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INSTRUMENT FOR SURGICAL ASSISTANCE
ROBOT

FIELD OF THE INVENTION

[0001] The present invention relates to an instrument for a
surgical assistance robot.

BACKGROUND OF THE INVENTION

[0002] Robots, manipulators, actuators or the like in vari-
ous fields may have joint function parts. As a bending
structure applied to such a joint function part, there is a
flexible member disclosed in Patent document 1, for
example.

[0003] The flexible member of Patent document 1 is
configured by swingably engaging a plurality of disc ele-
ments with each other to perform bending operation as a
whole according to swinging of each disc element.

[0004] The flexible member having the structure smoothly
performs the bending operation and assures rigidity against
compression in an axial direction, to stabilize the bending
operation.

[0005] The flexible member of Patent document 1, how-
ever, has a problem that the structure is complicated because
the plurality of disc elements are engaged with each other.

[0006] PATENT DOCUMENT 1: JP 2009-538186 A
SUMMARY OF THE INVENTION
[0007] A problem to be solved is that a structure is

complicated if bending operation is stabilized.

[0008] The present invention mainly characterizes an
instrument for a surgical assistance robot by a main body, a
shaft being a rod-shaped member extended from the main
body, an end effector for surgical operation provided at a
front end of the shaft in an axial direction, and a joint
function part provided at the front end to bend with respect
to the axial direction of the shaft, thereby to enable an
orientation of the end effector to be changed, wherein the
joint function part has a bending structure that enables the
bending, and the bending structure comprises an outer coiled
part formed of a wire which is wound in a coiled shape to
have a plurality of coils in the axial direction, and an inner
coiled part formed of a wire which is wound in a coiled
shape to have a plurality of coils in the axial direction and
arranged in the outer coiled part, wherein the outer coiled
part has a plurality of gaps to distance adjacent coils in the
axial direction, and the coils of the inner coiled part are
provided so as to correspond to the gaps of the outer coiled
part and fit between the adjacent coils while being in contact
with the adjacent coils of the outer coiled part.

[0009] According to the present invention, since the bend-
ing structure is configured by arranging the inner coiled part
in the outer coiled part, the structure is simplified.

[0010] Further, since the coils of the inner coiled part fit
between the adjacent coils while being in contact with the
adjacent coils of the outer coiled part, rigidity in the axial
direction is ensured.

[0011] Furthermore, at the time of the bending, the gaps of
the outer coiled part are reduced on an inner side of the
bending to displace the inner coiled part toward an outer side
of the bending, and the gaps of the outer coiled part are
enlarged on an outer side of the bending to allow the
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displacement of the inner coiled part, thereby to ensure
sufficient flexibility even while the rigidity in the axial
direction is ensured.

[0012] As aresult, the present invention enables the struc-
ture to be simplified while stabilizing the bending operation.
[0013] Moreover, in the present invention, since the gaps
of the outer coiled part are reduced on the inner side of the
bending and the gaps of the outer coiled part are enlarged on
the outer side of the bending, the length on the axis of the
outer coiled part is not changed by comparison with a
straight state. If it is used to guide a flexible member
movably in the axial direction on an inner peripheral side, a
moving amount of the flexible member is certainly kept
constant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a sectional view illustrating a bending
structure according to a reference example 1 of the present
invention;

[0015] FIG. 2 is an enlarged view illustrating a part of the
bending structure of FIG. 1;

[0016] FIG. 3 is a sectional view illustrating a bending
state of the bending structure of FIG. 1;

[0017] FIG. 4 is an enlarged view illustrating a part of the
bending structure of FIG. 3;

[0018] FIG. 5A and 5B are schematic sectional views
illustrating a drop-off of an inner coiled part from an outer
coiled part in which FIG. 5A is a state before the drop-off
and FIG. 5B is a state after the drop-off according to the
reference example 1;

[0019] FIG. 6A is a sectional view illustrating a bending
structure according to a comparative example, and FIG. 6B
is a sectional view illustrating a bending state of the bending
structure according to the comparative example;

[0020] FIG. 7 is an enlarged sectional view illustrating a
part of a bending structure a reference example 2 of the
present invention;

[0021] FIG. 8 is an enlarged sectional view illustrating a
part of a bending structure a reference example 3 of the
present invention;

[0022] FIG. 9 is a sectional view illustrating a bending
structure a reference example 4 of the present invention;
[0023] FIG. 10 is an enlarged sectional view illustrating a
part of a bending structure a reference example 5 of the
present invention;

[0024] FIG. 11 is a perspective view illustrating a part of
robot forceps a reference example 6 of the present invention;

[0025] FIG. 12 is a sectional view of the robot forceps of
FIG. 11;
[0026] FIG. 13 is a perspective view illustrating a bend-

able part of the robot forceps of FIG. 11;

[0027] FIG. 14 is a sectional view of the bendable part of
FIG. 13,
[0028] FIG. 15 is a schematic perspective view illustrating

an instrument for a surgical assistance robot to which a
bending structure is applied an embodiment 1 of the present
invention;

[0029] FIG. 16 is a perspective view illustrating an inter-
nal structure of a main body of the instrument for a surgical
assistance robot of FIG. 16 is applied;

[0030] FIG. 17 is a plan view illustrating an internal
structure of a main body of the instrument for a surgical
assistance robot of FIG. 16;
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[0031] FIG. 18 is a plan view illustrating an internal
structure of a main body of an instrument for a surgical
assistance robot an embodiment 2 of the present invention;
and

[0032] FIG. 19 is a partial perspective view explaining the
internal structure of the main body of the instrument for a
surgical assistance robot of FIG. 18.

EMBODIMENT FOR CARRYING OUT THE
INVENTION

[0033] The object that a structure is simplified while
bending operation is stabilized is accomplished by a bending
structure having a double coil shape in which an inner coiled
part is arranged in an outer coiled part.

[0034] An instrument for a surgical assistance robot, may
comprise a main body, a shaft being a rod-shaped member
extended from the main body, an end effector for surgical
operation provided at a front end of the shaft in an axial
direction, and a joint function part provided at the front end
to bend with respect to the axial direction of the shaft,
thereby to enable an orientation of the end effector to be
changed. The joint function part has a bending structure that
enables the bending, and the bending structure comprises an
outer coiled part formed of a wire which is wound in a coiled
shape to have a plurality of coils in the axial direction, and
an inner coiled part formed of a wire which is wound in a
coiled shape to have a plurality of coils in the axial direction
and arranged in the outer coiled part, wherein the outer
coiled part has a plurality of gaps to distance adjacent coils
in the axial direction, and the coils of the inner coiled part
are provided so as to correspond to the gaps of the outer
coiled part and fit between the adjacent coils while being in
contact with the adjacent coils of the outer coiled part.
[0035] FIG. 1 is a sectional view illustrating a bending
structure for a flexible member according to the reference
example 1 of the present invention, and FIG. 2 is an enlarged
view partly illustrating the same.

[0036] A bending structure 1 is one applied to a joint
function part for, for example, robots, manipulators, actua-
tors and the like in various fields. The bending structure 1 is
provided between a base part and a movable part of the joint
function part, and supports the movable part displaceably
with respect to the base according to bending.

[0037] The bending structure 1 of the present reference
example has a double coil shape, and is provided with an
outer coiled part 5, and an inner coiled part 7. With the
double coil shape, the bending structure 1 of the present
reference example is bendable relatively to an axial direc-
tion, has a length of a central axis or axis O in the axial
direction is approximately constant before, after and during
bending based on that an inner diametral side of the bending
is compressed and an outer diametral side of the bending is
extended when the bending is performed according to exter-
nal force, and restricts compression in the axial direction
when the bending is not performed or the like. The bending
structure 1 of the present reference example is also provided
with a flexible member 3 serving as a restricting member.
[0038] The flexible member 3 passes through the bending
structure 1 being movably in the axial direction, and restricts
deviation of the inner and the outer coiled parts 5, 7 in a
diametral direction although the details will be explained
later. The flexible member 3 of the present reference
example is configured by using, for example, a push-pull
cable or the like. According to this, the bending structure 1
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has a function to guide the flexible member 3 in the axial
direction, and is bendable as well as the flexible member 3
according to bending operation of the joint function part.
[0039] It should be noted that the bending means that the
axis O of the joint function part or the bending structure 1
is curved or bent. Further, the flexible member 3 may be
omitted.

[0040] The outer coiled part 5 is a coil spring, and is made
of a wire 5a would in a coiled shape. The outer coiled part
5, therefore, has a plurality of coils 54 in the axial direction.
It should be noted that the coil 55 means one turn for
composing the coiled shape (the same applies to the follow-
ing).

[0041] The material of the wire 5a may be metal, resin or
the like. The sectional shape of the wire 5a is formed into a
circular shape, but may be oval or the like.

[0042] A mean diameter D1 of the outer coiled part 5 is
constant from one end to the other end in the axial direction.
The mean diameter D1 of the outer coiled part 5 may be,
however, varied in the axial direction.

[0043] The outer coiled part 5 has a plurality of gaps 5¢ to
axially distance adjacent coils 556 in the axial direction. The
gaps Sc of the present reference example are formed in
respective interspaces of the adjacent coils 5¢ in the axial
direction, and all the gaps 5¢ have the same dimension in the
axial direction. The gaps 5¢ may be, however, provided in
only some interspaces between the coils 5¢ in the axial
direction. Further, the dimensions of the gaps 5¢ in the axial
direction may be varied.

[0044] The inner coiled part 7 is a coil spring, and is made
of' a wire 7a would in a coiled shape having a plurality of
coils 75 in the axial direction. In the inner coiled part 7, in
the same way as the outer coiled part, the material of the
wire 7a may be metal, resin or the like, and the sectional
shape of the wire 7a is formed into a circular shape, but may
be oval or the like.

[0045] The inner coiled part 7 is arranged inside the outer
coiled part 5, and defines a passing portion 9 through which
the flexible member 3 is passed on the inner circumference.
The inner coiled part 7 of the present reference example is
screwed into the outer coiled part 5. With this screwing, the
coils 7b of the inner coiled part 7 are arranged in the
respective interspaces of the adjacent coils 55 of the outer
coiled part 5. The inner coiled part 7 has, therefore, a
structure in which the coils 76 are provided so as to
correspond to the gaps 5c¢ of the outer coiled part 5.
[0046] Further, the coils 75 of the inner coiled part 7 fit
between the adjacent coils 55 while being in contact with the
adjacent coils 54 of the outer coiled part 5 according to
settings of a mean diameter D2 and a wire diameter d2 of the
wire 7a.

[0047] In addition, the mean diameter D2 of the inner
coiled part 7 is constant from one end to the other end in the
axial direction. The mean diameter D2 of the inner coiled
part 7 may be, however, varied in the axial direction
according to the mean diameter D1 of the outer coiled part
5 or the like.

[0048] Further, the wire diameter d2 of the wire 7a is the
same as the wire diameter d1 of the wire 5a of the outer
coiled part 5. The wire diameter d2 of the wire 7a may be,
however, greater or less than the wire diameter d1 of the
wire 5a of the outer coiled part 5.

[0049] The inner coiled part 7 has a plurality of gaps 7¢ to
distance adjacent coils 75 in the axial direction. The gaps 7¢
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are formed in respective interspaces of the adjacent coils 7¢
in the axial direction according to the screwing into the outer
coiled part 5, and all the gaps 7¢ have the same dimension
in the axial direction.

[0050] It should be noted that the outer coiled part 5 and
the inner coiled part 7 may have, other than the structure
having the gaps 5¢, 7¢ in the respective interspaces between
the adjacent coils 54, 76 in a free state in which the inner
coiled part 7 is not arranged in the outer coiled part 5, a
structure (close contact spring) in which the adjacent coils
5b, 7b are closely contact with each other in the free state.
Further, only one of the outer coiled part 5 and the inner
coiled part 7 may be the close contact spring.

[0051] In a case that the outer coiled part 5 and the inner
coiled part 7 are the close contact springs in the free state,
the inner coiled part 7 and the outer coiled part 5 are screwed
together, thereby to mutually distance the interspaces
between the coils 56, 76 and form the gaps Sc¢ of the outer
coiled part 5 and the gaps 7¢ of the inner coiled part 7. In this
case, initial tension may be applied to the bending structure
1 having the double coil shape.

[0052] FIG. 3 is a sectional view illustrating a bending
state of the bending structure of FIG. 1, and FIG. 4 is an
enlarged view partly illustrating the same.

[0053] In the bending structure 1, as illustrated in FIGS. 1
and 2, the coils 75 of the inner coiled part 7 fit between the
adjacent coils 55 while being in contact with the adjacent
coils 54 of the outer coiled part 5 when the axis O (being also
the axis of the outer coiled part 5) is in a straight state
without bending.

[0054] Accordingly, the bending structure 1 prevents, by
the coils 75 of the inner coiled part 7, the gaps 5¢ of the outer
coiled part 5 from being compressed to be prevented from
being compressed as a whole even if compressive force acts
in the axial direction. It should be noted that the gaps 7¢ of
the inner coiled part 7 are prevented by the coils 54 of the
outer coiled part 5 from being compressed if the inner coiled
part 7 is as a basis.

[0055] The bending structure 1, therefore, prevents com-
pression of itself and the joint function part to which the
bending structure is applied. As a result, when guiding
movement of the flexible member 3 in the axial direction,
the length of the axis O and a moving amount of the flexible
member 3 passing on the axis O are kept constant to also
ensure stability of operation of the flexible tube 3.

[0056] As illustrated in FIGS. 3 and 4, when the axis O of
the bending structure 1 is bent, the gaps 5c¢ of the outer
coiled part 5 are reduced on the inner side of the bending and
the gaps 5c¢ of the outer coiled part 5 are enlarged on the
outer side of the bending.

[0057] At this time, the bending structure 1 smoothly
bends by the inner coiled part 7 displacing outwardly in the
diametral direction.

[0058] Namely, each coil 76 of the inner coiled part 7 is
pushed inwardly in the diametral direction by reduction of
the gaps 5c¢ of the outer coiled part 5 on the inner side of the
bending of the bending structure 1. According to this, the
inner coiled part 7 as a whole is displaced outwardly in the
diametral direction, and this displacement is allowed so that
each coil 75 of the inner coiled part 7 enters into the enlarged
gap 5c of the outer coiled part 5.

[0059] The bending structure 1, therefore, is the structure
in which the compression is prevented in the axial direction
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whereas the flexibility is never hindered. As a result, the
bending structure 1 is stabilized in the bending operation.
[0060] Further, when the bending structure 1 is bent, the
gaps 5c¢ of the outer coiled part 5 are reduced on the inner
side of the bending and the gaps of the outer coiled part 5 are
enlarged on the outer side of the bending as mentioned
above. The size of the gaps 5c¢ on the axis O is not changed
by comparison with the straight state.

[0061] The bending structure 1, therefore, keeps the length
of'the axis O and the moving amount of the flexible member
3 passing on the axis O of the bending structure 1 constant
at the time of not only the straight state, but the bending,
thereby to ensure the stability of the operation of the flexible
member 3.

[0062] Further, the bending structure 1 of the present
reference example brings the adjacent coils 55 of the outer
coiled part 5 into contact with each other on the inner side
of the bending when bending at the predetermined angle
(FIG. 4).

[0063] In the bending structure 1, therefore, the length on
the axis O starts to increase from when the coils 55 are
brought into contact with each other. Accordingly, the bend-
ing at the predetermined angle or more is notified to an
operator of the joint function part according to the change in
the moving amount of the flexible member 3.

[0064] At the time of the bending operation of the bending
structure 1, the inner coiled part 7 is prevented from being
dropped off from the outer coiled part 5 by the flexible
member 3.

[0065] Namely, the inner coiled part 7 as a whole is
displaced outwardly in the diametral direction so that each
coil 76 of the inner coiled part 7 enters into the enlarged gap
5¢ of the outer coiled part 5 at the time of the bending of the
bending structure 1.

[0066] This displacement (movable length in which the
inner coiled part 7 is movable in the diametral direction
relatively to the axis O of the outer coiled part 5) is equal to
or less than half of (the diameter of the outer coiled
part—the diameter of the inner coiled part). In addition, the
diameters mean the mean diameters D1 and D2 of the outer
coiled part 5 and the inner coiled part 7. The diameters may
be, however, outer diameters or inner diameters of the outer
coiled part 5 and the inner coiled part 7.

[0067] FIGS. 5 are schematic sectional views illustrating
a drop-off of the inner coiled part 7 from the outer coiled part
5 in which (A) is a state before the drop-off and (B) is a state
after the drop-off.

[0068] As illustrated in FIGS. 5, if a moving amount L in
the diametral direction of the inner coiled part 7 in the
straight state exceeds (D1-D2)/2 being half of (the diameter
of the outer coiled part 5—the diameter of the inner coiled
part 7), the inner coiled part 7 gets over the outer coiled part
5 to be in a drop-off state. In addition, in FIG. 5, the moving
amount L is indicated as a deviation amount between the
axis of the inner coiled part 7 and the axis of the outer coiled
part 5.

[0069] At the time of the bending of the bending structure
1, if the moving amount L of the inner coiled part 7 in the
diametral direction exceeds (D1-D2)/2 being a half of (the
diameter of the outer coiled part 5—the diameter of the inner
coiled part 7), it results in causing the drop-off as illustrated
in FIG. 5 when returning to the straight state. In the present
reference example, therefore, the movable length in which
the inner coiled part 7 is movable in the diametral direction
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relatively to the axis O of the outer coiled part 5 is equal to
or less than (D1-D2)/2 being half of (the diameter of the
outer coiled part 5—the diameter of the inner coiled part 7).
[0070] The movable length is set by passing the flexible
member 3 through the bending structure 1 in the present
reference example. In this way, in the present reference
example, the drop-off of the inner coiled part 7 from the
outer coiled part 5 is prevented by the flexible member 3.
The movable length may be, however, set by the setting of
any one or both of the wire diameters dl and d2 of the outer
coiled part 5 and the inner coiled part 7 in a case that the
bending structure 1 does not passes the flexible member 3
therethrough or a case that the diameter of the flexible
member 3 is thin in a degree by which the aforementioned
movable length cannot be set.

[0071] FIG. 6(A) is a sectional view illustrating a bending
structure according to a comparative example, and FIG. 6(B)
is a sectional view illustrating a bending state of the same.
[0072] The bending structure 1A according to the com-
parative example comprises of only a close contact spring,
and is configured to be bendable and prevented from being
compressed.

[0073] The bending structure 1A, at the time of bending,
keeps a state in which coils 1Aa are in contact with each
other on an inner side of the bending and forms gaps
between the coils 1Aa on an outer side of the bending.
[0074] As this result, gaps 1Ab are also formed on a
central portion of bending inner side and outer side of the
bending structure 1A at the time of the bending. By the gaps
1Ab of the bending structure 1A, a length of the axis O and
the moving amount of the flexible member 3 passing on the
axis O are increased.

[0075] Accordingly, the comparative example is one
which does not ensure stability of operation of the flexible
member 3 when guiding the flexible member 3 unlike the
reference example 1.

[0076] As mentioned above, the bending structure 1 of the
present reference example is the bending structure which
movably passes the flexible member 3 therethrough in the
axial direction and is bendable as well as the flexible
member 3. The bending structure is provided with the outer
coiled part 5 formed of the wire 5a which is wound in the
coiled shape to have the plurality of coils 54 in the axial
direction, and the inner coiled part 7 formed of the wire 7a
which is wound in the coiled shape to have the plurality of
coils 7 in the axial direction and arranged in the outer
coiled part 5.

[0077] The outer coiled part 5 has the plurality of the gaps
5¢ to distance the adjacent coils 55, and the coils 756 of the
inner coiled part 7 are provided so as to correspond to the
gaps Sc of the outer coiled part 5 and fit between the adjacent
coils 56 while being in contact with the adjacent coils 556 of
the outer coiled part 5.

[0078] The bending structure 1, therefore, is formed by
arranging the inner coiled part 7 into the outer coiled par 5,
so that the structure is simplified.

[0079] Further, the bending structure 1 prevents, by the
coils 7b of the inner coiled part 7, the gaps Sc¢ of the outer
coiled part 5 from being compressed to be prevented from
being compressed as whole even if the compressive force
acts in the axial direction. Accordingly, the bending structure
1 ensures the rigidity in the axial direction in a degree not to
cause the joint function part to be compressed.
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[0080] Further, the inner coiled part 7 is displaced toward
the outer side of the bending while the gaps 5¢ of the outer
coiled part 5 are reduced on the inner side of the bending at
the time of the bending, and the gaps of the outer coiled part
5 are enlarged on the outer side of the bending to allow the
displacement of the inner coiled part 7, thereby to ensure
sufficient flexibility to bend as well as the joint function part
even while the rigidity in the axial direction is ensured.
[0081] As a result, the bending structure 1 enables its
structure to be simplified while stabilizing the bending
operation, so that it ensures stability of operation of a device
such as a robot, manipulator, or actuator having the joint
function part.

[0082] Further, in the bending structure 1 of the present
reference example, the gaps 5c¢ of the outer coiled part 5 are
reduced on the inner side of the bending and the gaps 5¢ of
the outer coiled part 5 are enlarged on the outer side of the
bending. The length of the axis O of the outer coiled part 5
is not changed by comparison with the straight state, and the
moving amount of the flexible member 3 is certainly kept
constant.

[0083] Accordingly, stability of the operation of the flex-
ible member 3 is ensured and therefore the stability of
operation of the device having the joint function part is
further ensured.

[0084] Further, in the present reference example, the mov-
able length (displacement amount) in which the inner coiled
part 7 is movable in the diametral direction relatively to the
axis O of the outer coiled part 5 is equal to or less than half
of (the diameter of the outer coiled part—the diameter of the
inner coiled part). The inner coiled part 7, therefore, is
prevented from being dropped off from the outer coiled part
5

[0085] Furthermore, in the present reference example, the
flexible member 3 as the restricting member restricts the
movement of the inner coiled part 7 so that the movable
length is equal to or less than half of (the diameter of the
outer coiled part—the diameter of the inner coiled part). The
inner coiled part 7 is, therefore, easily prevented from being
dropped off without changing shapes of the inner coiled part
7 and the outer coiled part 5.

[0086] The bending structure 1 movably passes the flex-
ible member 3 therethrough in the axial direction and is
bendable together with the flexible member 3. The inner
coiled part 7 is, therefore, prevented from being dropped off
by using the flexible member 3 in the aspect to guide the
flexible member 3.

[0087] In the present reference example, the outer coiled
part 5 has the gaps 5¢ in the respective interspaces between
the adjacent coils 56 in the axial direction, so that the
bending structure 1 is bent smoothly.

[0088] In the present reference example, the inner coiled
part 7 and the outer coiled part 5 are formed separately and
the inner coiled part 7 is screwed into the outer coiled part
5, so that the assembly is easily performed. Further, char-
acteristics of the bending structure 1 are easily varied by
varying characteristics of any one or both of the inner coiled
part 7 and the outer coiled part 5.

[0089] Further, since the bending structure 1 of the present
reference example brings the adjacent coils 55 of the outer
coiled part 5 into contact with each other on the inner side
of'the bending when bending at the predetermined angle, the
bending at the predetermined angle or more is notified to an



US 2021/0307773 Al

operator of the joint function part according to the change in
the moving amount of the flexible member 3.

[0090] FIG. 7 is an enlarged sectional view illustrating a
part of a bending structure according to the reference
example 2. In addition, components in the reference
example 2 corresponding to in the reference example 1 are
represented with the same reference numerals to eliminate
duplicate explanation.

[0091] A bending structure 1 of the reference example 2 is
one in which a wire diameter d1 of a wire 5a of an outer
coiled part 5 is different from a wire diameter d2 of a wire
7a of an inner coiled part 7. In the reference example 2, the
wire diameter d1 of the outer coiled part 5 is set greater than
the wire diameter d2 of the inner coiled part 7.

[0092] It should be noted that the wire diameter d1 of the
outer coiled part 5 may be smaller than the wire diameter d2
of the inner coiled part 7.

[0093] The bending structure 1 provides the same effect as
the reference example 1 even in the case that the wire
diameter d1 of the outer coiled part 5 is different from the
wire diameter d2 of the inner coiled part 7 in this way.
Further, a free length and characteristics of the bending
structure 1 are adjusted by differing the wire diameter d2 and
the wire diameter d1 from each other.

[0094] FIG. 8 is an enlarged sectional view illustrating a
part of a bending structure according to the reference
example 3. In addition, components in the reference
example 3 corresponding to in the reference example 1 are
represented with the same reference numerals to eliminate
duplicate explanation.

[0095] A bending structure 1 of the reference example 3
fits coils 75 of an inner coiled part 7 between adjacent coils
5b while be in contact with the adjacent coils 56 of an outer
coiled part 5 in part of the outer coiled part 5 in an axial
direction.

[0096] Namely, the inner coiled part 7 is formed so that a
mean diameter D2 (see FIG. 1) becomes gradually small in
the axial direction. According to this, the inner coiled part 7
fits between the adjacent coils 55 of the outer coiled part 5
only in the part of the outer coiled part 5 in the axial
direction as mentioned above.

[0097] In addition, in the present reference example, the
inner coiled part 7 and the outer coiled part 5 are respective
close contact springs and gaps 5¢ of the outer coiled part 5
are reduced as reduction of the mean diameter D2 of the
inner coiled part 7.

[0098] Even this structure provides the same effect as the
reference example 1. Additionally, the present reference
example fits the coils 76 of the inner coiled part 7 between
the adjacent coils 56 of the outer coiled part 5 only in the part
of the outer coiled part 5 in the axil direction, thereby to
adjust a free length and characteristics of the bending
structure 1.

[0099] FIG. 9 is a sectional view illustrating a bending
structure according to the reference example 4. In addition,
components in the reference example 4 corresponding to in
the reference example 1 are represented with the same
reference numerals to eliminate duplicate explanation.
[0100] A bending structure 1 of the reference example 4 is
provided with an enlarged diameter portion 11 gradually
increasing in diameter in part in an axial direction. In the
present reference example, the enlarged diameter portion 11
is provided at one end of the bending structure 1 in the axial
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direction. The enlarged diameter portion 11 may be provided
in the middle of or at the other end of the bending structure
1 in the axial direction.

[0101] At the enlarged diameter portion 11, both mean
diameters D1 and D2 of an outer coiled part 5 and an inner
coiled part 7 are enlarged gradually, and it keeps a state in
which coils 75 of the inner coiled part 7 fit between coils 554
while be in contact with the adjacent coils 55 of the outer
coiled part 5.

[0102] Even this structure provides the same effect as the
reference example 1. Further, the enlarged diameter portion
11 adjusts characteristics of the bending structure 1.
[0103] FIG. 10 is an enlarged sectional view illustrating a
part of a bending structure according to the reference
example 5. In addition, components in the reference
example 5 corresponding to in the reference example 1 are
represented with the same reference numerals to eliminate
duplicate explanation.

[0104] A bending structure 1 of the reference example 5 is
one in which an outer coiled part 5 and an inner coiled part
7 are respectively configured by two coil parts. In particular,
the outer coiled part 5 is composed of a first outer coiled part
13 and a second outer coiled part 15 and the inner coiled part
7 is composed of a first inner coiled part 17 and a second
inner coiled part 19.

[0105] Inthe first outer coiled part 13 and the second outer
coiled part 15, coils 13a, 15a are alternately arranged in an
axial direction, and in also the first inner coiled part 17 and
the second inner coiled part 19, coils 17a, 19a are alternately
arranged in the axial direction.

[0106] Namely, in the outer coiled part 5, the coils 13a,
15a of the first outer coiled part 13 and the second outer
coiled part 15 are adjacent to each other in the axial direction
to form gaps 5c¢ between those adjacent coils 134, 15a.
[0107] The coils 17a of the first inner coiled part 17 and
the coils 194 of the second inner coiled part 19 of the inner
coiled part 7 respectively fit between the coils 13a, 154
while being in contact with the coils 13a, 15a of the first
outer coiled part 13 and the second outer coiled part 15.
[0108] Even this structure provides the same effect as the
reference example 1 and adjusts a free length and charac-
teristics of the bending structure 1.

[0109] It should be noted that the number of coiled parts
composing the outer coiled part 5 and the inner coiled part
7 may be varied. Further, only one of the outer coiled part
5 and the inner coiled part 7 may be composed of a plurality
of coiled parts.

[0110] FIG. 11 is a perspective view illustrating a part of
robot forceps to which a bending structure is applied accord-
ing to the reference example 6 of the present invention, FIG.
12 is a sectional view of the same, FIG. 13 is a perspective
view illustrating a joint function part of the robot forceps of
FIG. 11, and FIG. 14 is a sectional view of the same. In
addition, components in the reference example 6 corre-
sponding to in the reference example 1 are represented with
the same reference numerals to eliminate duplicate expla-
nation.

[0111] Robot forceps 21 of the present reference example
is one which forms a front end of a robot arm of a surgical
robot as a medical manipulator.

[0112] In addition, the robot forceps 21 are an example of
a device having a joint function part. The device having a
joint function part is not limited to the medical manipulator
as mentioned above. Namely, the device having the joint
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function part is not particularly limited, but a robot in the
other field, every kind of manipulators, actuators or the like
as long as it has the joint function part performing bending
operation and moves a flexible member 3 in an axial
direction to perform operation or the like. Further, in a case
of a medical manipulator, an endoscope camera, manual
forceps and the like that are not attached to surgical robots
are included.

[0113] The robot forceps 21 of the present reference
example is composed of a shaft 23, a joint function part 25,
and a holding unit 27 as an end effector for surgical
operation.

[0114] The shaft 23 is formed into, for example, a cylin-
drical shape. Passed in the shaft 23 are driving wires 29 to
drive the joint function part 25 and a flexible member 3
being a push-pull cable to drive the holding unit 27. On a
front end side of the shaft 23, the holding unit 27 is provided
through the joint function part 25.

[0115] The joint function part 25 is provided with a base
part 31, a movable part 33, a flexible tube 35, and a bending
structure 1.

[0116] The base part 31 is a cylinder body formed of resin,
metal or the like, and is attached at the front end of the shaft
23. Through the base part 31, the driving wires 29 pass via
through-holes 31a in the axial direction and the flexible
member 3 passes via an insertion hole 315 on an axial center
portion.

[0117] The movable part 33 is a cylinder body formed of
resin, metal or the like, and is attached to the holding unit 27
explained later. To the movable part 33, front end portions
of the driving wires 29 are fixed. Accordingly, the movable
part 33 is displaced with respect to the base part 31 by
operation of the driving wires 29 to orient the holding unit
27 toward a desired direction. An axial center portion of the
movable part 33 is provided with an insertion hole 335 to
pass the flexible member 3 therethrough.

[0118] The flexible tube 35 is interposed between the base
part 31 and the movable part 33 and is bent according to the
displacement of the movable part 33 relative to the base part
31. The flexible tube 35 passes the driving wires 29 and the
flexible member 3 therethrough in the axial direction.
[0119] The flexible tube 35 of the present reference
example is configured by a bellows formed of a tube body
having a wave sectional shape. The flexible tube 35 may use,
however, a coil spring, a tube body or the like, and is not
particularly limited as long as it has a flexible tube shape.
[0120] The bending structure 1 is the same as of the
reference example 1. The bending structure 1 is arranged
along the axial center portion of the flexible tube 35 and is
provided between the base part 31 and the movable part 33.
In addition, the bending structure 1 of any one of the
reference examples 2-5 may be applied to the joint function
part 25.

[0121] The bending structure 1 passes the flexible member
3 through the passing portion 9, in this state both ends of
which are respectively attached to the insertion holes 314
and 335 of the base part 31 and the movable part 33. With
this, the bending structure 1 supports the movable part 33
with respect to the base part 31 so as not to be movable in
the axial direction and is bendable as well as the flexible
member 3 according to the displacement of the movable part
33 relative to the base part 31.

[0122] The holding unit 27 has a pair of holding parts 37
openably pivotally supported with respect to the movable
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part 33 of the joint function part 25. The holding unit 27 is
connected to the flexible member 3 passing through the joint
function part 25 and is configured to open and close the
holding parts 37 by axial movement (reciprocation move-
ment) of the flexible member 3. It should be noted that the
end effector is not limited to the holding unit 27 and may be,
for example, scissors, a holding retractor, a needle driver or
the like.

[0123] In the robot forceps 21 having the structure, an
operator such as a doctor reciprocatingly operates the flex-
ible member 3, thereby to cause the holding parts 37 of the
holding unit 27 to perform opening/closing operation.
[0124] Further, the operator pulls any one or some of the
driving wires 29 to bend the joint function part 25, thereby
to cause the holding unit 27 to orient relatively to the shaft
23 toward a desired direction. In this state, if the flexible
member 3 is reciprocated, the holding parts 37 of the holding
unit 27 is caused to perform the opening/closing operation.
[0125] The opening/closing operation is stabilized and
accurately performed because the moving amount of the
flexible member 3 is constant as mentioned in the reference
example 1.

[0126] Additionally, the present reference example pro-
vides the same effect as the reference example 1.

[0127] FIG. 15 is a schematic perspective view illustrating
an instrument for a surgical assistance robot to which a
bending structure is applied according to the embodiment 1
of the present invention. In addition, components in the
embodiment 1 corresponding to in the reference examples 1
and 6 are represented with the same reference numerals to
eliminate duplicate explanation.

[0128] The present embodiment is an instrument 100 for a
surgical assistance robot to which the bending structure 1 of
the reference example 1. The instrument 100 for a surgical
assistance robot may, however, apply the bending structure
1 of any one of the reference examples 2-5. The instrument
100 for a surgical assistance robot is attached to a master-
slave type surgical robot as one exchangeable and is driven
by driving force from the surgical robot. In addition, the
instrument 100 for a surgical assistance robot corresponds to
one in which the robot forceps 21 of the reference example
6 is made as an exchangeable unit.

[0129] The instrument 100 for a surgical assistance robot,
as illustrated in FIG. 15, is provided with a main body 110,
a shaft 23, a holding unit 27 for surgical operation, and a
joint function part 25.

[0130] In addition, the present embodiment will provide
explanation on the premise that a direction (axial direction)
of an axis L in the shaft 23 is a back-and-forth direction, a
direction which is orthogonal to the back-and-forth direction
and in which a pair of main body side pulleys 1311, 131R
are arranged side by side is a right-and-left direction, and a
direction orthogonal to the back-and-forth direction and the
right-and-left direction is a vertical direction to make the
explanation simple (See FIG. 16).

[0131] The main body 110 forms a base part of the
instrument 100 for a surgical assistance robot. To the main
body 110, the shaft 23 being a rod member, in particular a
cylindrical member, is extended along the back-and-forth
direction.

[0132] At a front end portion of the shaft 23 in the
back-and-forth direction (axial direction), the holding unit
27 is provided as an end effector for surgical operation. It
should be noted that the end effector is not limited to the
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holding unit 27 and may be, for example, scissors, a holding
retractor, a needle driver or the like similar to the reference
example 6. Further, at the front end portion of the shaft 23,
the joint function part 25 is provided. The joint function part
25 has the bending structure 1 and bends relatively to the
back-and-forth direction to enable an orientation of the
holding unit 27 to be changed.

[0133] Hereinafter, an example of the main body 110 will
explained in detail with reference to also FIGS. 16 and 17.
It should be noted that the main body 110 is not limited to
the configuration illustrated in FIGS. 16 and 17 and may
employ the other configuration. Further, the shaft 23, the
holding unit 27, and the joint function part 25 have the same
configurations as of the reference example 6 and the details
thereof will be omitted by reference of the reference
example 6.

[0134] FIG. 16 is a perspective view illustrating an
example of an internal structure of the main body 110 of the
instrument 100 for a surgical assistance robot and FIG. 17 is
a plan view of the same.

[0135] The main body 110 is formed into a rectangular
parallelepiped shape inside which a shaft side pulley 121,
the pair of main body side pulleys 131L, 131R, a drive
pulley 132, a pulley 141 for forceps, guide pulleys 142,
movable parts 151 and the like are stored.

[0136] In addition, in FIG. 15 only a base board 111 and
a top board 115 of the main body 110 are illustrated and a
member and the like covering a circumference are omitted
to be illustrated in order to explain the shaft side pulley 121,
the pair of the main body side pulleys 1311, 131R, the drive
pulley 132, the pulley 141 for forceps, the guide pulleys 142,
the movable parts 151 and the like arranged inside the main
body 110. In FIG. 16, the top board 115 is further omitted to
be illustrated.

[0137] The base board 111 of the main body 110 is one
supporting the shaft 23 and the shaft side pulley 121
rotatably around the axis L at a center of a forward end side
in a front direction. Further, it is what the main body side
pulleys 131, the drive pulley 132, the pulley 141 for the
forceps and the guide pulleys 142 are rotatably arranged on
an upward face of the base board 111.

[0138] Further, to the base board 111, four slits 112 formed
into a long hole shape extending in the back-and-forth
direction are arranged side by side at intervals in the
right-and-left direction. To the four slits 112, the single
movable parts 151 are arranged movably relatively to the
base board 111 in the back-and-forth direction, respectively.
[0139] The four slits 112 are the slit 112A, the slit 112B,
the slit 112C, and the slit 112D from right to left. The slit
112A is longer than the other slit 112B, slit 112C and slit
112D in the back-and-forth direction. Further, the slit 112B,
the slit 112C and the slit 112D are formed to have the lengths
equal to each other in the back-and-forth direction.

[0140] The top board 115 is a plate member attached to
columns 113 extending upwardly from the base board 111.
The top board 115 holds and supports the pulley 1311, 131R
on the main body side, the drive pulley 132, the pulley 141
for forceps and the guide pulleys 142 between the top board
and the base board 111, and rotatably supports the pulley
1311, 131R on the main body side, the drive pulley 132, the
pulley 141 for forceps and the guide pulleys 142.

[0141] The shaft 23 is the cylindrical member extending
forth from the main body 110 and is supported with the main
body 110 rotatably around the axis L. To a base end portion
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on the back direction of the shaft 23, the shaft side pulley
121, which shares the axis L with the shaft 23, is provided.
In the present embodiment, an explanation is given to an
application of an example in which forceps (holding unit 27)
are provided at a front end portion on the forth direction of
the shaft 23.

[0142] The shaft side pulley 121 is a member provided at
the base end portion on the back direction (on the main body
110 side) in the shaft 23 so as to be rotatably relatively to the
main body 110 together with the shaft 23 and formed into a
cylindrical shape. Further, on an outer peripheral face of the
shaft side pulley 121, a spiral groove is formed to which a
wire (funicular body) 122 for rotation is wound to control
the rotation of the shaft 23.

[0143] The pair of the main body side pulleys 1311, 131R
are rotatably arranged relatively to the main body 110 at
positions on the base board 111 of the main body 110
between which the shaft side pulley 121 is interposed in the
right-and-left direction. The main body side pulleys 131L,
131R are formed into a disk shape or a cylindrical shape, and
annular grooves around which the wire 122 for rotation is
wound are formed on outer peripheral faces thereof. In
addition, the main body side pulley 131 is arranged on the
left and the main body side pulley 131R is arranged on the
right.

[0144] The wire 122 for rotation is formed into a funicular
shape to transmit rotation of the main body side pulley 131R
to the shaft side pulley 121 and the shaft 23. Further, the wire
122 for rotation is annularly arranged between the pair of the
pulleys 1311, 131R on the shaft side, and is arranged to be
wound around the outer peripheral face of the shaft side
pulley 121.

[0145] The drive pulley 132 is a pulley arranged on the
base board 111 of the main body 110 in the back direction
of the main body side pulley 131R. The drive pulley 132 is
formed into a disk shape or a cylindrical shape, and an
annular groove to which a wire (other funicular body) 133
for transmission is wound is formed on an outer peripheral
face thereof.

[0146] Between the drive pulley 132 and the main body
side pulley 131R, a slit 112A is provided to be used for
rotational drive of the shaft 23, and to the slit 112A, the
movable part 151A is arranged to be used for the rotational
drive of the shaft 23.

[0147] The wire 133 for transmission is formed into a
funicular shape to transmit relative movement of the mov-
able part 151 A with respect to the base board 111 of the main
body 110 in the back-and-forth direction to the main body
side pulley 131R. Further, the wire 133 for transmission is
annularly arranged between the drive pulley 132 and the
main body side pulley 131R and part of the wire is fixedly
attached to the movable part 151A.

[0148] The pulley 141 for forceps is a pulley arranged
backward on the base board 111 of the main body 110 in the
vicinity of the axis L.. The pulley 141 for forceps is formed
into a disk shape or a cylindrical shape, and an annular
groove around which a wire 143 for forceps is wound is
formed on the outer peripheral face thereof.

[0149] Between the pulley 141 for forceps and the shaft
side pulley 121, the guide pulleys 142 and the slits 112B and
the slit 112C are arranged. The movable part 151C is
arranged to the slit 112C to drive the forceps.

[0150] The guide pulleys 142 are pulleys to lead the wire
143 for forceps from the main body 110 side to the shaft side
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pulley 121 and into the shaft 123. In the present embodi-
ment, explanation is made for an application of an example
in which four guide pulleys 142 are arranged between the slit
112B and the slit 112C, and the shaft side pulley 112 on the
base board 111 of the main body 110. The guide pulleys 142
are formed into a disk shape or a cylindrical shape, and
annular grooves to which the wire 143 for forceps is wound
are formed on outer peripheral faces thereof.

[0151] The number of the guide pulleys 142 are four or
may be more or less than four. Further, the relative arrange-
ment relation among the plurality of the guide pulleys 142
is not particularly limited as long as the it is an arrangement
relation in which the wire 143 for forceps is led to the shaft
side pulley 121 and into shaft 23.

[0152] The wire 143 for forceps is formed into a funicular
shape to transmit relative movement of the movable part
151C with respect to the base board 111 of the main body
110 in the back-and-forth direction to the forceps arranged
on a forward end portion on the shaft 23. Further, the wire
143 for forceps is annularly arranged between the pulley 141
for forceps and the forceps (the holding unit 27), and part of
the wire is fixedly attached to the movable part 151C.

[0153] Namely, the wire 143 for forceps corresponds to
the drive wires 29 of the reference example 6, front end
portions of which are fixed to the movable part 33 of the
joint function part 25, passes through the flexible tube 35
and the base part 31, and passes inside the shaft 23 to be led
out to the main body 110. Then, base end portions of the wire
143 for forceps are connected through the guide pulleys 142
to the pulley 141 for forceps to be configured integrally
therewith. In this way, the wire 143 for forceps is annularly
configured through the movable part 33 of the joint function
part 25 and the pulley 141 for forceps.

[0154] It should be noted that, in the present embodiment,
explanation is made for an application of an example in
which the wire 143 for forceps is fixed and attached to the
movable part 151C. The wire 143 for forceps may be fixed
and attached to the movable part 151B or 151D and is not
limited particularly. In the present embodiment, one of the
movable part 151B and the movable part 151D may be
connected to, for example, the wire for forceps to bend the
joint function part 25 toward a different direction and the
other thereof may be connected to, for example, the flexible
member such as a forceps wire or a push-pull cable to
open/close the holding unit 27.

[0155] The movable parts 151 are arranged to the respec-
tive four slits 112 provided on the base board 111 of the main
body 110, and are arranged relatively movably with respect
to the base board 111 of the main body 110 along the slits
112 in the back-and-forth direction. The movable parts 151
are moved by driving force transmitted from the master-
slave type surgical robot to which the instrument 100 for a
surgical assistance robot is attached.

[0156] In the four slits 112, the movable part 151A is
arranged to the slit 112A, the movable part 151B is arranged
to the slit 112B, the movable part 151C is arranged to the slit
112C, and the movable part 151D is arranged to the slit
112D.

[0157] Next, explanation will be made for operation in the
instrument 100 for a surgical assistance robot having the
aforementioned structure. First, explanation will be made for
operation to rotate the shaft 23, then explanation will be
made for operation to bend the joint function part 25.
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[0158] When rotating the shaft 23, driving force is applied
from the outside to move the movable part 151 A backward
or forward along the slit 112A. For example, when the
movable part 151A moves forward, the part in the wire 133
for transmission attached to the movable part 151A also
moves forward.

[0159] The annular wire 133 for transmission moves in a
direction to rotate counterclockwise when view from the
above. With this movement of the wire 133 for transmission,
the main body side pulley 131R is rotated counterclockwise.
The counterclockwise rotation of the main body side pulley
131R is transmitted to the wire 122 for rotation wound
around the main body side pulley 131R.

[0160] The wire 122 for rotation is rotated counterclock-
wise, the movement of the wire 122 for rotation is trans-
mitted to the shaft side pulley 121, and the shaft side pulley
121 is rotated around the axis L. The rotational direction of
the shaft side pulley 121 is fixed based on the winding
direction of the wire 122 for rotation to the shaft side pulley
121. When the movable part 151A moves backward, the
movement is reversed to the above.

[0161] Next, when driving so as to bend the joint function
part 25, driving force is applied from the outside to move the
movable part 151C backward or forward along the slit 112C.
For example, when the movable part 151C moves forward,
the part in the wire 143 for forceps attached to the movable
part 151C also moves forward.

[0162] The annular wire 143 for forceps moves in a
direction to rotate clockwise when view from the above.
This movement of the wire 143 for forceps is transmitted to
the movable part 33 of the holding unit 27, and the joint
function part 25 is driven so as to be bent.

[0163] According to the instrument 100 for a surgical
assistance robot having the aforementioned structure pro-
vides the same effects as the reference examples 1 and 6.
Additionally, the pair of the pulleys 131A, 131R on the main
body side are arranged to interpose the shaft side pulley 121
arranged on the shaft 23 therebetween, and the wire 122 for
rotation is wound around the shaft side pulley 121 and the
pair of the main body side pulleys 1311, 131R. Transmitting
the driving force to the wire 122 for rotation rotates the shaft
side pulley 121 and the shaft 23.

[0164] The shaft side pulley 121 is arranged between the
pair of the main body side pulleys 1311, 131R, the wire 122
for rotation extending from the one main body side pulley
131R is wound around the shaft side pulley 121, and then the
wire 122 for rotation is wound around the other main body
side pulley 131. Accordingly, it is easy to prevent force from
acting on the shaft side pulley 121 and the shaft 23 in the
orthogonal direction relative to the axial direction of the
shaft 23 (in other words, a radial direction). As a result, it is
easy to reduce drive load to rotate the shaft 23.

[0165] Further, it is easy to reduce the area in the shaft side
pulley 121 around which the wire 122 for rotation is wound,
i.e., easy to shorten the length of the shaft side pulley 121 in
the axial direction.

[0166] It is easy to suppress a loss generated when con-
verting the straight movement of the movable part 151 A into
the rotational movement of the shaft 23 by transmitting the
movement of the movable part 151 A in the straight direction
to the main body side pulleys 131 through the wire 133 for
transmission.

[0167] In the plurality of the movable parts 151A, 151B,
151C, 151D arranged side by side, the wire 133 for trans-
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mission is attached to the movable part 151A arranged at the
end portion, thereby to easily make the instrument 100 for
a surgical assistance robot compact by comparison with a
case that the wire 133 for transmission is attached to the
movable parts 151B, 151C arranged inside.

[0168] FIG. 18 is a plan view illustrating an internal
structure of a main body of an instrument for a surgical
assistance robot according to the embodiment 2 of the
present invention, and FIG. 19 is a partial perspective view
explaining the internal structure of the main body of the
instrument for a surgical assistance robot of FIG. 18.
Although the basic structure of an instrument 100 for a
surgical assistance robot of the present embodiment is the
same as of the embodiment 1, it is different from the
embodiment 1 in the structure relevant to a pair of main
body side pulleys. In the present embodiment, therefore, a
structure relevant to the pair of the main body side pulleys
will be explained using FIG. 18 and FIG. 19, and explana-
tion for the other structure and the like will be omitted.
[0169] An adjustment part 114 is provided on a base board
111 of a main body 111 in the instrument 100 for a surgical
assistance robot of the present embodiment, as illustrated in
FIG. 18 and FIG. 19. The adjustment part 114 rotatably
supports a main body side pulley 131, and supports the main
body side pulley 131L relatively movably with respect to the
base board 111 in a right-and-left direction.

[0170] In other words, it supports the main body side
pulley 131 so as to approach and separate with respect to a
main body side pulley 131R. On the adjustment part 114, a
long hole 117 elongated in the right-and-left direction is
provided. The adjustment part 114 is attached to the base
board 111 by a fixing member 116 such as a screw passing
through the long hole 117.

[0171] Further, the main body side pulley 131R of the
instrument 100 for a surgical assistance robot of the present
embodiment is provided with a large diameter pulley portion
134a with a relatively large diameter and a small diameter
pulley portion 1345 with a relatively small diameter. The
large diameter pulley portion 134a is formed on an upward
side of the main body side pulley 131R and the small
diameter pulley portion 1345 is formed on a downward side
of the main body side pulley 131R.

[0172] On the large diameter pulley portion 134a, an
annular groove around which a wire 122 for rotation is
wound is formed, and on the small diameter pulley portion
134H, an annular groove around which a wire 133 for
transmission is wound is formed.

[0173] In the present embodiment, the explanation has
been made for the application of the example in which the
diameter of the portion around which the wire 122 for
rotation is wound is relatively large and the diameter of the
portion around which the wire 133 for transmission is
wound is relatively small in the main body side pulley 131R.
The diameter of the portion around which the wire 122 for
rotation is wound may be relatively small and the diameter
of the portion around which the wire 133 for transmission is
wound may be relatively large.

[0174] The instrument 100 for a surgical assistance robot
having the aforementioned structure provides the same
effect as the embodiment 1. Additionally, as illustrated in
FIG. 18 and FIG. 19, the fixing member 116 is loosened and
the adjustment part 114 is moved relatively to the base board
111 in the right-and-left direction, thereby to adjust the
distance between the main body side pulley 131 and the
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main body side pulley 131R. In other words, the tension of
the wire 122 for rotation is adjusted so as to become desired
tension. The fixing member 116 is again tightened after the
adjustment, thereby to fix the adjustment part 114 relatively
to the base board 111 and fix the distance between the main
body side pulley 131 and the main body side pulley 131R.
[0175] Further, when the driving force is applied from the
outside to move the movable part 151 A backward or forward
along the slit 112A, the wire 133 for transmission performs
the rotational movement. With the movement of the wire
133 for transmission, the main body side pulley 131R also
performs the rotation to be transmitted to the wire 122 for
transmission.
[0176] At this time, the moving amount of the wire 133 for
transmission is amplified to be transmitted to the wire 122
for rotation according to ratio in diameter between the small
diameter pulley portion 1346 around which the wire 133 for
transmission is wound and the large diameter pulley portion
1344 around which the wire 122 for rotation is wound.
[0177] In addition, although the explanation has been
made for the application of the example in which the moving
amount of the wire 133 for transmission is amplified to be
transmitted to the wire 122 for rotation in the present
embodiment, the moving amount of the wire 133 for trans-
mission may be reduced to be transmitted to the wire 122 for
rotation in the present embodiment by varying the ratio
between the diameter of the pulley portion around which the
wire 133 for transmission is wound and the diameter of the
pulley portion around which the wire 122 for rotation is
wound.
[0178] According to the above structure, it is easy to adjust
the tension acting on the wire 122 for rotation wound
between the pair of the main body side pulleys 1311, 131R
by adjusting the distance between the pair of the main body
side pulleys 1311, 131R. Additionally, it is easy to suppress
generation of variation in assembly of the instrument 100 for
a surgical assistance robot due to ease of the adjustment of
the tension. Further, it is easy to increase precision of
estimation of external force.
[0179] In this way, it is easy to adjust the ratio between the
moving amount of the movable part 151A in the straight
direction and the rotating amount of the shaft 23 to a desired
value by winding the wire 122 for rotation around the large
diameter pulley portion 134a and winding the wire 133 for
transmission around the small diameter pulley portion 13454.
[0180] It should be noted that the technical scope of the
present invention is not limited to the above embodiments
and various modifications may be made within a range not
departing from the aim of the invention. For example, it is
not limited to the above embodiments to which the present
invention is applied, the present invention may be applied to
an embodiment being a combination of those embodiments,
and the application is not particularly limited.
1. An instrument for a surgical assistance robot, compris-
ing:
a main body;
a shaft being a rod-shaped member extended from the
main body;
an end effector for surgical operation provided at a front
end of the shaft in an axial direction; and
a joint function part provided at the front end to bend with
respect to the axial direction of the shaft, thereby to
enable an orientation of the end effector to be changed,
wherein
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the joint function part has a bending structure that enables
the bending, and
the bending structure comprises:
an outer coiled part formed of a wire which is wound
in a coiled shape to have a plurality of coils in the
axial direction; and

an inner coiled part formed of a wire which is wound
in a coiled shape to have a plurality of coils in the
axial direction and arranged in the outer coiled part,
wherein

the outer coiled part has a plurality of gaps to distance
adjacent coils in the axial direction, and

the coils of the inner coiled part are provided so as to
correspond to the gaps of the outer coiled part and fit
between the adjacent coils while being in contact
with the adjacent coils of the outer coiled part.

2. The instrument for a surgical assistance robot according

to claim 1, wherein

the outer coiled part has the gaps in respective interspaces
of the adjacent coils in the axial direction.

3. The instrument for a surgical assistance robot according

to claim 1, wherein

a movable length in which the inner coiled part is movable
in a diametral direction relatively to an axis of the outer
coiled part is equal to or less than half of (a diameter of
the outer coiled part—a diameter of the inner coiled
part).

4. The instrument for a surgical assistance robot according

to claim 1, further comprising:

a restricting member to restrict movement of the inner
coiled part so that the movable length is equal to or less
than half of (the diameter of the outer coiled part—the
diameter of the inner coiled part).

5. The instrument for a surgical assistance robot according

to claim 4, wherein

the restricting member is a flexible member.

6. The instrument for a surgical assistance robot according

to claim 5, wherein

the instrument passes the flexible member movably in the
axial direction and is bendable as well as the flexible
member.

7. The instrument for a surgical assistance robot according

to claim 1, wherein

the inner coiled part and the outer coiled part are formed
separately and the inner coiled part is screwed into the
outer coiled part.
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8. The instrument for a surgical assistance robot according
to claim 1, wherein
the outer coiled part brings the adjacent coils into contact
with each other when bending at a predetermined
angle.
9. The instrument for a surgical assistance robot according
to claim 1, wherein
the joint function part comprises a base part on the shaft
side and a movable part supporting the end effector and
configured to displace relatively to the base part, and
the bending structure is provided between the base part
and the movable part to bend according to displacement
of the movable part relative to the base part.
10. The instrument for a surgical assistance robot accord-
ing to claim 9, further comprising:
a flexible tube being interposed between the base part and
movable part and being extendable and compressible in
the axial direction, wherein

the bending structure is arranged along an axial center
portion of the flexible tube in the axial direction.

11. An instrument for a surgical assistance robot, com-
prising:
a main body;
a shaft being a rod-shaped member extended from the
main body;
an end effector for surgical operation provided at a front
end of the shaft in an axial direction; and

a joint function part provided at the front end to bend with
respect to the axial direction of the shaft, thereby to
enable an orientation of the end effector to be changed,
wherein

the joint function part has a bending structure that enables
the bending, and

the bending structure is bendable relatively to the axial
direction, has a length of a central axis in the axial
direction that is approximately constant before, after
and during bending based on that an inner diametral
side of the bending is compressed and an outer diame-
tral side of the bending is extended when the bending
is performed according to external force, and restricts
compression in the axial direction when the bending is
not performed.



