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SURGICAL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0054148, filed on Jun. 3, 2011, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND
[0002] 1. Field

[0003] One or more embodiments of the present disclosure
relates to a surgical device that is mounted on a robot arm of
a surgical robot, which is inserted into a human body, e.g., an
abdominal cavity, a joint, or the like, the surgical device
having at least one joint part.

[0004] 2. Description of the Related Art

[0005] A surgical robot is a robot that may be used to
perform minimally invasive surgery by inserting a small sur-
gical tool into a human body. The surgical robot has a plural-
ity of robot arms. A robot arm may include a passive arm that
is manually operated during preparation for a surgical opera-
tion, and an active arm that is operated according to the
motion of an operator during a surgical operation. A surgical
device is mounted to the active arm so as to be inserted into an
abdominal cavity, a joint, or the like and is then used to
perform a surgical operation including internal photography,
excision, or the like. The surgical device may have at least one
joint part so as to effectively access an affected part. The joint
part is operated by a cable extending to the active arm, and the
active arm includes a driver so as to drive the cable.

SUMMARY

[0006] When ajoint part of a surgical device is driven using
a cable, if the number of joint parts is increased, the number
of cables is increased proportionally, so that, when the joint
part positioned at a final end is driven, this joint part may
affect another joint part due to crosstalk. As the number of
joint parts is increased, crosstalk between the joint parts may
further increase. As a distance between the surgical device
and a driver arranged on an active arm increases, backlash
may increase. In order to decrease the backlash, large tension
is applied to a cable, and in this regard, if the cable is perma-
nently deformed due to extended use, driving accuracy of the
joint parts may deteriorate.

[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the presented
embodiments.

[0008] According to an aspect of the present disclosure, a
surgical device including a surgical tool is mounted on a robot
arm of a surgical robot, and is inserted into a human body,
performs a surgical operation, and includes a first joint part
rotating around a first rotation axis; a second joint part rotat-
ably connected to the first joint part so as to rotate around a
second rotation axis that is not parallel to the first rotation
axis; a joint driving part connected to allow the first joint part
to rotate around the first rotation axis, the joint driving part
including first and second driving units that provide a driving
power for allowing the first and second joint parts to rotate
around the first and second rotation axes; a first link unit
having a slider-crank structure connecting the first driving
unit and the first joint part, and rotating the first joint part due
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to reciprocating movement of the first driving unit; and a
second link unit connecting the second driving unit and the
second joint part, rotating the second joint part due to recip-
rocating movement of the second driving unit, and including
a plurality of link arms that pass through an inner portion of
the first joint part and that are serially connected to mutually
rotate, wherein the plurality of link arms are connected to
rotate with respect to the second driving unit.

[0009] The surgical device may further include a connec-
tion unit that connects the plurality of link arms and the first
joint part, and the plurality of link arms may include a first
link arm that is reciprocated by the second driving unit and
that is connected to the second driving unit so as to rotate
around a rotation axis that is in parallel with the first rotation
axis, and when the first joint part rotates, the plurality of link
arms may also rotate around the rotation axis of the first link
arm.

[0010] The plurality of link arms may include a second link
arm that is connected to the first link arm so as to rotate around
the rotation axis that is in parallel with the first rotation axis,
and may include a third link arm that is rotatably connected to
the second link arm and the second joint part.

[0011] The connection unit may include a cut groove that is
formed in the first joint part by being cut in a longitudinal
direction of the first joint part, and may include an insertion
unit that is arranged in at least one of the plurality of link arms
and that is inserted into the cut groove.

[0012] The rotation axis of the first link arm with respect to
the second driving unit may match with the first rotation axis.
[0013] The rotation axis of the first link arm with respect to
the second driving unit may deviate from the first rotation
axis.

[0014] The insertion unit may include a projection part that
is arranged on the second link arm, that has a length in a
longitudinal direction of the cut groove, and that is inserted
into the cut groove, and when the first joint part rotates, the
second link arm may rotate around the rotation axis with
respect to the first link arm due to an interference between the
cut groove and the projection part.

[0015] The surgical device may further include a mounting
part combined with the robot arm; and an extension part
having a bar shape extending from the mounting part, and to
which the joint driving part, the first joint part, and the second
joint part are sequentially connected.

[0016] The second driving unit may include a housing; a
driving rod disposed in the housing so as to reciprocate in a
longitudinal direction of the housing; a driving motor
installed in the housing and connected to the driving rod so as
to reciprocate the driving rod; and a slider of which an end is
connected to the driving rod and of which the other end is
connected to the first link arm.

[0017] The driving motor may include a linear motor hav-
ing a driving axis that is in parallel with the driving rod, and
the driving axis may be connected to the driving rod by using
a connection member having an elasticity.

[0018] The connection member may include first and sec-
ond connecting members of which ends are connected to the
driving rod and of which the other ends elastically contact
ends of the driving axis while the other ends apply a pre-load
to the ends of the driving axis.

[0019] The driving motor may include an ultrasonic motor.
[0020] According to another aspect of the present disclo-
sure, a surgical device is mounted on a robot arm of a surgical
robot, is inserted into a human body, performs a surgical
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operation, and includes a housing having a hollow bar shape;
a first joint part rotatably connected to the housing so as to
rotate around a first rotation axis; a second joint part rotatably
connected to the first joint part so as to rotate around a second
rotation axis that is not parallel to the first rotation axis; a
driving rod disposed in the housing so as to reciprocate; a
slider connected to the driving rod; a plurality of link arms
that pass through an inner portion of the first joint part so as to
connect the slider and the second joint part, and that are
serially connected so as to rotate around a rotation axis that is
in parallel with the first rotation axis, with respect to the
slider; and a connection unit connecting the plurality of link
arms and the first joint part, wherein, when the first joint part
rotates, the plurality of link arms rotate with respect to the
slider.

[0021] The plurality of link arms may include a first link
arm rotatably connected to the slider so as to rotate around the
rotation axis that is in parallel with the first rotation axis; a
second link arm rotatably connected to the first link arm so as
to rotate around the rotation axis that is in parallel with the
first rotation axis; and a third link arm rotatably connected to
the second link arm and the second joint part.

[0022] The rotation axis of the first link arm with respect to
the slider may match with the first rotation axis.

[0023] The rotation axis of the first link arm with respect to
the slider may deviate from the first rotation axis.

[0024] The connection unit may include a cut groove that is
formed in the first joint part by being cut in a longitudinal
direction of the first joint part; and a projection part that is
arranged on the second link arm, that has a length in a longi-
tudinal direction of the cut groove, and that is inserted into the
cut groove, wherein, when the first joint part rotates, the first
through third link arms rotate with respect to the slider due to
an interference between the cut groove and the projection
part, and simultaneously, the second link arm rotates with
respect to the first link arm.

[0025] The surgical device may further include a mounting
part combined with the robot arm; an extension part having a
bar shape extending from the mounting part, and combined
with the housing; a linear motor installed in the housing so as
to reciprocate the driving rod, and having a driving axis that
reciprocates in a parallel direction with the driving rod; and
first and second connecting members of which ends are con-
nected to the driving rod and of which the other ends elasti-
cally contact ends of the driving axis while the other ends
apply a pre-load to the ends of the driving axis.

[0026] The surgical device may further include a plurality
of the linear motors and a plurality of the first and second
connecting members.

[0027] The plurality of the linear motors may include ultra-
sonic linear motors.

[0028] According to another aspect of the present disclo-
sure, a surgical device that is mounted on a robot arm of a
surgical robot that performs a surgical operation. The surgical
device includes a first joint part rotating around a first rotation
axis, a second joint part rotatably connected to the first joint
part so as to rotate around a second rotation axis that is
different than the first rotation axis, and a joint driving part
having a hollow bar-shaped housing and comprising first and
second driving units that are relatively rigid and are disposed
within the housing and that provide a driving power for allow-
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ing the first and second joint parts to rotate around the first and
second rotation axes respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0030] FIG. 1 is a perspective view of a surgical device
including a joint part, according to an embodiment of the
present disclosure;

[0031] FIG.2isadiagramillustrating a “C” portion of FIG.
1 in detail;
[0032] FIG. 3isaperspective view illustrating arrangement

of first and second driving rods, and first and second linear
motors according to another embodiment of the present dis-
closure;

[0033] FIG. 4 is side view of a structure for connecting a
driving rod and a linear motor according to another embodi-
ment of the present disclosure;

[0034] FIG. 5illustrates a structure for using a plurality of
linear motors so as to reciprocate a driving rod according to
another embodiment of the present disclosure;

[0035] FIG. 6 is a perspective view of structures of first and
second joint parts according to another embodiment of the
present disclosure;

[0036] FIG. 7 is an exploded perspective view of a first link
unit for driving the first joint part according to another
embodiment of the present disclosure;

[0037] FIG. 8 is a rear view of the joint part;

[0038] FIG. 9 is a perspective view illustrating a status in
which the first joint part rotates;

[0039] FIG. 10 is an exploded perspective view of a second
link unit for driving the second joint part according to another
embodiment of the present disclosure;

[0040] FIG. 11 is a cross-sectional view of an arrangement
structure in which a rotation axis of the first joint part and a
rotation axis of a first link arm are disposed so as to remove
crosstalk between the first joint part and the second joint part;
[0041] FIG. 12 is a perspective view illustrating a status in
which the second joint part rotates; and

[0042] FIG. 13 is a perspective view illustrating a surgical
device formed by serially connecting a plurality of joint
assemblies according to another embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0043] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In the drawings, like reference numerals in
the drawings denote like elements, and the size of each com-
ponent may be exaggerated for clarity. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0044] FIG. 1 is a perspective view of a surgical device
according to an embodiment of the present disclosure. Refer-
ring to FIG. 1, the surgical device includes a mounting part 1
to be mounted on a robot arm of a surgical robot (not shown),
and an extension part 2 extending from the mounting part 1.
The extension part 2 may have a long and hollow bar shape
that may be inserted into a human body, e.g. an abdominal
cavity, a joint, or the like. A joint driving part 3 and a joint part
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6 are sequentially connected to an end of the extension part 2.
The joint driving part 3 and the joint part 6 may have a thin and
long bar shape so as to be easily inserted into the human body,
e.g. the abdominal cavity, the joint, or the like, so as to access
an affected part. A surgical tool 7 is mounted at an end of the
joint part 6 so as to perform a particular surgical operation
including excision, suture, cutting, pinching, scraping, punc-
turing, serrating, heating, cauterization, photography, or the
like by manipulation of an operator. The surgical tool 7 may
include a surgical knife, surgical forceps, surgical scissors, a
cauter (an instrument that burns or cuts an affected part by
using an electric energy or a thermal energy), an endoscope
camera, or the like. FIG. 1 illustrates a surgical forceps as an
example of the surgical tool 7.

[0045] The joint part 6 enables the surgical tool 7 to easily
access the affected part, and may have at least one degree of
freedom. In the present embodiment, the joint part 6 has two
degrees of freedom. For example, the joint part 6 has a first
joint part 4 rotating around a first rotation axis 91 in a Z-di-
rection, and a second joint part 5 rotating around a second
rotation axis 92 in a Y-direction.

[0046] FIG.2isadiagram illustrating a“C” portion of FIG.
1 in detail. In FIG. 2, the surgical tool 7 is omitted. Referring
to FIG. 2, the joint driving part 3 may include first and second
driving rods 110 and 120 to drive the first and second joint
parts 4 and 5, respectively; first and second linear motors 130
and 140 that are driving motors providing a driving power to
reciprocate each of the first and second driving rods 110 and
120; and a link unit 400 that is connected to the first and
second driving rods 110 and 120 so as to operate the first and
second joint parts 4 and 5.

[0047] The first and second driving rods 110 and 120
replace a conventional cable, and are significantly less flex-
ible than the cable. That is, compared to the cable, the first and
second driving rods 110 and 120 are relatively rigid bodies.
For example, the first and second driving rods 110 and 120
may have a bar shape formed of a material including metal,
ceramic, plastic, and the like.

[0048] The joint driving part 3 has a housing 310. The
housing 310 functions as a frame for combining configuring
elements of the joint driving part 3, and may have a long and
hollow bar shape in which the configuring elements may be
installed. A cross-sectional area shape of the housing 310 may
be circular, polygonal, or the like. The housing 310 may form
an outer form of the joint driving part 3. The first and second
driving rods 110 and 120 are disposed in the housing 310 so
as to reciprocate in a longitudinal direction of the housing
310, that is, an X-direction of FIG. 2. For example, referring
to FIG. 3, the first and second driving rods 110 and 120 may
be supported by a pair of supporting members 320 and 330
disposed at both ends of the housing 310.

[0049] The supporting members 320 and 330 may have
through-holes via which the first and second driving rods 110
and 120 pass, respectively. A plurality of bearing members
340 may be interposed between the through-holes and the
first and second driving rods 110 and 120 so as to allow the
first and second driving rods 110 and 120 to smoothly recip-
rocate. The bearing members 340 may be sintered bearings
that have hollow portions for allowing passage of the first and
second driving rods 110 and 120 and that include lubricating
oil. Also, the bearing members 340 may be plastic bearings
having an excellent sliding characteristic. Although the
present embodiment has a structure in which the first and
second driving rods 110 and 120 are supported by the sup-
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porting members 320 and 330 for reciprocating movement of
the first and second driving rods 110 and 120, one or more
embodiments are not limited to the structure. If desired, an
additional supporting member (not shown) may be disposed
between the supporting members 320 and 330.

[0050] The first and second linear motors 130 and 140 have
driving axes 131 and 141 that linearly reciprocate. One of
various types of motors including a linear reciprocation driv-
ing axis may be used as the first and second linear motors 130
and 140. For example, the first and second linear motors 130
and 140 may be ultrasonic motors. An ultrasonic motor uses
an elastic vibration of a piezoelectric device in an ultrasonic
band, and compared to an electromagnetic motor, the ultra-
sonic motor has a simple structure, so that the ultrasonic
motor may be small and light in weight. Also, the ultrasonic
motor generates very low noise and is not affected by elec-
tromagnetic noise, so that the ultrasonic motor may be useful
as a linear motor in a small space that may be easily affected
by electromagnetic waves.

[0051] The first and second linear motors 130 and 140 are
fixed in the housing 310. For example, referring to FIG. 2, first
and second openings 311 and 312 may be formed in the
housing 310, and first and second brackets 313 and 314 hav-
ing the first and second linear motors 130 and 140 mounted
thereto may be combined in the housing 310. Since connec-
tion structures between respective first and second driving
rods 110 and 120 and respective first and second linear motors
130 and 140 are the same, hereinafter, the connection struc-
ture between the first driving rod 110 and the first linear motor
130 is described below in detail.

[0052] The first driving rod 110 is connected to the driving
axis 131 of the first linear motor 130 with an elastic connec-
tion member. For example, referring to FIGS. 3 and 4, the
elastic connection member may include first and second con-
necting members 151 and 152. One end 153 of each of the first
and second connecting members 151 and 152 is combined to
the first driving rod 110. The other ends 154 of the first and
second connecting members 151 and 152 are respectively
connected to both ends 132 and 133 of the driving axis 131 in
an axial direction. In the present embodiment, the other ends
154 of the first and second connecting members 151 and 152
respectively contact the ends 132 and 133 of the driving axis
131. In order to make the driving axis 131 and the first driving
rod 110 connect without backlash, that is, in order to allow a
reciprocating driving power of the driving axis 131 to be
effectively delivered to the first driving rod 110 without delay
or loss, it is necessary for the other ends 154 of the first and
second connecting members 151 and 152 to maintain contact
with the ends 132 and 133 of the driving axis 131. For this, the
other ends 154 of the first and second connecting members
151 and 152 may contact the ends 132 and 133 of the driving
axis 131 while applying a pre-load to the ends 132 and 133 of
the driving axis 131.

[0053] In order to apply a pre-load, the first and second
connecting members 151 and 152 may be formed of a mate-
rial having elasticity. For example, the first and second con-
necting members 151 and 152 may include metal thin springs.
The ends 153 of the first and second connecting members 151
and 152 may be combined to the first driving rod 110 by using
one of a pressing method, a welding method, an adhering
method, a coupling method using a fixing member, and the
like. Referring to FIG. 4, the first and second connecting
members 151 and 152 extend from the ends 153 that are
combined to the first driving rod 110. When the first bracket
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313 having the first linear motor 130 mounted thereto is
combined to the housing 310, the first and second connecting
members 151 and 152 elastically contact the ends 132 and
133 of the driving axis 131, respectively, while the first and
second connecting members 151 and 152 bend from an initial
status of a dashed line in FIG. 4 to a contact status of a solid
line in FIG. 4. Thus, the pre-load that is proportional to bend
distances d1 and d2 of the first and second connecting mem-
bers 151 and 152 may be applied to the ends 132 and 133 of
the driving axis 131. In the present embodiment, a metal thin
spring is used as the first and second connecting members 151
and 152. However, the first and second connecting members
151 and 152 are not limited thereto. Thus, if the pre-load is
applied to the ends 132 and 133 of the driving axis 131 as
described above, the first and second connecting members
151 and 152 may be formed of another elastic material, e.g.,
plastic. Also, a shape of the first and second connecting mem-
bers 151 and 152 is not limited to a shape shown in FIGS. 3
and 4.

[0054] When the driving axis 131 reciprocates in -X and
+X directions by driving the first linear motor 130, a recipro-
cating driving power thereof may be delivered to the first
driving rod 110 via the first and second connecting members
151 and 152 so as to reciprocate the first driving rod 110 in the
-X and +X directions. Since the first and second connecting
members 151 and 152 contact the ends 132 and 133 of the
driving axis 131 while applying a pre-load to the ends 132 and
133 of the driving axis 131, the reciprocating driving power of
the driving axis 131 may be delivered to the first driving rod
110 without delay or loss.

[0055] The second linear motor 140 and the second driving
rod 120 are connected to each other according to the same
connection structure as that of the first linear motor 130 and
the first driving rod 110 described above. When the driving
axis 141 reciprocates in the -X and +X directions by driving
the second linear motor 140, the second driving rod 120 may
reciprocate in the —-X and +X directions.

[0056] Although not illustrated, a control line to control the
first and second linear motors 130 and 140 is connected to the
surgical robot via the joint driving part 3, the extension part 2,
and the mounting part 1.

[0057] According to a driving method using the conven-
tional cable, a driver to drive the cable is installed in a robot
arm, and a complicated mechanical structure to connect the
driver and the cable has to be installed in the robot arm and the
mounting part 1. However, according to the surgical device of
the present embodiment, the first and second linear motors
130 and 140, which are driving motors that provide the driv-
ing power for driving the joint part 6, are directly mounted to
the surgical tool 7, so that mechanical connection elements
for connection between the surgical device and the robot arm
of the surgical robot so as to drive the joint part 6 may be
omitted, and thus structures of the robot arm and the mount-
ing part 1 may be simplified.

[0058] Also, the first and second driving rods 110 and 120
that are driven by the first and second linear motors 130 and
140 are relatively rigid bodies, compared to the conventional
cable. Thus, there is little risk that the first and second driving
rods 110 and 120 may be permanently deformed due to
extended use. Also, unlike the conventional cable, it is not
necessary to apply tension to the first and second driving rods
110 and 120 so that backlash due to damage caused by tension
or tension deterioration, which may occur in the conventional
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cable, does not occur. Thus, compared to the conventional
cable, it is possible to stably drive the joint part 6.

[0059] The present embodiment corresponds to a case in
which one first linear motor 130 is used but one or more
embodiments are not limited thereto. For example, when a
surgical operation is performed, the surgical tool 7 and the
joint part 6 may be inserted into a human body, e.g., an
abdominal cavity, a joint, or the like, and even the joint driv-
ing part 3 and the extension part 2 may be inserted into the
human body, e.g., the abdominal cavity, the joint, or the like.
Thus, in order to minimize a size of an incised portion of the
human body, a size of a part inserted into the human body, in
more detail, a size of a diameter of the part is limited. There-
fore, a size of a motor is limited.

[0060] In order to obtain a desired large driving power in a
limited installation space, a plurality of motors may be used.
For example, as illustrated in FIG. 5, in order to drive the first
driving rod 110, a plurality of the first linear motors 130 that
are respectively connected to the first driving rod 110 with
their respective first and second connecting members 151 and
152 may be used. In this case, a connection structure in which
a pre-load is applied to the driving axis 131 by using the first
and second connecting members 151 and 152 allows a driving
load for driving the first driving rod 110 to be equally applied
to the plurality of the first linear motors 130. In a case where
the plurality of the first linear motors 130 are connected to the
first driving rod 110 using a rigid body combination method,
due to an error in a manufacturing process and an effort in an
assembling process, a connection status between each of the
first linear motors 130 and the first driving rod 110 may differ.
Thus, a load of the first driving rod 110 may not be delivered
or may be partially delivered to a first linear motor 130 that is
loosely connected, and the load may be excessively delivered
to only a first linear motor 130 that is well connected. Then, a
driving power to drive the joint part 6 is insufficient, such that
it is difficult to accurately drive the joint part 6. Also, since
some first linear motors 130 are excessively used, they may be
damaged. However, according to the connection status in the
present embodiment, the plurality of the first linear motors
130 are pre-loaded by the first and second connecting mem-
bers 151 and 152 and then are connected to the first driving
rod 110. By doing so, the connection status between each of
the plurality of the first linear motors 130 and the first driving
rod 110 is uniform, so that a stable driving power may be
delivered to the first driving rod 110, and a highly reliable
driving function may be maintained during a lifetime of the
plurality of the first linear motors 130.

[0061] The plurality of the first linear motors 130 are con-
nected in parallel with respect to the first driving rod 110. The
parallel connection structure is simpler than a serial connec-
tion structure. For a serial connection, it is necessary to seg-
ment the first driving rod 110 into a plurality of parts, to
dispose the plurality of the first linear motors 130 between
each of the segmented parts, and then to connect the seg-
mented parts in series. However, the serial connection causes
difficulty in manufacturing and assembling processes. Also,
the serial connection results in a structure in which the entire
first driving rod 110 cannot be driven when any one motor is
damaged. Compared to the serial connection, when the plu-
rality of the first linear motors 130 are connected in parallel
with respect to the first driving rod 110, the first driving rod
110 functions as one part, so that the number of parts may be
decreased.
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[0062] The second driving rod 120 may be connected to a
plurality of the second linear motors 140 in the same structure
as shown in FIG. 5 and then may be driven.

[0063] Next,a structure for driving the first and second joint
parts 4 and 5 by using the reciprocating movement of the first
and second driving rods 110 and 120 will now be described.
The first and second joint parts 4 and S may be hollow mem-
bers.

[0064] The first joint part 4 is installed to rotate around the
first rotation axis 91 in the Z-direction with respect to the joint
driving part 3. For example, referring to FIGS. 2 and 6, a base
frame 350 may be arranged in the housing 310 of the joint
driving part 3. The first joint part 4 and the base frame 350 are
connected to each other via a pin 41. The pin 41 becomes the
first rotation axis 91 of the first joint part 4 in the Z-direction
with respect to the joint driving part 3. For example, a diam-
eter of the pin 41 may be less than a diameter of a through-
hole 42 formed in the first joint part 4, so that the first joint part
4 may rotate around the pin41. The pin 41 may be pressed and
fixed in an insertion hole (not shown) of the base frame 350.
Also, for example, a male screw (not shown) may be formed
in an end of the pin 41, and a female screw (not shown) may
be formed in the base frame 350, so that the pin 41 may be
fixed in the base frame 350 via a screw connection. Also, the
pin 41 may be adhered to an insertion hole (not shown) of the
base frame 350. Here, the aforementioned rotatable connec-
tion structure of the first joint part 4 and the joint driving part
3 is an example and thus one or more embodiments are not
limited thereto. In this regard, one of various rotatable con-
nection structures that are well known in the art may be used.
[0065] The second joint part 5 is installed to rotate around
the second rotation axis 92 in the Y-direction with respect to
the first joint part 4. For example, referring to FIG. 6, the first
joint part 4 and the second joint part 5 are connected to each
other via a pin 51. The pin 51 becomes the second rotation
axis 92 of the second joint part 5 with respect to the first joint
part 4. For example, a diameter of the pin 51 may be less than
a diameter of a through-hole 52 formed in the second joint
part 5, so that the second joint part 5 may rotate around the pin
51. The pin 51 may be pressed and fixed in an insertion hole
(not shown) of the first joint part 4. Also, for example, a male
screw (not shown) may be formed in an end of the pin 51, and
a female screw (not shown) may be formed in the first joint
part 4, so that the pin 51 may be fixed in the first joint part 4
via a screw connection. Also, the pin 51 may be adhered to an
insertion hole (not shown) of the first joint part 4. Here, the
aforementioned rotatable connection structure of the second
joint part 5 and the first joint part 4 is an example and thus one
or more embodiments are not limited thereto and thus one of
various rotatable connection structures that are well known in
the art may be used.

[0066] The first and second joint parts 4 and 5 are driven by
first and second driving parts, respectively. The first driving
part may include the first linear motor 130 and the first driving
rod 110. The second driving part may include the second
linear motor 140 and the second driving rod 120.

[0067] The first and second driving rods 110 and 120 are
connected to the first and second joint parts 4 and 5 by the link
unit 400 (refer to FIG. 2). The link unit 400 includes first and
second link units 410 (refer to FIG. 7) and 450 (refer to FIG.
10) for connecting the first and second driving rods 110 and
120 and the first and second joint parts 4 and 5, respectively.
[0068] An example of the first link unit 410 will now be
described with reference to FIG. 7. The first link unit 410 has
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a slider-crank structure. The first link unit 410 may include a
slider 420 connected to the first driving rod 110, and a link
arm 430 connected to the slider 420 and the first joint part 4.
The slider 420 may reciprocate in the X-direction. The slider
420 and the first driving rod 110 may be connected to each
other by allowing a coupling member including a screw 421
to pass through the first driving rod 110 and the slider 420 and
then to be coupled in a fixing hole 422 of the slider 420. The
slider 420 and the first driving rod 110 may be fixed to each
other.

[0069] The link arm 430 is rotatably connected to the slider
420. A rotation axis of the link arm 430 with respect to the
slider 420 may be in the Z-direction that is the same as the
direction of the first rotation axis 91 of the first joint part 4.
However, the direction of the rotation axis of the link arm 430
is not limited thereto and thus may be randomly set as long as
the rotation axis of the link arm 430 may rotate the first joint
part 4 with respect to the first rotation axis 91. The link arm
430 and the slider 420 may be connected to each other via a
pin 431 that is fixed to the slider 420 or the link arm 430 after
the pin 431 passes through the slider 420 and the link arm 430.
The pin 431 becomes the rotation axis of the link arm 430. For
example, the pin 431 may be pressed into, may be screw-
coupled to, or may be adhered to a fixing hole 423 of'the slider
420 via a through-hole 432 of the link arm 430. A diameter of
the pin 431 may be slightly less than a diameter of the
through-hole 432 so that the link arm 430 may rotate with
respect to the slider 420.

[0070] The aforementioned connection structure of the first
driving rod 110, the slider 420, the link arm 430, and the first
joint part 4 is an example and thus one or more embodiments
are not limited thereto. In this regard, the first driving rod 110,
the slider 420, the link arm 430, and the first joint part 4 may
be sequentially connected according to one of various fixed or
rotatable connection structures that are well known in the art.
[0071] A guide groove 351 for guiding the linear recipro-
cating movement of the slider 420 may be formed in the joint
driving part 3. For example, referring to FIGS. 7 and 8, the
guide groove 351 may be formed in the base frame 350 by
being cut in the X-direction, that is, in the direction of the liner
reciprocating movement of the slider 420. The pin 431 con-
necting the link arm 430 and the slider 420 may extend toward
the base frame 350 and then may be inserted into the guide
groove 351.

[0072] Hereinafter, a process of rotating the first joint part 4
by using the aforementioned configuration will now be
described. Referring to FIGS. 2, 8, and 9, the first joint part 4
is aligned in the -X direction. When the driving axis 131 is
moved in the +X direction by driving the first linear motor
130, the first driving rod 110 pulls the slider 420 in the +X
direction while the first driving rod 110 moves in the +X
direction. The slider 420 is guided by the guide groove 351
and then reciprocates in the +X direction, so that the slider
420 pulls the link arm 430 in the +X direction. By doing so,
the first joint part 4 rotates as illustrated in FIG. 9 in an arrow
A1 direction. Since the link arm 430 and the slider 420 are
rotatably connected to each other, the first joint part 4 may
naturally rotate by using the pin 41 as the first rotation axis 91.
Conversely, in a status shown in FIG. 9, when the driving axis
131 is moved in the -X direction by driving the first linear
motor 130, the first driving rod 110 and the slider 420 move in
the —X direction, so that they push the link arm 430 in the -X
direction. Then, the first joint part 4 rotates in an arrow A2
direction of FIG. 9 by using the pin 41 as the first rotation axis
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91. As described above, by reciprocating the first driving rod
110 by using the first linear motor 130, the first joint part 4
may rotate around the first rotation axis 91 in the Z-direction.
[0073] Hereinafter, an example of the second link unit 450
will now be described in detail with reference to FIG. 10. The
second link unit 450 may include a slider 460 that recipro-
cates by being connected to the second driving rod 120, and a
plurality of link arms that are installed after passing through
an inner portion of the first joint part 4 so as to connect the
slider 460 and the second joint part 5. The plurality of link
arms are connected in series with the slider 460 so as to rotate
around rotation axes in parallel with the first rotation axis 91
with respect to the slider 460. The plurality of link arms may
include first through third link arms 470, 480, and 490. The
slider 460 is connected to the first link arm 470, and the first
link arm 470 extends to an inner portion of the first joint part
4 and then is connected to the second link arm 480. The
second link arm 480 is connected to the third link arm 490 that
is connected to the second joint part 5.

[0074] The slider 460 may reciprocate in the X-direction.
For example, the slider 460 and the second driving rod 120
may be connected to each other by allowing a coupling mem-
ber including a screw 461 to pass through the second driving
rod 120 and the slider 460 and then to be coupled in a fixing
hole 462. The slider 460 and the second driving rod 120 may
be fixed to each other.

[0075] The first link arm 470 may be rotatably connected to
the slider 460. The rotation axis of the first link arm 470 may
be an axis in the Z-direction that is the same as the direction
of'the first rotation axis 91 of the first joint part 4. The first link
arm 470 and the slider 460 may be connected to each other via
apin 471 that is fixed to the slider 460 or the first link arm 470
after the pin 471 passes through the slider 460 and the first
link arm 470. The pin 471 becomes the rotation axis of the
first link arm 470. For example, the pin 471 may be pressed
into, may be screw-coupled to, or may be adhered to a fixing
hole 463 of the slider 460 via a through-hole 472 of the first
link arm 470. A diameter of the pin 471 may be slightly less
than a diameter of the through-hole 472.

[0076] The second link arm 480 may be rotatably con-
nected to the first link arm 470. A direction of the rotation axis
of the second link arm 480 with respect to the first link arm
470 may be in the Z-direction that is the same as the direction
of'the first rotation axis 91 of the first joint part 4. The first link
arm 470 and the second link arm 480 may be connected to
each other via a pin 473 that is fixed to the first link arm 470
orthe second link arm 480 after the pin 473 passes through the
first link arm 470 and the second link arm 480. The pin 473
becomes the rotation axis of the second link arm 480. For
example, the pin 473 may be pressed into, may be screw-
coupled to, or may be adhered to a fixing hole 481 of the
second link arm 480 via a through-hole 474 of the first link
arm 470. A diameter of the pin 473 may be slightly less than
a diameter of the through-hole 474.

[0077] The third link arm 490 may be rotatably connected
to the second link arm 480. A direction of the rotation axis of
the third link arm 490 with respect to the second link arm 480
may be in the Y-direction that is the same as the direction of
the second rotation axis 92 of the second joint part 5 but one
or more embodiments are not limited thereto. The second link
arm 480 and the third link arm 490 may be connected to each
other via a pin 482 that is fixed to the second link arm 480 or
the third link arm 490 after the pin 482 passes through the
second link arm 480 and the third link arm 490. The pin 482
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becomes the rotation axis of the third link arm 490 with
respect to the second link arm 480. For example, the pin 482
may be pressed into, may be screw-coupled to, or may be
adhered to a fixing hole 483 of the second link arm 480 via a
through-hole 491 of the third link arm 490. A diameter of the
pin 482 may be slightly less than a diameter of the through-
hole 491.

[0078] The third link arm 490 and the second joint part 5 are
connected to rotate with respect to each other. The third link
arm 490 may be connected at an appropriate location so as to
rotate the second joint part 5 with respect to the second
rotation axis 92. In the present embodiment, the third link arm
490 is connected to an upper portion of the second joint part
5 in the Z-direction. A pin 492 that passes through the third
link arm 490 and the second joint part 5 may be coupled with
the third link arm 490 or the second joint part 5. The pin 492
becomes a mutual rotation axis of the third link arm 490 and
the second joint part 5. For example, the pin 492 may be
pressed into, may be screw-coupled to, or may be adhered to
a fixing hole 53 of the second joint part 5 via a through-hole
493 of the third link arm 490. A diameter of the pin 492 may
be slightly less than a diameter of the through-hole 493.
[0079] Theaforementioned connection structure of the sec-
ond driving rod 120, the slider 460, the first through third link
arms 470, 480, and 490, and the second joint part 5 is an
example and thus one or more embodiments are not limited
thereto. In this regard, the second driving rod 120, the slider
460, the first through third link arms 470, 480, and 490, and
the second joint part 5 may be sequentially connected accord-
ing to one of various fixed or rotatable connection structures
that are well known in the art.

[0080] A guide groove 352 for guiding the liner reciprocat-
ing movement of the slider 460 may be formed in the joint
driving part 3. For example, referring to FIGS. 8 and 10, the
guide groove 352 may be formed in the base frame 350 by
being cut in the X-direction. The pin 471 that connects the
first link arm 470 and the slider 460 may extend toward the
base frame 350 and then may be inserted into the guide groove
352.

[0081] The first link arm 470 extends to the inner portion of
the first joint part 4 and then is connected to the second link
arm 480. Portions of the second link arm 480 and the third link
arm 490 may be disposed in the inner portion of the first joint
part 4. In a case where the first joint part 4 rotates around the
first rotation axis 91, at least one of the first through third link
arms 470, 480, and 490, and the first joint part 4 may interfere
with each other, such that crosstalk may occur between the
first joint part 4 and the second joint part 5. The crosstalk may
be a disadvantageous factor in accurately controlling a rota-
tion of each of the first joint part 4 and the second joint part 5.
In order to decrease or to prevent the crosstalk, a sufficient
space may be assured in the first joint part 4, so that the first
through third link arms 470, 480, and 490, and the first joint
part 4 may not interfere with each other while the first joint
part 4 rotates. For this, it is necessary to increase a diameter of
the first joint part 4, but this increase is not appropriate for a
surgical device that is inserted into the human body. Thus, it
is necessary to decrease or to prevent the crosstalk of the first
and second joint parts 4 and 5 while the increase of the
diameter of the first joint part 4 is restrained.

[0082] As described above, the first link arm 470 is rotat-
ably connected to the slider 460. In order to allow the first link
arm 470 to naturally rotate around the slider 460 with respect
to the pin 471 when the first joint part 4 rotates around the first
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rotation axis 91, the surgical device according to the present
embodiment includes a connection unit. For example, the
connection unit may include a second guide groove that is
formed in the first joint part 4, and an insertion unit that is
arranged in at least one of the first through third link arms 470,
480, and 490 and that is inserted into the second guide groove.
For example, referring to FIGS. 2 and 6, the second guide
groove may be a first cut groove 43 that is cut in a top portion
of the first joint part 4 in the X-direction (a longitudinal
direction of the first joint part 4). The insertion unit may be
implemented by allowing a portion of the second link arm 480
or a portion of the third link arm 490 to be inserted into the
first cut groove 43. For example, a projection part 484 (refer
to FIG. 10) that extends upward may be arranged on the
second link arm 480, as the insertion unit. Also, for example,
referring to FIG. 8, the second guide groove may be a second
cut groove 44 that is cut in a bottom portion of the first joint
part 4 in the X-direction (the longitudinal direction of the first
joint part 4). The insertion unit may be implemented by allow-
ing the pin 473 connecting the second link arm 480 and the
first link arm 470 to be extend and then to be inserted into the
second cut groove 44. However, one or more embodiments
are not limited to the aforementioned implementation of the
connection unit, and thus, various examples having an
equivalent implementation may be used.

[0083] By using the connection unit, the first link arm 470
rotates around the slider 460 when the first joint part 4 rotates,
so that crosstalk between the first joint part 4 and the second
joint part 5 may be suppressed. As illustrated in FIG. 11, the
crosstalk between the first joint part 4 and the second joint
part 5 may be significantly removed by matching the rotation
axis of the first link arm 470 with respect to the slider 460 with
the first rotation axis 91 of the first joint part 4.

[0084] In acase where the rotation axis of the first link arm
470 with respect to the slider 460 does not match with the first
rotation axis 91 of the first joint part 4 due to spatial limita-
tions, crosstalk that is proportional to a deviation amount
between the two rotation axes may occur. According to the
present embodiment, the second link arm 480 is rotatably
connected to the first link arm 470 so as to rotate around the
rotation axis in the Z-direction, and the second link arm 480
and/or the third link arm 490 are/is inserted into the first cut
groove 43 that is formed in the top portion of the first joint part
4. In a case where the rotation axis of the first link arm 470
with respect to the slider 460, and the first rotation axis 91 of
the first joint part 4 deviate from each other, a rotation amount
of the first joint part 4, and a rotation amount of the first link
arm 470 with respect to the slider 460 do not match with each
other, and the first cut groove 43 interferes with the second
link arm 480 and/or the third link arm 490, or the insertion
units arranged therein. For example, the projection part 484
on the second link arm 480 may be formed so as to have a
length in a longitudinal direction of the first cut groove 43. By
doing so, when the first joint part 4 rotates, the first through
third link arms 470, 480, and 490 rotate around the slider 460,
and an interference between the first cut groove 43 and the
projection part 484 due to deviation of the two rotation axes
allows the second link arm 480 to rotate around the rotation
axis in the Z-direction with respect to the first link arm 470.
Due to the rotation, crosstalk caused by the deviation amount
between the two rotation axes may be significantly removed.
[0085] As described above, according to an interaction
between the first cut groove 43 and the insertion units, with
respect to the first link arm 470, the second link arm 480
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rotates around the rotation axis that is in parallel with the first
rotation axis 91 of the first joint part 4, so that the crosstalk
due to the deviation between the rotation axis of the first link
arm 470 with respect to the slider 460, and the first rotation
axis 91 of the first joint part 4 may be decreased.

[0086] Hereinafter, a process of rotating the second joint
part 5 according to the aforementioned configuration will
now be described. Referring to FIG. 2, the second joint part 5
is aligned in the —X direction.

[0087] When the driving axis 141 is moved in the +X direc-
tion by driving the second linear motor 140, the second driv-
ing rod 120 pulls the slider 460 in the +X direction while the
second driving rod 120 moves in the +X direction. The slider
460 is guided by the guide groove 352 and then reciprocates
in the +X direction, so that the first through third link arms
470, 480, and 490 are pulled in the +X direction. By doing so,
as illustrated in FIG. 12 by an arrow B1, the second joint part
5 rotates around the second rotation axis 92. Since the slider
460, and the first through third link arms 470, 480, and 490 are
connected to sequentially rotate with respect to each other, the
second joint part 5 may naturally rotate around the second
rotation axis 92. Conversely, in a status illustrated in FIG. 12,
when the driving axis 141 is moved in the —X direction by
driving the second linear motor 140, the second driving rod
120 and the slider 460 move in the —X direction and then push
the first through third link arms 470, 480, and 490 in the -X
direction. By doing so, the second joint part 5 rotates around
the first rotation axis 91 in an arrow B2 direction of FIG. 12.
As described above, by reciprocating the second driving rod
120 using the second linear motor 140, the second joint part 5
may rotate around the second rotation axis 92 in the Y-direc-
tion. While the second joint part 5 rotates, reciprocating
movement and rotating movement of the first through third
link arms 470, 480, and 490 are limited by the second guide
grooves (i.e., the first cut groove 43 and the second cut groove
44) that are formed in the first joint part 4, and as long as the
second linear motor 140 is not driven, a rotation position of
the first joint part 4 is not changed.

[0088] As described above, in the surgical device according
to the present embodiment, the first joint part 4 and the second
joint part 5 may be almost independently driven while
crosstalk therebetween is prevented.

[0089] According to the present embodiment, the first joint
part 4 and the second joint part 5 rotate around the rotation
axes (refer to the first and second rotation axes 91 and 92) that
are perpendicular to each other, but one or more embodiments
are not limited thereto. Thus, the first joint part 4 and the
second joint part 5 may rotate around rotation axes that are
slanted with respect to each other by a random angle.

[0090] As described above, the present embodiment corre-
sponds to a case in which the joint part 6 having two degrees
of freedom is driven, but one or more embodiments are not
limited thereto. As illustrated in FIG. 13, first and second joint
assemblies 8-1 and 8-2 having a bar shape may be installed in
series on the extension part 2. Each of the first and second
joint assemblies 8-1 and 8-2 may have a structure as illus-
trated in FIGS. 1 through 12. Reference numerals 3-1 and 3-2
denote the joint driving part 3, reference numerals 4-1 and 4-2
denote the first joint part 4, and reference numerals 5-1 and
5-2 denote the second joint part 5. By combining the joint
driving part 3-2 of the second joint assembly 8-2 with the
second joint part 5-1 of the first joint assembly 8-1, the first
and second joint assemblies 8-1 and 8-2 are connected in
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series. The surgical tool 7 is combined with the second joint
part 5-2 of the second joint assembly 8-2.

[0091] By adjusting a combination direction of the first and
second joint assemblies 8-1 and 8-2, that is, by adjusting a
rotation combination angle with respect to an X-axis, it is
possible to embody the surgical device having four degrees of
freedom. FIG. 13 corresponds to a case in which the two joint
assemblies are connected in series but if desired, it is possible
to increase the number of degrees of freedom by serially
connecting three or more joint assemblies. In the driving
method using a cable according to the conventional art, the
driver that drives the cable is mounted in the robot arm of the
surgical robot, such that crosstalk between joints increases as
the number of the joints is increased, an analysis therebe-
tween is highly complicated, and thus there is limitation in an
increase of the number of the joints. However, according to
one or more embodiments of the present disclosure, although
a plurality of the joint assemblies are connected in series, the
driving motor and a structure for driving a joint are installed
in each of the joint assemblies, so that crosstalk between the
driving of each of the joint assemblies significantly decreases.
Accordingly, the surgical device according to one or more
embodiments of the present disclosure may have highly
excellent expandability in terms of the number of joints, and
may assure independence of joint movement of each joint
assembly.

[0092] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

What is claimed is:

1. A surgical device comprising a surgical tool that is
mounted on a robot arm of a surgical robot and that performs
a surgical operation, the surgical device comprising:

a first joint part rotating around a first rotation axis;

asecond joint part rotatably connected to the first joint part
so as to rotate around a second rotation axis that is not
parallel to the first rotation axis;

a joint driving part comprising first and second driving
units that provide a driving power for allowing the first
and second joint parts to rotate around the first and
second rotation axes respectively;

a first link unit connecting the first driving unit and the first
joint part, the first link unit having a slider-crank struc-
ture and rotating the first joint part due to a reciprocating
movement of the first driving unit; and

a second link unit connecting the second driving unit and
the second joint part, rotating the second joint part due to
a reciprocating movement of the second driving unit,
and comprising a plurality of link arms that pass through
an inner portion of the first joint part and that are serially
connected to rotate with respect to the second driving
unit.

2. The surgical device of claim 1, further comprising a
connection unit that connects the plurality of link arms and
the first joint part,

wherein the plurality of link arms comprise a first link arm
that is reciprocated by the second driving unit and that is
connected to the second driving unit so as to rotate
around a rotation axis that is in parallel with the first
rotation axis, and
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wherein, when the first joint part rotates, the plurality of
link arms also rotate around the rotation axis of the first
link arm.

3. The surgical device of claim 2, wherein the plurality of
link arms comprise a second link arm that is connected to the
first link arm so as to rotate around the rotation axis that is in
parallel with the first rotation axis, and comprise a third link
arm that is rotatably connected to the second link arm and the
second joint part.

4. The surgical device of claim 3, wherein the connection
unit comprises a cut groove that is formed in the first joint part
by being cut in a longitudinal direction of the first joint part,
and comprises an insertion unit that is arranged in at least one
of the plurality of link arms and that is inserted into the cut
groove.

5. The surgical device of claim 4, wherein the rotation axis
of the first link arm with respect to the second driving unit
matches with the first rotation axis.

6. The surgical device of claim 4, wherein the rotation axis
of the first link arm with respect to the second driving unit
deviates from the first rotation axis.

7. The surgical device of claim 6, wherein the insertion unit
comprises a projection part that is arranged on the second link
arm, that has a length in a longitudinal direction of the cut
groove, and that is inserted into the cut groove, and

when the first joint part rotates, the second link arm rotates

around the rotation axis with respect to the first link arm
due to an interference between the cut groove and the
projection part.

8. The surgical device of claim 2, further comprising:

a mounting part combined with the robot arm; and

an extension part having a bar shape extending from the

mounting part, and to which the joint driving part, the
first joint part, and the second joint part are sequentially
connected.

9. The surgical device of claim 8, wherein the second
driving unit comprises:

a housing;

a driving rod disposed in the housing so as to reciprocate in

a longitudinal direction of the housing;

a driving motor installed in the housing and connected to

the driving rod so as to reciprocate the driving rod; and

a slider including a first end connected to the driving rod

and a second end connected to the first link arm.

10. The surgical device of claim 9, wherein the driving
motor comprises a linear motor having a driving axis that is in
parallel with the driving rod, and

wherein the driving axis is connected to the driving rod by

using a connection member having an elasticity.

11. The surgical device of claim 10, wherein the connection
member comprises first and second connecting members
each having a first end connected to the driving rod and a
second end that elastically contacts ends of the driving axis
while each of the second ends apply a pre-load to the ends of
the driving axis.

12. The surgical device of claim 10, wherein the driving
motor comprises an ultrasonic motor.

13. A surgical device that is mounted on a robot arm of a
surgical robot and that performs a surgical operation, the
surgical device comprising:

a housing having a hollow bar shape;

a first joint part rotatably connected to the housing so as to

rotate around a first rotation axis;
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asecond joint part rotatably connected to the first joint part
so as to rotate around a second rotation axis that is not
parallel to the first rotation axis;

a driving rod disposed in the housing so as to reciprocate;

a slider connected to the driving rod;

aplurality of link arms that pass through an inner portion of
the first joint part so as to connect the slider and the
second joint part, and that are serially connected so as to
rotate around a rotation axis that is in parallel with the
first rotation axis, with respect to the slider; and

a connection unit connecting the plurality of link arms and
the first joint part,

wherein, when the first joint part rotates, the plurality of
link arms rotate with respect to the slider.

14. The surgical device of claim 13, wherein the plurality of

link arms comprise:

a first link arm rotatably connected to the slider so as to
rotate around the rotation axis that is in parallel with the
first rotation axis;

a second link arm rotatably connected to the first link arm
so as to rotate around the rotation axis that is in parallel
with the first rotation axis; and

a third link arm rotatably connected to the second link arm
and the second joint part.

15. The surgical device of claim 14, wherein the rotation
axis of the first link arm with respect to the slider matches the
first rotation axis.

16. The surgical device of claim 14, wherein the rotation
axis of the first link arm with respect to the slider deviates
from the first rotation axis.

17. The surgical device of claim 16, wherein the connection
unit comprises:

acut groove that is formed in the first joint part by being cut
in a longitudinal direction of the first joint part; and

a projection part that is arranged on the second link arm,
that has a length in a longitudinal direction of the cut
groove, and that is inserted into the cut groove,

wherein, when the first joint part rotates, the first through
third link arms rotate with respect to the slider due to an
interference between the cut groove and the projection
part, and simultaneously, the second link arm rotates
with respect to the first link arm.
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18. The surgical device of claim 13, further comprising:

a mounting part combined with the robot arm;

an extension part having a bar shape extending from the
mounting part, and combined with the housing;

a linear motor installed in the housing so as to reciprocate
the driving rod, and having a driving axis that recipro-
cates in a parallel direction with the driving rod; and

first and second connecting members each having a first
end connected to the driving rod and a second end that
elastically contacts ends of the driving axis while each of
the second ends apply a pre-load to the ends of the
driving axis.

19. The surgical device of claim 18, further comprising a
plurality of the linear motors and a plurality of the first and
second connecting members.

20. The surgical device of claim 19, wherein the plurality of
the linear motors comprise ultrasonic linear motors.

21. A surgical device that is mounted on a robot arm of a
surgical robot that performs a surgical operation, the surgical
device comprising:

a first joint part rotating around a first rotation axis;

a second joint part rotatably connected to the first joint part
so as to rotate around a second rotation axis that is
different than the first rotation axis; and

ajoint driving part having a hollow bar-shaped housing and
comprising first and second driving units that are rela-
tively rigid and are disposed within the housing and that
provide a driving power for allowing the first and second
joint parts to rotate around the first and second rotation
axes respectively.

22. The surgical device of claim 21, further comprising:

a first link unit connecting the first driving unit and the first
joint part, the first link unit having a slider-crank struc-
ture and rotating the first joint part due to a reciprocating
movement of the first driving unit; and

a second link unit connecting the second driving unit and
the second joint part, rotating the second joint part due to
a reciprocating movement of the second driving unit,
and comprising a plurality of link arms that pass through
an inner portion of the first joint part and that are serially
connected to rotate with respect to the second driving
unit.
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