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(57) Abstract: Provided is a manipulator (1) includ-
ing an elongated main portion (3), a distal end por-
FIG. 4A tion (4), and a bendable portion 5) provided between
the main portion (3) and the distal end portion (4); a
5 1 plurality of linear members (6) that extend from the

distal end portion (4) to the main portion (3) via the
bendable portion (5); a power generator (9); a plural-

ity of power transmitters (8, 10, 11) that transmit, to
proximal ends of the linear members (6), the power
generated by the power generator (9) as linear motion
in a longitudinal direction of the main portion (3);
and a linear-member relaxing unit (12) that relaxes
the linear members (6) in which tension is generated
between the distal end portion (4) and the power
transmitters (8, 10, 11) by pushing and pulling of the
linear members (6) by the linear motion transmitted
from the power transmitters (8, 10, 11).
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{DESCRIPTION}
{Titie of Invention}
MANIPULATOR

{Technical Field}

{0001}

The present invention relates to manipulators.
{Background Art}

{0002i‘

In the related art, there is a known medical manipulator
that is equipped with an elongated insertion section
insertable into a body and that is used for treating the
inside of the body by remotely manipulating a surgical tool
installed in the insertion section (for example, sée Patent
Literature 1). The insertion section of such a manipulator is
provided with a bendable portion for changing the orientation
of a distal end surface equipped with, for example, a camera
and the surgical tool.

{0003}

Furthermore, in order to accu;ately control the bendiﬁg
angle of the bendable portion, a decelerating mechaniSm is
used in a bending mechanism for bending the bendable portion.
Specifically, with this configuration, large rotational motion
of a shaft generated at the proximal end of the insertion
section is converted into small linear motion by a thréaded

shaft that rotates together with the shaft and by a nut
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engaged with the threaded shaft. By utilizing this linear
motion, wires connected to the distal end of the insertion
section are pushed and pulled, thereby bending the bendable
portion. |
{Citation List}
{Patent Literature}
{0004}
{PTL 1}
Japanese Unexamined Patent Application, Publication No. 2006-
61176
{Summary of Invention} .
{Technical Problem}
{0005}

In order to generate rotational motion of the shaft from
the linear motion of the wires in the insertion section that
uses the aforementioned decelerating mechanism, the wires need
to be linearly.moved by a sufficiently large external force.
In other words, the shape of the bendable portion bent by
pushing and pulling of the wires becomes'sufficiently stable
against the external force. Thus, if a pulling mechanism is
faulty in a state where the behdable portion-is bent, since
the bendable portion would continue to maintain a certain bent
shape against the tissue form within the body, there is a
problem in thaf it becomes difficult to remove the insertion

section from the body.
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{0006}

The present‘invention has been made in view of the
circumstances described above, and an object thereof is to
provide a manipulator that can be smoothly removed from the
body even when a mechanism for bending the bendable portion is
faulty.

{Solution to Problem}
{0007}

In order to achieve the aforementioned object, the
present invention provides the following solutions.

A fifst aspect of the present invention is a manipulator
including an elongated main portion, a distal end portion
diécosed at a distal end of the main portion, and a bendable
portion provided between the main portion and the distal end
portion; a plurality of linear members that are connected to
the distal end portion and that extend to the main portion via
the bendable portion; a power generator that generates power;
a plurality of power transmitters that are provided in the
main porticn and that transmit, to proximal ends of the linear
members, the power generated by the power generator as linear
motion in a longitudinal diréction of the main portion; and a
linear-member felaxing unit that rélaxes the plurality of
linear members in which tension is generated between the
distal end portion and the power transmitters by being pushing

and pulling of the linear members in the longitudinal
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direction by the linear motion transmitted from the power
transmitters.
{0008}

According.to the first aspect of the preeent iﬁvention,
the power transmitters transmit, to the proximal ends of the
linear membere, fhe power generated by the power generator as
linear motion. The linear members are pushed toward the
'distal end or pulied toward the proximal end. This causes the
bendable portion disposed between the distal end portion and
the connectors to bend.

{0009}

In this case, if a power transmitter is faulty, the
linear-member relaxing unit is actuated so as to relax the
linear members in which tension is generated between the
distal end portion and the power transmitters and that are
-maintaining the bent shape of the bendable portion, whereby
the bendabie portioh is set in a deformable state in
accordance with an external force. Consequently, even when
the power generatof or the power transmitters is/are‘faulfy,
smooth removal from the body is made poesible, starting from .
the distal end portion inserted in the body to the main
portion.

{0010}
In the first aspect described above, the linear-member

relaxing unit may cause the distal end portion and the
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plurality of power transmitters to relatively move in the-
longitudinal direction close to each other. |

Accordingly, by actuating the linear-member relaxing
unit, the distal end portion and the power transmitters are
brought closer to each other so that the distance between the
distal end portion and the power tfansmitters becomes shorter
than the length of the linear members that connect the distal
end portion and the power transmitters; Consequently, the
plurality of linear members can be simultaheously relaxed.
{0011}

In the first aspeét described above, the linear-member
relaxing unit may include a supporting member that
simultaneously supports the plurality of power transmitters
and that is movable together with the plurality of power
transmitters in the longitudinal direction relative to the
main portion, and a moving mechanism that moves the supporting
member toward the distal .end.

Accordingly, by actuating the moving mechanism, the
supporting member moves toward the distal end so tﬁat the
plurality of power transmitters move toward the distal énd.
Consequéhtly, the plurality of power transmitters can be
brought.closer to the bendable portion.

{0012}
In the first aspect déscribed above,.the linear-member

relaxing unit may include a supporting member that supports a
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proximal end of the bendable portion, and a moving mechaniém
that moves the supporting member toward the proximal end.

Accordingly, by actuating the moving mechanism, the
supporting member moves toward the proximal end so that the
distal end portion moves toward the proximal end together with
the bendable portion. Consequently, the distal end portion
can be brought closer té the power transmitters.

{0013}

In the first aspect described above, the moving mechanism
may include a rotational-force generator that generates a
rotational force, and a power converter that converts the
rotational force generated by the rotational-force generator
iﬁto lineaf motion in the longitudinal direction and transmits
the linear motion to the supporting member.

Accordingly, with a simple configuration, the supportihg
member can be moved in the longitudinal direcfion of the main
portion.

{0014}

In the first aspect described above, the power
transmitters may each include a shaft member that is disposed
in the longitudinal direction in the main portion and'that_is
rotated about an axis extending in the longitudinal direction
by the power generated by the power generator, a threaded
shaft member that thnects the proximal end of the

corresponding linear member to the shaft member and that is
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rotated together with the shaft member, and a nut member that
is engaged with the threaded shaff member and that feeds the
rotating threaded shaft member in the longitudinal direction.

| Accordingly, the power of the power generator is
converted from rotational motion of the shaft members into
linear motion by the threaded shaft members and the nut
members, and the linear motion is transmitted to the linear
members. Cbnsequently, the linear members can be pushed and
pulled with a simple configuration.
{0015}

A second aspecf of the present invention is a manipulator
including an elongated main portion, a distal end portion
disposed at a distal end of the main portion, and a bendable
portion provided between the main portion and the distal end
portion; a plurality of linear members that are connected to
the distal end portion and that extend to the main portion via
the bendable portion; a plurality of pulling mechanisms
provided in the main portion and having connectors that are
connected té proximal ends of the linear members, drivers that
generate rotational motion, and power converters that convert
the rotational motion generated by the drivers into liﬁear
motion in a longitudinal direction and transmit the linear
motion to the connectors; and a combination changing mechanism
that changes a combination of the linear members and the

pulling méchanisms connected to the linear members.
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{0016}

According to the second aspect of the present invention,
the rotational motion generated by the drivers is converted
into linear motion by the power converters, and the linear
motion is transmitted to the connectors:. The linear members
connected to the connectors are pushed toward and pulled away
from the diétal end portion, causing the bendable portion
dispdsed between the distal end portion and the connectors.to
bend.

{0017}

In this case, if any of the plurality of pulling
mechanisms is faulty, the combination changing mechanism is
actuated so as to change the combination of linear members and
pulling mechanisms. Consequently, even when the pulling
mechanism is‘faulty in a state where the bendable portion is
bent, the faulty pulling mechanism can be replaced with a
normal pulling mechanism so that the bendable portion can be
substantially straightened out again, whereby the‘insertion'
section can be smoothly removed from the body.

{0018}

In the sécOnd aspect descfibéd above, the power
converters may each include a shaft member that is disposed in
a longitudinal direction of the main portion and that is
rotated about a central axis thereof by the corresponding

driver, a threaded shaft member that is coaxial with the shaft
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member and that is rotated together with the shaft member, and
a movable member that has a thread groove engageable with the
threaded shaft member and that is provided at the proximal end
of the correspénding linear member in a movable manner in the
longitudinal direction. Each connector may be formed of the
threaded shaft member and the movable member.

Accordingly, since the linear members and the pulling
mechahisms become connected due to the engagement béfween the
threaded shaft members and the thread grooves of the movable
members, the attachment and the detachment between the linear
members and the pulling mechanisms can be readily performed
when changing the combination thereof.

{0019}

In the éecond aspect described above, the combination
changing mechanism may change the combiﬁation of the linear
members and the pulling mechanisms by moving the pulling
mechanisms relative to the linear members. |

Accordingly, of the linear members and the pulling
mechaniéms, since only a mechanism for moving the pulling
mechanisms is required, thé cohfigﬁration cah be simplified.
{0020} |

In the second aspect described above, the main portion
may include a tubular outer tube having a first part that is
fixed to the bendable portion and a second part that is

provided at a proximal end of the first part in a rotatable
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manner in a circumferential direction relative to the first
part and that aécommodates the pulling mechahisms. The
combination changing mechanism may move the pulling mechanisms
relative.to the linear members by rotating thé pulling
mechanisms together with the second part.

Acéordingly; the pulling mechanisms can be moved with
further simplified operation.

{0021}

In the second aspect described above, a fault detector
that detects a fault in the pulling mechanisms may be further
provided. The combination changing mechanism méy change the
combination of the linear members and the'pulling mechanisms
when thé fault detector detects a'fault in the pulling
mechanisms.

Accordingly, the detection of a fault in a pulling
mechanism and the changing of the combination of linear
membéfs and pﬁlling mechanisms by the'combinatiOH‘changing
mechanism can be performed automatically.

{Advantageous Effects of Invention}
{0022} |

The present invention is advantageous in that it allows
for smooth removal from a body even when a mechanism for
bending a bendable portion is faulty.

{Brief Description of Drawings}

{0023}
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{Fig. 1} Fig. 1 illustrates the overall configuration of a
surgical manipulator system according to a first embodiment of
the present invention.
{Fig. 2} Fig. 2 is a perspective view illustrating the
configuration of a part of a distal end of a manipulator
included in the surgical manipulator system in Fig. 1.
{Fig. 3A} Fig. 3A schematically illustrates a bendable
portion in a straightened state.
{Fig. 3B} Fig. 3B schematically illustrates the bendable
portion in a bent state.
{Fig. 4A} Fig. 4A illustrates the configuration of a bending
mechanism included in the manipulator.
{Fig. 4B}’ Fig. 4B is a diagram explaining the Operation of
the bending mechanism in Fig. 4A.
{Fig. 5A} Fig. 5A is a diagram explaining the operation of a
linear—member relaxing unit included in the manipulator.
{Fig. SB} Fig. 5B is a diagram explaining the operation of
the linear-member relaxing unit included in the manipulator.
{Fig. 6} Fig. 6 illustrates a modification of the linéar—
member relaxing unit.
{Fig. 7A} Fig. 7A'illustrates another modification of the
linear-member relaxing unit.
{Fig. 7B} Fig. 7B is a diagram explaining the operation of
the linear-member relaxing unit in Fig. 7A.

{Fig. 8} Fig. 8 illustrates another modification of the
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linear-member relaxing unit.
{Fig. 9} Fig. 9 is a block diagram illustrating the
configuration of a fault detector.‘
{Fig. 10} Fig. 10 is a flowchart explaining the operation of
the surgical manipulator system equipped with the fault
:detector in Fig. 9 when a pulling mechanism is faulty.
{Fig. 11} Fig. 11 includes a lbngitudinal sectional view
(right side).illustrating the éonfiguration of a behding
mechanism included in the manipulator according to a second
embodiment of the present invention and a cross-sectional view
(left side) taken along line XI-XI.
{Fig. 12} Fig. 12 is a flowchart explaining the operation of
the surgical manipulator systém wheh a pulling mechanism is
faulty.
{Fig. 13A} Fig. 13A illustrates how pulling mechanisms are
moved by a combination changing mechanism.
{Fig. 13B} Fig. 13B illustrates how the pulling mechanisms
are moved by the combination changing mechanism.
{Fig. 13C} Fig. 13C illustrates how the pulling mechanisms
are moved by fhe combination changing mechanism.
{Fig. 14} Fig. 14 includes a longitudinal sectional view
(right side) illustrating a modification of the pulling
mechanisms and a cross-sectional view (left side) taken along
line VIII-VIII. |

{Fig. 1537} Fig. 15A illustrates the configuration of a
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modification of the combination changing mechanism, and
includes a longitudinal sectional view (right side)
illustrating how the pulling mechanisms are moved by the
combination changing mecﬁanism and a cross-sectional view
(left side) taken along line IXa-IXa.
{Fig;_ISB} Fig. 15B illustrateé the configuration of the
modification of the combination changing meéhanism, and
includes a longitudinal sectional view (right side)
illustrating how the pulling mechanisms are moved by the

combination changing mechanism and a cross-sectional view

(left side) taken along line TXb-IXb.

{Description of Embodiments}
{0024}
(First embodiment)

A manipulator 1 and a surgical manipulator system 100
equipped with the same according to a first embodiment of the
present invention will be described below with reference to
the drawings.

Fig. 1 schematically illustrates the surgical manipulator
system 100 according to this‘embodiment. As shown in Fig. 1,
the surgical manipulator system 100 includes the manipulator 1
disposed in the vicinity of a bed 40 on which a patient X lies
down, a control device 60 connected to the manipulator 1, and

a manipulation device 80 used for inputting a manipulation
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signal for the manipulator 1 to the control device 60.
{0025}

Fig. 2 illustrates a part of a distal end of the
manipulator 1 according to this embodiment. As shown in Fig.
2, a disfalend surface 2a of the manipulator 1 is provided
with a light unit 24 that emits illumination light and a
camera 25 that acquires an image of the inside‘of_a body, and -
the manipulator‘l is provided with a surgical tool 26 that is
protrudable énd retractable from the distal end surface 2a.
The surgical téol 26 protruding from the distal end»surface 2a
is disposed within the field of view of the camera 25. As
will be described later, the orientation of the distal end
sufface 2a of the manipulator 1 can be changed by bending a
bendable portion 5 thereof, so that the image acquisition
range of a treatment site of the patient X can be arbitrarily
changed.

{0026}

The manipulation device 80 includes an input unit 81,
such as a joysfick, manipulated by a surgeon Y and a display
unit 82 that displéys the image acquired by the camera 25.

In accordance with an input from the input unit 81, the -
control device 60 outputs a command signal to each section of
the manipulator 1. Based on these command signals, the
protruding-retracting operation of the surgical tool 26, the

rotating operation of joints 26a thereof, and the bending
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operation of the bendable portion 5 are controlled. 2As will
be described later, if the manipulator 1 ié faulty, the
control device 60 is configuréd to control the entire surgical
manipulator system 100 in accordanée with_a preset program.
{0027}

The surgeon Y can treat the inside of the body of the
patient X by remotely manipulating the surgical tool 26 and
the bendable portion 5 of the manipulator 1 via the input unit
81 of the manipulation device 80 while observing,.on the
display unit 82, the image of the surgical tool 26 and the
inside of the body acquired by the camera 25.

{0028}

Next, the manipulator 1 according to this embodiment will
be described in detail.

The manipulator 1 includes, for example, an elongated
insertion section 2 that is to be inserted into the body of
the patient X from the mouth théreof. The insertion section 2
includes an elongated main portion 3, a distal end portion 4
disposed at the distal end of the main portion 3, and the
bendable portion 5bthat is disposed between the main portion 3
and the distal end portion 4 and that conﬁects these portions.
{0029}

The main portion 3 is a flexible portion that is ben&able
in conformity to the tissue form within the body of the

patient X.
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The distal end portion 4 is a rigid, sufficiently compact
portion where, for example, the lighf unit 24, the camera 25,
and the surgical tool 26 described above are installed.

{0030}

| The bendable portion 5 bends in a direction that
intersects the longitudinal direction éf the main portion 3 so
as to orient the distal end surface 2a in an arbitrary
directioh, as described above. As'shown in Fig. 3A, the
bendable portion 5 includes a plurality of cylindrical joint
fings 5a that.are arranged along a central axis (sometimes
simply referred to as "axis" hereinafter) A of the insertion
section 2. The joint rings 5a are connected to the another
adjoining joint rings 5a in a swingable manner about two axes
that are orthogonal to the axis A. Thus, the bendable portion
5 is bendable in an arbitrary direction, as shown in Fig. 3B.
The configuration of the bendable portion 5 is not limited to
the structure that uses the joint rings 5a (i.é., bendable
pieces), and may alternatively be, for example, a flexural
mechanism based on a multi-joint structure.
{0031}

Referring.to Fig. 4, as a bending mechanism that controls
the bending operation of the bendable portion 5, the
manipulator 1 includes wires (linear members) 6 whése distal
ends are connected to the distal end portion 4 and that extend

in the direction of the axis A to the main portion 3, and
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pulling mechanisms 7 that are provided in the main porfion 3
and that pull the wires 6. The pulling mechanisms 7 each
include a flexible shaft 8 disposed along the axis A, a motor
(power generator) 9 provided at the proximal end of the shaft
8, a threaded shaft (threaded shaft member) 10 that is coaxial
with the shaft 8 and connects the shaft 8 and the proximal end
of the corresponding wire 6, and a nut (nuf mémber).ll with -
Which the threaded shaft 10 is engaged. The shaft 8 is
expandable and contractible or has a sufficient length so that
the threaded shaft 10 can advance and retract in the direction
of the axis A.
{0032}

Each of the wires 6 may bé composed of a rigid matérial
that can transmit motion at the proximal end thereof to the
distal end thereof. For example, metal or plastic is
preferred. Although the wires 6 are used as linear members in
this embodiment, the linear members are not limited to this
form and may alternatively be, for example, rods, tubes, or
metal coils.

{0033}

Each motor 9 generates a rotational force that causes the
corresponding shaft 8 to rotate about a central axis extending
in the longitudinal direction thereof. When the shaft 8
rotates in the forward or reverse direction, the corresponding

threaded shaft 10 rotates in the forward or reverse direction
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together with the shaft 8. The nut 11 has four female écrewsw
1lla with which the four threaded shafts 10 are engaged,
respectively, and simultaneously supports the four threaded
shafté 10. Moreover, the nut 11 is fitted within the main
portion 3 and is positionally set in the direction of the axis
A relative to the main portion 3 by the operation of a moving
mechanism 13 to be described later. The nut 11 transmits the
rotating threaded shafts 10 toward the distal end or the
proximal end of the main portion 3 in the direction of the
axlis A. When the threaded shafts 10 advance toward the distal
end, the wires 6 pushed toward the distal end press the distal
end portion 4 toward the distal end. When the threaded shafts
10 retract toward the proximal end, the wires 6 pulled toward
the proximal end pull the distal end portion 4 toward the
proximal end. Although this causes the shafts 8 to expand or
contract or to become slack, the effect this may have on the
bendable portion 5 is negligible since the ﬁotors'9 and. the
nut 11 joined to the ends of the shafts 8 are fixed to or
positioned relative to the main portion 3.
{0034}

As shown at the left side of Fig. 4A, four sets of wires
6 and pulling mechanisms 7 are provided and are spaced apart
from each other around a circumference centered on the axis A.
In the other drawings, only one set or two sets of wires 6 and

pulling mechanisms 7 is/are illustrated to simplify the
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drawings. Of the four wires 6, some of them are pushed out,
whereas the remaining wires are pulled, causing the bendable
portion 5 to bend as shown in Fig. 4B. By adjusting the

~ amounts of pushing and pulling of the wires 6, the bending

- angle of the bendable portion 5 can be controlled.

{0035}

Furthermore, the manipulator 1 includes a wire relaxing
unit 12 that félaxes the wires 6 in which tension is generated
between the distal end portion 4 and the threaded shafts 10
due to actuation of the pulling mechanisms 7. The wire
relaxing unit 12 is formed éf the single nut (supporting
member) 11 that simultaneously supports the four threaded
shafts 10; as described above, and the moving mechanism 13
that moves the nut 11 toward the distal end along the axis A.
{0036}

The moving mechanism 13 includes a flexible shaft (power
convertér) 14 disposed along the axis A, a motor (rotational-
force generator) 15 provided at the proximal end of the shaft
14, a threaded shaft (power converter) 16 that is éoaxial with
the shaft 14 and connects the shaft 14 and the nut 11, and a
nut (power converter) 17 that is fixed to the main portion 3
and is engaged with the threaded shaft 16. Similar to the
pulling mechanisms 7, the moving mechanism 13 rotates the
shaft 14 by utilizing a rotational force generated by the

motor 15, converts this rotational motion into linear motion
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in the direction of the axis A by means of the threaded‘shaft
16 and the nut 17, and transmits the linear motion to the nut
11. Consequently, the nut 11 is moved in the direction of the
axis AL
{0037}

The shaft 14, the motor 15, the threaded shaft 16, and
the nut 17 of the moving mechanism 13 are all provided
separately from the shaft 8,vthe motor 9, the threaded éhaft
10, and the nut 11 of each pulling mechanism 7, such that the
moving mechanism 13 is configured to operate independently of
the pulling mechanisms 7.

{0038}

Next, the operation of the surgical manipulator system
100 equipped with the manipulator 1 having the above-described
configuration will be described.

In order to treat a treatment site of the patient X by
using the surgical manipulator system 100 according to this
embodiment, the surgeon Y first actuates the manipulator 1 by
manipulating the input unit 81 and adjusts the position and
the orientation of the distal end surface 2a by changing the
beﬁding direction and the bending angle of the bendable
portion 5 so that the treatment site is set within the field
of view of the camera 25.

{0039}

Subsequently, the surgeon Y manipulates the input unit 81
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to cause the surgical tool 26 to protrude from the distal end
surface 2a so that the surgical tool 26 is moved to the field
of view of the camera 25. The surgeon Y can treat the
treatment site by remotely manipulating the surgical tool 26
via the input unit 81 while observing the positional
relationship between the treatment site and the surgical tocol
26 in the image displayed on the display unit 82.
{0040}

Referringvto Fig. 5A, if, for example, the shaft 8 of any
of the pulling mechanisms 7 breaks during the manipulation of
the manipulator 1 and the power from the corresponding motor 9
is not transmitted to the proximal end of the corresponding
wire 6, the bending angle of the bendable portion 5 would not
change in response to an input manipulation performed on the
input unit 81 by the surgeon Y, and the field of view of the
camera 25 displayed on the display unit 82 would not move
properly. Therefore, the surgeon Y can readily recognize a
fault in the pulling mechanism 7.

{0041}

In the configuration that drives the wires 6 by
converting relatively large rotatiénal'motion generated by the
motors 9 into relatively small linear motion via the threaded
shafts 10 and the nut 11, the wires 6 need to be linearly
moved by a sufficiently large force in order to rotate the

threaded shafts 10 and the shafts 8 with the linear motion of
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the wires 6. Specifically, even if a pressing force were
applied to the distal end portion 4 and the bendable portion 5
from the tissues within the body, this préssing force is not -
enough to move tﬁe wires 6 in the direction of the axis A and
deform the bendable portion 5, thus causing the bendable
portion 5 to coﬁtinue to maintain a certain shape against the
tissue form within the body.
{0042}

Thus, the surgeon Y actuates the wire relaxing unit 12
after determining that a pulling mechanism 7 is faulty.
Speqifically, as shown in Fig. 5B, by actuating the motor 15,
the threaded shaft 16 is moved toward the distal end, causing
the nut 11 to move toward the distal end. With the movement
of the nut 11 toward the distal end, the distance between the
distal end portion 4 and each threaded shaft 10 beéomes
shorter than the length of the corresponding wire 6, whereby
all of the wires 6 become sufficiently relaxed at fhe same
time. In this state, the bendable portion 5 can be flexibly
deformed in accordance with the pressing force from the
tissues within the body. Therefore, the surgeon Y can
smoothly move and pull out the insértion section 2 along the
tissue form within the body. o
{0043}

Accordingly, with this embodiment, when a pulling

mechanism 7 becomes faulty, the four wires 6 are
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simultaneously relaxed by the wire relaxing unit 12 that-
operates independently of the pulling mechanisms 7, whereby
the bendable portion 5 can be set in a flexible state. This
is advantageous in thét the surgeon Y can smoothly remove the
manipulator 1 from the body.
{0044}

As an alternative to or in addition to the configuration
of this embodiment in which the wire relaxing unit 12 reduces
the distance between the distal end portion 4 and the threaded
shafts 10 by moving the nut 11 toward the distal end, the
distal end portion 4 may be moved toward the proximal end.

Referring to Fig. 6, in this modification, the distal end
of the threaded shaft 16 is connected to the joint ring S5a
disposed at the most proximal side of the bendable portion 5.
The threaded shaft 16 and the joint ring 5a at the most
proximal side are connected via a ball-shaped joint (not
shown) such that the rotation of the threaded shaft 16 is not
transmitted to this joint ring 5a. Moreover, the outer
periphery of this joint ring 5a is slidable along the inner
periphery of a guide 3a of the main portion 3, and this joint
ring 5a is positionally set in the direction of the axis A by
the threaded shaft 16.

{0045}
Accordingly, the shaft i4 and the threaded shaft 16 are

rotated by actuating the motor 15 of the wire relaxing unit
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12. When the threaded shaft 16 moves toward the proximal énd,
the bendable portion 5 is pulled toward the proximal end, and
the distal end portion 4 connected to the bendable portion 5
is also pulled toward the pfoximal end. The distance between
the distal end portion 4 and the threaded shafts 10 can also.
be reduced in this manner.

{0046}

Furthermore, in this embodiment, instead of the wire
relaxing unit 12 driving the nut 11 in the direction of the
axis A, the distance between the distal end portion 4 and the
threaded shafts 10 may be changed by allowing the wire
relaxing unit 12 to set the nut 11 in a movable manner in the
direction of the axis A after positioning the nut 11 in the
direction of the axis A.

Referring to Fig. 7A, in this modification, the wire
relaxing unit 12 includes a positiéning member 18 that sets
nuts 11 at predetermined positions in the direction of the
axis A, and a positioning releasing mechanism 19 that releases
each nut 11 positioned by the positioning member 18.

{0047}

The positioning member 18 'is formed of two plate
components (also referred to as "plate components 18"
hereinafter) that sandwich the nuts 11 in the direction of the
axis A. As shown in Fig. 7B, the two plate components 18 each

have cutouts 18a each having a diameter smaller than the
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diameter of each nut 11 and into which the corresponding
threaded shaft 10 fits, and large-diameter holes 18b each
communicating with the corresponding cutout 18a in a
circumferential direction centered on the axis A and having a
diameter larger than the diameter of each nut 11. Moreover,
the peripheral edges of the two:plate components 18 are fitted
into, for example, grooves formed circumferentially around the
inner peripheral surface of a tube serving as an outer sheath
for the main portion 3, so that the plate components 18 are
rotatable about the axis A while being fixed in position in
the direction of the axis A. As shown at the left side of
Fig. 7B, the two plate components 18 lock the movement of the
nuts 11 in the direction of the axis A in a state where the
threaded shafts 10 are fitted in the cutouts 18a, whereby the
positioning member 18 positions the nuts 11 in the direétion
of the axis A.
{0048}

The positioning releasing mechanism 19 includes a
manipulable section 19a that is rotated by the surgeon Y at
the proximal end of the main portion 3, and a shaft 19b that
is disposed in alignment with the axis A, connects the two
plate components 18 to the manipulable section 1%a, and
transmits rotational motion about the axis A generated via the
manipulable section 19a to the two plate components 18. The

shaft 19b has super-elasticity corresponding to the
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flexibility of the main portion 3,. When the surgeon Y
rotates the manipulable section 19a, the two plate cémponents
18 rotate about the axis A, causing the threaded shafts 10
fitted in the cutouts 18a to move to the large-diameter holes
18b, as shown at the right side of Fig. 7B. In the large-
diameter holes 18b, the threaded shafts 10 and the nuts 11
become movable in the‘direction of the axis A.
{0049}

Therefore, after rotating the manipulable section 19a,
the surgeon Y may push the shafts 8 of the pulling mechanisms
7 toward the distal end from the proximal end of the main
portion 3 so as to reduce the distance between the distal end
portion 4 and the threaded shafts 10, thereby simultaneously
relaxing the four wires 6.

{0050}

In this embodiment, the wire relaxing unit 12 is
configured to convert rotational motion generated by the motor
15 into linear motion and transmit the linear motion to the
nut 11. Alternatively, linear motion in the direction of the
axis A may be generated at the proximal end of the main
portion 3, and the linear motion may be directly transmitted
to the nut 11.

{0051}
Referring to Fig. 8, in this modification, the wire

relaxing unit 12 includes a manipulable section 20 that is
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moved in the direction of the axis A by the surgeon Y from the
proximal end of the main portion 3, and a flexible shaft 21
that connects the manipulable section 20 to the nut 11 and
transﬁits linear motion of the manipulable section 20 to the
nut 11. Reference numeral 22 denotes a stopper that prevents
the nut 11.from moving toward the proximal end.

Accordingly, with a simple manipulation performed by the
surgeon Y for pushing the manipulable section 20 toward the
distal end, the distance between the distal end portion 4 and
the threaded shafts 10 is reduced, whereby the four wires 6
can be simultaneously relaxed.

{0052}

In this embodiment, the surgeon Y actuates the wire
relaxing unit 12 manually when the surgeon Y determines that a
pulling mechanism 7 is faulty. Alternatively, referring to
Fig. 9, the manipulator 1 may include a fault detector 23 that
detects a fault in a pulling mechanism 7.

The  fault detector 23 includes, for example, a curvature
sensor 231 that detects the bending angle of the bendable
portion 5 and a fault determination circuit 232 that coﬁpares
the bending angle detected by the curvature sensor 231 with a
bending angle defined by a command signal transmitted from the
control device 60 to each motor 9.

{0053}

The curvature sensor 231 transmits the detected bending
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angle of the bendable portion 5 to the fault determination
circuit 232. The fault determination circuit 232 receives the
command signal output from the control device 60 to the motor
9. If a difference between the bending angle frém the
curvature sensor 231 and the bending angle defined by the
command signal is larger than a predetermined threshold value,
~ the fault determination circuit 232 determines that the
pulling mechanism 7 to which the motor 9 belongs is faulty,
and transmits the determination result to the control device
60.

{0054}

The curvature sensor 231 is, for example, an optical
fiber that is disposed along the axis A in the bendable
portion 5 and that is bendable together with the bendable
portion 5. The optical fiber is provided with notches in the
outer peripheral surface thereof at a plurality of locations
in the longitudinal direction such that, when the optical
fiber is in a bent state, light leaks from the notches. The
amount of light leakage is correlated with the bending angle
of the optical fiber. Therefore, the bending angle of the
bendable portion 5 can be detected on the basis of the amount
of light leakage from the optical fiber.

{0055}
In place of the optical fiber, a wire sensor or an image

sensor may be used.



WO 2014/133180 PCT/JP2014/055203

29

A wire sensor includes a detection wire disposed
substantially parallel to the wires 6 of the bending mechanism
and detects the bending angle of the bendable portion 5 on the
basis of an amOuﬁt of movement of the detection wire in the
direction of the axis A, which oécurs due to the bending of
the bendable portion 5.

An image sensor uses the camera 25 to acquire an image of
a predetermined marker given to the surgical tool 26 and
analyzes the acquired image to detect the bending angle of the
bendable portion 5 on the basis of the photographed angle of
the marker.

{0056}

As another alternative, the fault detector 23 may detect
a fault in a pulling mechanism 7 by using an electric-current
sensor or a distortion sensor in place of the curvature sensér
231.

An electric-current sensor detects an electric current
flowing through each motor 9. If the electric-current sensor
detects an electric current that is excessively high or low
relative to the electric current that can flow through the
motor 9 in the normal state, the fault determination circuit
232 determines that the corresponding pulling mechanism 7 is
faulty.

A distortion sensor measures stress generated in each

shaft 8. If the distortion sensor detects stress that is
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excessively high or low relative to the stress generated in
the shaft 8 in the normal state, the fault determination
circuit 232 determines that the corresponding pulling
mechanism 7 is faulty;

{0057}

In the case where a fault in a pulling mechanism 7 is to
be detected automatically by the fault detector 23 in this
manner, the control device 60 may execute a process for
relaxing the wires 6 in accordance with a preset program, as
shown in Fig. 10.

{0058}

Specifically, when the fault detector 23 detects a fault
in a pulling mechanism 7 (YES.in step S1), the control device
60 activates a recovery mode (step S2). In the recovery mocde,
the control device 60 first notifies the surgeon Y of the
fault (step S3).

{0059}

The surgeon Y is notified by, for example, displaying a
warning message on the display unit 82, turning on a lamp, or
setting off a warning alarm. As an alternative to or in
addition to such a notification, the control device 60 may add
limitations to the manipulation of the manipulator 1 by the
surgeon Y, such as prohibiting control of the manipulator 1 by
the surgeon Y via the input unit 81 or delaying the movement

of the manipulator 1 by exerting a load on the manipulation
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performed on the input unit 81 by the surgeon Y.
{0060}

Subsequently, the control device 60 actuates the wire
relaxing unit 12 so as to felax the four wires 6 (step S4).
In this case, the control device 60 checks whether or not the
bending angle of the bendable portion 5 has properly changed
in response to the actuation of the wire relaxing unit 12 on
the basis of the bending engle detected by the curvature
sensof 231 of the fault detector 23 (step S5). Then, the
manipulator 1 is removed from the body (step S6).

Accordingly, a fault in a pulling mechanism 7 can be
detected more reliably, and the load on the surgeon Y can be
reduced. Alternatively, the surgeon Y may detect a fault in a
pulling mechanism 7 and manually activate the recovery mode,
and the process from step S3 to step S5 may be performed
automatically by the control device 60.

{0061}
(Second embodiment)

Next, a manipulator‘1 and a surgical manipulator system
100 equipped with the same according to a second embodiment of
the present invention will be described below with reference
to the drawings. In this embodiment, description of the
configuration in common with the first embodiment will be
omitted.

In the surgical manipulator system 100 according to this
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embodimet, as will be described later, if the manipulator 1 is
faulty, the control device 60 is configured to control the
entire surgical manipulator system 100 in accordance with a
preset program.

>{0062}

In this embodiment, as shown at the left side of Fig. 11,
four sets of wires 6 and pulling mechanisms 7 are provided and
are spaced apart from each other at substantially equal
distances around a circumference‘centered on the axis A. 1In
other words, the wires 6 and the pulling mechanisms 7 are
disposed in a 45°—rotationally—symmetrical arrangement with
respect to the axis A.

{0063}

The pulling mechanisms 7 each include a shaft 8 disposed
along the axis A, a motor (driver) 9 provided at the proximal
end of the shaft 8, a threaded shaft (threaded shaft member,
connector) 10 that is provided at the distal end of the shaft
8 and that is coaxial with the shaft 8, and a movable member
(connector) 31 that has a thread groove 3la with which the
threaded shaft 10 is engaged and that is fixed to the proximal
end of the corresponding wire 6. The pulling mechanisms 7 are
accommodated within an outer tube, serving as an outer sheath
for the main portion 3, and are supported within a second part
320 (which will be described later) of the outer tube by a

supporter 32 that supports the four motors 9.
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{0064}

Each motor 9 generates a rotational force that causes the
corresponding shaft 8 to rotate about a central axis extending
in the longitudinal direction therebf; When the shaft 8
rotates in the forward or reverse direction, the corresponding
" threaded shaft 10 rotates in the forward or reverse direction
together with the shaft 8. Each movable membe 31 has a
columnar shape with a fan-shaped cross section,‘and the thread
groove 3la thereof is formed in the curved outer peripheral
surface that faces radially outward relative to the axis A.
With forward or reverse rotation of the corresponding threaded
shaft 10, the movable membe 31 advances or retracts in the
direction of the éxis A relative to the main portion 3.

{0065}

Referring to Fig. 3A, in an initial state, the movable
members 31 are disposed at their initial positions so as to
cause the bendable portion 5 to extend substantially straight
along the axis A. When the movable members 31 advance or
retract in the direction of the axis A from their -initial
positions, some of the four wires 6 are pushed out, whereas
the remaining:wires are pulled, causing fhe bendable portion 5
to bend as shown in Fig. 3B. By adjusting the amounts of
pushing and pulling of the wires 6, the bending angle of the
bendable portion 5 can be controlled.

{0066}
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Furthermore, the manipulator 1 includes a combination
changing mechanism 33 that changes the combination of the
wires 6, the movable members 31, and the pulling‘mechanisms 7
by rotating the pulling mechanisms 7 in units of substantially
45° around the axis A relative to the wires 6 and the movable
members 31.

{0067}

In detail, the outer tube of the main portion 3 has a
first part 310 that is fixed to the progimal end of the
bendable portion 5 and that partially accommodates the
proximal ends of the wires 6, and the second part 320 that
accommodates the pulling mechanisms 7. The combination
changing mechanism 33 is formed of the second part 320
provided in a rotatable manner about the axis A relative to
the first part 310, and a motor (not shown) that rotationally
drives the second part 320.

{0068}

When the second part 320 rotates, the pulling mechanisms
7 supported by the supporter 32 in the second part 320 rotate
together with the second part 320. In this case, the threaded
shafts 10 move along the oufer peripheral surfaces of the four
movable members 31 that constitute a cylindrical surface
centered on the axis A, causing the threaded shafts 10 to
newly engage with the thread grooves 3la of movable members 31

that are different from the movable members 31 previously
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engaged with the threaded shafts 10. Thus, the combinatioﬁ 6f‘u
the wires 6 and the pulling mechanisms 7 'connected to the
wires 6 is changed.

{0069} |

Furthermore, referring to Fig. 9, the manipulator 1
includesbthe fault detector 23 that detects é fault in a
pulling mechanism 7, as described in the first embodiment.
{0070}

Next, the operation of the surgical manipulator system
100 equipped with the manipulator 1 having the above-described
configuration will be described.

With the surgical manipulator system 100 according to
this embodiment, if any of the pulling mechanisms 7 becomes
faulty during the manipulation of the manipulator 1 such that
the bendable portion 5 of the manipulator 1 does not move in
response to an input manipulation performed on the input unit
81 by the surgeon Y, the fault detector 23 detects a fault in
the pulling mechanism 7. Referring to Fig. 12, when a fault
is detected (YES in step S11), the control device 60 activates
a recovery mode (step S12) and executes a process for setting
the bendable portion 5 in a state where it is removable from
the body by using normal pulling mechanisms 7, as described
below.

{0071}

In the recovery mode, the control device 60 first
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notifies the surgeon Y of the fault in the same manner as the
step S3 in the first embodiment (step S13).

Subsequently, the control device 60 drives the normal
pulling'mechanisﬁs 7 in which a fault has not been détected,
moves the movable members 31 to their initial positions, and
returns the.wifes 6 to their initial states (step S14). 1In
this case, the control device 60 checks whether or not the
bending angle of the bendable portion 5 has properly changed
in response to the driving of the pulling mechanisms 7 on the
basis of the bending angle detected by the curvature sensor
231 of the fault detector 23 (step S15).

{0072}

Then, feferring to Figs. 13A to 13C, the control device
60 actuates the combination changing mechanism 33 to rotate
the second part 320 of the outer tube so that a normal pulling
mechanism 7 is set at the position of the faulty pulling
mechanism 7 (step S16). In Figs. 13A to 13C, only two sets of
wires 6 and pulling mechanisms 7 are illustrated to simplify
the drawings. Subsequently, the wire 6‘previously connected
to the faulty pulling mechanism 7 is returned to its initial
state by the normal pulling'mechanism 7, as in steps S14 and
S15 (steps S17 and 818). If faults in multiple pulling
mechanisms 7 are detected, the process from step S16 to step
S18 is repeated multiple times. Thus, all of the wires 6 are

returned to their initial states, causing the bendable portion
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5 to extend substantially straight along the axis A. In this
state, the manipulator 1 is removed from the body (step S19).
{0073}

When a pulling méchanism 7 is faulty in a state where the
bendable portion 5 is bent, the corresponding wire 6 cannot be
driven by ﬁsing this.pulling mechanism 7, thus leaving the
bendable portion 5 in a rigidly bent state. With this
embodiment, the faulty pulling mechanism 7 and a nofmal
pulling mechanism 7 are switched by the combination changing
mechanism 33 so that the wire 6 can be returned to its initial
state by using the normal pulling mechanism 7, whereby the
bendable portion 5 can be straightened out again. This is
advéntageous-in that the manipulator 1 can be smoothly removed
from the body.

{0074}

In this embodiment, when a pulling mechanism 7 is faulty,
the bending angle of the bendable portion 5 does not change
properly in response to an input manipulation performed on the
input unit 81 by the surgeon Y, and the field of &iew of the
camera 25 displayed on the display unit 82 does not move
properly. Therefore, the surgeon Y can readily recognize a
fault in the pulling mechanism 7. 1In light of this, the
surgeon Y may detect a fault in a pulling mechanism 7 and
manually activate the recovery mode by, for example, pressing

a switch (not shown).
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{0075}

In this embodiment, the threaded shafts 10 are disposed
at the outer side of the movable members 31 in the radial
direction. Alternatively, as shown in Fig. 14, the threaded
shafts 10 may be disposed at the inner side of the movable
members 31 in the radial direction.

{0076}

.The degree of bending of the bendable portion 5 caused by
pushing and pulling of the wires 6 is dependent on the
positions of the wires 6 in the radial direction.
Specifically, the closer the connection position between the
wires 6 and the distal end portion 4 is toward the outer side
in the radial direction, thé amounts of pushing and pulling of
the wires 6 required for bending the bendable portion 5 by the
same angle can be minimized. Therefore, by disposing the
pulling mechanisms 7 at the inner side in the radial direction
and disposing the movable members 31 and the wires 6 at the
outer side in the radial direction, the bendable portion 5 can
be bent more efficiently.

{0077}

In this case, as shown in Fig. 14, each movable membe 31
has a circular-arc cross-sectional shape centered on the axis
A, and the thread groove 3la is formed in the inner peripheral
surface thereof. With this configuration, when the pulling

mechanisms 7 are rotated about the axis A by actuating the
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combination changing mechanism 33, the threaded shafts 10 can
be readily moved along the inﬁer peripheral surfaces in which
the thread grooves 3la are formed.

{0078}

In this embodiment, the combination changing mechanism 33
is described as being configured to rotate the pulling
mechanisms 7 relative to the wires 6 and the movable members
3i. However, the movement of the pulling mechanisms 7 when‘
changing the combination is not limited thereto. For example,
the combination of the wires 6, the movable members 31, and
the pulling mechanisms 7 may be changed by linearly moving the
pulling mechanisms 7.

{0079}

Figé. 15A and 15B illustrate an example of the
combination changing mechanism 33 that linearly moves the
pulling mechanisms 7. In this configuration, two sets of
wires 6, movable members 31, and pulling mechanisms 7 are
provided at positions facing each other, with the axis A
interposed therebetween. The pulling mechanisms 7 each
include a lever 35 that is pushed and pulled in the direction
of the axis A, and a link mechanism 36 that converts push-pull
motion of the le?er 35 into linear‘motion in a direction
orthogonal to the axis A so as to move the pulling mechanism
7. In this configuration, the movable members 31 have thread

grooves 3la in two surfaces that are engageable with the two
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threaded shafts 10.
{0080}

Furthermore, although the drivers 9 are provided at the
proximal end of the bendable portion‘in this embodiment, the
positions of the drivers 9 are not limited thereto. For
example, the drivers 9 may be provided at the proximal end of
the manipulator 1.

tFurthermore, altﬁough the manipulator 1 is described as
being equipped with a camera 25 and a surgical tool 26 in the
first and second embodiment, the camera 25 may'be omitted
where neéessary.
{Reference Signs List}
{0081}
1 manipulator
2 insertion section
3 main portion
310 outer tube, first part
320 outer tube, second part
4 diétal end portion
5 bendable portion
5a joint ring
6 wire (linear member)
7 pulling mechanism
8 shaft (shaft member, power transmitter, power converter)

9 motor (power generator)
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threaded shaft (threaded shaft member, power transmitter,

connector, power converter)

11

12

13
14
15
16
17
18
19
20
21
22
23
231
232
24
25
26
26a
31
»31a
32

33

nut (nut member, power transmitter, supporting member)
wire relaxing unit (linear-member relaxing unit)
moving mechanism
shaft (power éonverter)
motor (rotational-force generator)
threaded shaft (power converter)
nut (power converter)
positioning member
positioning releasing mechanism
manipulable section
shaft
stopper
fault detector
curvature sensor
fault determination circuit
light unit
camera
surgical tool.
joint
movable member (connector)
thread groove
supporter

combination changing mechanism
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35 lever
36 link mechanism
40 Dbed
60 contrél device
80 manipulation device
81 1input unit |
82 display unit
100 surgical manipulator system
X patient

Y surgeon
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{CLAIMS}
{Claim 1}

A manipulator comprising:

an elongated main portion, a distal end portion disposed
at a distal end of the main portion, and a bendable portion
provided between the main portion and the distal end portion;

a plurality of linear members that are connected to the
distal end portion and that extend to the main portion via the
bendable portion;

a power generator that generates power;

a plurality of power transmitters that are provided iﬁ
the main portion and that transmit, to proximal ends of the
linear members, the power generated by the power generator as
linear motion in a longitudinal direction of the main portion;
and

a linear-member relaxing unit that relaxes the plurality
of linear members in which tension is generated between the
distal end portion and the power transmitters by pushing and
pulling of the linear members in the longitudinal direction by

the linear motion transmitted from the power transmitters.

{Claim 2}
The manipulator according to Claim 1,
wherein the linear-member relaxing unit causes the distal

end portion and the plurality of power transmitters to
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relatively move in the longitudinal direction close to each

other.

{Claim 3}

The manipulator according to Claim 2,

wherein the linear-member relaxing unit includes a
supporting member that simultaneously supports the plurality
of power transmitters and that is movable together with the
plurality of power transmitters in the longitudinal direction
relative to the main portion, and a moving mechanism that

moves the supporting member toward the distal end.

{Claim 4}

The manipulator according to Claim 2,

wherein the iinear—member relaxing unit includes a
supporting member that supports a proximal end of the bendable
portion, and a moving mechanism that moves the supporting

member toward the proximal end.

{Claim 5}
The manipulator according to Claim 3 or 4,
wherein the moving mechanism includes
a rotational-force generator that generates a rotational

force, and

a power converter that converts the rotational force
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generated by the rotational-force generator into linear motion
in the longitudinal direction and transmits the linear motion

to the supporting member.

{Claim 6}

The manipulator according to any one of Claims 1 to 5,

wherein the power transmitters each include

a shaft member that is disposed in the longitudinal
direction in the main portion and that is rotated about an
axis extending in the longitudinal direction by the power
generated by the power generator,

a threaded shaft member that connects the proximal end of
the corresponding linear member to the shaft member and that
is rotated together with the shaft member, and

a nut member that.is engéged with the threaded shaft
member and that feeds the rotating threaded shaft member in

the longitudinal direction.

{Claim 7}

A manipulator comprising:

an elongated main portion, a distal end portion disposed
at a distal end of the‘main portion, and a bendable portion
provided between the main portion and the distal end portion;

a plurality of linear members that are connected to the

distal end portion and that extend to the main portion via the
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bendable portion;

a plurality of pulling mechanisms provided in the main
portion and having connectors that are connected to proximal
ends of the linear members, dri&ers that generate rotational
motion, and.power converters that convert the rotational
motion generated by the drivers into linear‘motion in a
longitudinal direction and transmit the linear motion to the
connectors; and

a combination changing mechanism that changes a
combination of the linear members and the pulling mechanisms

connected to the linear members.

{Claim 8}

The manipulator according to Claim 7,

wherein the power converters each include a shaft member
that is disposed in a longitudinal direction of the main
portion and that is rotated about a central axis thereof by
the corresponding driver, a threaded shaft member that is
coaxial with the shaft member and that is rotated together
with the shaft member, and a movable member that has a thread
groove engageable with the threaded shaft member and that is
provided at the proximal end of the corresponding linear
member in a movable manner in the longitudinal direction, and

wherein each connector is formed of the threaded shaft

member and the movable member.
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{Claiﬁ 9}

The manipulator according to Claim 7,

wherein the combination changing mechanism changes the
combination of the linear members and the pulling mechanisms

by moving the pulling mechanisms relative to the linear

members.

{Claim 10}

The manipulator according to Claim 9,

wherein the main portion includes a tubular outer tube
having a>first part that is fixed to the bendable portion and
a second part that is provided at a proximal end of the first
~part in a rotatable manner in a circumferential direction
relative to the first part and that accommodates the pulling
mechanisms, and

wherein the combination changing mechanism moves the
pulling mechanisms relative to the linear members by rotating

the pulling mechanisms together with the second part.

{Claim 11}

The manipulator according to ahy one of Claims 7 to 10,

further comprising:

a fault detector that detects a fault in the pulling

mechanisms,
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wherein the combination changing mechanism changes the
combination of the linear members and the pulling mechanisms
when the fault detector detects a fault in the pulling

mechanisms.
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