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Description
TECHNICAL FIELD

[0001] The present invention relates to differential
members, and more particularly, to a differential member
that is used in a surgical instrument, which may be man-
ually operated to perform laparoscopic operations or var-
ious surgical operations, to receive an input of two or
more rotation motions or translation motions and output
a single rotation motion or translation motion.

BACKGROUND ART

[0002] A surgical operation is an operation for curing
a disease by cutting, incising, and processing skin, mem-
branes, or other tissues by using medical instruments.
However, open surgery, which cuts and opens the skin
of a surgical region and cures, shapes, or removes an
organ therein, may cause bleeding, side effects, pain,
scars, or the like. Therefore, a surgical operation, which
is performed by forming a hole through the skin and in-
serting a medicalinstrument, for example, alaparoscope,
a surgical instrument, or a surgical microscope thereinto,
orarobotic surgical operation have recently become pop-
ular alternatives.

[0003] The surgical instrumentis aninstrument for per-
forming, by a surgeon, an operation on a surgical region
by operating an end tool, which is installed at one end of
a shaft inserted into a hole formed through the skin, by
using an operator or by using a robotic arm. The end tool
provided in the surgical instrument performs a rotating
operation, a gripping operation, a cutting operation, or
the like through a predetermined structure.

[0004] However, since a conventional surgical instru-
ment uses an unbendable end tool, it is not suitable for
accessing a surgical region and performing various sur-
gical operations. In order to solve this problem, a surgical
instrument having a bendable end tool has been devel-
oped. However, an operation of an operator for bending
the end tool to perform a surgical operation is not intui-
tively identical to an actual bending operation of the end
tool for performing the surgical operation. Therefore, for
surgical operators, it is difficult to perform an intuitive op-
eration, and it takes a long time to learn how to use the
surgical instrument.

[0005] Information disclosed in this Background sec-
tion was already known to the inventors of the present
invention before achieving the present invention or is
technical information acquired in the process of achieving
the present invention. Therefore, it may contain informa-
tion that does not form the prior art that is already known
in this country to a person of ordinary skill in the art.
[0006] As one of prior arts, US 5792165 discloses a
surgical instrument having a handle, barrel and detach-
able end effector. The barrel is generally tubular, with
one end being connected to the handle. The end effector
is releasably attached to the other end of the barrel, with
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jaws which may be pivoted, rotated and operated inde-
pendently through multiple linkage members connected
to a motive power source housed in or attached to the
handle.

[0007] As another prior art, US 2009/112230 discloses
a manipulator including a wire which is movable back
and forth, a driven wire both ends of which are connected
to the wire, an idle pulley, a guide pulley, a driven pulley
which is movable back and forth, and an end effector
coupled to the driven pulley. The driven wire passes from
aterminal along a first side on the idle pulley and extends
to a second side opposite to the first side, and then pass-
es along the second side on the driven pulley. The driven
wire is then wound around the driven pulley and passes
along the first side on the driven pulley and then the sec-
ond side on the idle pulley, and finally returns to the ter-
minal, thereby making up an 8-shaped configuration
path. The driven wire is crossed between the idle pulley
and the guide pulley.

[0008] As still another prior art, US 2008/245175 dis-
closes a manipulator having a working unit including an
end effector and a posture axis for changing the orienta-
tion of the manipulator, a compound mechanism provid-
ed on the working unit, and a controller for actuating a
gripper axis, a yaw axis, and a roll axis by respectively
controlling movement positions of three motors. The con-
troller includes a torque generation detector for detecting
atiming at which torque is generated on the gripper axis.
When the controller detects the timing at which a torque
19’ is generated on the gripper axis under operation of a
given motor, the movement positions of the plural motors
are shifted and set, corresponding to the directions at
which interference torques are generated with respect to
the yaw axis and the roll axis, and to predetermined po-
sitions of the same directions.

DETAILED DESCRIPTION OF THE INVENTION

[0009] The differential member for a surgical instru-
ment according to the invention is defined in claim 1.
Preferred embodiments are defined in the dependent
claims.

TECHNICAL PROBLEM

[0010] The present invention provides a differential
member that is used in a surgical instrument, which may
be manually operated to perform laparoscopic opera-
tions or various surgical operations, to receive an input
of two or more rotation motions or translation motions
and output a single rotation motion or translation motion.

TECHNICAL SOLUTION

[0011] According to an aspect of the presentinvention,
there is provided a differential member including two or
more input units each receiving an input of an amount of
rotation motion or translation motion from outside; and
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an output unit outputting a single rotation motion or trans-
lation motion based on rotation motions or translation
motions input to the two or more input units, wherein a
rotation motion or translation motion of at least a portion
of the differential control member is generated by rotation
motions or translation motions input to the two or more
input units, wherein the output unit translates or rotates
by a sum of or a difference between the rotation motions
or translation motions input to the two or more input units,
by the rotation motion or translation motion of at least a
portion of the differential control member, wherein the
two or more input units rotate or translate independently,
and wherein the rotation motions or translation motions
input to the two or more input units do not interfere with
each other.

ADVANTAGEOUS EFFECTS

[0012] Accordingto the presentinvention, itis possible
to accurately extract a desired output from a plurality of
inputs in a surgical instrument or the like by receiving an
input of two or more rotation motions or translation mo-
tions and outputting a single rotation motion or translation
motion just by a mechanical structure.

DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1is a view illustrating a surgical instrument ac-
cording to a first embodiment of the present inven-
tion;

FIG. 2 is a detailed internal view of the surgical in-
strument of FIG. 1;

FIG. 3 is a schematic view of an operator of the sur-
gical instrument of FIG. 2;

FIG. 3Aillustrates various modifications of the oper-
ator of the surgical instrument according to the first
embodiment of the present invention;

FIG. 4A is a detailed view of a first differential pulley
of the surgical instrument of FIG. 2;

FIG. 4B is a detailed view of a second differential
pulley of the surgical instrument of FIG. 2;

FIG. 5is a detailed view of an end tool of the surgical
instrument of FIG. 2;

FIG. 5A illustrates a modification of the end tool of
FIG. 5;

FIG. 6 is a schematic view illustrating a pitch oper-
ation of the surgical instrument of FIG. 2;

FIG. 7 is a view illustrating a first modification of the
differential pulley of the surgical instrument illustrat-
edin FIG. 2;

FIGS. 8 and 9 are views illustrating an operation of
a first modification of the differential pulley illustrated
in FIG. 7;

FIG. 10 is a view illustrating a second modification
of the differential pulley of the surgical instrument
illustrated in FIG. 2;
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FIGS. 11 and 12 are views illustrating an operation
of the second modification of the differential pulley
illustrated in FIG. 10;

FIGS. 13A to 13E are views illustrating other exam-
ples of the second modification of the differential pul-
ley illustrated in FIG. 10;

FIGS. 14 and 15 are views illustrating a third modi-
fication of the differential pulley of the surgical instru-
ment illustrated in FIG. 2;

FIG. 16 is a view illustrating a surgical instrument
according to a modification of an operating force
transmitter of the surgical instrument illustrated in
FIG. 2;

FIG. 17 is a detailed view of a differential gear of
FIG. 16;

FIG. 18 is a view illustrating a first modification of the
differential gear of FIG. 16; and

FIG. 19 is a view illustrating a second modification
of the differential gear of FIG. 16.

BEST MODE

[0014] The presentinvention may include various em-
bodiments and modifications, and exemplary embodi-
ments thereof are illustrated in the drawings and will be
described herein in detail. However, it will be understood
that the present invention is not limited to the exemplary
embodiments and includes all modifications falling within
the scope of the claims. In the following description, de-
tailed descriptions of well-known functions or configura-
tions will be omitted since they would unnecessarily ob-
scure the subject matters of the present invention.
[0015] Althoughterms such as "first" and "second" may
be used herein to describe various elements or compo-
nents, these elements or components should not be lim-
ited by these terms. These terms are only used to distin-
guish one element or component from another element
or component.

[0016] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the inventive concept. As used
herein, the singularforms "a", "an", and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be understood that
terms such as "comprise", "include", and "have", when
used herein, specify the presence of stated features, in-
tegers, steps, operations, elements, components, or
combinations thereof, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, or combinations
thereof.

[0017] Hereinafter, embodiments of the presentinven-
tion will be described in detail with reference to the ac-
companying drawings. In the following description, like
reference numerals denote like elements, and redundant
descriptions thereof will be omitted.

[0018] Also, it will be understood that various embod-
iments of the present invention may be interpreted or
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implemented in combination, and technical features of
each embodiment may be interpreted or implemented in
combination with technical features of other embodi-
ments.

<First Embodiment of Surgical Instrument> (E3 + H1 +
D3)

[0019] FIG. 1is aview illustrating a surgical instrument
100 according to a first embodiment of the present in-
vention, and FIG. 2 is a detailed internal view of the sur-
gical instrument 100 of FIG. 1.

[0020] Referring to FIGS. 1 and 2, the surgical instru-
ment 100 according to a first embodiment of the present
invention includes an operator 110, an end tool 120, an
operating force transmitter 130, and a connector 140.
Herein, the connector 140 may be formed to have a
shape of a hollow shaft, so that one or more wires (which
will be described later) may be accommodated therein.
The operator 110 may be coupled to one end portion of
the connector 140, and the end tool 120 may be coupled
to the other end portion of the connector 140, so that the
connector 140 may connect the operator 110 and the
end tool 120.

[0021] In detail, the operator 110 is formed at one end
portion of the connector 140 and is provided as an inter-
face having, for example, a tweezers shape, a stick
shape, or a lever shape, which may be directly operated
by a surgical operator. When a surgical operator operates
the operator 110, the end tool 120, which is connected
to the interface and is inserted into the body of a surgical
patient, performs an operation, thereby performing a sur-
gical operation. Although FIG. 1 illustrates that the oper-
ator 110 is formed to have a tweezers shape, the present
invention is not limited thereto, and the operator 110 may
have various shapes that may be connected with the end
tool 120 to operate the end tool 120.

[0022] The endtool 120 is formed at the other end por-
tion of the connector 140 and is inserted into a surgical
region to perform a necessary surgical operation. As an
example of the end tool 120, a pair of jaws, namely, first
and second jaws 121 and 122, may be used to perform
a grip operation, as illustrated in FIG. 1. However, the
present invention is not limited thereto, and various sur-
gical devices may be used as the end tool 120. For ex-
ample, a one-armed cautery may be used as the end tool
120. The end tool 120 is connected with the operator 110
by the operating force transmitter 130 to receive an op-
erating force of the operator 110 through the operating
force transmitter 130, thereby performing a necessary
surgical operation such as a grip, cutting, or suturing.
Herein, the end tool 120 of the surgical instrument 100
according to the firstembodiment of the present invention
is formed to rotate in two or more directions. Forexample,
the end tool 120 may be formed to perform a pitch motion
around a Y axis of FIG. 1 and also perform a yaw motion
and an actuation motion around a Z axis of FIG. 1. This
will be described later in detail.
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[0023] The operating force transmitter 130 connects
the operator 110 and the end tool 120 to transmit an
operating force of the operator 110 to the end tool 120
and may include a plurality of wires and pulleys.

[0024] Hereinafter, the operator 110, the end tool 120,
and the operating force transmitter 130 of the surgical
instrument 100 of FIG. 1 will be described in more detail.

(Operator)

[0025] FIG. 3 is a schematic view of an operator 110
of the surgical instrument 100 of FIG. 2.

[0026] Referringto FIGS. 1, 2, and 3, the operator 110
of the surgical instrument 100 according to the first em-
bodiment of the present invention includes a pitch oper-
ator 111 controlling a pitch motion of the end tool 120, a
yaw operator 112 controlling a yaw motion of the end tool
120, and an actuation operator 113 controlling an actu-
ation motion of the end tool 120.

[0027] A pitch operation, a yaw operation, and an ac-
tuation operation used in the present invention are sum-
marized as follows:

First, the pitch operation refers to a vertical motion with
respect to an extension direction (an X-axis direction of
FIG. 1) of the connector 140, that is, an operation of ro-
tating around the Y axis of FIG. 1. In other words, the
pitch operation refers to a vertical rotation of the end tool
120, which is formed to extend in the extension direction
(the X-axis direction of FIG. 1) of the connector 140,
around the Y axis. The yaw operation refers to a horizon-
tal motion with respect to the extension direction (the X-
axis direction of FIG. 1) of the connector 140, that is, an
operation of rotating around the Z axis of FIG. 1. In other
words, the yaw operation refers to a horizontal rotation
of the end tool 120, which is formed to extend in the ex-
tension direction (the X-axis direction of FIG. 1) of the
connector 140, around the Z axis. The actuation opera-
tion refers a folding or unfolding operation of the first and
second jaws 121 and 122 when the first and second jaws
121 and 122 rotate in opposite directions while rotating
around the same rotating axis as the yaw operation. That
is, the actuation operation refers to rotations of the first
and second jaws 121 and 122, which is formed at the
end tool 120, in opposite directions around the Z axis.
[0028] Herein, when the operator 110 of the surgical
instrument 100 is rotated in one direction, the end tool
120 rotates in a direction that is intuitively identical to an
operation direction of the operator 110. In other words,
when the pitch operator 111 of the operator 110 rotates
in one direction, the end tool 120 rotates in a direction
intuitively identical to the one direction to perform a pitch
operation, and the end tool 120 rotates in the direction
intuitively identical to the one direction to perform a yaw
operation. Herein, it may be said that the intuitively iden-
tical direction refers to a case where a movement direc-
tion of an index finger of a user gripping the operator 110
is substantially identical to a movement direction of the
end portion of the end tool 120. In addition, the identical
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direction may not be an exactly identical direction on a
three-dimensional coordinate system. For example, the
identical direction may refer to a case where when the
index finger of the user moves to the left, the end portion
of the end tool 120 also moves to the left, and when the
index finger of the user moves to the right, the end portion
of the end tool 120 also moves to the right.

[0029] To this end, in the surgical instrument 100, the
operator 110 and the end tool 120 are formed in the same
direction with respect to a plane perpendicular to an ex-
tension axis (X axis) of the connector 140. Thatis, in view
of a YZ plane of FIG. 1, the operator 110 is formed to
extend in a +X-axis direction, and the end tool 120 is also
formed to extend in the +X-axis direction. In other words,
it may be said that a formation direction of the end tool
120 at one end portion of the connector 140 may be iden-
tical to a formation direction of the operator 110 at the
other end portion of the connector 140 in view of the YZ
plane. In other words, it may be said that the operator
110 is formed to extend away from a body of the user
gripping the operator 110, that is, the operator 110 is
formed to extend toward the end tool 120.

[0030] In detail, in the case of a surgical instrument of
the related art, an operation direction of an operator by
a user is different from and is not intuitively identical to
an actual operation direction of an end tool. Therefore,
a surgical operator has difficulty in performing an intuitive
operation and it takes a long time to skillfully move the
end tool in a desired direction. Also, in some cases, a
faulty operation may occur, thus damaging a surgical pa-
tient.

[0031] In order to solve such problems, the surgical
instrument 100 according to the first embodiment of the
present invention is configured such that an operation
direction of the operator 110 is intuitively identical to an
operation direction of the end tool 120. To this end, the
operator 110 and the end tool 120 are formed on the
same side in view of the YZ plane including a pitch op-
erating axis 1111. This will be described below in more
detail.

[0032] Referringto FIGS. 1, 2, and 3, the operator 110
of the surgical instrument 100 according to the first em-
bodiment of the present invention includes the pitch op-
erator 111 controlling a pitch motion of the end tool 120,
a yaw operator 112 controlling a yaw motion of the end
tool 120, and an actuation operator 113 controlling an
actuation motion of the end tool 120.

[0033] The pitch operator 111 includes the pitch oper-
ating axis 1111 and a pitch operating bar 1112. Herein,
the pitch operating axis 1111 may be formed in a direction
parallel to the Y axis, and the pitch operating bar 1112
may be connected with the pitch operating axis 1111 to
rotate along with the pitch operating axis 1111. For ex-
ample, when the user grips and rotates the pitch operat-
ing bar 1112, the pitch operating axis 1111 connected
with the pitch operating bar 1112 rotates along with the
pitch operating bar 1112. Then, the resulting rotating
force is transmitted to the end tool 120 through the op-
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erating force transmitter 130, so that the end tool 120
rotates in the same direction as the rotation direction of
the pitch operating axis 1111. That is, when the pitch
operator 111 rotates in the clockwise direction around
the pitch operating axis 1111, the end tool 120 also ro-
tates in the clockwise direction around an axis parallel to
the pitch operating axis 1111, and when the pitch oper-
ator 111 rotates in the counterclockwise direction around
the pitch operating axis 1111, the end tool 120 also ro-
tates in the counterclockwise direction around the axis
parallel to the pitch operating axis 1111.

[0034] The yaw operator 112 and the actuation oper-
ator 113 are formed on one end portion of the pitch op-
erating bar 1112 of the pitch operator 111. Thus, when
the pitch operator 111 rotates around the pitch operating
axis 1111, the yaw operator 112 and the actuation oper-
ator 113 also rotate along with the pitch operator 111.
FIGS. 1and 3illustrate a state in which the pitch operating
bar 1112 of the pitch operator 111 is perpendicular to the
connector 140, while FIG. 2 illustrates a state in which
the pitch operating bar 1112 of the pitch operator 111 is
at an angle to the connector 140.

[0035] Therefore, a coordinate system of the yaw op-
erator 112 and the actuation operator 113 is not fixed,
but relatively changes according to the rotation of the
pitch operator 111. As illustrated in FIG. 1, since a yaw
operating axis 1121 of the yaw operator 112 and an ac-
tuation operating axis 1131 of the actuation operator 113
are parallel to the Z axis, the yaw operator 112 and the
actuation operator 113 rotate around an axis parallel to
the Z axis. However, as illustrated in FIG. 2, when the
pitch operator 111 rotates, the yaw operating axis 1121
of the yaw operator 112 and the actuation operating axis
1131 of the actuation operator 113 are not parallel to the
Z axis. Thatis, the coordinate system of the yaw operator
112 and the actuation operator 113 change according to
the rotation of the pitch operator 111. However, for con-
venience of description, the coordinate system of the yaw
operator 112 and the actuation operator 113 will be de-
scribed on the assumption that the pitch operating bar
1112 is perpendicular to the connector 140 as illustrated
in FIG. 1.

[0036] The yaw operator 112 includes the yaw operat-
ing axis 1121 and a yaw operating bar 1122. Herein, the
yaw operating axis 1121 may be formed to be at a pre-
determined angle to an XY plane where the connector
140 is formed. For example, the yaw operating axis 1121
may be formed in a direction parallel to the Z axis as
illustrated in FIG. 1, and when the pitch operator 111
rotates, the coordinate system of the yaw operator 112
may relatively change as described above. However, the
present invention is not limited thereto, and the yaw op-
erating axis 1121 may be formed in various directions by
ergonomic design according to the structure of a hand
of the user gripping the yaw operator 112. The yaw op-
erating bar 1122 is connected with the yaw operating axis
1121 to rotate along with the yaw operating axis 1121.
For example, when the user holds and rotates the yaw
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operating bar 1122 with the index finger, the yaw oper-
ating axis 1121 connected with the yaw operating bar
1122 rotates along with the yaw operating bar 1122.
Then, the resulting rotating force is transmitted to the end
tool 120 through the operating force transmitter 130, so
that the first and second jaws 121 and 122 of the end
tool 120 horizontally rotate in the same direction as the
rotation direction of the yaw operating axis 1121.

[0037] Afirstpulley 1121a and a second pulley 1121b
may be formed respectively at both end portions of the
yaw operating axis 1121. A YC1 wire 135YC1 may be
connected to the first pulley 1121a, and a YC2 wire
135YC2 may be connected to the second pulley 1121b.
[0038] The actuation operator 113 includes the actua-
tion operating axis 1131 and an actuation operating bar
1132. Herein, the actuation operating axis 1131 may be
formed to be at a predetermined angle to the XY plane
where the connector 140 is formed. For example, the
actuation operating axis 1131 may be formed in a direc-
tion parallel to the Z axis asillustrated in FIG. 1, and when
the pitch operator 111 rotates, the coordinate system of
the actuation operator 113 may relatively change as de-
scribed above. However, the presentinvention is not lim-
ited thereto, and the actuation operating axis 1131 may
be formed in various directions by ergonomic design ac-
cording to the structure of the hand of the user gripping
the actuation operator 113. The actuation operating bar
1132 is connected with the actuation operating axis 1131
to rotate along with the actuation operating axis 1131.
For example, when the user holds and rotates the actu-
ation operating bar 1132 with the thumb finger, the actu-
ation operating axis 1131 connected with the actuation
operating bar 1132 rotates along with the actuation op-
erating bar 1132. Then, the resulting rotating force is
transmitted to the end tool 120 through the operating
force transmitter 130, so that the first and second jaws
121 and 122 of the end tool 120 perform an actuation
operation. Herein, as described above, the actuation op-
eration refers to an operation of folding or unfolding the
first and second jaws 121 and 122 by rotating the first
and second jaws 121 and 122 in opposite directions. That
is, when the actuation operator 113 is rotated in one di-
rection, as the first jaw 121 rotates in the counterclock-
wise direction and the second jaw 122 rotates in the
clockwise direction, the end tool 120 is folded; and when
the actuation operator 113 is rotated in the opposite di-
rection, as the first jaw 121 rotates in the clockwise di-
rection and the second jaw 122 rotates in the counter-
clockwise direction, the end tool 120 is unfolded.

[0039] A firstpulley 1131a and a second pulley 1131b
may be formed respectively at both end portions of the
actuation operating axis 1131. An AC1 wire 135AC1 may
be connected to the first pulley 1131a, and an AC2 wire
135AC2 may be connected to the second pulley 1131b.
[0040] Referring to FIG. 3, the pitch operator 111 and
the end tool 120 are formed on the same or parallel axis
(X axis) in the surgical instrument 100 according to the
first embodiment of the present invention. That is, the
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pitch operating axis 1111 of the pitch operator 111 is
formed at one end portion of the connector 140, and the
end tool 120 is formed at the other end portion of the
connector 140. Althoughiitis illustrated that the connector
140 is formed to have the shape of a straight line, the
present invention is not limited thereto. For example, the
connector 140 may be curved with a predetermined cur-
vature, or may be bent one or more times. Also in this
case, it may be said that the pitch operator 111 and the
end tool 120 are formed on substantially the same or
parallel axis. Although FIG. 3 illustrates that the pitch
operator 111 and the end tool 120 are formed on the
same axis (X axis), the present invention is not limited
thereto. For example, the pitch operator 111 and the end
tool 120 may be formed on different axes. This will be
described later in detail.

[0041] The operator 110 of the surgical instrument 100
according to the firstembodiment of the presentinvention
further includes an operator control member 115 en-
gaged with the pitch operating axis 1111 of the pitch op-
erator 111. The operator control member 115 may in-
clude a relay pulley 115a. Since the configuration of the
operator control member 115 is substantially identical to
the configuration of the end tool 120, the relations be-
tween the operator control member 115 and other ele-
ments of the operator 110 and an end tool control mem-
ber 123 will be described later.

[0042] FIG. 3A illustrates various modifications of the
operator 110 of the surgical instrument 100 according to
the first embodiment of the present invention.

[0043] As for H1 of FIG. 3A, as described with refer-
ence to FIG. 3, (1) since the yaw operator 112 and the
actuation operator 113 of the operator 110 are formed
independently of each other, the rotation of one of the
yaw operator 112 and the actuation operator 113 does
not affect the rotation of the other of the yaw operator
112 and the actuation operator 113, (2) the pitch operator
111 is disposed under the plane formed by the yaw op-
erator 112 and the actuation operator 113, and (3) the
yaw operator 112 and the actuation operator 113 are
formed over an extension line of the end tool 120. H1
may be seen in the first, fourth, and seventh embodi-
ments of the present invention.

[0044] As for H2 of FIG. 3A, (1) since the actuation
operator 113 of the operator 110 is formed on the yaw
operator 112, when the yaw operator 112 rotates, the
actuation operator 113 also rotates, (2) the pitch operator
111 is disposed under the plane formed by the yaw op-
erator 112 and the actuation operator 113, and (3) the
yaw operator 112 and the actuation operator 113 are
formed over the extension line of the end tool 120. H2
may be seen inthe second, fifth, and eighth embodiments
of the present invention.

[0045] As for H3 of FIG. 3A, (1) a first jaw operator 112
and a second jaw operator 113, which rotate independ-
ently of each other, are formed in the operator 110, (2)
the pitch operator 111 is disposed under the plane formed
by the yaw operator 112 and the actuation operator 113,
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and (3) the yaw operator 112 and the actuation operator
113 are formed over the extension line of the end tool
120. H3 may be seen in the third, sixth, and ninth em-
bodiments of the present invention.

[0046] AsforH4 of FIG. 3A, (1) since the yaw operator
112 and the actuation operator 113 of the operator 110
are formed independently of each other, the rotation of
one of the yaw operator 112 and the actuation operator
113 does not affect the rotation of the other of the yaw
operator 112 and the actuation operator 113, (2) the pitch
operator 111 is disposed on a plane identical to or adja-
cent to the plane formed by the yaw operator 112 and
the actuation operator 113 such that the pitch operator
111 is more adjacent to the yaw operator 112 and the
actuation operator 113, as compared to H1 case, and (3)
the yaw operator 112 and the actuation operator 113 are
formed over the extension line of the end tool 120. H4
may be seen in detail in FIG. 9.

[0047] As for H5 of FIG. 3A, (1) since the actuation
operator 113 of the operator 110 is formed on the yaw
operator 112, when the yaw operator 112 rotates, the
actuation operator 113 also rotates, (2) the pitch operator
111 is disposed on a plane identical to or adjacent to the
plane formed by the yaw operator 112 and the actuation
operator 113 such that the pitch operator 111 is more
adjacent to the yaw operator 112 and the actuation op-
erator 113, as compared to H2 case, and (3) the yaw
operator 112 and the actuation operator 113 are formed
over the extension line of the end tool 120.

[0048] AsforH6 of FIG. 3A, (1) a first jaw operator 112
and a second jaw operator 113, which rotate independ-
ently of each other, are formed in the operator 110, (2)
the pitch operator 111 is disposed on a plane identical
to or adjacent to the plane formed by the yaw operator
112 and the actuation operator 113 such that the pitch
operator 111 is more adjacent to the yaw operator 112
and the actuation operator 113, as compared to the H3
case, and (3) the yaw operator 112 and the actuation
operator 113 are formed over the extension line of the
end tool 120.

[0049] AsforH7 of FIG. 3A, (1) since the yaw operator
112 and the actuation operator 113 of the operator 110
are formed independently of each other, the rotation of
one of the yaw operator 112 and the actuation operator
113 does not affect the rotation of the other of the yaw
operator 112 and the actuation operator 113, (2) the pitch
operator 111 is disposed under the plane formed by the
yaw operator 112 and the actuation operator 113, and
(3) the yaw operator 112 and the actuation operator 113
are formed on the extension line of the end tool 120.
[0050] As for H8 of FIG. 3A, (1) since the actuation
operator 113 of the operator 110 is formed on the yaw
operator 112, when the yaw operator 112 rotates, the
actuation operator 113 also rotates, (2) the pitch operator
111 is disposed under the plane formed by the yaw op-
erator 112 and the actuation operator 113, and (3) the
yaw operator 112 and the actuation operator 113 are
formed on the extension line of the end tool 120.
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[0051] Asfor H9 of FIG. 3A, (1) a first jaw operator 112
and a second jaw operator 113, which rotate independ-
ently of each other, are formed in the operator 110, (2)
the pitch operator 111 is disposed under the plane formed
by the yaw operator 112 and the actuation operator 113,
and (3) the yaw operator 112 and the actuation operator
113 are formed on the extension line of the end tool 120.
[0052] AsforH100fFIG.3A, (1)sincethe yaw operator
112 and the actuation operator 113 of the operator 110
are formed independently of each other, the rotation of
one of the yaw operator 112 and the actuation operator
113 does not affect the rotation of the other of the yaw
operator 112 and the actuation operator 113, (2) the pitch
operator 111 is disposed on a plane identical to or adja-
cent to the plane formed by the yaw operator 112 and
the actuation operator 113 such that the pitch operator
111 is more adjacent to the yaw operator 112 and the
actuation operator 113, as compared to the H7 case, and
(3) the yaw operator 112 and the actuation operator 113
are formed on the extension line of the end tool 120.
[0053] As for H11 of FIG. 3A, (1) since the actuation
operator 113 of the operator 110 is formed on the yaw
operator 112, when the yaw operator 112 rotates, the
actuation operator 113 also rotates, (2) the pitch operator
111 is disposed on a plane identical to or adjacent to the
plane formed by the yaw operator 112 and the actuation
operator 113 such that the pitch operator 111 is more
adjacent to the yaw operator 112 and the actuation op-
erator 113, as compared to the H8 case, and (3) the yaw
operator 112 and the actuation operator 113 are formed
on the extension line of the end tool 120.

[0054] As for H12 of FIG. 3A, (1) a first jaw operator
112 and a second jaw operator 113, which rotate inde-
pendently of each other, are formed in the operator 110,
(2) the pitch operator 111 is disposed on a plane identical
to or adjacent to the plane formed by the yaw operator
112 and the actuation operator 113 such that the pitch
operator 111 is more adjacent to the yaw operator 112
and the actuation operator 113, as compared to the H9
case, and (3) the yaw operator 112 and the actuation
operator 113 are formed on the extension line of the end
tool 120.

[0055] In addition to the above modifications, various
other modifications of the operator 110 may be applicable
to the surgical instrument of the present invention.

(Operating Force Transmitter)

[0056] FIG. 4A is a detailed view of a first differential
pulley 131 of the surgical instrument 100 of FIG. 2, and
FIG. 4B is a detailed view of a second differential pulley
132 of the surgical instrument 100 of FIG. 2.

[0057] Referring to FIGS. 1, 2, 4A, and 4B, the oper-
ating force transmitter 130 of the surgical instrument 100
according to the firstembodiment of the presentinvention
includes firstand second differential pulleys 131 and 132,
a plurality of pulleys, and a plurality of wires 135YCA1,
135YC2,135J11, 135412, 135J13, 135J21, 135422, and
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135J23. Although itis illustrated that the first and second
differential pulleys 131 and 132 include a plurality of pul-
leys, the present invention is not limited thereto, and a
differential member including a differential pulley and a
differential gear according to the present invention may
include various types of rotating bodies.

[0058] First, the first differential pulley 131 of the op-
erating force transmitter 130 will be described below.
[0059] As described above, the yaw operator 112 and
the actuation operator 113 are formed on one end portion
of the pitch operating bar 1112 of the pitch operator 111.
Thus, when the pitch operator 111 rotates around the
pitch operating axis 1111, the yaw operator 112 and the
actuation operator 113 also rotate along with the pitch
operator 111. Also, the yaw operator 112 is connected
with the first jaw 121 and the second jaw 122 to operate
the first jaw 121 and the second jaw 122, and the actu-
ation operator 113 is connected with the first jaw 121 and
the second jaw 122 to operate the first jaw 121 and the
second jaw 122. However, when the yaw operator 112
is rotated, the first jaw 121 and the second jaw 122 have
to rotate in the same direction; and when the actuation
operator 113 is rotated, the firstjaw 121 and the second
jaw 122 have to rotate in opposite directions. In order to
implement this operation, a separate structure is re-
quired.

[0060] Thus, two rotation inputs of the yaw operator
112 and the actuation operator 113 have to be applied
to one jaw. Accordingly, a structure for receiving two or
more inputs and outputting a rotation of one jaw is re-
quired. In this case, two rotation inputs have to be inde-
pendent of each other.

[0061] To thisend, the surgical instrument 100 accord-
ing to the first embodiment of the present invention in-
cludes a differential member including two or more input
units and one output unit to receive an input of rotating
forces from two or more input units from the two input
units, extract a desired rotating force through the sum of
or the difference between the two rotating forces, and
output the desired rotating force through the output unit.
The differential member may include a differential pulley
using pulleys and wires, and a differential gear using
gears, and adifferential pulley isillustrated as an example
of the differential member in FIGS. 1, 2, 4A, and 4B. Var-
ious embodiments of the differential member are illus-
trated in FIGS. 7 to 19.

[0062] In detail, the first differential pulley 131 includes
a first input unit 1311, a second input unit 1312, and an
output unit 1313.

[0063] The first input unit 1311 includes a first pulley
1311a and a second pulley 1311b. The first pulley 1311a
and the second pulley 1311b rotate together around the
same rotating axis. Herein, the first pulley 1311 a of the
firstinput unit 1311 is connected with the first pulley 1121
a of the yaw operator 112 by the YC1 wire 135YC1 to
transmit a rotation of the yaw operator 112 to the first
input unit 1311. Also, the second pulley 1311b of the first
input unit 1311 is connected with the output unit 1313 by
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the differential control wire 135J11 to transmit a rotation
of the first input unit 1311 to the output unit 1313.
[0064] The second input unit 1312 includes a first pul-
ley 1312a and a second pulley 1312b. The first pulley
1312a and the second pulley 1312b rotate together
around the same rotating axis. Herein, the first pulley
1312a of the second input unit 1312 is connected with
the first pulley 1131a of the actuation operator 113 by
the AC1 wire 135AC1 to transmit a rotation of the actu-
ation operator 113 to the second input unit 1312. Also,
the second pulley 1312b of the second input unit 1312
is connected with the output unit 1313 by the differential
control wire 135J11 to transmit a rotation of the second
input unit 1312 to the output unit 1313.

[0065] The output unit 1313 includes an output pulley
1313a, an extension portion 1313b, afirst differential con-
trol pulley 1313c, and a second differential control pulley
1313d. Herein, the output pulley 1313a of the output unit
1313 is connected with the operator control member 115
by the J12 wire 135J12 to transmit a rotation of the output
unit 1313 to the first jaw 121 of the end tool 120 through
the operator control member 115. The extension portion
1313b extends in one direction from a rotating axis of the
output pulley 1313a to rotate along with the output pulley
1313a. The first differential control pulley 1313c and the
second differential control pulley 1313d are formed at
one end portion of the extension portion 1313b to face
each other and rotate around both end portions of an axis
1313e that is formed at a predetermined angle to the
rotating axis of the output pulley 1313a.

[0066] Herein,thefirstinputunit 1311, the secondinput
unit 1312, and the output unit 1313 rotate independently
around independent axes.

[0067] The differential control wire 135J11 is wound
along the second pulley 1311b of the first input unit 1311,
the first differential control pulley 1313c of the output unit
1313, the second pulley 1312b of the second input unit
1312, and the second differential control pulley 1313d of
the output unit 1313 to transmit a rotation of the first input
unit 1311 and the second input unit 1312 to the output
unit 1313.

[0068] Herein, the first differential pulley 131 includes
the first input unit 1311, the second input unit 1312, and
the output unit 1313, receives an input of amounts of
rotation from the firstinput unit 1311 and the second input
unit 1312, and outputs the sum of the amounts of rotation
through the output unit 1313. That is, when only the first
input unit 1311 rotates, the rotation of the first input unit
1311 is output through the output unit 1313; when only
the second input unit 1312 rotates, the rotation of the
second input unit 1312 is output through the output unit
1313; when the first input unit 1311 and the second input
unit 1312 rotate in the same direction, the sum of the
rotations of the first input unit 1311 and the second input
unit 1312 is output through the output unit 1313; and
when the first input unit 1311 and the second input unit
1312rotate in opposite directions, the difference between
the rotations of the first input unit 1311 and the second
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input unit 1312 is output through the output unit 1313.
This may be expressed as the following equation:

C=A+B

(where C denotes a rotation of an output unit, A denotes
a rotation of a first input unit, and B denotes a rotation of
a second input unit.)

[0069] The operation of the first differential pulley 131
will be described later in detail.

[0070] Like the first differential pulley 131, the second
differential pulley 132 includes a first input unit 1321, a
second input unit 1322, and an output unit 1323.
[0071] Herein, afirst pulley 1321a of the first input unit
1321 is connected with the second pulley 1121b of the
yaw operator 112 by the YC2 wire 135YC2 to transmit a
rotation of the yaw operator 112 to the first input unit
1321. Also, a second pulley 1321b of the first input unit
1321 is connected with the output unit 1323 by a differ-
ential control wire 135J21 to transmit a rotation of the
first input unit 1321 to the output unit 1323.

[0072] Afirstpulley 1322a ofthe second inputunit 1322
is connected with the second pulley 1131b of the actua-
tion operator 113 by the AC2 wire 135AC2 to transmit a
rotation of the actuation operator 113 to the second input
unit 1322. Also, the second pulley 1322b of the second
input unit 1322 is connected with the output unit 1323 by
the differential control wire 135J21 to transmit a rotation
of the second input unit 1322 to the output unit 1323.
[0073] The output unit 1323 includes an output pulley
1323a, an extension portion 1323b, afirstdifferential con-
trol pulley 1323c, and a second differential control pulley
1323d. Herein, the output pulley 1323a of the output unit
1323 is connected with the operator control member 115
by the J22 wire 135J22 to transmit a rotation of the output
unit 1323 to the second jaw 122 of the end tool 120
through the operator control member 115.

[0074] Herein, the second differential pulley 132 in-
cludes the first input unit 1321, the second input unit
1322, and the output unit 1323, receives an input of
amounts of rotation from the first input unit 1321 and the
second input unit 1322, and outputs the sum of the
amounts of rotation through the output unit 1323. That
is, when only the first input unit 1321 rotates, the rotation
of the first input unit 1321 is output through the output
unit 1323; when only the second input unit 1322 rotates,
the rotation of the second input unit 1322 is output
through the output unit 1323; when the first input unit
1321 and the second input unit 1322 rotate in the same
direction, the sum of the rotations of the first input unit
1321 and the second input unit 1322 is output through
the output unit 1323; and when the first input unit 1321
and the second input unit 1322 rotate in opposite direc-
tions, the difference between the rotations of the firstinput
unit 1321 and the second input unit 1322 is outputthrough
the output unit 1323.
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[0075] The operations of the first differential pulley 131
and the second differential pulley 132 will be described
below.

[0076] First, a case where only the yaw operator 112
rotates and the actuation operator 113 does not rotate
will be described below.

[0077] When the yaw operator 112 rotates in the direc-
tion of an arrow Y of FIG. 2, the first pulley 1121a of the
yaw operator 112, the YC1 wire 135YC1 wound around
the first pulley 1121a, the first pulley 1311a of the first
input unit 1311 of the first differential pulley 131 around
which the YC1 wire 135YC1 is wound, and the second
pulley 1311b connected with the first pulley 1311a rotate
together. However, the second input unit 1312 of the first
differential pulley 131 connected with the actuation op-
erator 113 does not rotate. In this manner, when the first
input unit 1311 of the first differential pulley 131 rotates
in the direction of an arrow R1 of FIG. 4A and the second
input unit 1312 does not rotate, a portion wound around
the first input unit 1311 of the differential control wire
135J11 rotates but a portion wound around the second
inputunit 1312 of the differential control wire 135J11 does
not rotate. Accordingly, the wire wound around the sec-
ond input unit 1312 is unwound as much as the rotation
of the portion wound around the first input unit 1311 of
the differential control wire 135J11, and the differential
control wire 135J11 moves as much. Concurrently, the
second differential control pulley 1313d rotates in the
clockwise direction, and the first differential control pulley
1313c rotates in the counterclockwise direction. At the
same time, the output unit 1313, which includes the out-
put pulley 1313a, the extension portion 1313b, the first
differential control pulley 1313c, and the second differ-
ential control pulley 1313d, rotates in the direction of the
arrow R1 of FIG. 4A around the rotating axis of the output
pulley 1313a. Then, the rotation of the output unit 1313
is transmitted to the first jaw 121 of the end tool 120
through the operator control member 115, so that the first
jaw 121 rotates in the direction of an arrow YJ of FIG. 2.
[0078] Also, when the yaw operator 112 rotates in the
direction of the arrow Y of FIG. 2, the second pulley 1121
b of the yaw operator 112, the YC2 wire 135YC2 wound
around the second pulley 1121b, the first pulley 1321a
of the first input unit 1321 of the second differential pulley
132 around which the YC2 wire 135YC2 is wound, and
the second pulley 1321b connected with the first pulley
1321a rotate together. However, the second input unit
1322 of the second differential pulley 132 connected with
the actuation operator 113 does not rotate. In this man-
ner, when the first input unit 1321 of the second differ-
ential pulley 132 rotates in the direction of an arrow R3
of FIG. 4B and the second input unit 1322 does not rotate,
a portion wound around the first input unit 1321 of the
differential control wire 135J21 rotates but a portion
wound around the second input unit 1322 of the differ-
ential control wire 135J21 does not rotate. Accordingly,
the wire wound around the second input unit 1322 is un-
wound as much as the rotation of the portion wound
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around the first input unit 1321 of the differential control
wire 135J21, and the differential control wire 135J21
moves as much. Concurrently, the second differential
control pulley 1323d rotates in the clockwise direction,
and the first differential control pulley 1323c rotates in
the counterclockwise direction. Atthe same time, the out-
put unit 1323, which includes the output pulley 1323a,
the extension portion 1323b, the first differential control
pulley 1323c, and the second differential control pulley
1323d, rotates around the rotating axis of the output pul-
ley 1323a in the direction of the arrow R3 of FIG. 4B.
Then, the rotation of the output unit 1323 is transmitted
to the second jaw 122 of the end tool 122 through the
operator control member 115, so that the second jaw 122
rotates in the direction of the arrow YJ of FIG. 2.

[0079] A case where only the actuation operator 113
rotates and the yaw operator 112 does not rotate will be
described below.

[0080] When the actuation operator 113 rotates in the
direction of an arrow A of FIG. 2, the first pulley 1131a
of the actuation operator 113, the AC1 wire 135AC1
wound around the first pulley 1131a, thefirst pulley 1312a
of the second input unit 1312 of the first differential pulley
131 around which the AC1 wire 135AC1 is wound, and
the second pulley 1312b connected with the first pulley
1312a rotate together. Herein, since the AC1 wire
135AC1 is twisted one time, the rotating force of the ac-
tuation operator 113 is reversed and transmitted to the
first differential pulley 131. However, the first input unit
1311 of the first differential pulley 131 that is connected
with the yaw operator 112 does not rotate. In this manner,
when the second input unit 1312 of the first differential
pulley 131 rotates in a direction opposite to the direction
of an arrow R2 of FIG. 4A and the first input unit 1311
does not rotate, a portion wound around the second input
unit 1312 of the differential control wire 135J11 rotates
but a portion wound around the first input unit 1311 of
the differential control wire 135J11 does not rotate. Ac-
cordingly, the wire wound around the firstinput unit 1311
is unwound as much as the rotation of the portion wound
around the second input unit 1312 of the differential con-
trol wire 135J11, and the differential control wire 135J11
moves as much. Concurrently, the second differential
control pulley 1313d rotates in the counterclockwise di-
rection, and the first differential control pulley 1313c ro-
tates in the clockwise direction. At the same time, the
output unit 1313, which includes the output pulley 1313a,
the extension portion 1313b, the first differential control
pulley 1313c, and the second differential control pulley
1313d, rotates around the rotating axis of the output pul-
ley 1313a in the direction opposite to the direction of the
arrow R2 of FIG. 4A . Then, the rotation of the output unit
1313 is transmitted to the first jaw 121 of the end tool 120
through the operator control member 115, so that the first
jaw 121 rotates in the direction of the arrow YJ of FIG. 2.
[0081] Also, when the actuation operator 113 rotates
in the direction of the arrow A of FIG. 2, the second pulley
1131b of the actuation operator 113, the AC2 wire
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135AC2 wound around the second pulley 1131b, the first
pulley 1322a of the second input unit 1322 of the second
differential pulley 132 around which the AC2 wire
135AC2is wound, and the second pulley 1322b connect-
ed with the first pulley 1322a rotate together. However,
the first input unit 1321 of the second differential pulley
132 that is connected with the yaw operator 112 does
not rotate. In this manner, when the second input unit
1322 of the second differential pulley 132 rotates in the
direction of an arrow R4 of FIG. 4B and the first input unit
1321 does notrotate, a portion wound around the second
input unit 1322 of the differential control wire 135J21 ro-
tates but a portion wound around the first input unit 1321
of the differential control wire 135J21 does not rotate.
Accordingly, the wire wound around the first input unit
1321 is unwound as much as the rotation of the portion
wound around the second input unit 1322 of the differ-
ential controlwire 135J21, and the differential control wire
135J21 moves as much. Concurrently, the second dif-
ferential control pulley 1323d rotates in the clockwise di-
rection, and the first differential control pulley 1323c ro-
tates in the counterclockwise direction. Atthe same time,
the output unit 1323, which includes the output pulley
1323a, the extension portion 1323b, the first differential
control pulley 1323c, and the second differential control
pulley 1323d, rotates around the rotating axis of the out-
put pulley 1323a in the direction of the arrow R4 of FIG.
4B. Then, the rotation of the output unit 1323 is transmit-
ted to the second jaw 122 of the end tool 122 through
the operator control member 115, so that the second jaw
122 rotates in the direction opposite to the direction of
the arrow YJ of FIG. 2.

[0082] That is, when the first jaw 121 rotates in the
direction of the arrow YJ of FIG. 2 and the second jaw
122 rotates in the direction opposite to the direction of
the arrow YJ of FIG. 2, an actuation operation of the end
tool 120 is performed.

[0083] There is a case where, in a differential pulley
including two input units and one output unit, the rotation
of one input unit does not generate the rotation of the
output unit and generates the rotation of another input
unit. In order to prevent this case, according to the
present invention, in a situation where two operators are
connected respectively to two differential pulleys, when
one operator is connected with two input units of each of
two differential pulleys, one of the wires connecting the
operator and the input unit is twisted, thereby preventing
a situation where the input of one operator causes an-
other operator to rotate.

[0084] In order to describe this in more detail, a case
where the second input unit 1312 of the first differential
pulley 131 and the second input unit 1322 of the second
differential pulley 132 also rotate in the same direction
as a rotation input of the yaw operator 112 by the rotation
input of the yaw operator 112 connected to the first input
unit 1311 of the first differential pulley 131 and the first
input unit 1321 of the second differential pulley 132 is
assumed. In this case, the actuation operator 113 and
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the second input unit 1312 of the first differential pulley
131 are connected by the AC1 wire 135AC1 that is twist-
ed one time, and the actuation operator 113 and the sec-
ond input unit 1322 of the second differential pulley 132
are connected by the AC2 wire 135AC2 that is not twist-
ed. Thus, rotations of the second input units 1312 and
1322 of the first and second differential pulleys 131 and
132 rotate the actuation operator 113 in opposite direc-
tions by the AC1 wire 135AC1 and the AC2 wire 135AC2.
Therefore, the rotations offset each other and do not ro-
tate the actuation operator 113, and the remaining rota-
tion is transmitted to each of the output units 1313 and
1323 to rotate each of the output units 1313 and 1323.
[0085] This is also applied to the rotation input of the
actuation operator 113. Thus, the rotation input of the
actuation operator 113 does not cause the yaw operator
112 to rotate and is transmitted to each of the output units
1313 and 1323 to rotate each of the output units 1313
and 1323.

[0086] Insummary, according to this configuration, the
rotation input of one operator does not cause another
operator to rotate and is transmitted to each output unit
to rotate each output unit.

[0087] Bythisoperational principle, evenwhen the yaw
operator 112 and the actuation operator 113 rotate si-
multaneously, the sum of (or the difference between) the
rotation inputs of the yaw operator 112 and the actuation
operator 113 is transmitted to the output units 1313 and
1323 of the first and second differential pulleys 131 and
132 through the first and second differential pulleys 131
and 132 to rotate the output units 1313 and 1323, and
the rotations of the output units 1313 and 1323 are trans-
mitted to the first and second jaws 121 and 122 of the
end tool 120 through the operation control member 115,
thus causing the first and second jaws 121 and 122 to
rotate according to the operations of the yaw operator
112 and the actuation operator 113.

(End Tool)

[0088] FIG. 5 is a schematic view of the end tool 120
of the surgical instrument 100 of FIG. 2.

[0089] Referring to FIGS. 1, 2, and 5, the end tool 120
of the surgical instrument 100 according to the first em-
bodiment of the present invention includes the end tool
control member 123. The end tool control member 123
includes a J11 pulley 123J11, a J12 pulley 123J12,aJ13
pulley 123J13, a J14 pulley 123J14, and a J15 pulley
123J15 that are related to the rotation motion of the first
jaw 121, and a J21 pulley 123J21, a J22 pulley 123J22,
a J23 pulley 123J23, a J24 pulley 123J24, and a J25
pulley 123J25 that are related to the rotation motion of
the second jaw 122. Herein, the J12 pulley 123J12, the
J14 pulley 123J14, the J22 pulley 123J22, and the J24
pulley 123J24 may be formed to rotate around an end
tool pitch operating axis 1231. Although it is illustrated
that pulleys facing each other are formed to be parallel
to each other and have the same size, the presentinven-
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tion is not limited thereto, and the pulleys may be formed
to have various positions and sizes suitable for the con-
figuration of the end tool 120.

[0090] Herein, the end tool 120 of the surgical instru-
ment 100 according to the firstembodiment ofthe present
invention includes the end tool control member 123 and
only two wires, namely, a first jaw operating wire 135J13
and a second jaw operating wire 135J23, thereby making
it possible to conveniently perform a pitch operation, a
yaw operation, and an actuation operation of the end tool
120. This will be described below in more detail.

[0091] The J11 pulley 123J11 and the J21 pulley
123J21 are formed to face each other and rotate inde-
pendently around the Z-axis direction. Although not illus-
trated in FIG. 5, the first jaw 121 may be coupled to the
J11 pulley 123J11 to rotate along with the J11 pulley
123J11, and the second jaw 122 may be coupled to the
J21 pulley 123421 to rotate along with the J21 pulley
123J21. A yaw operation and an actuation operation of
the end tool 120 are performed according to the rotations
of the J11 pulley 123J11 and the J21 pulley 123J21. That
is, the yaw operation is performed when the J11 pulley
123J11 and the J21 pulley 123J21 rotate in the same
direction, and the actuation operation is performed when
the J11 pulley 123J11 and the J21 pulley 123J21 rotate
in opposite directions.

[0092] The elements related to the rotation of the J11
pulley 123J11 will be described below.

[0093] On one side of the J11 pulley 123J11, the J12
pulley 123J12 and the J14 pulley 123J14 are disposed
to be spaced apart from each other by a predetermined
distance and face each other. Herein, the J12 pulley
123J12 and the J14 pulley 123J14 are formed to rotate
independently around the Y-axis direction. Also, on one
side of the J12 pulley 123J12 and the J14 pulley 123J14,
the J13 pulley 123J13 and the J15 pulley 123J15 are
disposed to be spaced apart from each other by a pre-
determined distance and face each other. Herein, the
J13 pulley 123J13 and the J15 pulley 123J15 are formed
to rotate independently around the Y-axis direction. Al-
though it is illustrated that all of the J12 pulley 123J12,
the J13 pulley 123J13, the J14 pulley 123J14, and the
J15 pulley 123J15 are formed to rotate around the Y-axis
direction, the presentinvention is not limited thereto, and
the rotating axes of the respective pulleys may be formed
in various directions according to their configurations.
[0094] At least a portion of the first jaw operating wire
135J13 contacts the J13 pulley 123J13, the J12 pulley
123412, the J11 pulley 123J11, the J14 pulley 123J14,
and the J15 pulley 123J15, so that the first jaw operating
wire 135J13 may move along the pulleys while rotating
the pulleys.

[0095] Thus, when the first jaw operating wire 135J13
is pulled in the direction of an arrow J1R of FIG. 5, the
first jaw operating wire 135J13 sequentially rotates the
J15 pulley 123J15, the J14 pulley 123J14, the J11 pulley
123J11, the J12 pulley 123J12, and the J13 pulley
123J13. Inthis case, the J11 pulley 123J11 rotates in the
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direction of an arrow R of FIG. 5 to rotate the first jaw
121 together therewith.

[0096] On the other hand, when the first jaw operating
wire 135J13 is pulled in the direction of an arrow J1L of
FIG. 5, the first jaw operating wire 135J13 sequentially
rotates the J13 pulley 123J13, the J12 pulley 123J12,
the J11 pulley 123J11, the J14 pulley 123J14, and the
J15 pulley 123J15. In this case, the J11 pulley 123J11
rotates in the direction of an arrow L of FIG. 5 to rotate
the first jaw 121 together therewith.

[0097] The elements related to the rotation of the J21
pulley 123J21 will be described below.

[0098] On one side of the J21 pulley 123J21, the J22
pulley 123J22 and the J24 pulley 123J24 are disposed
to be spaced apart from each other by a predetermined
distance and face each other. Herein, the J22 pulley
123J22 and the J24 pulley 123J24 are formed to rotate
independently around the Y-axis direction. Also, on one
side of the J22 pulley 123J22 and the J24 pulley 123J24,
the J23 pulley 123J23 and the J25 pulley 123J25 are
disposed to be spaced apart from each other by a pre-
determined distance and face each other. Herein, the
J23 pulley 123J23 and the J25 pulley 123J25 are formed
to rotate independently around the Y-axis direction. Al-
though it is illustrated that all of the J22 pulley 123J22,
the J23 pulley 123423, the J24 pulley 123J24, and the
J25 pulley 123J25 are formed to rotate around the Y-axis
direction, the presentinvention is not limited thereto, and
the rotating axes of the respective pulleys may be formed
in various directions according to their configurations.
[0099] At least a portion of the second jaw operating
wire 135J23 contacts the J23 pulley 123J23, the J22 pul-
ley 123J22,the J21 pulley 123J21, the J24 pulley 123J24,
and the J25 pulley 123J25, so that the second jaw oper-
ating wire 135J23 may move along the pulleys while ro-
tating the pulleys.

[0100] Thus, when the second jaw operating wire
135J23 is pulled in the direction of an arrow J2R of FIG.
5, the second jaw operating wire 135J23 sequentially ro-
tates the J25 pulley 123J25, the J24 pulley 123J24, the
J21 pulley 123421, the J22 pulley 123J22, and the J23
pulley 123J23. In this case, the J21 pulley 123J21 rotates
in the direction of the arrow R of FIG. 5 to rotate the
second jaw 122 together therewith.

[0101] On the other hand, when the second jaw oper-
ating wire 135J23 is pulled in the direction of an arrow
J2L of FIG. 5, the second jaw operating wire 135J23 se-
quentially rotates the J23 pulley 123J23, the J22 pulley
123422, the J21 pulley 123J21, the J24 pulley 123J24,
and the J25 pulley 123J25. In this case, the J21 pulley
123J21 rotates in the direction of the arrow L of FIG. 5
to rotate the second jaw 122 together therewith.

[0102] When one end portion of the first jaw operating
wire 135J13 is pulled in the direction of the arrow J1R of
FIG. 5 and the other end portion of the first jaw operating
wire 135J13 is pulled in the direction of the arrow J1L of
FIG. 5, the end tool control member 123 rotates around
the end tool pitch operating axis 1231 in the counterclock-
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wise direction, so that the end tool 120 rotates downward
to perform a pitch motion.

[0103] Onthe other hand, when one end portion of the
second jaw operating wire 135J23 is pulled in the direc-
tion of the arrow J2R of FIG. 5 and the other end portion
of the second jaw operating wire 135J23 is pulled in the
direction of the arrow J2L of FIG. 5, the end tool control
member 123 rotates around the end tool pitch operating
axis 1231 in the clockwise direction, so that the end tool
120 rotates upward to perform a pitch motion.

[0104] Thatis, since the end tool 120 includes the end
tool control member 123 and only two wires, namely, the
first jaw operating wire 135J13 and the second jaw op-
erating wire 135423, a pitch operation, a yaw operation,
and an actuation operation of the end tool 120 may be
conveniently performed. This will be described later in
detail.

[0105] In the end tool control member 123 of the end
tool 120 according to an embodiment of the present in-
vention, the end tool pitch operating axis 1231 is disposed
adjacent to the first and second jaws 121 and 122 (that
is, the end tool pitch operating axis 1231 is disposed ad-
jacent to the J12 pulley 123J12 and the J14 pulley
123J14, not to the J13 pulley 123J13 and the J15 pulley
123J15), thereby reducing a pitch rotation radius of the
first and second jaws 121 and 122. Accordingly, a space
necessary for a pitch operation of the first and second
jaws 121 and 122 may be reduced.

[0106] FIG. 5A illustrates a modification of the end tool
120 of FIG. 5.
[0107] Referring to FIG. 5A, an end tool 120’ includes

an end tool control member 123’, and the end tool control
member 123’ includes a J11 pulley 123J11, a J12 pulley
123J12, a J14 pulley 123J14 related to the rotation mo-
tion of a first jaw, and a J21 pulley 123J21, a J22 pulley
123J22, a J24 pulley 123J24 related to the rotation mo-
tion of a second jaw. Herein, the J12 pulley 123J12, the
J14 pulley 123J14, the J22 pulley 123J22, and the J24
pulley 123J24 may be formed to rotate around an end
tool pitch operating axis 1231. Although it is illustrated
that pulleys facing each other are formed to be parallel
to each other and have the same size, the present inven-
tion is not limited thereto, and the pulleys may be formed
to have various positions and sizes suitable for the con-
figuration of the end tool 120.

[0108] In this modification, not two pairs of pulleys fac-
ing each other, but only a pair of pulleys (i.e., the J12
pulley 123J12 and the J14 pulley 123J14) are disposed
on one side of the J11 pulley 123J11 coupled with the
first jaw, wherein the first jaw operating wire 135J13 is
wound one or more times around the pair of pulleys while
contacting the pair of pulleys.

[0109] Indetail, the J11 pulley 123J11 and the J21 pul-
ley 123J21 are formed to face each other and rotate in-
dependently around the Z-axis direction.

[0110] On one side of the J11 pulley 123J11, the J12
pulley 123J12 and the J14 pulley 123J14 are disposed
to be spaced apart from each other by a predetermined
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distance and face each other. Herein, the J12 pulley
123J12 and the J14 pulley 123J14 are formed to rotate
independently around the Y-axis direction. Atleast a por-
tion of the first jaw operating wire 135J13 contacts the
J12 pulley 123J12, the J11 pulley 123J11, and the J14
pulley 123J14, so that the first jaw operating wire 135J13
may move along the pulleys while rotating the pulleys.
Herein, the first jaw operating wire 135J13 may be wound
one or more times around the J12 pulley 123J12 and
then wound one or more times around the J14 pulley
123J14 through the J11 pulley 123J11.

[0111] Likewise, on one side of the J21 pulley 123J21,
the J22 pulley 123J22 and the J24 pulley 123J24 are
disposed to be spaced apart from each other by a pre-
determined distance and face each other. Herein, the
J22 pulley 123J22 and the J24 pulley 123J24 are formed
to rotate independently around the Y-axis direction. At
least a portion of the second jaw operating wire 135J23
contacts the J22 pulley 123J22, the J21 pulley 123J21,
and the J24 pulley 123J24, so that the second jaw oper-
ating wire 135J23 may move along the pulleys while ro-
tating the pulleys. Herein, the second jaw operating wire
135J23 may be wound one or more times around the J22
pulley 123J22 and then wound one or more times around
the J24 pulley 123J24 through the J21 pulley 123J21.
[0112] By the above configuration, the number of pul-
leys may be reduced, and thus the size of a surgical in-
strument may be further reduced.

(Pitch Operation Control and Wire Mirroring)

[0113] FIG. 6 is a schematic view illustrating a pitch
operation of the surgical instrument 100 of FIG. 2.
[0114] Asdescribed above, the operator 110 of the sur-
gical instrument 100 according to the first embodiment
ofthe presentinvention furtherincludes the operator con-
trol member 115 engaged with the pitch operating axis
1111 of the pitch operator 111. The operator control
member 115 has substantially the same configuration of
the end tool control member 123, and the end tool control
member 123 and the operator control member 115 are
disposed symmetrical to each other about the YZ plane
of FIG. 1. In other words, it may be said that the end tool
control member 123 and the operator control member
115 are mirrored with respect to the YZ plane of FIG. 1.
[0115] In detail, the operator control member 115 in-
cludes a J11 pulley 115J11, a J12 pulley 115412, a J13
pulley 115413, a J14 pulley 115J14, and a J15 pulley
115J15 that are related to the rotation motion of the first
jaw 121, and a J21 pulley 115J21, a J22 pulley 115J22,
a J23 pulley 115423, a J24 pulley 115J24, and a J25
pulley 115425 that are related to the rotation motion of
the second jaw 122.

[0116] Atleast a portion of the first jaw operating wire
135J13 contacts the J13 pulley 115J13, the J12 pulley
115J12, the J11 pulley 115J11, the J14 pulley 115J14,
and the J15 pulley 115J15, so that the first jaw operating
wire 135J13 may move along the pulleys while rotating
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the pulleys.

[0117] At least a portion of the second jaw operating
wire 135J23 contacts the J23 pulley 115J23, the J22 pul-
ley 115422, the J21 pulley 115J21, the J24 pulley 115J24,
and the J25 pulley 115J25, so that the second jaw oper-
ating wire 135J23 may move along the pulleys while ro-
tating the pulleys.

[0118] Herein, the rotating axis of the J12 pulley
115412, the J14 pulley 115J14, the J22 pulley 115J22,
and the J24 pulley 115J24 may be identical to the pitch
operating axis 1111 of the pitch operator 111. Also, a bar
extending from the rotating axis of the J11 pulley 115J11
and the J21 pulley 115J21 may be identical to the pitch
operating bar 1112 of the pitch operator 111.

[0119] The pitch operation in the first embodiment of
the present invention is performed as follows:

When the user grips the pitch operating bar 1112 of the
pitch operator 111 of the operator 110 and rotates the
pitch operating bar 1112 around the pitch operating axis
1111 in the direction of an arrow OP (Operator Pitch) of
FIG. 6, thefirstjaw operating wire 135413 is pulled toward
the operator 110 and moves in the direction of an arrow
PJ1of FIG. 6. Atthe same time, the second jaw operating
wire 135J23 is unwound from the operator 110, moves
toward the end tool 120, and moves in the direction of
an arrow PJ2 of FIG. 6. Then, as the first jaw operating
wire 135J13 is pulled toward the operator 110, the J12
pulley 123J12 and the J14 pulley 123J14 rotate around
the rotating axis (see FIG. 5) in the counterclockwise di-
rection. At the same time, as the second jaw operating
wire 135J23 is pulled toward the end tool 120, the J22
pulley 123J22 and the J24 pulley 123J24 rotate around
the rotating axis (see FIG. 5) in the counterclockwise di-
rection. Consequently, the end tool 120 rotates down-
ward to perform a pitch motion.

[0120] In this manner, since the end tool control mem-
ber 123 and the operator control member 115 are dis-
posed symmetrical to each other (i.e., mirrored) with re-
spect to the YZ plane of FIG. 1, the pitch operation may
be conveniently performed. That is, the pitch operation
may be performed regardless of the yaw operation and
the actuation operation. Herein, the yaw operation refers
to a rotating operation of the first and second jaws 121
and 122 according to the rotations of the J11 pulley
123J11 and the J21 pulley 123J21 of the end tool control
member 123 and the J11 pulley 115J11 and the J21 pul-
ley 115J21 of the operator control member 115.

(Overall Operation of First Embodiment)

[0121] Hereinafter, an overall configuration for the
pitch operation, the yaw operation, and the actuation op-
eration of the surgical instrument 100 according to the
first embodiment of the present invention will be summa-
rized with reference to the above descriptions.

[0122] For the configuration of the end tool 120 of the
present embodiment, the operating force transmitter 130
capable of dividing the operation input of the operator



25 EP 2 783 653 B1 26

110 into a pitch operation, a yaw operation, and an ac-
tuation operation is necessary to perform the pitch, yaw,
and actuation operations of the end tool 120. As de-
scribed above, through the structure in which the end
tool control member 123 and the operator control mem-
ber 115 are disposed symmetrical to each other, the ro-
tation operation of the pitch operator 111 enables the
pitch operation of the end tool 120 regardless of the op-
erations of the yaw operator 112 and the actuation op-
erator 113. However, in order for the operations of the
yaw operator 112 and the actuation operator 113 to lead
to the yaw operation and the actuation operation of the
end tool 120, the operations of the yaw operator 112 and
the actuation operator 113 have to be converted into the
operations of two jaws of the end tool 120. The rotation
of the yaw operator 112 causes the two jaws to rotate in
the same direction, and the rotation of the actuation op-
erator 113 causes the two jaws to rotate in different di-
rections. Thatis, the first jaw 121 rotates as much as the
sum of the operation inputs of the yaw operator 112 and
the actuation operator 113, and the second jaw 122 ro-
tates as much as the difference between the operation
inputs of the yaw operator 112 and the actuation operator
113. This may be expressed as the following equation:

J1=Y + A (the first jaw rotates in the same direction
in both the yaw operation and the actuation opera-
tion.)

J2 =Y - A (the second jaw rotates in the same di-
rection in the yaw operation and rotates in an oppo-
site direction in the actuation operation.)

(where Y denotes the rotation of the yaw operating
pulley, and A denotes the rotation of the actuation
operating pulley.)

[0123] To this end, the operating force transmitter in-
cludes a differential pulley that receives Y and A and
outputs the sum (J1) of Y and A ,and a differential pulley
that receives Y and A and outputs the difference (J2)
between Y and A, and the rotation of the output unit of
each differential pulley is transmitted to each jaw of the
end tool.

[0124] This will be described below in more detail.
[0125] First, the pitch operation will be described be-
low.

[0126] As described above, when the user grips the
pitch operating bar 1112 of the pitch operator 111 of the
operator 110 and rotates the pitch operating bar 1112
around the pitch operating axis 1111 in the direction of
the arrow OP of FIG. 6, the operator control member 115
also rotates around the pitch operating axis 1111. Then,
the first jaw operating wire 135J13 wound around the
operation control member 115 is pulled toward the oper-
ator 110 and moves in the direction of the arrow PJ1 of
FIG. 6. At the same time, the second jaw operating wire
135J23 wound around the operation control member 115
is unwound from the operator control member 115 and
moves in the direction of the arrow PJ2 of FIG. 6. Then,
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the end tool control member 123 connected with the first
jaw operating wire 135J13 and the second jaw operating
wire 135J23 rotates around the end tool pitch operating
axis 1231 in the direction of an arrow EP of FIG. 6 to
perform a pitch motion.

[0127] The yaw operation will be described below.
[0128] When the yaw operator 112 rotates in the direc-
tion of the arrow Y of FIG. 2, the first pulley 1121a of the
yaw operator 112, the YC1 wire 135YC1 wound around
the first pulley 1121a, and the first input unit 1311 of the
first differential pulley 131, around which the YC1 wire
135YC1 is wound, rotate together. In this manner, when
the first input unit 1311 of the first differential pulley 131
rotates, the rotating force of the differential control wire
135J11 connecting the firstinput unit 1311 and the output
unit 1313 rotates the output unit 1313 in the direction of
the arrow R1 of FIG. 4A. Then, the rotation of the output
unit 1313 is transmitted to the operator control member
115 through the J12 wire 135J12 wound around the out-
put unit 1313, to rotate the J11 pulley 115J11 (see FIG.
6) of the operator control member 115. Then, when the
J11 pulley 115J11 of the operator control member 115
rotates, the first jaw operating wire 135J13 connected
therewith is moved, and the first jaw 121 of the end tool
120 connected with the first jaw operating wire 135J13
rotates in the direction of the arrow YJ of FIG. 2.

[0129] Also, when the yaw operator 112 rotates in the
direction of the arrow Y of FIG. 2, the second pulley 1121
b of the yaw operator 112, the YC2 wire 135YC2 wound
around the second pulley 1121b, and the first input unit
1321 of the second differential pulley 132, around which
the YC2wire 135YC2is wound, rotate together therewith.
Inthis manner, when the firstinput unit 1321 of the second
differential pulley 132 rotates, the rotating force of the
differential control wire 135J21 connecting the first input
unit 1321 and the output unit 1323 rotates the output unit
1323 in the direction of the arrow R3 of FIG. 4B. Then,
the rotation of the output unit 1323 is transmitted to the
operator control member 115 through the J22 wire
135J22 wound around the output unit 1323, to rotate the
J21 pulley 115J21 (see FIG. 6) of the operator control
member 115. Then, when the J21 pulley 115J21 of the
operator control member 115 rotates, the second jaw op-
erating wire 135J23 connected therewith is moved, and
the second jaw 122 of the end tool 120 connected with
the second jaw operating wire 135J23 rotates in the di-
rection of the arrow YJ of FIG. 2.

[0130] In this manner, when the yaw operator 112 is
rotated in one direction, the first and second jaws 121
and 122 rotate in the same direction to perform a yaw
operation. Herein, the surgical instrument 100 according
to an embodiment of the present invention includes one
or more differential pulleys, so that the operation of the
yaw operator 112 is not accompanied by the operation
of the actuation operator 113.

[0131] The actuation operation will be described be-
low.
[0132] When the actuation operator 113 rotates in the
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direction of the arrow A of FIG. 2, the first pulley 1131a
of the actuation operator 113, the AC1 wire 135AC1
wound around the firstpulley 1131a, and the second input
unit 1312 of the first differential pulley 131, around which
the AC1 wire 135AC1 is wound, rotate together. Herein,
since the AC1 wire 135AC1 is twisted one time, the ro-
tating force of the actuation operator 113 is reversed and
transmitted to the first differential pulley 131. In this man-
ner, when the second input unit 1312 of the first differ-
ential pulley 131 rotates, the rotating force of the differ-
ential control wire 135J11 connecting the second input
unit 1312 and the output unit 1313 rotates the output unit
1313 in a direction opposite to the direction of the arrow
R2 of FIG. 4A. Then, the rotation of the output unit 1313
is transmitted to the operator control member 115
through the J12 wire 135J12 wound around the output
unit 1313, to rotate the J11 pulley 115J11 (see FIG. 6)
of the operator control member 115. Then, when the J11
pulley 115J11 of the operator control member 115 ro-
tates, the first jaw operating wire 135J13 connected
therewith is rotated, and the first jaw 121 of the end tool
120 connected with the first jaw operating wire 135J13
rotates in the direction of the arrow YJ of FIG. 2.

[0133] Also, when the actuation operator 113 rotates
in the direction of the arrow A of FIG. 2, the second pulley
1131b of the actuation operator 113, the AC2 wire
135AC2 wound around the second pulley 1131b, and the
second input unit 1322 of the second differential pulley
132, around which the AC2 wire 135AC2 is wound, rotate
together. In this manner, when the second input unit 1322
of the second differential pulley 132 rotates, the rotating
force of the differential control wire 135J21 connecting
the second input unit 1322 and the output unit 1323 ro-
tates the output unit 1323 in the direction of the arrow R4
of FIG. 4A. Then, the rotation of the output unit 1323 is
transmitted to the operator control member 115 through
the J22 wire 135J22 wound around the output unit 1323,
to rotate the J21 pulley 115J21 (see FIG. 6) of the oper-
ator control member 115. Then, when the J21 pulley
115J21 of the operator control member 115 rotates, the
second jaw operating wire 135J23 connected therewith
is rotated, and the second jaw 122 of the end tool 120
connected with the second jaw operating wire 135J23
rotates in a direction opposite to the direction of the arrow
YJ of FIG. 2.

[0134] Inthis manner, when the actuation operator 113
is rotated in one direction, the first and second jaws 121
and 122 rotate in opposite directions to perform an actu-
ation operation. Herein, the surgical instrument 100 ac-
cording to an embodiment of the present invention in-
cludes one or more differential pulleys, so that the oper-
ation of the actuation operator 113 is not accompanied
by the operation of the yaw operator 112.

[0135] Thus, according to the presentinvention, a sur-
gical instrument performing an output operation ofan end
tool by the independent inputs of a pitch operator, a yaw
operator, and an actuation operator may be implemented
solely by a mechanical configuration without using mo-
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tors, electronic control, or software. That is, since the
pitch operation, the yaw operation, and the actuation op-
eration, which affecteach other, are separated from each
other solely by a mechanism, the configuration of the
surgical instrument may be significantly simplified.
[0136] Also, the rotating force of the operator 110 may
be transmitted to the end tool 120 solely by a minimum
wire and pulley structure. In particular, according to the
presentinvention, since the operation direction of the op-
erator 110 is intuitively identical to the operation direction
ofthe endtool 120, the convenience of a surgical operator
may be improved and the accuracy of a surgical operation
may be improved. In addition, since the end tool 120 in-
cludes only two wires, namely, the first jaw operating wire
135J13 and the second jaw operating wire 135J23, the
pitch operation, the yaw operation, and the actuation op-
eration of the end tool 120 may be conveniently per-
formed. Furthermore, since the end tool control member
123 and the operator control member 115 are disposed
symmetrical to each other (i.e., mirrored) about the YZ
plane of FIG. 1, the pitch operation may be conveniently
performed. Thatis, the pitch operation may be performed
regardless of the yaw operation and the actuation oper-
ation.

MODE OF THE INVENTION
<First Modification of Differential Pulley> (D1)

[0137] FIG. 7 is a view illustrating a first modification
of the differential pulley of the surgical instrument 100
illustrated in FIG. 2, and FIGS. 8 and 9 are views illus-
trating an operation of the first modification of the differ-
ential pulley illustrated in FIG. 7.

[0138] As described above, the differential pulley ac-
cording to the present invention includes two or more
input units and one output unit, receives an input of ro-
tating forces from the two or more input units, extracts a
desired rotating force from the sum of (or the difference
between) the input rotating forces, and outputs the de-
sired rotating force through the output unit.

[0139] Referring to FIG. 7, the first modification of the
differential pulley of the surgical instrument 100 includes
afirstinput unit 1361, a second input unit 1362, an output
unit 1363, and a differential control member 1364.
[0140] The first input unit 1361 includes a first pulley
1361P1, a second pulley 1361P2, and a first input wire
1361W. The first pulley 1361P1 and the second pulley
1361P2 are connected by the first input wire 1361W to
rotate together.

[0141] The second input unit 1362 includes a first pul-
ley 1362P1, a second pulley 1362P2, and a second input
wire 1362W. The first pulley 1362P1 and the second pul-
ley 1362P2 are connected by the second input wire
1362W to rotate together.

[0142] The output unit 1363 includes an output pulley
1363P and an output wire 1363W. The output pulley
1363P and the differential control member 1364 are con-
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nected by the output wire 1363W. When the differential
control member 1364 translates, the output pulley 1363P
connected with the differential control member 1364 by
the output wire 1363W rotates.

[0143] The differential control member 1364 includes
a first pulley 1364P1, a second pulley 1364P2, and a
differential control wire 1364W. In addition, the differen-
tial control member 1364 includes a first differential joint
1364J1 and a second differential joint 1364J2. The first
pulley 1364P1 and the second pulley 1364P2 are con-
nected by the differential control wire 1364W to rotate
together. The differential control member 1364 may
translate in the direction of an arrow T of FIG. 7. For
example, the differential control member 1364 may be
installed on a guide rail (notillustrated) and may translate
along the guiderailin the direction of the arrow T of FIG. 7.
[0144] The first differential joint 1364J1 may be cou-
pled to the firstinput wire 1361W and the differential con-
trol wire 1364W to transmit a rotation of the first input
wire 1361W to the differential control wire 1364W. The
second differential joint 1364J2 may be coupled to the
second input wire 1362W and the differential control wire
1364W to transmit a rotation of the second input wire
1362W to the differential control wire 1364W.

[0145] An operation of the first modification of the dif-
ferential pulley will be described below.

[0146] First, a case where the first input unit 1361 ro-
tates will be described below.

[0147] Referring to FIGS. 7 and 8, when the first pulley
1361P1 of the firstinput unit 1361 rotates in the direction
of an arrow A1 of FIG. 8, the first input wire 1361W con-
nected therewith moves along the first pulley 1361P1 in
the direction of an arrow A2 of FIG. 8. Also, since the first
input wire 1361W and the differential control wire 1364W
are coupled to the first differential joint 1364J1, when the
firstinput wire 1361W moves in the direction of the arrow
A2 of FIG. 8, the first differential joint 1364J1 connected
therewith also moves in the direction of the arrow A2. In
this case, when the second input unit 1362 is fixed due
to no rotation input, the second differential joint 1364J2
is also fixed. Thus, the differential control member 1364
translates in the direction of an arrow A3 as much as the
movement of the first differential joint 1364J1, the first
pulley 1364P1, the second pulley 1364P2, and the dif-
ferential control wire 1364W also move togetheras much,
and the first pulley 1364P1 and the second pulley 1364P2
rotate in the counterclockwise direction. When the differ-
ential control member 1364 moves in the direction of the
arrow A3, the output wire 1363W connected therewith
moves in the direction of an arrow A4 and thus the output
pulley 1363P connected with the output wire 1363W ro-
tates in the direction of an arrow C.

[0148] According to this configuration of the present
invention, the rotation of the first input unit 1361 does not
affect the second input unit 1362 and may be transmitted
only to the output unit 1363 to rotate the output pulley
1363P.

[0149] Acase where the secondinputunit 1372 rotates
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will be described below.

[0150] Referring to FIGS. 7 and 9, when the second
pulley 1362P2 of the second input unit 1362 rotates in
the direction of an arrow B1 of FIG. 9, the second input
wire 1362W connected therewith moves along the first
pulley 1362P1 in the direction of an arrow B2 of FIG. 9.
Also, since the second input wire 1362W and the differ-
ential control wire 1364W are coupled to the second dif-
ferential joint 1364J2, when the second inputwire 1362W
moves in the direction of the arrow B2 of FIG. 9, the sec-
ond differential joint 1364J2 connected therewith also
moves in the direction of the arrow B2. In this case, when
the first input unit 1361 is fixed due to no rotation input,
the first differential joint 1364J1 is also fixed. Thus, the
differential control member 1364 translates in the direc-
tion of an arrow B3 as much as the movement of the
second differential joint 1364J2, the first pulley 1364P1,
the second pulley 1364P2, and the differential control
wire 1364W also move together as much, and the first
pulley 1364P1 and the second pulley 1364P2 rotate in
the clockwise direction. When the differential control
member 1364 moves in the direction of the arrow B3, the
output wire 1363W connected therewith moves in the
direction of an arrow B4 and thus the output pulley 1363P
connected with the output wire 1363W rotates in the di-
rection of the arrow C.

[0151] According to this configuration of the present
invention, the rotation of the second input unit 1362 does
not affect the firstinput unit 1361 and may be transmitted
only to the output unit 1363 to rotate the output pulley
1363P.

[0152] A case where the first input unit 1371 and the
second input unit 1372 rotate together will be described
below.

[0153] When the first pulley 1361P1 of the first input
unit 1361 rotates in the clockwise direction, the output
pulley 1363P of the output unit 1363 rotates in the coun-
terclockwise direction; and when the first pulley 1362P1
of the second input unit 1362 rotates in the counterclock-
wise direction, the output pulley 1363P of the output unit
1363 rotates in the counterclockwise direction. Thus,
when the first pulley 1361P1 of the first input unit 1361
and the second pulley 1362P1 of the second input unit
1362 rotate in opposite directions, the output pulley
1363P of the output unit 1363 rotates as much as the
sum of the two rotating forces. On the other hand, when
the first pulley 1361P1 of the first input unit 1361 and the
second pulley 1362P1 of the second input unit 1362 ro-
tate in the same direction, the output pulley 1363P of the
output unit 1363 rotates as much as the difference be-
tween the two rotating forces.

[0154] Thus, according to the present invention, when
only one of the two or more input units rotates, only the
output unit may be rotated without rotating other input
units. Also, when the two or more input units rotate to-
gether, a single rotating force equal to the sum of (or the
difference between) the rotating forces of the two input
units may be output through the output unit.
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[0155] The differential pulley of the third modification
is a modification of the differential pulley illustrated in
FIGS. 4A and 4B, and an example of applying the differ-
ential pulley of the third modification to the surgical in-
strument will not be described herein.

<Second Madification of Differential Pulley> (D2)

[0156] FIG. 10is a view illustrating a second modifica-
tion of the differential pulley of the surgical instrument
100 illustrated in FIG. 2, and FIGS. 11 and 12 are views
illustrating an operation of the second modification of the
differential pulley illustrated in FIG. 10.

[0157] As described above, the differential pulley ac-
cording to the present invention includes two or more
input units and one output unit, and outputs rotating forc-
es, which are input from the two or more input units, as
a desired rotating force, while each of the two or more
input units does not affect other input units.

[0158] Referring to FIG. 10, the second modification
of the differential pulley of the surgical instrument in-
cludes a first input unit 1371, a second input unit 1372,
an output unit 1373, a first differential control member
1374, a second differential control member 1375, and a
differential control wire 1376.

[0159] The first input unit 1371 includes a first input
pulley 1371P and a first input wire 1371W. The firstinput
pulley 137 1P is connected with the firstinput wire 1371W
to rotate along with the first input wire 1371W.

[0160] The second input unit 1372 includes a second
input pulley 1372P and a second input wire 1372W. The
second input pulley 1372P is connected with the second
input wire 1372W to rotate along with the second input
wire 1372W.

[0161] The output unit 1373 includes an output pulley
1373P. The output pulley 1373P is connected with the
differential control wire 1376 to rotate along with the dif-
ferential control wire 1376.

[0162] The first differential control member 1374 in-
cludes a first pulley 1374P1, a second pulley 1374P2,
and a first differential control bar 1374a. The first pulley
1374P1 and the second pulley 1374P2 are respectively
formed at both end portions of the first differential control
bar 1374a and may rotate independently. Also, both end
portions of the first input wire 1371W are coupled to both
end portions of the first differential control member 1374.
The first differential control member 1374 may translate
in the direction of an arrow T1 of FIG. 10. For example,
the first differential controlmember 1374 may be installed
on a guide rail (not illustrated), and may translate along
the guide rail in the direction of the arrow T1 of FIG. 10.
Thus, when the first input pulley 1371P rotates, the first
input wire 1371W connected therewith rotates, and when
the first input wire 1371W rotates, the first differential
control member 1374 coupled to both end portions there-
of translates in the direction of the arrow T1 of FIG. 10.
[0163] The second differential control member 1375
includes a first pulley 1375P1, a second pulley 1375P2,
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and a second differential control bar 1375a. The first pul-
ley 1375P1 and the second pulley 1375P2 are respec-
tively formed at both end portions of the second differ-
ential control bar 1375a and may rotate independently.
Also, both end portions of the second input wire 1372W
are coupled to both end portions of the second differential
control member 1375, respectively. The second differ-
ential control member 1375 may translate in the direction
of an arrow T2 of FIG. 10. For example, the second dif-
ferential control member 1375 may be installed on a
guide rail (not illustrated), and may translate along the
guide rail in the direction of the arrow T2 of FIG. 10. Thus,
when the second input pulley 1372P rotates, the second
input wire 1372W connected therewith rotates, and when
the second input wire 1372W rotates, the second differ-
ential control member 1375 coupled to both end portions
thereof translates in the direction of the arrow T2 of FIG.
10.

[0164] The differential control wire 1376 is connected
along the first pulley 1374P1 of the first differential control
member 1374, the first pulley 1375P1 of the second dif-
ferential control member 1375, the second pulley 1374P2
of the first differential control member 1374, and the sec-
ond pulley 1375P2 of the second differential control
member 1375. The differential control wire 1376 is wound
along the four pulleys, and is formed to move according
to the translation motions of the first differential control
member 1374 and the second differential control member
1375. Herein, a fixed point F1 may be formed at the dif-
ferential control wire 1376, as a reference point for the
movement of the differential control wire 1376.

[0165] An operation of the second modification of the
differential pulley will be described below.

[0166] First, a case where the first input unit 1371 ro-
tates will be described below.

[0167] Referring to FIGS. 10 and 11, when the first
input pulley 1371P1 of the first input unit 1371 rotates in
the direction of an arrow A1 of FIG. 11, the first input wire
1371W connected therewith moves along the first input
pulley 1371P1 in the direction of an arrow A2 of FIG. 11.
Since the first input wire 1371W is connected with the
first differential control member 1374, when the first input
wire 1371W moves in the direction of the arrow A2 of
FIG. 11, the first differential control member 1374 trans-
lates in the direction of an arrow A3. When the first dif-
ferential control member 1374 translates in the direction
of the arrow A3, a point P1 of the differential control wire
1376 of FIG. 10 moves to a point P1’ of the differential
control wire 1376 of FIG. 11, and thus the differential
control wire 1376 moves in the direction of an arrow A4
of FIG. 11. Thus, the output pulley 1373P connected with
the differential control wire 1376 rotates in the direction
of an arrow C. In this case, the first pulley 1374P1 and
the second pulley 1374P2 of the first differential control
member 1374 and the second pulley 1375P2 of the sec-
ond differential control member 1375 rotate in the clock-
wise direction.

[0168] According to this configuration of the present
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invention, the rotation of the first input unit 1371 does not
affect the second input unit 1372 and may be transmitted
only to the output unit 1373 to rotate the output pulley
1373P.

[0169] A case where the second inputunit 1372 rotates
will be described below.

[0170] Referring to FIGS. 10 and 12, when the second
input pulley 1372P of the second input unit 1372 rotates
in the direction of an arrow B1 of FIG. 12, the second
input wire 1372W connected therewith moves along the
second input pulley 1372P in the direction of an arrow
B2 of FIG. 12. Since the second input wire 1372W is
connected with the second differential control member
1375, when the second input wire 1372W moves in the
direction of the arrow B2 of FIG. 12, the second differen-
tial control member 1375 translates in the direction of an
arrow B3. When the second differential control member
1375 translates in the direction of the arrow B3, a point
P2 of the differential control wire 1376 of FIG. 10 moves
to a point P2’ of the differential control wire 1376 of FIG.
12, and thus the differential control wire 1376 moves in
the direction of an arrow B4 of FIG. 12. Thus, the output
pulley 1373P connected with the differential control wire
1376 rotates in the direction of an arrow C. In this case,
the first pulley 1375P1 and the second pulley 1375P2 of
the second differential control member 1375 and the first
pulley 1374P1 of the first differential control member
1374 rotate in the clockwise direction.

[0171] According to this configuration of the present
invention, the rotation of the second input unit 1372 does
not affect the first input unit 1371 and may be transmitted
only to the output unit 1373 to rotate the output pulley
1373P.

[0172] A case where the first input unit 1371 and the
second input unit 1372 rotates together will be described
below.

[0173] When the first input pulley 1371 P of the first
input unit 1371 rotates in the counterclockwise direction,
the output pulley 1373P of the output unit 1373 rotates
in the counterclockwise direction; and when the second
input pulley 1372P of the second input unit 1372 rotates
in the clockwise direction, the output pulley 1373P of the
output unit 1373 rotates in the counterclockwise direc-
tion. Thus, when the first input pulley 1371 P of the first
input unit 1371 and the second input pulley 1372P of the
second input unit 1372 rotate in opposite directions, the
output pulley 1373P of the output unit 1373 rotates as
much as the sum of the two rotating forces. On the other
hand, when the first input pulley 1371 P of the first input
unit 1371 and the second input pulley 1372P of the sec-
ond input unit 1372 rotate in the same direction, the out-
put pulley 1373P of the output unit 1373 rotates as much
as the difference between the two rotating forces.
[0174] Thus, according to the present invention, when
only one of the two or more input units rotates, only the
output unit may be rotated without rotating other input
units. Also, when the two or more input units rotate to-
gether, a single rotating force equal to the sum of (or the
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difference between) the rotating forces of the two input
units may be output through the output unit.

[0175] Other examples of the second modification of
the differential pulley of the surgical instrument will be
described below. FIGS. 13A to 13E are views illustrating
other examples of the second modification of the differ-
ential pulley illustrated in FIG. 18. In FIGS. 13A to 13E,
the first input and the second input are omitted, and first
differential control members 1374ato 1374e, second dif-
ferential control members 1375a to 1375e, output units
1373a to 1373e, and differential control wires 1376a to
1376e connecting them are illustrated. Although their ex-
ternal shapes are slightly different from each other, the
respective examples are substantially identical to the
second modification of the differential pulley of FIGS. 10
to 12 in that when the first input unit (not illustrated) ro-
tates, the first differential control members 1374a to
1374e translate vertically to rotate the differential control
wires 1376a to 1376e to rotate the output units 1373a to
1373e, and when the second input unit (not illustrated)
rotates, the second differential control members 1375a
to 1375e translate vertically to rotate the differential con-
trol wires 1376a to 1376e to rotate the output units 1373a
to 1373e.

[0176] The differential pulley of the third modification
is a modification of the differential pulley illustrated in
FIGS. 4A and 4B, and an example of applying the differ-
ential pulley of the third modification to the surgical in-
strument will not be described herein.

<Third Modification of Differential Pulley> (D4)

[0177] FIGS. 14 and 15 are views illustrating a third
modification of the differential pulley of the surgical in-
strument 100 illustrated in FIG. 2.

[0178] As described above, the differential pulley ac-
cording to the present invention includes two or more
input units and one output unit, and outputs rotating forc-
es, which are input from the two or more input units, as
a desired rotating force, while each of the two or more
input units does not affect other input units.

[0179] Referring to FIGS. 14 and 15, the third modifi-
cation of the differential pulley of the surgical instrument
includes a firstinput unit 1381, a second input unit 1382,
an output unit 1383, and a connector 1384.

[0180] The firstinput unit 1381 includes a first rotating
axis 1381a and a first input pulley 1381b, and the first
input pulley 1381b is coupled with the first rotating axis
1381a to rotate around the first rotating axis 1381a.
[0181] The second input unit 1382 includes a second
rotating axis 1382a and two second input pulleys 1382b
facing each other, and the two second input pulleys
1382b are not coupled with the second rotating axis
1382a and rotate around the second rotating axis 1382a.
The first input unit 1381 is formed to extend from the
second input pulley 1382b. That is, since the first input
pulley 1381b is connected to the second input pulley
1382b by a connecting member (not illustrated), when
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the second input pulley 1382b rotates, the first input unit
1381, including the first input pulley 1381b connected
therewith, rotates.

[0182] The output unit 1383 includes a third rotating
axis 1383a and an output pulley 1383b, and the output
pulley 1383b is coupled with the third rotating axis 1383a
to rotate around the third rotating axis 1383a.

[0183] The connector 1384 includes a fourth rotating
axis 1384a and two connecting pulleys 1384b facing
each other, and the two connecting pulleys 1384b are
not coupled with the fourth rotating axis 1384a and rotate
around the fourth rotating axis 1384a.

[0184] A differential control wire 1385 is formed to se-
quentially contact the output unit 1383, one of the two
connecting pulleys 1384b, one of the two input pulleys
1382b, the first input pulley 1381b, the other of the two
second input pulleys 1382b, the other of the two connect-
ing pulleys 1384b, and the output unit 1383 and rotate
along the output unit 1383, the connector 1384, the sec-
ond input unit 1382, and the first input unit 1381.
[0185] Although notillustrated, a coupling member (not
illustrated) connecting the first input unit 1381 and the
second input unit 1382 may be further provided. The first
rotating axis 1381a of the first input unit 1381 and the
second rotating axis 1382a of the second input unit 1382
may be connected to the coupling member. Since the
coupling member and the second rotating axis 1382a are
fixedly coupled, when the second rotating axis 1382a ro-
tates, the coupling member and the first input unit 1381
connected therewith rotate together therewith. On the
other hand, since the coupling member and the first ro-
tating axis 1381a are not fixedly coupled, even when the
first rotating axis 1381a rotates, the coupling member
may not rotate.

[0186] An operation of the third modification of the dif-
ferential pulley will be described below.

[0187] First, a case where the first input unit 1381 ro-
tates will be described below. When the first input pulley
1381b of the first input unit 1381 rotates around the first
rotating axis 1381a, the differential control wire 1385 and
the first input pulley 1381b rotate together by a frictional
force or a fixed point and thus the differential control wire
1385 wound around the two second input pulleys 1382b
and the connecting pulley 1384b also move. Conse-
quently, the output pulley 1383b of the output unit 1383
connected to the opposite side of the differential control
wire 1385 also rotate around the third rotating axis 1383a.
In this case, the two second input pulleys 1382a and the
two connecting pulleys 1384b, around which the moving
differential control wire 1385 is wound, also rotate togeth-
er.

[0188] A casewhere the secondinputunit 1382 rotates
will be described below. When the second input pulley
1382b of the second input unit 1382 rotates around the
second rotating axis 1382a in the state of FIG. 14, the
first input unit 1381 rotates around the second rotating
axis 1382ain the counterclockwise direction asiillustrated
in FIG. 15. In this case, when there is no rotation input
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to the first input unit 1381 and thus the rotation of the
differential control wire 1385 wound around the first input
pulley 1381b is relatively small on the first rotating axis
1381a, the differential control wire 1385 wound around
the first rotating axis 1381a rotates around the second
rotating axis 1382a. Accordingly, the differential control
wire 1385 wound around the two second input pulleys
1382b is pulled and extended to rotate the two second
input pulleys 1382b. The movement of the differential
control wire 1385 on the two second input pulleys 1382b
causes the two connecting pulleys 1384b and the output
pulley 1383b to rotate.

[0189] Thus, according to the present invention, the
rotation of one of the two or more input units may lead
to the rotation of the output unit without rotating other
input units. Also, when the two or more input units rotate
together, a single rotating force equal to the sum of (or
the difference between) the rotating forces of the two
input units may be output through the output unit.
[0190] The third modification of the differential pulley
is different from the first and second modifications of the
differential pulley in that one input unit is provided on the
rotating axis of another input unit and the position of the
input unitrotates according to another rotation input. That
is, while the input units are disposed independently of
each other in the first and second modifications of the
differential pulley, one input unit is disposed on a coor-
dinate system of another input unit in the third modifica-
tion of the differential pulley. As an example of this, in a
second embodiment, one operation input unit is provided
on another operation input unit, and the operation input
unit also rotates or moves together when the other op-
eration input unit rotates or moves.

[0191] Although it is illustrated that the output unit
1383, the connector 1384, the second input unit 1382,
and the first input unit 1381 are sequentially arranged in
the order stated, the presentinvention is notlimited there-
to. For example, the positions of the connector 1384 and
the second input unit 1382 may be interchanged with
each other. Also in this case, the first input pulley may
be connected to the second input pulley by a connecting
member (notillustrated), and when the second input pul-
ley rotates, the first input pulley of the first input unit and
the connecting pulley of the connector connected thereto
may rotate together therewith.

[0192] The differential pulley of the third modification
is a modification of the differential pulley illustrated in
FIGS. 4A and 4B, and an example of applying the differ-
ential pulley of the third modification to the surgical in-
strument will not be described herein.

<Differential Gear>

[0193] FIG. 16 is a view illustrating a surgical instru-
ment 100g according to a modification of the operating
force transmitter 130 of the surgical instrument 100 illus-
trated in FIG. 2, and FIG. 17 is a detailed view of a dif-
ferential gear of FIG. 16. Since the surgical instrument
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100g according to a modification of the operating force
transmitter 130 of the first embodiment of the present
invention is similar to the surgical instrument 100 accord-
ing to the first embodiment of the present invention and
is different from the surgical instrument 100 in terms of
the configuration of the operating force transmitter 130,
the configuration of the operating force transmitter 130
will be mainly described below.

[0194] In this modification, a differential gear is used
instead of the differential pulleys of FIGS. 2 and 4A. That
is, the differential gear of the surgical instrument 100g
illustrated in FIGS. 16 and 17 may be considered as a
structure in which the pulley and wire of the differential
pulley of the surgical instrument 100 illustrated in FIG.
4A are replaced with a gear.

[0195] Referring to FIGS. 16 and 17, the surgical in-
strument 100g according to a modification of the operat-
ing force transmitter 130 of the first embodiment of the
present invention includes an operator 110, an end tool
120, an operating force transmitter 130, and a connector
(not illustrated). The operating force transmitter 130 in-
cludes a first differential gear 151 and a second differen-
tial gear 152.

[0196] In detail, the first differential gear 151 includes
a first input unit 1511, a second input unit 1512, and an
output unit 1513.

[0197] The first input unit 1511 includes a first pulley
1511a and a first gear 1511b. The first pulley 1511a and
the first gear 1511b rotate together around the same ro-
tating axis. Herein, the first pulley 1511a of the first input
unit 1511 is connected with the first pulley 1121 a of the
yaw operator 112 by the YC1 wire 135YC1 to transmit a
rotation of the yaw operator 112 to the first input unit
1511. Also, the first gear 1511b of the firstinput unit 1511
is connected with the output unit 1513 to transmit a ro-
tation of the first input unit 1511 to the output unit 1513.
[0198] The second input unit 1512 includes a second
pulley 1512a and a second gear 1512b. The second pul-
ley 1512a and the second gear 1512b rotate together
around the same rotating axis. Herein, the second pulley
1512a of the second input unit 1512 is connected with
the first pulley 1131a of the actuation operator 113 by
the AC1 wire 135AC1 to transmit a rotation of the actu-
ation operator 113 to the second input unit 1512. Also,
the second gear 1512b of the second input unit 1512 is
connected with the output unit 1513 to transmit a rotation
of the second input unit 1512 to the output unit 1513.
[0199] The output unit 1513 includes an output pulley
1513a, an extension portion 1513b, and a differential
control gear 1513c. Herein, the output pulley 1513a of
the output unit 1513 is connected with the operator con-
trol member 115 by the J12 wire 135J12 to transmit a
rotation of the output unit 1513 to the first jaw 121 of the
end tool 120 through the operator control member 115.
The extension portion 1513b extends in one direction
from a rotating axis of the output pulley 1513a to rotate
around the rotating axis of the output pulley 1513a along
with the output pulley 1513a. The extension portion
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1513b is inserted through the differential control gear
1513csuch that the differential control gear 1513crotates
around the extension portion 1513b.

[0200] Herein,thefirstinputunit 1511, the secondinput
unit 1512, and the output unit 1513 rotate independently
around independent axes.

[0201] Herein, the first differential gear 151 includes
the first input unit 1511, the second input unit 1512, and
the output unit 1513, receives an input of rotating forces
from the first input unit 1511 and the second input unit
1512, and outputs the sum of (or the difference between)
the rotating forces through the output unit 1513. That is,
when only the first input unit 1511 rotates, the rotation of
the first input unit 1511 is output through the output unit
1513; when only the second input unit 1512 rotates, the
rotation of the second input unit 1512 is output through
the output unit 1513; when the first input unit 1511 and
the second input unit 1512 rotate in the same direction,
the sum of the rotations of the first input unit 1511 and
the second input unit 1512 is output through the output
unit 1513; and when the first input unit 1511 and the sec-
ond input unit 1512 rotate in opposite directions, the dif-
ference between the rotations of the first input unit 1511
and the second input unit 1512 is output through the out-
put unit 1513. This may be expressed as the following
equation:

(where C denotes a rotation of an output unit, A denotes
a rotation of a first input unit, and B denotes a rotation of
a second input unit.)

By the first differential gear 151 and the second differen-
tial gear 152, even when the yaw operator 112 and the
actuation operator 113 rotate freely, the output unit of
each differential gear rotates independently of the rota-
tions of the yaw operator 112 and the actuation operator
113. Consequently, the output unit of each differential
gear moves as much as the sum of (or the difference
between) the rotations of the yaw operator 112 and the
actuation operator 113 to extract a desired rotating force.

<First Modification of Differential Gear>

[0202] FIG. 18 is a view illustrating a first modification
of the differential gear of FIG. 16.

[0203] As described above, the differential gear ac-
cording to the present invention includes two or more
input units and one output unit, receives an input of ro-
tating forces from the two or more input units, extracts a
desired rotating force from the sum of (or the difference
between) the input rotating forces, and outputs the de-
sired rotating force through the output unit.

[0204] Referringto FIG. 18, the first modification of the
differential gear of the surgical instrument includes a first
input unit 1561, a second input unit 1562, an output unit
1563, and a differential control member 1564. The first
modification of the differential gear of the surgical instru-
ment illustrated in FIG. 18 may be considered as a struc-
ture in which the pulley and wire in the first modification
of the differential pulley of the surgical instrument illus-
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trated in FIG. 7 are replaced with a gear.

[0205] The first input unit 1561 includes a first pulley
1561P, a first gear 1561G, and a first input wire 1561W.
The first pulley 1561P and the first gear 1561G are con-
nected by the first input wire 1561W, so that the first gear
1561G moves vertically when the first pulley 1561P ro-
tates.

[0206] The second input unit 1562 includes a second
pulley 1562P, a second gear 1562G, and a second input
wire 1562W. The second pulley 1562P and the second
gear 1562G are connected by the second input wire
1562W, so that the second gear 1562G moves vertically
when the second pulley 1562P rotates.

[0207] The output unit 1563 includes an output pulley
1563P and an output wire 1563W. The output pulley
1563P and the differential control member 1564 are con-
nected by the output wire 1563W. Thus, when the differ-
ential control member 1564 translates, the output pulley
1563P connected with the differential control member
1564 by the output wire 1563W rotates.

[0208] The differential control member 1564 includes
a differential control gear 1564 G and a differential control
base 1564B. The differential control gear 1564G is
formed to engage with the first gear 1561G and the sec-
ond gear 1562G. Thus, when the first gear 1561G and
the second gear 1562G move vertically, the differential
control gear 1564G rotates and translates vertically. That
is, the first gear 1561G and the second gear 1562G func-
tion as a rack, and the differential control gear 1564G
functions as a pinion. Thus, the differential control mem-
ber 1564 may translate in the direction of an arrow T of
FIG. 18. For example, the differential control base 1564B
of the differential control member 1564 may be installed
on a guide rail (not illustrated), so that the differential
control member 1564 may translate along the guide rail
in the direction of the arrow T of FIG. 18.

[0209] Thus, according to the present invention, when
only one of the two or more input units rotates, only the
output unit may be rotated without rotating other input
units. Also, when the two or more input units rotate to-
gether, a single rotating force equal to the sum of (or the
difference between) the rotating forces of the two input
units may be output through the output unit.

<Second Maodification of Differential Gear>

[0210] FIG. 19is a view illustrating a second modifica-
tion of the differential gear of FIG. 16.

[0211] As described above, the differential gear ac-
cording to the present invention includes two or more
input units and one output unit, receives an input of ro-
tating forces from the two or more input units, extracts a
desired rotating force from the sum of (or the difference
between) the input rotating forces, and outputs the de-
sired rotating force through the output unit.

[0212] Referring to FIG. 19, the second modification
of the differential gear of the surgical instrument includes
afirstinput unit 1571, a second input unit 1572, an output
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unit 1574, and a differential control member 1573.
[0213] Indetail, the firstinput unit 1571 and the second
input unit 1572 may be provided in the form of a gear that
may rotate around a central rotating axis 1575. In partic-
ular, the second input unit 1572 is provided in the form
of a gear that has sawteeth inside a pitch cylinder, and
the differential control member 1573 is provided to en-
gage with the gears of the first input unit 1571 and the
second input unit 1572. The differential control member
1573 may rotate around a differential control member
gear axis 1573a thatis connected to the output unit 1574.
The output unit 1574 may rotate around the central ro-
tating axis 1575.

[0214] When only the first input unit 1571 rotates, the
differential control member 1573 engaged with the gear
teeth rotates around the differential control member gear
axis 1573aand simultaneously rotates around the central
rotating axis 1575 of the output unit 1574 connected to
the differential control member gear axis 1573a. Also,
when only the second input unit 1572 rotates, the differ-
ential control member 1573 engaged with the gear teeth
rotates around the differential control member gear axis
1573a and simultaneously rotates around the central ro-
tating axis 1575 of the output unit 1574 connected to the
differential control member gear axis 1573a. When the
firstinput unit 1571 and the second input unit 1572 rotate
in the same direction, the differential control member
1573 and the output unit 1574 rotate around the central
rotating axis 1575 in the same direction. In this case, the
differential control member 1573 may not rotate around
the differential control member gear axis 1573a.

[0215] Onthe other hand, when the firstinput unit 1571
and the second input unit 1572 rotate in opposite direc-
tions, the differential control member 1573 and the output
unit 1574 may not rotate around the central rotating axis
1575. In this case, the differential control member 1573
may rotate around the differential control member gear
axis 1573a.

[0216] Thus, according to the present invention, a sin-
gle rotating force equal to the sum of (or the difference
between) the rotation inputs of two or more input units
may be output through the output unit.

[0217] While the presentinvention has been described
with reference to exemplary embodiments thereof, it will
be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the scope of the invention as de-
fined by the appended claims. The exemplary embodi-
ments should be considered in descriptive sense only
and not for purposes of limitation. Therefore, the scope
of the invention is defined not by the detailed description
of the invention but by the appended claims, and all dif-
ferences within the scope will be construed as being in-
cluded in the present invention.

INDUSTRIAL APPLICABILITY

[0218] The differential members according to the em-
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bodiments of the present invention may be used in a sur-
gical instrument that may be manually operated to per-
form laparoscopic operations or various surgical opera-
tions.

Claims

1. Adifferential member (130) for a surgical instrument
(100) comprising:

two or more input units each receiving an input
of an amount of rotation motion or translation
motion from outside; and

an output unit outputting a single rotation motion
or translation motion based on a combination of
rotation motions or translation motions input to
the two or more input units; and

a differential control member connecting the two
or more input units and the output unit, charac-
terized in that:

a rotation motion or translation motion of at
least a portion of the differential control
member is generated by rotation motions or
translation motions input to the two or more
input units,

wherein the output unit translates or rotates
by a sum of or a difference between the ro-
tation motions or translation motions input
to the two or more input units, by the rotation
motion or translation motion of atleast a por-
tion of the differential control member,
wherein the two or more input units rotate
or translate independently, and

wherein the rotation motions or translation
motions input to the two or more input units
do not interfere with each other.

2. The differential member of claim 1,
wherein the two or more input units comprise
a first input unit (1311) comprising two rotating bod-
ies (1311a, 1311b) and a first input wire (135YC2)
connecting the two rotating bodies and receiving an
input of a rotation amount through any one of the two
rotating bodies; and
a second input unit (1312) comprising two rotating
bodies (1321a, 1321b) and a second input wire
(135AC2) connecting the two rotating bodies and re-
ceiving an input of a rotation amount through any
one of the two rotating bodies;
wherein the differential control member comprises
a differential control bar (1313e), two rotating bodies
(1313c, 1313d) respectively formed at both ends of
the differential control bar, a differential control wire
(135J11) connecting the two rotating bodies, a first
differential joint at which the firstinput wire (135YC2)
and the differential control wire (135J11) are cou-

10

15

20

25

30

35

40

45

50

55

22

pled, a second differential joint at which the second
input wire (135AC2) and the differential control wire
(135J11) are coupled; and an output wire (135J12)
having both ends connected with the differential con-
trol member;

wherein the output unit (1313) is connected with the
output wire and rotated by the output wire when the
output wire moves.

The differential member of claim 2, wherein

the firstinput unit (1311) comprises a translation mo-
tion member connected to the first differential joint
to receive an input of a translation motion or wherein
the first input wire and the differential control wire
(135J11) are coupled at the first differential joint to
receive an input of a rotation motion amount through
any one of the two rotating bodies, and

the second input unit (1312) comprises a translation
motion member connected to the second differential
joint to receive an input of a translation motion or
wherein the second input wire and the differential
control wire (135J11) are coupled at the second dif-
ferential joint to receive an input of a rotation motion
amount through any one of the two rotating bodies.

The differential member of claim 1, wherein the ro-
tation motion or translation motion output through
the output unit (1313) is calculated by a following
equation:

C=0A+BB,

where C denotes an amount of rotation motion or an
amount of translation motion output through the out-
putunit (1313), Aand B denote an amount of rotation
motions or an amount of translation motions input
through the two or more input units (1311, 1312),
and o and B denote weights of the input amounts.

The differential member of claim 1,

wherein the two or more input units comprise
afirstinputunit (1371)and a second input unit (1372)
receiving an input of an amount of rotation motion or
translation motion,

wherein the differential control member comprises
a first differential control member (1374) connected
with the firstinput unit to translate when the firstinput
unit rotates or translates;

a second differential control member (1375) con-
nected with the second input unit to translate when
the second input unit rotates or translates; and

a differential wire (1376) wound around rotating bod-
ies (1371P1, 1371P2, 1372P1, 1372P2) provided in
the first differential control member and the second
differential control member and having a portion at
which at least one fixed end (F1) is formed; and
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wherein the output unit (1373) is connected with at
least a portion of the differential wire to rotate when
the differential wire moves.

The differential member of claim 5, wherein

when the first input unit (1371) and the second input
unit (1372) rotate or translate, the first differential
control member (1374) and the second differential
control member (1375) connected therewith trans-
late, and

when the first differential control member and the
second differential control member translate, the dif-
ferential wire (1376) connected therewith moves to
rotate the output unit (1373).

The differential member of claim 5, wherein

the first differential control member (1374) compris-
es a first rotating body (1374P1), a second rotating
body (1374P2), and a first differential control bar
(1374a) connecting the first rotating body and the
second rotating body,

the second differential control member (1375) com-
prises a first rotating body (1375P1), a second rotat-
ing body (1375P2), and a second differential control
bar (1375b) connecting the first rotating body and
the second rotating body, and

the differential wire (1376) is wound along the first
rotating body (1374P1) of the first differential control
member, the second rotating body (1375P2) of the
second differential control member, the second ro-
tating body (1374P2) of the first differential control
member, and the first rotating body (1375P1)of the
second differential control member.

The differential member of claim 7, wherein

each of the first rotating body (1374P1) and the sec-
ond rotating body (1374P2) of the first differential
control member is connected with the first input unit
(1371) such that the first differential control member
(1374) translates as the first rotating body and the
second rotating body of the first differential control
member rotate when the first input unit translates or
rotates, and

each of the first rotating body (1375P1) and the sec-
ond rotating body (1375P2) of the second differential
control member is connected with the second input
unit (1372) such that the second differential control
member (1375) translates as the first rotating body
and the second rotating body of the second differ-
ential control member rotate when the second input
unit translates or rotates.

The differential member of claim 1,

wherein the two or more input units comprise a first
input unit (1381) and a second input unit (1382)
formed to rotate independently of each other to re-
ceive a rotation amount,

wherein the output unit (1383) comprises an output
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rotating body (1383b) formed to rotate around a ro-
tating axis (1383a), an extension portion formed to
extend in one direction from the rotating axis of the
output rotating body and rotate along with the output
rotating body, and a first differential control rotating
body and a second differential control rotating body
formed at one end portion of the extension portion,
formed to rotate around an axis making a predeter-
mined angle with the rotating axis of the output ro-
tating body, and formed to face each other; and

wherein the differential control member comprises a
differential control wire (1385) connecting the first
input unit (1381b), the first differential control rotating
body (1384a), the second input unit (1382b), and the
second differential control rotating body (1384b).

The differential member of claim 9, wherein when
rotation amounts are input respectively to the first
input unit and the second input unit, the differential
control wire (1385) is sequentially wound along the
first input unit, the first differential control rotating
body, the second input unit, and the second differ-
ential control rotating body to rotate the output unit
by a sum of or a difference between the rotation
amounts input respectively to the first input unit and
the second input unit.

The differential member of claim 9, wherein when a
rotation motion amount is input to each of the first
input unit and the second input unit, the differential
control wire (1385) connected thereto moves, the
first differential control rotating body (1384a) or the
second differential control rotating body (1384b)
connected to the differential control wire (1385) ro-
tates, and the output rotating body (1383b) connect-
ed with the first differential control rotating body and
the second differential control rotating body rotates.

The differential member of claim 1,

wherein the two or more input units comprise
afirstinput unit (1381) comprising a first rotating axis
(1381a) and a first input rotating body rotating
(1381b) along with the first rotating axis; and

a second input unit (1382) comprising a plurality of
second input rotating bodies formed to connect with
the first input rotating body (1381b) on one side of
the first input unit (1381), formed to face each other,
and formed to rotate around a second rotating axis
(1382a),

wherein the differential control member comprises
a connector (1384) comprising a plurality of connect-
ing rotating bodies formed on one side of the second
input unit (1382), formed to face each other, and
formed to rotate around a fourth rotating axis
(1384a); and

a differential control wire (1385) formed to sequen-
tially contact the output unit (1383), one of the two
connecting rotating bodies (1384b), one of the two
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second input rotating bodies (1382b), the first input
rotating body (1381b), the other of the two second
input rotating bodies (1382b), the other of the two
connecting rotating bodies

(1384b), and the output unit (1383b) and rotate along
the output unit (1383), the connector (1384), the sec-
ond input unit (1382), and the first input unit (1381),
wherein the output unit (1383) is connected with the
connector (1384) and rotated along with a third ro-
tating axis (1383a).

The differential member of claim 12, wherein the first
inputunit, the secondinputunit (1382), the connector
(1384), and the output unit are sequentially disposed
such that the first input unit and the second input unit
are formed to rotate together around the second ro-
tating axis (1382a).

The differential member of claim 12, wherein the first
input unit, the connector (1384), the second input
unit (1382), and the output unit are sequentially dis-
posed such that the first input unit, the connector,
and the second input unit are formed to rotate to-
gether around the second rotating axis (1382a).

The differential member of claim 1,

wherein the two or more input units comprise one or
more differential gears receiving aninput of a rotation
amount from the operator from outside;

wherein the output unit outputs a single amount of
rotation based on the amounts of rotation input to
the two or more input units.

The differential member of claim 15, wherein the one
or more differential gears each comprises:

a first input unit (1511) comprising a first gear
(1511b); and

a second input unit (1512) comprising a second
gear (1512b) facing the first gear,

wherein the output unit (1513) comprises an out-
put rotating body (1513a) formed to rotate
around a rotating axis, an extension portion
(1513b) formed to extend in one direction from
the rotating axis of the output rotating body and
rotate along with the output rotating body, and
a differential control gear (1513c) formed to ro-
tate around the extension portion and formed to
engage with the first gear (1511b) and the sec-
ond gear (1512b).

The differential member of claim 15, wherein the one
or more differential gears each comprise:

a first input unit (1561) comprising a first gear
(1561G) that translates; and
a second input unit (1562) comprising a second
gear (1562G) that translates,
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wherein the differential control member (1564)
comprises a differential control gear (1564G)
formed to engage with the first gear and the sec-
ond gear to translate by rotation by the first gear
or the second gear when the first gear or the
second gear translates,

wherein the output unit (1563) is connected with
the differential control member through an out-
putwire (1563W) to be rotated by the output wire
when the differential control member translates.

18. The differential member of claim 15, wherein the one

or more differential gears each comprises:

a first input unit (1571) provided in the shape of
a gear formed to rotate around a predetermined
axis; and

a second input unit (1572) accommodating the
first input unit therein and having sawteeth
formed on an inner periphery thereof,

wherein the differential control member (1573)
is accommodated in the second input unit and
interposed between the gear-shaped first input
unit (1571) and the saw teeth of the second input
unit (1572),

wherein the outputunit (1574) is formed to rotate
around the axis of the first input unit and provide
a rotation path such that the differential control
member (1573) rotates around the axis of the
first input unit(1571).

Patentanspriiche

Differenzialelement (130) fiir ein chirurgisches In-
strument (100), umfassend:

zwei oder mehrere Eingabeeinheiten, die je-
weils eine Eingabe von einem Betrag einer Ro-
tationsbewegung oder Translationsbewegung
von aufen empfangen; und

eine Ausgabeeinheit, die eine einzelne Rotati-
onsbewegung oder Translationsbewegung ba-
sierend auf einer Kombination aus in die zwei
oder mehreren Eingabeeinheiten eingegebe-
nen Rotationsbewegungen oder Translations-
bewegungen ausgibt; und

ein Differenzialsteuerelement, das die zweioder
mehreren Eingabeeinheiten und die Ausgabe-
einheit verbindet, dadurch gekennzeichnet,
dass:

eine Rotationsbewegung oder Translati-
onsbewegung von mindestens einem Ab-
schnitt des Differenzialsteuerelements
durch in die zwei oder mehreren Eingabe-
einheiten eingegebenen Rotationsbewe-
gungen oder Translationsbewegungen er-
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zeugt wird,

wobei sich die Ausgabeeinheit translato-
risch bewegt oder rotiert durch eine Summe
aus oder eine Differenz zwischen den in die
zwei oder mehreren Eingabeeinheiten ein-
gegebenen Rotationsbewegungen oder
den Translationsbewegungen, durch die
Rotationsbewegung oder Translationsbe-
wegung von mindestens einem Abschnitt
des Differenzialsteuerelements,

wobei die zwei oder mehreren Eingabeein-
heiten unabhéangig rotieren oder sich trans-
latorisch bewegen, und

wobei sich die in die zwei oder mehreren
Eingabeeinheiten eingegebenen Rotati-
onsbewegungen oder Translationsbewe-
gungen nicht gegenseitig stéren.

Differenzialelement nach Anspruch 1, wobei die
zwei oder mehreren Eingabeeinheiten umfassen
eine erste Eingabeeinheit (1311), die zwei Rotati-
onskorper(1311a, 1311b)umfasst, und einen ersten
Eingabedraht (135YC2), der die zwei Rotationskor-
per verbindet und eine Eingabe eines Rotationsbe-
trags Uber einen beliebigen der zwei Rotationskor-
per empfangt; und

eine zweite Eingabeeinheit (1312), die zwei Rotati-
onskorper (1321a, 1321b) umfasst, und einen zwei-
ten Eingabedraht (135AC2), der die zwei Rotations-
koérper verbindet und eine Eingabe eines Rotations-
betrags Uber einen beliebigen der zwei Rotations-
korper empfangt;

wobei das Differenzialsteuerelement umfasst

eine Differenzialsteuerleiste (1313e), zwei Rotati-
onskorper (1313c, 1313d), die jeweils an beiden En-
den der Differenzialsteuerleiste gebildet sind, einen
Differenzialsteuerdraht (135J11), der die zwei Rota-
tionskdrper verbindet, ein erstes Differenzialgelenk,
an das der erste Eingabedraht (135YC2) und der
Differenzialsteuerdraht (135J11) gekoppelt sind, ein
zweites Differentialgelenk, an dem der zweite Ein-
gabedraht (135AC2) und der Differenzialsteuerdraht
(135J11) gekoppelt sind; und einen Ausgabedraht
(135J12), dessen beide Ende mit dem Differenzial-
steuerelement verbunden sind;

wobei die Ausgabeeinheit (1313) mit dem Ausgabe-
draht verbunden ist und von dem Ausgabedraht ro-
tiert wird, wenn sich der Ausgabedraht bewegt.

Differenzialelement nach Anspruch 2, wobei

die erste Eingabeeinheit (1311) ein Translationsbe-
wegungselement umfasst, das mit dem ersten Dif-
ferenzialgelenk verbunden ist, um eine Eingabe ei-
ner Translationsbewegung zu empfangen, oder wo-
bei der erste Eingabedraht und der Differenzialsteu-
erdraht (135J11) an das erste Differenzialgelenk ge-
koppelt sind, um eine Eingabe eines Rotationsbe-
wegungsbetrags iber einen beliebigen der zwei Ro-
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tationskérper zu empfangen, und

die zweite Eingabeeinheit (1312) ein Translations-
bewegungselement umfasst, das mit dem zweiten
Differenzialgelenk verbunden ist, um eine Eingabe
einer Translationsbewegung zu empfangen, oder
wobei der zweite Eingabedraht und der Differenzi-
alsteuerdraht (135J11) an das zweite Differenzial-
gelenk gekoppelt sind, um eine Eingabe eines Ro-
tationsbewegungsbetrags tiber einen beliebigen der
zwei Rotationskérper zu empfangen.

Differenzialelement nach Anspruch 1, wobei die
Uber die Ausgabeeinheit (1313) ausgegebene Ro-
tationsbewegung oder Translationsbewegung durch
folgende Gleichung berechnet wird:

C = oA £ BB,

wobei C einen Betrag der Uber die Ausgabeeinheit
(1313) ausgegebenen Rotationsbewegung oder ei-
nen Betrag der Translationsbewegung bezeichnet,
A und B einen uber die zwei oder mehreren Einga-
beeinheiten (1311, 1312) eingegebenen Betrag der
Rotationsbewegungen oder Betrag der Translati-
onsbewegungen bezeichnen, und o und g Gewichte
der Eingabebetrage bezeichnen.

Differenzialelement nach Anspruch 1, wobei die
zwei oder mehreren Eingabeeinheiten eine erste
Eingabeeinheit (1371) und eine zweite Eingabeein-
heit (1372) umfassen, die eine Eingabe eines Be-
trags der Rotationsbewegung oder der Translations-
bewegung aufnehmen,

wobei das Differenzialsteuerelement umfasst

ein erstes Differenzialsteuerelement (1374), das mit
der ersten Eingabeeinheit verbunden ist, um sich
translatorisch zu bewegen, wenn die erste Eingabe-
einheit rotiert oder sich translatorisch bewegt;

ein zweites Differenzialsteuerelement (1375), das
mit der zweiten Eingabeeinheit verbunden ist, um
sich translatorisch zu bewegen, wenn die zweite Ein-
gabeeinheit rotiert oder sich translatorisch bewegt;
und

einen Differenzialdraht (1376), der um die Rotations-
koérper (1371P1, 1371P2, 1372P1, 1372P2) gewi-
ckeltist, die in dem ersten Differenzialsteuerelement
und dem zweiten Differenzialsteuerelement vorge-
sehen sind und einen Abschnitt aufweisen, an dem
mindestens ein festes Ende (F1) gebildet ist; und
wobei die Ausgabeeinheit (1373) mit mindestens ei-
nem Abschnitt des Differenzialdrahts verbunden ist,
um zu rotieren, wenn sich der Differenzialdraht be-
wegt.

Differenzialelement nach Anspruch 5, wobei
wenn die erste Eingabeeinheit (1371) und die zweite
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Eingabeeinheit (1372) rotieren oder sich translato-
risch bewegen, sich das erste Differenzialsteuerele-
ment (1374) und das damit verbundene zweite Dif-
ferenzialsteuerelement (1375) translatorisch bewe-
gen, und

wenn sich das erste Differenzialsteuerelement und
das zweite Differenzialsteuerelement translatorisch
bewegen, bewegt sich der damit verbundene Diffe-
renzialdraht (1376), um die Ausgabeeinheit (1373)
zu rotieren.

Differenzialelement nach Anspruch 5, wobei

das erste Differenzialsteuerelement (1374) einen
ersten Rotationskérper (1374P1), einen zweiten Ro-
tationskorper (1374P2) und eine erste Differenzial-
steuerleiste (1374a) umfasst, die den ersten Rotati-
onskorper und den zweiten Rotationskorper verbin-
det,

das zweite Differenzialsteuerelement (1375) einen
ersten Rotationskérper (1375P1), einen zweiten Ro-
tationskorper (1375P2) und eine zweite Differenzi-
alsteuerleiste (1375b) umfasst, die den ersten Ro-
tationskorper und den zweiten Rotationskorper ver-
bindet, und

der Differenzialdraht (1376) entlang des ersten Ro-
tationskorpers (1374P1) des ersten Differenzial-
steuerelements, des zweiten Rotationskorpers
(1375P2) des zweiten Differenzialsteuerelements,
des zweiten Rotationskorpers (1374P2) des ersten
Differenzialsteuerelements und des ersten Rotati-
onskorpers (1375P1) des zweiten Differenzialsteu-
erelements gewickelt ist.

Differenzialelement nach Anspruch 7, wobei

jeder des ersten Rotationskorpers (1374P1)und des
zweiten Rotationskorpers (1374P2) des ersten Dif-
ferenzialsteuerelements mit der ersten Eingabeein-
heit (1371) verbunden ist, sodass sich das erste Dif-
ferenzialsteuerelement (1374) translatorisch be-
wegt, wenn der erste Rotationskdrper und der zweite
Rotationskérper des ersten Differenzialsteuerele-
ments rotieren, wenn sich die erste Eingabeeinheit
translatorisch bewegt oder rotiert, und

jederdes ersten Rotationskorpers (1375P 1) und des
zweiten Rotationskorpers (1375P2) des ersten Dif-
ferenzialsteuerelements mit der ersten Eingabeein-
heit (1372) verbunden ist, sodass sich das erste Dif-
ferenzialsteuerelement (1375) translatorisch be-
wegt, wenn der erste Rotationskdrper und der zweite
Rotationskérper des ersten Differenzialsteuerele-
ments rotieren, wenn sich die erste Eingabeeinheit
translatorisch bewegt oder rotiert.

Differenzialelement nach Anspruch 1,

wobei die zwei oder mehreren Eingabeeinheiten ei-
ne erste Eingabeeinheit (1381) und eine zweite Ein-
gabeeinheit (1382) umfassen, die gebildet sind, um
unabhangig voneinander zu rotieren, um einen Ro-
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tationsbetrag zu empfangen,

wobei die Ausgabeeinheit (1383) einen Ausgabero-
tationskorper (1383b) umfasst, der gebildet ist, um
um eine Rotationsachse (1383a) zu rotieren, einen
Verlangerungsabschnitt, der gebildet ist, um sich in
eine Richtung von der Rotationsachse des Ausga-
berotationskérpers zu verlangern und gemeinsam
mit dem Ausgaberotationskdrper zu rotieren, und ei-
nen ersten Differenzialsteuerrotationskérper und ei-
nen zweiten Differenzialsteuerrotationskorper, die
an einem Endabschnitt des Verlangerungsab-
schnitts gebildet sind, um um eine Achse zu rotieren,
die einen vorbestimmten Winkel mit der Rotations-
achse des Ausgaberotationskérpers bildet, und die
gebildet sind, um einander zugewandt zu sein; und
wobei das Differenzialsteuerelement einen Differen-
zialsteuerdraht (1385) umfasst, der die erste Einga-
beeinheit (1381b), den ersten Differenzialsteuerro-
tationskérper (1384a), die zweite Eingabeeinheit
(1382b) und den zweiten Differenzialsteuerrotati-
onskoérper (1384b) verbindet.

Differenzialelement nach Anspruch 9, wobei, wenn
Rotationsbetrage jeweils in die erste Eingabeeinheit
und die zweite Eingabeeinheit eingegeben werden,
der Differenzialsteuerdraht (1385) nacheinander
entlang der ersten Eingabeeinheit, des ersten Diffe-
renzialsteuerrotationskorpers, der zweiten Eingabe-
einheit und des zweiten Differenzialsteuerrotations-
korpers gewickelt wird, um die Ausgabeeinheit um
eine Summe aus oder eine Differenz zwischen den
Rotationsbetragen zu rotieren, die jeweils in die erste
Eingabeeinheit und die zweite Eingabeeinheit ein-
gegeben wurden.

Differenzialelement nach Anspruch 9, wobei sich,
wenn ein Rotationsbewegungsbetrag in jede der
ersten Eingabeeinheit und der zweiten Eingabeein-
heit eingegeben wird, der damit verbundene Diffe-
renzialsteuerdraht (1385) bewegt, der erste Diffe-
renzialsteuerrotationskorper (1384a) oder der zwei-
te Differenzialsteuerrotationskoérper (1384b), die mit
dem Differenzialsteuerdraht (1385) verbunden sind,
rotiert, und der Ausgaberotationskdérper (1383b), der
mit dem ersten Differenzialsteuerrotationskérper
und dem zweiten Differenzialsteuerrotationskérper
verbunden ist, rotiert.

Differenzialelement nach Anspruch 1,
wobei die zwei oder mehreren Eingabeeinheiten um-
fassen

eine erste Eingabeeinheit (1381), die eine erste
Rotationsachse (1381a) und einen ersten Ein-
gaberotationskérper (1381b) umfasst, der um
die erste Rotationsachse rotiert; und

eine zweite Eingabeeinheit (1382), die eine Viel-
zahl von zweiten Eingaberotationskérpern um-
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fasst, die gebildet sind, um sich mit dem ersten
Eingaberotationskérper (1381b) auf einer Seite
der ersten Eingabeeinheit (1381) zu verbinden,
und gebildet sind, um einander zugewandt zu
sein, und gebildet sind, um um eine zweite Ro-
tationsachse (1382a) zu rotieren,

wobei das Differenzialsteuerelement umfasst
ein Verbindungsstuick (1384), das eine Vielzahl
von verbindenden Rotationskérpern umfasst,
die auf einer Seite der zweiten Eingabeeinheit
(1382) gebildet sind, und gebildet sind, um ein-
ander zugewandt zu sein, und gebildet sind, um
um eine vierte Rotationsachse (1384a) zu rotie-
ren; und

einen Differenzialsteuerdraht (1385), der gebil-
det ist, um nacheinander die Ausgabeeinheit
(1383), einen der zwei verbindenden Rotations-
korper (1384b), einen der zweiten Eingaberota-
tionskdrper (1382b), den ersten Eingaberotati-
onskorper (1381b), den anderen der zwei zwei-
ten Eingaberotationskorper (1382b), den ande-
ren der zwei verbindenden Rotationskorper
(1384b), und die Ausgabeeinheit (1383b) zu
kontaktieren und um die Ausgabeeinheit (1383),
das Verbindungsstiick (1384), die zweite Einga-
beeinheit (1382) und die erste Eingabeeinheit
(1381) zu rotieren,

wobei die Ausgabeeinheit (1383) mit dem Ver-
bindungssttick (1384) verbunden ist und um ei-
ne dritte Rotationsachse (1383a) rotiert wird.

Differenzialelement nach Anspruch 12, wobei die
erste Eingabeeinheit, die zweite Eingabeeinheit
(1382), das Verbindungsstiick (1384) und die Aus-
gabeeinheit nacheinander derart angeordnet sind,
dass die erste Eingabeeinheit und die zweite Einga-
beeinheit gebildet sind, um zusammen um die zweite
Rotationsachse (1382a) zu rotieren.

Differenzialelement nach Anspruch 12, wobei die
erste Eingabeeinheit, das Verbindungsstiick (1384),
die zweite Eingabeeinheit (1382) und die Ausgabe-
einheit nacheinander derart angeordnet sind, dass
die erste Eingabeeinheit, das Verbindungsstiick und
die zweite Eingabeeinheit gebildet sind, um zusam-
men um die zweite Rotationsachse (1382a) zu ro-
tieren.

Differenzialelement nach Anspruch 1,

wobei die zwei oder mehreren Eingabeeinheiten ein
oder mehrere Differenzialgetriebe umfassen, die ei-
ne Eingabe eines Rotationsbetrags von dem Betrei-
ber von auRen empfangen;

wobei die Ausgabeeinheit einen einzelnen Betrag
der Rotation basierend auf den in die zwei oder meh-
reren Eingabeeinheiten eingegebenen Rotationsbe-
trage ausgibt.
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16. Differenzialelement nach Anspruch 15, wobei das

eine oder die mehreren Differenzialgetriebe umfas-
sen:

eine erste Eingabeeinheit (1511), die ein erstes
Getriebe (1511b) umfasst; und

eine zweite Eingabeeinheit (1512), die ein zwei-
tes Getriebe (1512b) umfasst, das dem ersten
Getriebe zugewandt ist,

wobei die Ausgabeeinheit (1513) einen Ausga-
berotationskérper (1513a) umfasst, der gebildet
ist, um um eine Rotationsachse zu rotieren, ei-
nen Verlangerungsabschnitt (1513b), der gebil-
det ist, um sich in eine Richtung von der Rota-
tionsachse des Ausgaberotationskérpers zu
verlangern und zusammen mit dem Ausgabe-
rotationskorper zu rotieren, und ein Differenzi-
alsteuergetriebe (1513c), das gebildet ist, um
um den Verlangerungsabschnitt zu rotieren und
gebildet ist, um in das erste Getriebe (1511b)
und das zweite Getriebe (1512b) zu greifen.

17. Differenzialelement nach Anspruch 15, wobei das

eine oder die mehreren Differenzialgetriebe umfas-
sen:

eine erste Eingabeeinheit (1561), die ein erstes
Getriebe (1561G) umfasst, das sich translato-
risch bewegt; und

eine zweite Eingabeeinheit (1562), die ein zwei-
tes Getriebe (1562G) umfasst, das sich transla-
torisch bewegt,

wobei das Differenzialsteuerelement (1564) ein
Differenzialsteuergetriebe (1564G) umfasst,
das dazu gebildet ist, in das erste Getriebe und
das zweite Getriebe zu greifen, um sich durch
Rotation Gber das erste Getriebe oder das zwei-
te Getriebe translatorisch zu bewegen, wenn
sich das erste Getriebe oder das zweite Getrie-
be translatorisch bewegt,

wobei die Ausgabeeinheit (1563) mit dem Diffe-
renzialsteuerelement durch einen Ausgabe-
draht (1563W) verbunden ist, um durch den
Ausgabedraht rotiert zu werden, wenn sich das
Differenzialsteuerelement translatorisch be-
wegt.

18. Differenzialelement nach Anspruch 15, wobei das

eine oder die mehreren Differenzialgetriebe jeweils
umfassen:

eine erste Eingabeeinheit (1571), die in Form
eines Getriebes vorgeseheniist, das gebildet ist,
um um eine vorbestimmte Achse zu rotieren;
und

eine zweite Eingabeeinheit (1572), die die erste
Eingabeeinheit darin aufnimmt und Sagezahne
aufweist, die an einem Innenumfang davon ge-
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bildet sind,

wobei das Differenzialsteuerelement (1573) in
der zweiten Eingabeeinheit aufgenommen ist
und zwischen der getriebeférmigen ersten Ein-
gabeeinheit (1571) und den S&agezahnen der
zweiten Eingabeeinheit (1572) eingeflgt ist,
wobei die Ausgabeeinheit (1574) gebildet ist,
um um die Achse der ersten Ausgabeeinheit zu
rotieren und eine Rotationsbahn bereitzustel-
len, sodass das Differenzialsteuerelement
(1573) um die Achse der ersten Eingabeeinheit
(1571) rotiert.

Revendications

Elément différentiel (130) pour un instrument chirur-
gical (100) comprenant :

deux unités d’entrée ou plus recevant chacune
une entrée d’une quantité de mouvement de ro-
tation ou de mouvement de translation depuis
'extérieur ; et

une unité de sortie sortant un mouvement de
rotation unique ou un mouvement de translation
unique sur la base d’'une combinaison de mou-
vements de rotation ou de mouvements de
translation entrés dans les deux unités d’entrée
ou plus ; et

un élément de commande différentiel reliant les
deux unités d’entrée ou plus et I'unité de sortie,
caractérisé en ce que :

un mouvement de rotation ou un mouve-
ment de translation d’au moins une partie
de I'élément de commande différentiel est
généré par des mouvements de rotation ou
des mouvements de translation entrés dans
les deux unités d’entrée ou plus,

dans lequel 'unité de sortie se déplace par
translation ou rotation a raison d’'une som-
me ou d’'une différence entre les mouve-
ments de rotation ou les mouvements de
translation entrés dansles deux unités d’en-
trée ou plus, par le mouvement de rotation
ou le mouvement de translation d’au moins
une partie de I'élément de commande dif-
férentiel,

dans lequel les deux unités d’entrée ou plus
se déplacent par rotation ou translation in-
dépendamment, et

dans lequel les mouvements de rotation ou
les mouvements de translation entrés dans
les deux unités d’entrée ou plus n’interfe-
rent pas entre eux.

2. Elément différentiel selon la revendication 1,

dans lequel les deux unités d’entrée ou plus com-
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prennent

une premiére unité d’'entrée (1311) comprenant
deux corps rotatifs (1311a, 1311b) et un premier fil
d’entrée (135YC2) reliant les deux corps rotatifs et
recevant une entrée d’'une quantité de rotation par
I'intermédiaire d’'un quelconque parmiles deux corps
rotatifs ; et

une seconde unité d’entrée (1312) comprenant deux
corps rotatifs (1321a, 1321b) et un second fil d’en-
trée (135AC2) reliant les deux corps rotatifs et rece-
vant une entrée d’'une quantité de rotation par I'in-
termédiaire d’'un quelconque parmi les deux corps
rotatifs ;

dans lequel I'élément de commande différentiel
comprend

une barre de commande différentielle (1313e), deux
corps rotatifs (1313c, 1313d) formés respectivement
au niveau des deux extrémités de la barre de com-
mande différentielle, un fil de commande différentiel
(135J11) reliant les deux corps rotatifs, un premier
joint différentiel au niveau duquel sont accouplés le
premier fil d'entrée (135YC2) et le fil de commande
différentiel (135J11), un second joint différentiel au
niveau duquel sont accouplés le second fil d’entrée
(135AC2) et le fil de commande différentiel
(135J11) ; et un fil de sortie (135J12) ayant les deux
extrémités reliées a I'élément de commande
différentiel ;

dans lequel l'unité de sortie (1313) est reliée au fil
de sortie et tournée par le fil de sortie lorsque le fil
de sortie se déplace.

Elément différentiel selon la revendication 2, dans
lequel

la premiere unité d’entrée (1311) comprend un élé-
ment de mouvement de translation relié au premier
joint différentiel pour recevoir une entrée d’'un mou-
vement de translation ou dans lequel le premier fil
d’entrée et le fil de commande différentiel (135J11)
sontaccouplés au niveau du premier joint différentiel
pour recevoir une entrée d’'une quantité de mouve-
ment de rotation par I'intermédiaire d’un quelconque
parmi les deux corps rotatifs, et

la seconde unité d’entrée (1312) comprend un élé-
ment de mouvement de translation relié au second
joint différentiel pour recevoir une entrée d’'un mou-
vement de translation ou dans lequel le second fil
d’entrée et le fil de commande différentiel (135J11)
sontaccouplés au niveau du second joint différentiel
pour recevoir une entrée d’'une quantité de mouve-
ment de rotation par I'intermédiaire d’un quelconque
parmi les deux corps rotatifs.

Elément différentiel selon la revendication 1, dans
lequel le mouvement de rotation ou le mouvement
de translation sorti par I'intermédiaire de I'unité de
sortie (1313) est calculé par I'équation suivante :
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C = A + BB,

ou C désigne une quantité de mouvementde rotation
ou une quantité de mouvement de translation sortie
par I'intermédiaire de I'unité de sortie (1313), AetB
désignent une quantité de mouvements de rotation
ou une quantité de mouvements de translation en-
trée par l'intermédiaire des deux unités d’entrée ou
plus (1311, 1312), et o et § désignent des pondéra-
tions des quantités entrées.

Elément différentiel selon la revendication 1,

dans lequel les deux unités d’entrée ou plus com-
prennent

une premiére unité d’entrée (1371) et une seconde
unité d’entrée (1372) recevant une entrée d’'une
quantité de mouvement de rotation ou de mouve-
ment de translation,

dans lequel I'élément de commande différentiel
comprend

un premier élémentde commande différentiel (1374)
relié a la premiére unité d’entrée pour se déplacer
par translation lorsque la premiére unité d’entrée se
déplace par rotation ou translation ;

un second élément de commande différentiel (1375)
relié a la seconde unité d’entrée pour se déplacer
par translation lorsque la seconde unité d’entrée se
déplace par rotation ou translation ; et

un fil différentiel (1376) enroulé autour de corps ro-
tatifs (1371P1, 1371P2, 1372P1, 1372P2) prévus
dans le premier élément de commande différentiel
et le second élément de commande différentiel et
possédant une partie au niveau de laquelle est for-
mée au moins une extrémité fixe (F1) ; et

dans lequel l'unité de sortie (1373) est reliée a au
moins une partie du fil différentiel pour tourner lors-
que le fil différentiel se déplace.

Elément différentiel selon la revendication 5, dans
lequel

lorsque la premiére unité d’entrée (1371) et la se-
conde unité d’entrée (1372) se déplacent par rotation
ou translation, le premier élément de commande dif-
férentiel (1374) et le second élément de commande
différentiel (1375) reliés a celles-ci se déplacent par
translation, et

lorsque le premier élément de commande différentiel
et le second élément de commande différentiel se
déplacent par translation, le fil différentiel (1376) relié
a ceux-ci se déplace pour faire tourner I'unité de sor-
tie (1373).

Elément différentiel selon la revendication 5, dans
lequel

le premier élément de commande différentiel (1374)
comprend un premier corps rotatif (1374P1), un se-
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cond corps rotatif (1374P2), et une premiére barre
de commande différentielle (1374a) reliant le pre-
mier corps rotatif et le second corps rotatif,

le second élément de commande différentiel (1375)
comprend un premier corps rotatif (1375P1), un se-
cond corps rotatif (1375P2) et une seconde barre de
commande différentielle (1375b) reliant le premier
corps rotatif et le second corps rotatif, et

le fil différentiel (1376) est enroulé le long du premier
corps rotatif (1374P1) du premier élément de com-
mande différentiel, du second corps rotatif (1375P2)
du second élémentde commande différentiel, du se-
cond corps rotatif (1374P2) du premier élément de
commande différentiel et du premier corps rotatif
(1375P1) du second élément de commande diffé-
rentiel.

Elément différentiel selon la revendication 7, dans
lequel

chacun parmi le premier corps rotatif (1374P1) et le
second corps rotatif (1374P2) du premier élément
de commande différentiel estrelié a la premiere unité
d’entrée (1371) de sorte que le premier élément de
commande différentiel (1374) se déplace par trans-
lation a mesure que le premier corps rotatif et le se-
cond corps rotatif du premier élément de commande
différentiel tournent lorsque la premiére unité d’en-
trée se déplace par translation ou rotation, et
chacun parmi le premier corps rotatif (1375P1) et le
second corps rotatif (1375P2) du second élément de
commande différentiel est relié a la seconde unité
d’entrée (1372) de sorte que le second élément de
commande différentiel (1375) se déplace par trans-
lation a mesure que le premier corps rotatif et le se-
cond corps rotatif du second élément de commande
différentiel tournent lorsque la seconde unité d’en-
trée se déplace par translation ou rotation.

Elément différentiel selon la revendication 1,

dans lequel les deux unités d’entrée ou plus com-
prennent une premiere unité d’entrée (1381) et une
seconde unité d’entrée (1382) formées pour tourner
indépendamment 'une de I'autre pour recevoir une
quantité de rotation,

dans lequel l'unité de sortie (1383) comprend un
corps rotatif de sortie (1383b) formé pour tourner
autour d’'un axe de rotation (1383a), une partie d’ex-
tension formée pour s’étendre dans une direction
depuis I'axe de rotation du corps rotatif de sortie et
pour tourner avec le corps rotatif de sortie, et un pre-
mier corps rotatif de commande différentiel et un se-
cond corps rotatif de commande différentiel formés
au niveau d’'une partie extrémité de la partie d’ex-
tension, formés pour tourner autour d’'un axe formant
un angle prédéfini avec I'axe de rotation du corps
rotatif de sortie, et formés pour se faire face l'un a
I'autre ; et

dans lequel I'élément de commande différentiel
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comprend un fil de commande différentiel (1385) re-
liant la premiére unité d’entrée (1381b), le premier
corps rotatif de commande différentiel (1384a), la
seconde unité d’entrée (1382b) et le second corps
rotatif de commande différentiel (1384b).

Elément différentiel selon la revendication 9, dans
lequel, lorsque des quantités de rotation sontentrées
respectivement dans la premiére unité d’entrée et la
seconde unité d’entrée, le fil de commande différen-
tiel (1385) est successivement enroulé le long de la
premiére unité d’entrée, du premier corps rotatif de
commande différentiel, de la seconde unité d’entrée
et du second corps rotatif de commande différentiel
pour faire tourner l'unité de sortie a raison d’'une som-
me ou d’'une différence entre les quantités de rotation
entrées respectivement dans la premiére unité d’en-
trée et la seconde unité d’entrée.

Elément différentiel selon la revendication 9, dans
lequel, lorsqu’une quantité de mouvement de rota-
tion est entrée dans chacune de la premiere unité
d’entrée etdelaseconde unité d’entrée, le filde com-
mande différentiel (1385) relié a celles-ci se déplace,
le premier corps rotatif de commande différentiel
(1384a) ou le second corps rotatif de commande dif-
férentiel (1384b) relié au filde commande différentiel
(1385) tourne, et le corps rotatif de sortie (1383b)
relié au premier corps rotatif de commande différen-
tiel et au second corps rotatif de commande diffé-
rentiel tourne.

Elément différentiel selon la revendication 1,

dans lequel les deux unités d’entrée ou plus com-
prennent

une premiere unité d’entrée (1381) comprenant un
premier axe de rotation (1381a) et un premier corps
rotatif d’entrée (1381b) tournant avec le premier axe
de rotation ; et

une seconde unité d’entrée (1382) comprenant une
pluralité de seconds corps rotatifs d’entrée formés
pour se relier au premier corps rotatif d’entrée
(1381b) sur un cété de la premiere unité d’entrée
(1381), formés pour se faire face, et formés pour
tourner autour d’'un second axe de rotation (1382a),
dans lequel I'élément de commande différentiel
comprend

unraccord (1384) comprenant une pluralité de corps
rotatifs de raccordement formés sur un cété de la
seconde unité d’entrée (1382), formés pour se faire
face, et formés pour tourner autour d’un quatrieme
axe de rotation (1384a) ; et

un fil de commande différentiel (1385) formé pour
entrer successivement en contact avec l'unité de
sortie (1383), un des deux corps rotatifs de raccor-
dement (1384b), un des deux seconds corps rotatifs
d’entrée (1382b), le premier corps rotatif d’entrée
(1381b), l'autre des deux seconds corps rotatifs
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d’entrée (1382b), 'autre des deux corps rotatifs de
raccordement (1384b), et I'unité de sortie (1383b) et
pour tourner le long de l'unité de sortie (1383), du
raccord (1384), de la seconde unité d’entrée (1382)
et de la premiére unité d’entrée (1381),

dans lequel I'unité de sortie (1383) est reliée au rac-
cord (1384) et tournée avec un troisieme axe de ro-
tation (1383a).

Elément différentiel selon la revendication 12, dans
lequel la premiére unité d’entrée, la seconde unité
d’entrée (1382), le raccord (1384) et I'unité de sortie
sont disposés successivement de sorte que la pre-
miére unité d’entrée et la seconde unité d’entrée
soient formées pour tourner conjointement autour
du second axe de rotation (1382a).

Elément différentiel selon la revendication 12, dans
lequel la premiére unité d’entrée, le raccord (1384),
la seconde unité d’entrée (1382) et I'unité de sortie
sont disposés successivement de sorte que la pre-
miére unité d’entrée, le raccord et la seconde unité
d’entrée soient formés pour tourner conjointement
autour du second axe de rotation (1382a).

Elément différentiel selon la revendication 1, dans
lequel les deux unités d’entrée ou plus comportent
un ou plusieurs engrenages différentiels recevant
une entrée d’'une quantité de rotation en provenance
de I'opérateur depuis I'extérieur ;

dans lequel 'unité de sortie sort une quantité de ro-
tation unique sur la base des quantités de rotation
entrées dans les deux unités d’entrée ou plus.

Elément différentiel selon la revendication 15, dans
lequel le ou les engrenages différentiels comportent
chacun :

une premiére unité d’entrée (1511) comprenant
un premier engrenage (1511b) ; et

une seconde unité d’entrée (1512) comprenant
un second engrenage (1512b) tourné vers le
premier engrenage,

dans lequel 'unité de sortie (1513) comprend
un corps rotatif de sortie (1513a) formé pour
tourner autour d’un axe de rotation, une partie
d’extension (1513b)formée pour s’étendre dans
une direction depuis I'axe de rotation du corps
rotatif de sortie et pour tourner avec le corps
rotatif de sortie, et un engrenage de commande
différentiel (1513c) formé pour tourner autour de
la partie d’extension et formé pour s’engrener
avec le premier engrenage (1511b) etle second
engrenage. (1512b).

Elément différentiel selon la revendication 15, dans
lequel le ou les engrenages différentiels comportent
chacun :
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une premiére unité d’entrée (1561) comprenant

un premier engrenage (1561G) qui se déplace

par translation ; et

une seconde unité d’entrée (1562) comprenant

un second engrenage (1562G) qui se déplace 5
par translation,

dans lequel I'élément de commande différentiel
(1564) comprend un engrenage de commande
différentiel (1564 G) formé pour s’engrener avec

le premier engrenage et le second engrenage 10
pour se déplacer par translation par une rotation

par le premier engrenage ou le second engre-
nage lorsque le premier engrenage ou le second
engrenage se déplace par translation,

dans lequel l'unité de sortie (1563) est reliée a 15
I'élément de commande différentiel par l'inter-
médiaire d’un fil de sortie (1563W) pour étre
tournée par le fil de sortie lorsque I'élément de
commande différentiel se déplace par transla-
tion. 20

18. Elément différentiel selon la revendication 15, dans
lequel le ou les engrenages différentiels comportent
chacun :

25
une premiere unité d’entrée (1571) fournie sous
la forme d’'un engrenage formé pour tourner
autour d’'un axe prédéfini ; et
une seconde unité d’entrée (1572) accueillant
la premiére unité d’entrée en son sein et ayant 30
une périphérie interne sur laquelle sont formées
des dents de scie,
dans lequel I'élément de commande différentiel
(1573) est accueilli dans la seconde unité d’en-
trée etinterposé entre la premiére unité d’entrée 35
en forme d’engrenage (1571) et les dents de
scie de la seconde unité d’entrée (1572),
dans lequel I'unité de sortie (1574) est formée
pour tourner autour de I'axe de la premiere unité
d’entrée et pour fournir un trajet de rotation de 40
sorte que I'élément de commande différentiel
(1573) tourne autour de I'axe de la premiere uni-
té d’entrée (1571).
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[Fig. 2]
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[Fig. 3a]
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[Fig. 4a]
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[Fig. 6]
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[Fig. 7]
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[Fig. 9]
136
pavs
1361
1361P1
1361W | 1364J2
1364W
— 1362P2
1361P2
1364P2
B4 363w 1363P
~~
1363
[Fig. 10]
137
1371W a’
P \
N
1374 1374P1 <:,)
T1 N 1973P 1373
1374a
1376 U ,//’1375P2
-T2 P2
) 1 {
1375P1 13752
F1
1375 -
Ta74p2
| 1372p
O Ol
7 L‘ / (};\,/_ 1371P
1379W v ~/
1372
1371

41



EP 2 783 653 B1

[Fig. 11]
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[Fig. 13b]
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[Fig. 17]
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[Fig. 18]
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