L2, and as L4 is rotated by L3, L4 becomes vertical to L3.
In this case, in a clamping state after optimization, L1 is rotated and L2 and d1 vertically connected to L2 are moved by
L1; thus, L2 becomes horizontal to L1, d1 becomes continuously vertical to L2, L3 is rotated by a movement of L2 and
d1 to be horizontal to d1, and L4 is rotated by L3 to be vertical to L3.
[0075] In an operation process of a driving force transfer mechanism described through FIG. 7 to 9, upon unclamping
in a structure after optimization, compared with a structure before optimization, by enhancing in a structure in which L2
and L3 are overlapped with d1, a size of a configuration of a driving force transfer mechanism can be reduced; thus, a
size of an entire apparatus can be minimized.
[0076] Further, while clamping is performed, L2 and d1 are integrally formed and moved and rotate in a state in which
L2 and L3 are overlapped; thus, an angular speed transferred to a clamp finger is reduced, compared with an angular
speed of a driving motor; thus, a grip torque is enhanced.
[0077] FIG. 10 is a graph of a grip torque state derived by applying each of structures of a driving force transfer
mechanism before and after optimization. In this case, a portion indicated by a solid line represents a grip torque before
optimization, and a portion indicated by a dotted line represents a grip torque after optimization.
[0078] Here, a vertical axis of the graph represents a grip torque with a log scale, a length horizontal axis represents
an angle in which a clamp tip is separated from a locator tip, and 0° of a right horizontal axis of the graph represents a
contact state of the locator tip and the clamp tip.
[0079] In this case, a thickness range of a grip target panel, which is a design target value is set to within 1mm (the
same as a separated angle 1° in a clamping state), and a value obtained through a value measured based on a torque
3Nm of a driving motor when a length of a clamp finger is 60mm is represented.
[0080] For example, when a driving torque 3Nm is applied within a grip range of a panel thickness of 1mm, i.e., within
an angle range of 1° of a clamp finger, a grip torque before optimization was derived to approximately 24.3Nm value
and a grip torque after optimization was derived to approximately 99.6Nm value; thus, it may be determined that a grip
torque after optimization was remarkably improved, compared with that before optimization.
[0081] Table 1 represents a state in which a grip torque and an opening and closing angle are enhanced in a length
change and a driving force transfer mechanism of each element before and after optimization.

[0082] In Table 1, by a structure in which a pair of first links 630 are integrally formed in a vertical state in a pair of
crank arms 610 after optimization and a length change of L1 to L4 and d1, it may be determined that a grip torque after
optimization is enhanced further by approximately 4 times or more than that before optimization and that a maximum
separation angle is largely increased in an unclamping state.
[0083] Hereinafter, operation of the electrical clamping apparatus 10 according to an exemplary embodiment of the
present invention having the above-described configuration will be described in detail.
[0084] First, in order to receive the panel in the locator tip 320 of the locator portion 300, by rotating the driving motor
200, the clamp portion 400 rotates upward.
[0085] In this case, when the driving motor 200 is operated, the worm gear 510 connected to the driving motor 200
rotates in the same rotation direction as that of the driving motor 200, and the worm wheel 520 connected to the worm
gear 510 rotates a backward direction, i.e., counterclockwise of the worm gear 510.
[0086] Simultaneously, in a pair of crank arms 610 connected to the worm wheel 520 by the connection shaft 611,
one side connected to the worm wheel 520 rotates in the same direction as that of the worm wheel 520, and the other
side connected to a pair of crank sliders 620 moves in a linear direction. In this case, one side connected to a pair of
crank arms 610 rotates without interference with the worm wheel shaft 521 by a bending portion 650, and the other side
connected to a pair of crank sliders 620 moves downward by guide of a pair of guide grooves 640 in which a pair of
crank sliders 620 are inclined.

[Table 1]

L1 (mm) L2 (mm) L3 (mm) L4 (mm) d1 (mm)
Grip torque 

(Nm)
Opening and closing 

angle

Before optimization 22.5 75.0 22.5 22.5 - 24.3 90

After optimization 10.2 38.0 9.0 18.0 19.7 99.6 94
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[0087] Simultaneously, a pair of first links 630 integrally formed with a pair of crank arms 610 move downward in a
state vertical to the other side of a pair of crank arms 610 and rotate a pair of second links 720 connected to a pair of
first links 630.
[0088] In this case, a pair of second links 720 are rotated about a portion connected to a pair of first links 630 to be
rotated to overlap between a pair of first links 630.
[0089] Simultaneously, the third link 730 connected to a pair of second links 720 rotates about a portion connected to
a pair of second links 720; thus, a portion of the third link 730 is rotated to overlap between a pair of first links 630
together with a pair of second links 720.
[0090] Simultaneously, the clamp hinge 440 connected to the third link 730 rotates counterclockwise, and when the
clamp hinge 440 rotates, a pair of clamp fingers 420 connected to the clamp hinge 440 rotate upward about the main
body 100. Thereby, the clamp tip 430 connected to a pair of clamp fingers 420 may be separated from the locator tip
320 to receive a panel in the locator tip 320.
[0091] After the panel is received in the locator tip 320, the driving motor 200 rotates in a backward direction.
[0092] When the driving motor 200 rotates in a backward direction, the worm gear 510 connected to the driving motor
200 rotates, and the worm wheel 520 connected to the worm gear 510 rotates clockwise.
[0093] In this case, one side of a pair of crank arms 610 connected to the worm wheel 520 rotates to return to an
original position, and a pair of crank sliders 620 connected to the other side of the pair of crank arms 610 move upward
by guide of a pair of guide grooves 640.
[0094] In this case, a pair of first links 630 integrally formed with a pair of crank arms 610 are moved in a vertical state
to the pair of crank arms 610, and a pair of second links 720 connected to the pair of first links 630 rotate to release an
overlapped state between a pair of first links 630 and becomes a horizontal state to the pair of first links 630. Simulta-
neously, the third link 730 connected to a pair of second links 720 rotates to be a vertical state to a pair of second links 720.
[0095] Simultaneously, the clamp hinge 440 connected to the third link 730 rotates clockwise, and when the clamp
hinge 440 rotates, a pair of clamp fingers 420 connected to the clamp hinge 440 rotate downward about the main body
100. Thereby, the clamp tip 430 connected to a pair of clamp fingers 420 is moved to the locator tip 320 to clamp a panel
received in the locator tip 320.
[0096] Although exemplary embodiments of the present invention have been described in detail hereinabove, it should
be clearly understood that many variations and modifications of the basic inventive concepts herein described, which
may appear to those skilled in the art, will still fall within the spirit and scope of the exemplary embodiments of the present
invention as defined in the appended claims.

Claims

1. An electrical clamping apparatus for clamping and fixing one side of a panel, the electrical clamping apparatus
comprising:

a main body 100;
a driving motor 200 installed within the main body 100 and that generates a driving force;
a clamp portion 400 that clamps or unclamps the panel;
a toggle link portion 700 connected to the clamp portion 400 and that transfers rotatory power to the clamp
portion 400 to rotate the clamp portion 400;
a driving force transfer portion 500 connected to the driving motor 200 to transfer a driving force of the driving
motor 200 to the toggle link portion 700; and
a sliding crank portion 600 connected to one side of the toggle link portion 700 to convert a rotational motion
of the driving force transfer portion 500 to a linear reciprocating motion and to operate the toggle link portion
700 in a state in which one side thereof is connected to the driving force transfer portion 500 and in which the
other side thereof is vertically bent toward the toggle link portion 700.

2. The electrical clamping apparatus of claim 1, further comprising a locator portion 300 in which a locator body 110
protruded in a horizontal direction of the main body 100 is provided at an upper end portion of the main body 100
and that receives an end portion of the panel,
wherein the locator portion 300 further comprises a locator tip 320 protruded to an end portion of the locator body
310 to support the panel.

3. The electrical clamping apparatus of claim 2, wherein the clamp portion 400 comprises:

a clamp body 410 installed in an upper portion of the main body 100;
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a pair of clamp fingers 420 bent in a downward direction from an upper portion of both corners of one side of
the clamp body 410 to be rotatably installed in the main body 100 in order to grip the panel;
a clamp tip 430 protruded in a direction of the locator portion 300 at the other side of the clamp body 410 to
grip the panel received in the locator portion 300; and
a clamp hinge 440 that rotatably connects the pair of clamp fingers 420 to the main body 100.

4. The electrical clamping apparatus of claim 3, wherein the driving force transfer portion 500 comprises:

a worm gear 510 connected to a shaft of the driving motor 200 to rotate by driving of the driving motor 200;
a worm wheel 520 supported by a shaft within the main body 100 and installed to engage with the worm gear
510 to rotate by interlocking with the worm gear 510; and
a pivot bearing 530 installed in an end portion of a shaft 210 of the driving motor 200 to prevent the worm gear
510 from separating.

5. The electrical clamping apparatus of claim 4, wherein the sliding crank portion 600 comprises:

a pair of crank arms 610 coupled to the worm wheel 520 by the connection shaft 611 in a state in which one
side thereof is separated by a predetermined gap in an outer circumferential direction from the center of the
worm wheel 520;
a pair of crank sliders 620 in which the other sides of the pair of crank arms 610 are each installed to sliding
move to support the other side of the pair of crank arms 610;
a pair of first links 630 integrally extended to the other side of the pair of crank arms 610 and bent toward the
toggle link portion 700 to be vertically connected to the toggle link portion 700; and
a pair of guide grooves 640 formed at both side surfaces of the main body 100 to guide a movement of the
crank slider 610.

6. The electrical clamping apparatus of claim 5, wherein the guide groove 640 has one side inclined in a downward
direction toward the ground to guide a slant movement of the pair of crank sliders 620.

7. The electrical clamping apparatus of claim 6, wherein the pair of crank arms 610 have one side connected to the
worm wheel 520 to perform a rotational reciprocating motion and the other side connected to the crank slider 620
to perform a rotational reciprocating motion.

8. The electrical clamping apparatus of claim 7, wherein the pair of crank arms 610 further comprise a bending portion
650 in which one side of a crank arm 610 is bent upward in order to avoid interference with a shaft 521 of the worm
wheel 520 when the pair of crank arms 610 rotate.

9. The electrical clamping apparatus of any one of claims 5 to 8, wherein the toggle link portion 700 comprises:

a pair of second links 720 connected to end portions of the pair of first links 630, respectively, to rotate about
a connection portion when the pair of first links 630 operate; and
a third link 730 connected between the pair of second links 720 to rotate the clamp hinge 440 according to an
operation of the second link 720.

10. The electrical clamping apparatus of claim 9, wherein in the unclamping state of the clamp portion 400, the pair of
second links 720 are overlapped between the pair of first links 630, and a portion of the third link 730 is overlapped
between a pair of second links 720 overlapped between the pair of first links 630, and
in a clamping state of the clamp portion 400, a pair of second links 720 rotate to be a horizontal state to the pair of
first links 630, and a third link 730 rotates to be a vertical state to the pair of second links 720.
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