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(54) MANIPULATOR

(57) Provided is a manipulator (1) including a mova-
ble section (3), a driving section (4) that generates power
to be supplied to the movable section (3), a long guide
member (2) that is elongate and flexible and that has one
end to which the movable section (3) is attached and
another end to which the driving section (4) is attached,
an elongated tensile-force transmitting member (5) that
transmits the power of the driving section (4) to the mov-
able section (3) by means of a tensile force, and a ten-
sile-force adjusting mechanism (6) that adjusts the ten-
sile force of the tensile-force transmitting member (5).
The long guide member (2) includes an elongate and

flexible guide tube (11) having a lumen (10) through
which the tensile-force transmitting member (5) longitu-
dinally extends, and also includes an outer sheath (12)
having higher rigidity than the guide tube (11). The outer
sheath (12) covers an outer periphery of the guide tube
(11) and has a proximal end section (13) that is movable
relative to the driving section (4) in a longitudinal direction
of the guide tube (11). The tensile-force adjusting mech-
anism (6) adjusts a position of the proximal end section
(13) of the outer sheath (12) relative to the driving section
(4) in the longitudinal direction of the guide tube (11).
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Description

{Technical Field}

[0001] The present invention relates to manipulators.

{Background Art}

[0002] A known surgical device in the related art uses
a wire to drive a bending section or a movable section,
such as forceps, disposed at the distal end of a flexible
insertion section (for example, see Patent Literature 1).
[0003] The surgical device according to Patent Litera-
ture 1 includes a constant-force spring that applies a fixed
initial tensile force to the wire so as to prevent the tensile
force of the wire, which extends internally through the
flexible insertion section, from changing due to bending
of the flexible insertion section.

{Citation List}

{Patent Literature}

[0004] {PTL 1}
The Publication of Japanese Patent No. 5542288

{Summary of Invention}

{Technical Problem}

[0005] However, in the case where a tensile force is
applied to the wire by means of the constant-force spring,
as in the surgical device according to Patent Literature
1, there is a disadvantage in that only a fixed tensile force
can be applied even when the shape of the insertion sec-
tion changes. Specifically, when the insertion section
changes in shape and bends with larger curvature, a fric-
tional force between the wire and a sheath that covers
the wire increases, thus making it impossible to operate
an end effector unless a larger tensile force is applied.
However, since only a fixed tensile force can be applied
by means of the constant-force spring in the surgical de-
vice according to Patent Literature 1, there is a problem
in that, for example, the operation of the end effector may
be delayed.
[0006] The present invention has been made in view
of the circumstances described above, and an object
thereof is to provide a manipulator that applies an appro-
priate tensile force to a tensile-force transmitting member
in accordance with the shape of a long guide member so
as to allow a bending section or a movable section, such
as forceps, to operate smoothly.

{Solution to Problem}

[0007] In order to achieve the aforementioned object,
the present invention provides the following solutions.
[0008] An aspect of the present invention provides a

manipulator including a movable section, a driving sec-
tion that generates power to be supplied to the movable
section, a long guide member that is elongate and flexible
and that has one end to which the movable section is
attached and another end to which the driving section is
attached, an elongated tensile-force transmitting mem-
ber that transmits the power of the driving section to the
movable section by means of a tensile force, and a ten-
sile-force adjusting mechanism that adjusts the tensile
force of the tensile-force transmitting member. The long
guide member includes an elongate and flexible guide
tube having a lumen through which the tensile-force
transmitting member longitudinally extends, and also in-
cludes an outer sheath having higher rigidity than the
guide tube. The outer sheath covers an outer periphery
of the guide tube and has a proximal end section that is
movable relative to the driving section in a longitudinal
direction of the guide tube. The tensile-force adjusting
mechanism adjusts a position of the proximal end section
of the outer sheath relative to the driving section in the
longitudinal direction of the guide tube.
[0009] According to this aspect, the power generated
in the driving section as a result of the operation of the
driving section is transmitted as a tensile force to the
movable section via the tensile-force transmitting mem-
ber, so that the movable section is actuated. When the
long guide member is bent, the guide tube and the outer
sheath constituting the long guide member bend and the
lumen provided in the guide tube also bends, so that the
tensile-force transmitting member is guided through the
bent lumen and transmits the tensile force. Moreover,
torque acting around the longitudinal axis and applied at
the driving-section side by the outer sheath having higher
rigidity than the guide tube can be transmitted to the mov-
able section.
[0010] In this case, when the long guide member is to
be bent by a large amount, the length of the highly-rigid
outer sheath disposed at the innermost diameter area of
the bend is less likely to change. Therefore, supposing
that the opposite ends of the outer sheath are fixed to
the movable section and a stationary section, the dimen-
sions of the bent long guide section would be determined
in accordance with the innermost diameter area, and the
guide tube disposed at the radially outer side of the bend
relative to the innermost diameter area would expand on
the basis of a difference in radii of curvature, thus causing
the length of the lumen to increase and the path length
of the tensile-force transmitting member to increase.
[0011] According to this aspect, the proximal end sec-
tion of the outer sheath is moved relative to the driving
section in the longitudinal direction of the guide tube near
where the long guide member is bent, so that the amount
of compression of the innermost diameter area can be
compensated for by the moving amount of the outer
sheath, thereby minimizing expansion of the guide tube
and suppressing a change in the path length of the trans-
mission member. Consequently, the long guide member
can be bent while an excessive change in the tensile
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force of the tensile-force transmitting member caused by
a change in the path length can be prevented.
[0012] Furthermore, according to this aspect, the ten-
sile-force adjusting mechanism adjusts the position of
the proximal end section of the outer sheath relative to
the guide tube, so that the tensile force applied to the
tensile-force transmitting member can be adjusted. Spe-
cifically, when the proximal end section of the outer
sheath is positionally moved toward the distal end relative
to the guide tube, the tensile force of the tensile-force
transmitting member can be increased. In contrast, when
the proximal end section of the outer sheath is positionally
moved toward the proximal end, the tensile force of the
tensile-force transmitting member can be reduced.
[0013] When the long guide member is bent with large
curvature, the tensile-force adjusting mechanism is op-
erated such that a larger tensile force is applied to the
tensile-force transmitting member, so that the movable
section can be moved smoothly against friction in accord-
ance with the power of the driving section.
[0014] In the above aspect, the tensile-force adjusting
mechanism may include a slider attached to the proximal
end section of the outer sheath and a movement mech-
anism that moves the slider relative to the driving section
in the longitudinal direction of the guide tube.
[0015] Accordingly, the slider is moved in accordance
with the operation of the movement mechanism, so that
the proximal end section of the outer sheath to which the
slider is fixed can be moved in the longitudinal direction
of the guide tube, whereby a tensile force of arbitrary
magnitude can be applied to the tensile-force transmitting
member.
[0016] Furthermore, in the above aspect, the driving
section may include a motor unit equipped with a motor
and a power converting section that is attached to the
long guide member and that converts the power of the
motor into the tensile force of the tensile-force transmit-
ting member. The motor unit and the power converting
section may be attachable to and detachable from each
other, and the slider may couple the movement mecha-
nism and the outer sheath to each other in a detachable
manner when the motor unit and the power converting
section are coupled to each other.
[0017] Accordingly, the driving section is formed by
coupling the motor unit and the power converting section
to each other, and the power converting section converts
the power of the motor into a tensile force to be applied
to the tensile-force transmitting member, so that the mov-
able section can be driven. In this case, when the motor
unit and the power converting section are coupled to each
other, the movement mechanism and the outer sheath
become coupled to each other, so that the proximal end
section of the outer sheath is moved in the longitudinal
direction of the guide tube in accordance with the oper-
ation of the movement mechanism, whereby the tensile
force to be applied to the tensile-force transmitting mem-
ber can be readily adjusted.
[0018] Furthermore, in the above aspect, the move-

ment mechanism may include a sensor that detects a
pressing force to be applied to the outer sheath from the
movement mechanism.
[0019] Accordingly, the tensile force applied to the ten-
sile-force transmitting member based on the detected
pressing force can restrict the movement of the outer
sheath by the movement mechanism at an appropriate
position.
[0020] Furthermore, in the above aspect, the move-
ment mechanism may include a shaft that presses
against the outer sheath, and the sensor may be a pres-
sure sensor that detects the pressing force generated in
the shaft.
[0021] Accordingly, the tensile force applied to the ten-
sile-force transmitting member based on the detected
pressing force can restrict the movement of the outer
sheath by the movement mechanism at an appropriate
position.
[0022] Furthermore, in the above aspect, the guide
tube may include a plurality of the lumens, and each lu-
men may have a twisted shape about a longitudinal axis
of the guide tube.
[0023] Accordingly, in a case where the long guide
member is to be bent, even if the guide tube itself has a
relatively large outer diameter and the lumens are dis-
tributed to different positions in the radial direction, a
change in the path length of a specific lumen caused by
the bending is prevented, whereby a difference in path
lengths among the plurality of lumens can be prevented.
Consequently, variations in initial tensile force to be ap-
plied to the plurality of tensile-force transmitting members
in the plurality of lumens can be minimized.

{Advantageous Effects of Invention}

[0024] The present invention is advantageous in that
an appropriate tensile force is applied to a tensile-force
transmitting member in accordance with the shape of a
long guide member so that a bending section or a mov-
able section, such as forceps, can operate smoothly.

{Brief Description of Drawings}

[0025]

{Fig. 1} Fig. 1 is a vertical-sectional partially-cutaway
view of a manipulator according to an embodiment
of the present invention.
{Fig. 2A} Fig. 2A is a front view illustrating a state
where a slider and a connection section included in
the manipulator in Fig. 1 are separated from each
other.
{Fig. 2B} Fig. 2B is a front view illustrating a state
where the slider and the connection section included
in the manipulator in Fig. 1 are coupled to each other.
{Fig. 3} Fig. 3 is a vertical-sectional partially-cutaway
view illustrating a state where a motor unit is coupled
to a manipulator-side driving section of the manipu-
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lator in Fig. 1.
{Fig. 4A} Fig. 4A is a vertical sectional view illustrat-
ing a state where a long guide member of the ma-
nipulator in Fig. 1 extends straight.
{Fig. 4B} Fig. 4B is a vertical sectional view illustrat-
ing a state where the long guide member of the ma-
nipulator in Fig. 1 is bent.
{Fig. 5} Fig. 5 illustrates a modification of the manip-
ulator in Fig. 1 and is a perspective view showing a
rotation stopper.
{Fig. 6A} Fig. 6A illustrates a modification of the ma-
nipulator in Fig. 1 and is a front view illustrating a
separated state of a connection section different
from the connection section in Figs. 2A and 2B.
{Fig. 6B} Fig. 6B illustrates a modification of the ma-
nipulator in Fig. 1 and is a front view illustrating a
coupled state of the connection section different from
the connection section in Figs. 2A and 2B.
{Fig. 7A} Fig. 7A is a side view illustrating a separated
state of another type of connection section in Fig. 1.
{Fig. 7B} Fig. 7B is a side view illustrating a coupled
state of another type of connection section in Fig. 1.
{Fig. 8A} Fig. 8A illustrates another modification of
the manipulator in Fig. 1 and is a vertical sectional
view showing a state where the manipulator extends
straight.
{Fig. 8B} Fig. 8B illustrates another modification of
the manipulator in Fig. 1 and is a vertical sectional
view showing a state where the manipulator is bent.
{Fig. 9A} Fig. 9A illustrates yet another modification
of the manipulator in Fig. 1 and is a vertical sectional
view showing a state where the manipulator extends
straight.
{Fig. 9B} Fig. 9B illustrates yet another modification
of the manipulator in Fig. 1 and is a vertical sectional
view showing a state where the manipulator is bent.
{Fig. 10} Fig. 10 is a vertical sectional view illustrating
a modification of the manipulator in Fig. 1 in which
the manipulator includes a multi-lumen tube having
twisted lumens as a guide tube.

{Description of Embodiments}

[0026] A manipulator 1 according to an embodiment
of the present invention will be described below with ref-
erence to the drawings.
[0027] For example, as shown in Fig. 1, the manipula-
tor 1 according to this embodiment includes a long guide
member 2 that is elongate and flexible and that is to be
inserted into the body cavity of a patient through a chan-
nel of an endoscope to be inserted into the body cavity
of the patient, a movable section 3 disposed at the distal
end of the long guide member 2, a driving section 4 that
is disposed at the proximal end of the long guide member
2 and that actuates the movable section 3, wires (tensile-
force transmitting members) 5 that transmit a driving
force generated by the driving section 4 as a tensile force
to the movable section 3, and a tensile-force adjusting

mechanism 6 that adjusts the tensile force of the wires 5.
[0028] The movable section 3 includes a treatment
section 7, such as forceps, to be applied to an affected
site inside the body and also includes at least one joint
section 8 that supports the treatment section 7. For sim-
plifying the description, the example shown in the draw-
ings illustrates a case where the joint section 8 has a
single swiveling joint that causes the treatment section
7 to swivel about an axis orthogonal to the longitudinal
axis of the long guide member 2.
[0029] The long guide member 2 includes a multi-lu-
men tube (guide tube) 11 having two lumens 10 through
which two wires 5 extend, a coil tube (outer sheath) 12
disposed so as to cover the outer peripheral surface of
the multi-lumen tube 11, and a movable end member
(proximal end section) 13 that is fixed to the proximal end
of the coil tube 12 and that is movable in the longitudinal
direction of the multi-lumen tube 11.
[0030] The multi-lumen tube 11 is composed of a read-
ily-deformable flexible resin material having low rigidity.
In contrast, the coil tube 12 is composed of a metallic
material having higher rigidity than the multi-lumen tube
11. As shown in Fig. 1, the coil tube 12 is a tightly-wound
coil in which elemental wires are closely in contact with
each other without gaps therebetween in a state where
the long guide member 2 extends straight.
[0031] The driving section 4 includes a motor unit 15
equipped with a motor 14, and also includes a manipu-
lator-side driving section 16 attached to the proximal end
of the multi-lumen tube 11. The motor unit 15 and the
manipulator-side driving section 16 are attachable to and
detachable from each other. The manipulator-side driv-
ing section 16 includes a pulley (power converting sec-
tion) 17 around which the two wires 5 are routed, and
also includes a housing 18 that rotatably supports the
pulley 17.
[0032] When the manipulator-side driving section 16
is coupled to the motor unit 15, a shaft 9 of the motor 14
in the motor unit 15 and the pulley 17 of the manipulator-
side driving section 16 are coupled to each other by
means of, for example, a spline gear. Thus, a rotational
driving force of the motor 14 is converted into a tensile
force of either one of the wires 5 routed around the pulley
17, depending on the rotational direction of the pulley 17.
Then, the joint section 8 is driven in either direction by
the tensile force transmitted by the wire 5.
[0033] The distal end of the multi-lumen tube 11 is fixed
to the joint section 8, whereas the proximal end of the
multi-lumen tube 11 is fixed to the housing 18 of the ma-
nipulator-side driving section 16. The distal end of the
coil tube 12 is also fixed to the joint section 8.
[0034] Furthermore, as shown in Fig. 1, in the state
where the long guide member 2 extends straight, a gap
is formed between the movable end member 13 and the
housing 18 in the longitudinal direction of the multi-lumen
tube 11.
[0035] The tensile-force adjusting mechanism 6 in-
cludes a slider 20 that is provided in the motor unit 15
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and that has a connection section 19 to be fixed to the
movable end member 13 when the motor unit 15 is cou-
pled to the manipulator-side driving section 16, and also
includes a movement mechanism 21 that moves the slid-
er 20 in the longitudinal direction of the multi-lumen tube
11.
[0036] The movement mechanism 21 is, for example,
a linear motion mechanism equipped with a motor 21a
and a ball screw (shaft) 21b.
[0037] For example, as shown in Figs. 2A and 2B, the
connection section 19 may employ a substantially cross-
sectionally C-shaped gripping member 22 that is brought
into contact with the movable end member 13, which has
a cylindrical shape, from the radially outer side thereof
and accommodates the movable end member 13 so as
to cover substantially half the circumference of the outer
peripheral surface of the movable end member 13. In the
drawings, reference sign 23 denotes a coating composed
of a friction-increasing material.
[0038] When the connection section 19 accommo-
dates the movable end member 13, the movable end
member 13 is tightened radially inward by the elasticity
of the connection section 19, and the connection section
19 becomes secured to the movable end member 13 by
friction in the contact area between the two.
[0039] The following description relates to a case
where medical treatment is performed inside the body of
the patient by using the manipulator 1 according to this
embodiment having the above-described configuration.
[0040] The manipulator 1 according to this embodi-
ment is inserted through a channel of an insertion section
of an endoscope inserted into the body cavity from out-
side the body of a patient, starting from the movable sec-
tion 3 at the distal end. The movable section 3 is then
made to protrude from an opening of a forceps channel
in a distal-end surface of the insertion section of the en-
doscope disposed inside the body.
[0041] In this case, the body cavity is often curved, so
that the insertion section of the endoscope and the chan-
nel provided at the insertion section are inserted into the
body cavity by being bent in conformity to the shape of
the body cavity. Therefore, when the manipulator 1 is to
be inserted through such a channel, the manipulator 1
would be inserted while bending the long guide member
2 in conformity to the channel.
[0042] In the case where the long guide member 2 of
the manipulator 1 according to this embodiment is to be
bent, the multi-lumen tube 11 having high flexibility and
disposed along the center is bent. Since the opposite
ends of the multi-lumen tube 11 are fixed to the movable
section 3 and the driving section 4, if the multi-lumen tube
11 is bent without increasing or decreasing the length
along the center line thereof, the lumens 10 formed in
the multi-lumen tube 11 do not significantly expand or
contract. As a result, the path length of the wires 5 dis-
posed within the lumens 10 do not significantly change.
[0043] When the multi-lumen tube 11 is bent, the coil
tube 12 covering the outer periphery thereof is also bent.

Because the coil tube 12 is composed of a material hav-
ing rigidity high enough for the multi-lumen tube 11, when
the long guide member 2 is bent, the length of an area
thereof disposed at the radially inner side of the bend
does not change such that the elemental wires are kept
closely in contact with each other, whereas the elemental
wires in an area disposed at the radially outer side of the
bend become separated by an increased distance.
[0044] As shown in Fig. 4A, in the manipulator 1 ac-
cording to this embodiment, the proximal end of the coil
tube 12 is fixed to the movable end member 13 that is
movable relative to the housing 18 of the driving section
4 in the longitudinal direction of the multi-lumen tube 11.
Therefore, as shown in Fig. 4B, when the long guide
member 2 is bent, the movable end member 13 moves
relative to the housing 18, thus causing the proximal end
of the coil tube 12 to move toward the driving section 4.
Specifically, when the long guide member 2 is bent, the
proximal end of the coil tube 12 shifts so as to close the
gap between the movable end member 13 and the hous-
ing 18 since the proximal end of the coil tube 12 is not
fixed. As a result, the length of the multi-lumen tube 11
is maintained, and the path length of the wires 5 is pre-
vented from increasing.
[0045] Subsequently, in this state where the long guide
member 2 is bent and the movable section 3 protrudes
from the distal end of the insertion section of the endo-
scope near the affected site, the manipulator-side driving
section 16 included in the driving section 4 is attached
to the motor unit 15. Consequently, as shown in Fig. 3,
the shaft 9 of the motor 14 included in the motor unit 15
becomes connected to the pulley 17 of the manipulator-
side driving section 16, and the connection section 19
provided in the slider 20 of the tensile-force adjusting
mechanism 6 becomes fixed to the movable end member
13.
[0046] When the motor 14 of the motor unit 15 is ac-
tuated in this state, the rotational force of the motor 14
is transmitted to the pulley 17 and is converted into a
tensile force of the wires 5 by the pulley 17. The tensile
force of either one of the wires 5 increases so that the
movable section 3 is operated.
[0047] In this case, in the manipulator 1 according to
this embodiment, the connection section 19 provided in
the slider 20 of the tensile-force adjusting mechanism 6
is fixed to the movable end member 13 of the coil tube
12, so that, by applying a tensile force to the wire 5 for
driving the movable section 3, a compression force ap-
plied to the multi-lumen tube 11 can be reduced.
[0048] Furthermore, by moving the slider 20 by actu-
ating the motor 21a of the movement mechanism 21, the
position of the proximal end of the coil tube 12 relative
to the multi-lumen tube 11 can be adjusted in the longi-
tudinal direction of the multi-lumen tube 11. Specifically,
by moving the slider 20 toward the distal end of the multi-
lumen tube 11, the movable section 3 is made to advance
forward so that the initial tensile force applied to the wire
5 can be increased. In contrast, by moving the slider 20
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toward the proximal end of the multi-lumen tube 11, the
movable section 3 is made to retract so that the initial
tensile force applied to the wire 5 can be reduced.
[0049] Accordingly, the manipulator 1 according to this
embodiment is advantageous in that the position of the
proximal end of the coil tube 12 can be adjusted by ac-
tuating the movement mechanism 21, so that the tensile
force of the wire 5 can be adjusted and an appropriate
tensile force can be applied thereto in accordance with
the bent state of the long guide member 2, whereby the
movable section 3 can be operated with high accuracy.
[0050] Although the multi-lumen tube 11 is composed
of a material having low rigidity in this embodiment, the
rigidity of the long guide member 2 itself is increased by
means of the coil tube 12 that covers the outer periphery
of the multi-lumen tube 11. Therefore, by causing a force
to act on the proximal end of the coil tube 12 in the lon-
gitudinal direction, the entire manipulator 1 can be made
to advance or retract. In addition, by applying torque to
the proximal end of the coil tube 12 about the longitudinal
axis, the movable section 3 at the distal end can be ro-
tated about the longitudinal axis.
[0051] In addition to the method of applying torque di-
rectly to the proximal end of the coil tube 12, the method
for applying torque to the coil tube 12 may involve pro-
viding a rotation stopper that regulates displacement of
the movable end member 13 in the circumferential direc-
tion between the housing 18 and the movable end mem-
ber 13 and transmitting the torque to be applied to the
housing 18 to the coil tube 12 via the rotation stopper,
as shown in Fig. 5.
[0052] The rotation stopper may be constituted by pro-
viding the housing 18 with a long hole 24 extending in
the longitudinal direction of the multi-lumen tube 11 and
providing the movable end member 13 with a pin 25 fitted
in the long hole 24. When the slider 20 is to move in the
longitudinal direction of the multi-lumen tube 11, the long
hole 24 is moved relative to the pin 25. When torque is
applied to the housing 18, torque acting around the lon-
gitudinal axis of the multi-lumen tube 11 can be transmit-
ted in accordance with the engagement between the pin
25 and the long hole 24.
[0053] As shown in Figs. 6A and 6B, the connection
section 19 that connects the slider 20 to the movable end
member 13 provided at the proximal end of the coil tube
12 may have a structure in which an outer ring of a bearing
26 fixed to the movable end member 13 is engaged with
the inner side of the C-shaped gripping member 22 such
that the movable end member 13 is prevented from mov-
ing in the longitudinal direction of the multi-lumen tube
11 while the movable end member 13 is allowed to rotate
relative to the slider 20.
[0054] Furthermore, as shown in Figs. 7A and 7B, the
connection section 19 may be constituted of a plurality
of grooves 27 arranged side-by-side on the slider 20 in
the moving direction thereof and a protrusion 28 provided
on the movable end member 13. When the manipulator-
side driving section 16 is attached to the motor unit 15,

the protrusion 28 of the movable end member 13 is en-
gaged with any of the grooves 27 in the slider 20 so that
relative movement between the movable end member
13 and the slider 20 can be restricted at a freely-chosen
position. The protrusion 28 and the grooves 27 may be
interchanged with each other.
[0055] As an alternative to this embodiment in which
the proximal end of the multi-lumen tube 11 is fixed to
the housing 18, the proximal end of the multi-lumen tube
11 may be fixed to the slider 20, and a compression spring
29 may be disposed between the housing 18 and the
slider 20, as shown in Fig. 8A.
[0056] According to this configuration, when the long
guide member 2 is bent, the compression spring 29 is
compressed and the slider 20 is moved, as shown in Fig.
8B.
[0057] In this case, the proximal end of the multi-lumen
tube 11 fixed to the slider 20 is also moved in accordance
with the movement of the slider 20. Because the multi-
lumen tube 11 is formed of a resin tube having low rigidity,
the multi-lumen tube 11 is expanded when the proximal
end thereof is moved. However, by moving the proximal
end by the expanded amount, an increase in the path
length of the wires 5 can be prevented.
[0058] Furthermore, in this case, the multi-lumen tube
11 may extend into the housing 18 of the driving section
4, as shown in Figs. 9A and 9B.
[0059] In this embodiment, the multi-lumen tube 11 has
the plurality of lumens 10 formed straight in the longitu-
dinal direction of the multi-lumen tube 11. However, the
embodiment is not limited to this configuration. As shown
in Fig. 10, lumens 30 that are twisted about the longitu-
dinal axis of the multi-lumen tube 11 may be used.
[0060] Accordingly, even if there is a large difference
in radii of curvature when a thick multi-lumen tube 11 is
used and bent, a change in the length of the lumens 30
caused by the bending process can be suppressed,
thereby preventing the path length of the wires 5 from
changing.
[0061] Although the manipulator-side driving section
16 and the motor unit 15 are attachable to and detachable
from each other in this embodiment, the two may be con-
figured as a single unit. In this case, when the manipulator
1 is to be inserted through the channel of the endoscope,
the slider 20 may be movable, and the tensile force may
be adjusted by moving the slider 20 by using the motor
21a after the insertion process.
[0062] Furthermore, as an alternative to the above ex-
ample in which the movable end member 13 is moved
by the movement mechanism 21 equipped with the motor
21a and the linear motion mechanism, the movable end
member 13 may be moved by means of a manual move-
ment mechanism 21, such as a dial or a handle.
[0063] Although the coil tube 12 is exemplified as an
outer sheath in this embodiment, the embodiment is not
limited to this configuration. A freely-chosen type of a
flexible tube may be used so long as the tube has higher
rigidity than the multi-lumen tube 11.
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[0064] Furthermore, in this embodiment, a pressure
sensor (not shown) that detects a pressing force applied
to the ball screw 21b by the movement mechanism 21
may be provided.
[0065] Accordingly, in a state where the slider 20 is
connected to the movable end member 13, the motor
21a of the movement mechanism 21 is actuated so that
when the movable end member 13 is pressed, the press-
ing force detected by the pressure sensor provided in the
ball screw 21b increases. Thus, when the pressing force
reaches a predetermined pressure, the operation of the
movement mechanism 21 is stopped, so that the tensile
force of the wires 5 can be properly adjusted.

{Reference Signs List}

[0066]

1 manipulator
2 long guide member
3 movable section
4 driving section
5 wire (tensile-force transmitting member)
6 tensile-force adjusting mechanism
10 lumen
11 multi-lumen tube (guide tube)
12 coil tube (outer sheath)
13 movable end member (proximal end section)
14 motor
15 motor unit
17 pulley (power converting section)
20 slider
21 movement mechanism

Claims

1. A manipulator comprising:

a movable section;
a driving section that generates power to be sup-
plied to the movable section;
a long guide member that is elongate and flex-
ible and that has one end to which the movable
section is attached and another end to which the
driving section is attached;
an elongated tensile-force transmitting member
that transmits the power of the driving section
to the movable section by means of a tensile
force; and
a tensile-force adjusting mechanism that adjusts
the tensile force of the tensile-force transmitting
member,
wherein the long guide member includes an
elongate and flexible guide tube having a lumen
through which the tensile-force transmitting
member longitudinally extends, and also in-
cludes an outer sheath having higher rigidity

than the guide tube, the outer sheath covering
an outer periphery of the guide tube and having
a proximal end section that is movable relative
to the driving section in a longitudinal direction
of the guide tube, and
wherein the tensile-force adjusting mechanism
adjusts a position of the proximal end section of
the outer sheath relative to the driving section
in the longitudinal direction of the guide tube.

2. The manipulator according to Claim 1,
wherein the tensile-force adjusting mechanism in-
cludes a slider attached to the proximal end section
of the outer sheath and a movement mechanism that
moves the slider relative to the driving section in the
longitudinal direction of the guide tube.

3. The manipulator according to Claim 2,
wherein the driving section includes a motor unit
equipped with a motor and a power converting sec-
tion that is attached to the long guide member and
that converts the power of the motor into the tensile
force of the tensile-force transmitting member,
wherein the motor unit and the power converting sec-
tion are attachable to and detachable from each oth-
er, and
wherein the slider couples the movement mecha-
nism and the outer sheath to each other in a detach-
able manner when the motor unit and the power con-
verting section are coupled to each other.

4.  The manipulator according to Claim 3,
wherein the movement mechanism includes a sen-
sor that detects a pressing force to be applied to the
outer sheath from the movement mechanism.

5. The manipulator according to Claim 4,
wherein the movement mechanism includes a shaft
that presses against the outer sheath, and
wherein the sensor is a pressure sensor that detects
the pressing force generated in the shaft.

6. The manipulator according to any one of Claims 1
to 5,
wherein the guide tube includes a plurality of the lu-
mens, and
wherein each lumen has a twisted shape about a
longitudinal axis of the guide tube.
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