wo 2014/129362 A1 [N NI N0F OO OO A 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é 0 0 DR 0O

International Bureau ) L.
_").//)/ (10) International Publication Number

WO 2014/129362 A1l

\

(43) International Publication Date
28 August 2014 (28.08.2014) WIPOIPCT

(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
A61B 19/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/JP2014/053233 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
5 February 2014 (05.02.2014) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(30) Priority Data: ZW.

61/766,810 20 February 2013 (20.02.2013) UsS

(84) Designated States (uniess otherwise indicated, for every
(71) Applicant: OLYMPUS CORPORATION [JP/JP]; 43-2, kind of regional protection available). ARIPO (BW, GH,
Hatagaya 2-chome, Shibuya-ku, Tokyo, 1510072 (JP). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))

(72) Inventors: YAMANAKA Noriaki; ¢/o OLYMPUS COR-
PORATION, 43-2, Hatagaya 2-chome, Shibuya-ku, Tokyo,
1510072 (JP). YOSHII Toshihiro; c¢/o OLYMPUS COR-
PORATION, 43-2, Hatagaya 2-chome, Shibuya-ku, Tokyo,
1510072 (JP).

(74) Agents: TANAI Sumio et al.; 1-9-2, Marunouchi, Chiyo-
da-ku, Tokyo, 1006620 (JP).

(54) Title: MEDICAL MANIPULATOR

| Vo IR

/ i /")‘\i \ l \ 0
| 41/ 3 26 2ai | 2
18 42 4d o, B 11

(57) Abstract: A medical manipulator (1) has a surgical tool unit (4) and a surgical tool drive unit (2). The tool unit (4) has a pair of
forceps (30). The drive unit (2), detachable from the tool unit (4), has a motor (16) for driving the forceps (30). The tool unit (4) has
a pair of transmission members (41, 43) running parallel to each other. The transmission members (41, 43) have respective rack por -
tions (41a, 43a) opposing each other. Between the rack portions (41a, 43a), there is a pinion (42) engaging both of the rack portions
(41a, 43a). The drive unit (2) has a pair of input members (11, 13) running parallel to each other. The first input member (11) is
driven by the motor (16) in the axial direction. The second input member (13) is biased by a biasing member (13b) toward the
second transmission member (43). To open the forceps (30), the motor (16) pushes the first input member (11). Then the first input
member (11) advances the first transmission member (41), and the first transmission member (41) opens the forceps (30). To close
the forceps (30), the motor (16) pulls the first input member (11). Then the biasing member (13b) pushes the second input member
(13), the second input member (13) advances the second transmission member (43), the rack portion (43a) rotates the pinion (42)
counterclockwise, the pinion (42) retracts the first transmission member (41), and the first transmission member (41) closes the for-
ceps (30).



10

15

20

25

WO 2014/129362 PCT/JP2014/053233
1
DESCRIPTION

Title of the Invention

MEDICAL MANIPULATOR

Technical Field

[0001]

The present invention relates to a medical manipulator.

Priority is claimed on United States Patent Application No. 61/766,810,
provisionally applied in the United States on February 20, 2013, the content of which is

incorporated herein by reference.

Background Art

[0002]

In the related art, medical manipulators for performing surgery assistance for a
surgical operation are known. -

In such medical manipulators, in order to sterilize surgical tool units, it is
necessary to detachably provide the surgical tool units and surgical tool drive units.

For example, Patent Document 1 describes active forceps provided in which a
forceps distal end part structure and a forceps shaft portion, which are a surgical tool unit,
are detachably provided with respect to a forceps proximal end part, which is a surgical
tool drive unit, at a proximal end portion of the forceps shaft portion, as such a medical
manipulator.

[0003]

In the active forceps described in Patent Document 1, for mounting of the

surgical tool unit, the forceps shaft portion is fixed to a frame by tightening a fastening
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screw of a clamp after the forceps shaft portion is inserted into the frame of the forceps
proximal end part and is rotated at 60 degrees around the central axis of the frame to

hook a hooking member to a holder.

Prior Art Document -
Patent Document
[0004]

[Patent Document 1] Japanese Patent No. 3686947

Summary of the Invention
Technical Problem

[0005]

In the related art, for example, in the medical manipulator disclosed in Patent
Document 1, when the surgical tool unit is mounted on the surgical tool drive unit, it is
necessary to performs work in three steps of (1) inserting the forceps shaft portion into

the frame, (2) rotating the forceps shaft portion, and (3) tightening the fastening screw,

~ and when the surgical tool unit is removed, it is necessary to perform these three steps in

reverse order.  As such, in the medical manipulator of the related art, there are problem
in that attachment and detachment of surgical tools fakes substantial time.

[0006]

The present invention has been made in view of such problems, and an object
thereof is to provide a medical manipulator that can easily and rapidly perform
attachment and detachment of a surgical tool unit with respect to a surgical tool drive

unit.
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Solution to Problem

[0007]

A medical manipulator according to a first aspect of the present invention
includes: a surgical tool unit that is provided with an effector that operates an operation
target; and a surgical tool drive unit that is detachably provided with respect to the
surgical tool unit and supplies a driving force for driving the effector. The surgical tool
drive unit includes.: a pair of input members that has a first input memberland a second
input member, are arranged in a pair at a first end portion in an attachment and
detacflmént direction with respect to the surgical tool unit, are capable of advancing aﬁd
retracting parallel to each other, and transmit the driving force in an advance direction
when the pair of input members are advanced to the surgical tool unit side; and a drive
source that causes at least one of the pair of input members to advance and retract. The
surgical tool unit includes: a first transmission member that faces the first input member,
is supported so as to be capable of advancing and retracting at a first end portion in the
attachment and detachment direction with respect to the surgical tool drive unit, moves in
a same direction as an advance direction of the first input member under the driving force
from the first input member, and is connected to the effector at a second end portion; a
second transmission member that faces the second input member, is supported so as to be
capable of advancing and retracting at the first end portion in the attachment and
detachment direction with respect to the surgical tool drive unit,‘and moves in a same
direction as an advance direction of the second input member under the driving force
from the second input member; and a surgical-tool-unit-side reversal interlinking
member that is engaged with the first transmission member and the secénd transmission
member, and reverses a moving direction of the first transmission member or the second

transmission member and transmits a displacement of one of the first transmission
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member and the second transmission member to the other of the first transmission
member and the second transmission member.
[0008]

According to a second aspect of the present invention, in the medical
manipulator of the first aspect, the first input members may be capable of advancing and
retracting by being connected to the drive source. The surgical tool unit may further
include a drive-unit-side reversal interlinking member that is engaged with the first input
member and the second input member, and reverses a moving direction of the first
transmission member 6r the second transmission member énd transmits a disﬁlacement
of the first input member to the second input member, wherein the drive-unit-side
reversal interlinking member is provided between the first input member and the second

input member.

[0009]

According to a third aspect of the present invention, in the medical manipulator
of the second aspect, an engaging and disengaging mechanism may be further included
that moves the drive-unit-side reversal interlinking member with respect to the pair of
input members so as to switch a state of being engaged with the first input member and
the second input mémber and a state where a transmission of a displacement between the
first input member and the second input member is released.

' [0010]

According to a fourth aspect of the present invention, in the medical manipulator
any one of the first aspect to the third aspect, the surgical tool drive unit may have a
drive-unit-side biasing member that biases the pair of input members toward the first end

portion in the attachment and detachment direction with respect to the surgical tool unit.
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[0011]

‘According to a fifth aspect of the present invention, in the medical manipulator
of the fourth aspect, the drive-unit-side biasing member may have a first drive-unit-side
biasing member and a second drive-unit-side biasing member, and the first
drive-unit-side biasing member may be provided in the first input member and the second
drive-unit-side biasing member is provided in the second input member.

[0012]

According to a sixth aspect of the present invention, in the medical manipulator
any one of the first aspect to the fifth éspect, a second biasing member may be further
included that biases both of the first input member and the second input member, toward
the first end portion in the attachment and detachment direction with respect to the

surgical tool unit.

Advantageous Effects of Invention

[0013]

According to the medical manipulators of the above respective aspect, a driving
force is transmitted by arranging the pair of input members that transmits the driving
force from the surgical tool drive unit to the surgical tool unit so as to face the pair of
input members and the first and second transmission members at the end portions in the
attachment and detachment directions. Accordingly, attachment and detachment can be
performed by movement only in the attachment and detachment directions, and the
attachment and detachment of the surgical tool unit with respect to the surgical tool drive

unit can be easily and rapidly performed.

Brief Description of Drawings



WO 2014/129362 PCT/JP2014/053233

[0014]
FIG. 1 is a schematic view showing an example of the configuration of a medical
manipulator system to which a medical manipulator of the present invention is applied.
FIG. 2 is a schematic plan view showing the configuration of a medical
5  manipulator of a ﬁrst embodiment of the present invention.
FIG. 3 is a schematic side view on a distal end side of a surgical tool drive unit
of the medical manipulator of the first embodiment of the present invention.
FIG. 4 is a cross-sectional view taken along line B-B in FIG. 3.
FIG. 5 is a cross-sectional view taken along line A-A in FIG. 3.
10 FIG. 6 is a cross-sectional view taken along line C-C in FIG. 3.
FIG. 7 is a schematic side view on a distal end side of an intermediate member
of the medical manipulator of the first embodiment of the present invention.
FIG. 8 is a cross-sectional view taken along line E-E in FIG. 7.
FIG. 9 is a cross-sectional view taken along line D-D in FIG. 7.
15 FIG. 10 is a schematic perspective view of a surgical tool unit of the medical
manipulator of the first embodiment of the present invention. |
FIG. 11 is a schematic side view on a proximal end side of the surgical tool unit
of the medical manipulator of the first embodiment of the present invention.
FIG. 12 is a cross-sectional view taken along line H-H in FIG. 11.
20 FIG. 13Ais a cross-sectional view taken along line F-F in FIG. 11.
FIG. 13B is a cross-sectional view taken along line G-G in FIG. 11.
FIG. 14 is a cross-sectional view taken along line J-J in FIG. 2.
FIG. 15 is a schematic configuration view of main portions of the medical
manipulator of the first embodiment of the present invention.

25 FIG. 16A is a schematic operation explanatory view of the main portions of the
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medical manipulator of the first embodiment of the present invention.

FIG. i6B is a schematic operation explanatory view of the main portions of the
medical manipulator of the first embodiment of the present invention.

FIG. 16C is a schematic operation explanatory view of the main portions of the

5 medical manipulator of the first embodiment of the present invention.

FIG. 17 is a schematic view of a medical manipulator of a second embodiment
of the present invention.

FIG. 18 is a view showing the action of the medical manipulator of the second
embodiment of the present invention.

10 FIG. 19 is a schematic view showing another configuration example of the

embodiment.

FIG. 20 is a schematic plan view showing a medical manipulator of a third
embodiment of the present invention.

FIG. 21 is a schematic side view showing the medical manipulator.

15 FIG. 22 is a view showing the action of the medical manipulator.
FIG. 23 is a schematic view showing the configuration of wires and a slider for
~ being caused to be simultaneously engaged with or disengaged from a plurality of

pinions in the medical manipulator.

FIG. 24 is a perspective view showing the configuration of a modified example

20 ofthe enibodiment. |

FIG. 25 is a schematic side view showing the configuration of a portion of a
medical manipulator of a fourth embodiment of the present invention.

FIG. 26 is a schematic front view showing the configuration of the portion of the
medical manipulator of the embodiment.

25 FIG. 27 is a view showing the action of the medical manipulator of the present
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embodiment.

FIG. 28 is a view showing the action of the medical manipulator of the present
embodiment.

FIG. 29 is a schematic front view showing the.configuration of a portion of a

5  medical manipulator of a fifth embodiment of the present invention.

Description of Embodiments

[0015]

Hereinafter, embodiments of the present invention will be described with

10 reference to the accompanying drawings. In all the drawings, even in the case of
different embodiments, mefnbers that are the same as or equivalent to members described
in previous embodiments will be designated by the same reference numerals, and
common description will be omittea here.

[0016] |

15 [First Embodiment]

Hereinafter, although a first embodiment of the present invention will be
described, an example of a medical manipulator systefn to which a medical manipulator
of the present embodiment is applied will be described before the description of the first
embodiment.

20 FIG. 1 is a schematic view showing the example of the configuration of the
medical manipulator system to which the medical manipulator of the present invention is
applied.

[0017]

An example of a master slave type medical manipulator system is shown in FIG.

25 1. The master slave type medical manipulator system is a system that has two types of
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arms including a master arm and a slave arm and that remotely controls the slave arm so
as to follow the operation of the master arm. As a configuration in which a surgical tool
is mounted on this slave arm, the medical manipulator of the present invention can be
appﬁed.

[0018]

The medical manipulator system shown in FIG. 1 has an operating table 100,
slave arms 200a, 200b, 200c¢, and 200d, a slave control circuit 400, master arms 500a and
500b, an operating ‘unit‘6QO, an input processing circuit 700, an image processing circuit
800, an operator display 900a, anci an assistant diéplay 9005.

Hereinafter, in order to simplify description, symbols "Xa, Xb, ..., Xz" in
alphabetical order may be expressed as "Xa to Xz". For example, the "slave arms 200a,
200b,_ 200c, and 200d" may be expressed as the "slave arms 200a to 200d".

[0019]

The operating table 100 is a bed on which a patient P who is a target to be
observed and treated is placed. The plurality of slave arms 200a to 200d are installed in
the vicinity of the operating table 190. In addition,. the slave arms 200a to 200d may be
installed at the operating table 100.

The respective slave arms 200a to 200d are configured to .have a plurality of
multiple degrée-of-freedom joints, respectively, and surgical tools or the like mounted on
distal end sides (referred to as a side directed to a body cavity of the patient P) of the
slave arms 200a to 200d are positioned with respect to the patient P placed on the
operating table 100 by bending the respective multiple degree-of-freedom joints. The
respective multiple degree-of-freedom joints are individually driven by a power unit that
is not shown. As the power unit, for example, a motor (servo motor) having a servo

mechanism including an incremental encoder, a decelerator, or the like, can be used, and
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the operation control of the motor is performed by the slave control circuit 400.

[0020]

The slave arms 200a to 200d also have a plurality of power units for driving
mounted surgical tools 240a to 240d (not shown). Servo motors, for example, can also

5 be used as these power units, and the operation control thereof is performed by the slave
control circuit 400.

When the power units of the slave arms 200a to 200d are driven, the driving
amounts of the power units are detected by position detectors. Detection signals from
the pésition detectors are ihput to the slave control circuit 400, and the driving amounts

10 of the slave arms 200a to 200d are detected in the slave control circuit 400 By the
detection signals.

[0021]

Surgical power transmission adapters (hereinafter simply referred to as
"adapters") 220a, 220b, 220c, and 2204 are interposed between the slave arms 200a to

15 200d and the surgical tools 240a to 240d, and connect the slave arms 200a to 200d and
the surgical tools 240a to 240d, respectively. The adapters 220a to 220d have drive
mechanisms that drive the surgical tools 240a to 240d, respectively, and are configured |
so that power generated in the power unit of a corresponding slave arm is transmitted to a
corresponding surgical tool.

20 For example, linear motion mechanisms, turning mechanisms, or the like are
provided with the drive mechanisms of the adapters 220a to 220d according to the
configuration of the corresponding surgical tools.

[0022]

The surgical tools 240a to 240d may be rigid or may be flexible. That is, as the

25 surgical tools 240a to 240d, a surgical tool that operates an effector for performing a
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treatment on a living body by pushing and pulling of a rigid rod, and a surgical tool that
operates an effector for performing a treatment on a living body by pulling of flexible
wires can be appropriately selected and adopted. An example is shown in FIG. 1. The
surgical tools 240a to 240c are rigid and the surgical tool 240d is flexible. The flexible
surgical tool is introduced from a natural opening of a patient, such as a mouth, via an
alimentary canal or the like to the inside of the body.

[0023]

The slave control circuit 400 is configured to have, for example, a CPU, a
memery, or the like. The slave control circuit 400 stores a predetermined program for
performing the control of the slave arms 200a to 200d, and controls the operation of the
slave arms 200a to 200d or the surgical tools 240a to 240d according to control signals
from the input processing circuit 700. That is, the slave control circuit 400 specifies a
slave arm (or a surgical tool), which is an operation target of a master arm operated by an
operator Op, on the basis of a control signal from the input processing circuit 700, and
calculates a driving amount required in order to cause the specified slave arm or the like
to perform a movement corresponding to the operation amount of the master arm by the
operator Op.

Also, the slave control circuit 400 controls the operation of the slave arm or the
like that is the operation target of the master arm according to the calculated driving
amoﬁnt. In this case, the slave control circuit 400 inputs a driving signal to the
corresponding slave arm, and controls the magnitude and polarity of the driving signal
according to a detection signal input from a position detector of a power unit according to
the operation of the corresponding slave arm so that the driving amount of the slave arm
that is the operation target becomes a target driving amount.

[0024]



10

15

20

25

WO 2014/129362 PCT/JP2014/053233
12

The master arms 500a and 500D is configured by a plurality of link mechanisms.
Respective links that constitute the link mechanisms are provided with, for example,
position detectors, such as incremental encoders. By detecting the operation of the
respective links with the position detectors, the operation amounts of the master arms
500a and 500b are detected in the input processing circuit 700.

[0025]

The medical manipulator system of FIG. 1 operates the four slave arms using the
two master arms 500a and 500b. In the medical manipulator system, it is necessary to
appropriately switch the slave arms that are operation targets of the master arms. Such
switching is performed, for example, by the operation of the operating unit 600 by the
operator Op. Of course, if the operation targets have one-to-one correspondence by
causing the number of the master arms and the number of the slave arms to be the same
number, such switching is unnecessary.

[0026] |

The operating unit 600 has various operating members, such as switching

buttons for switching the slave arms that are the operation targets of the master arms
500a and 500D, a scaling changing switch that changes the operation ratio of the master
arms and the slave arms, and a foot switch for emergency-stopping of the system.
When a certain operating member that constitutes the operating unit 600 is operated by
the operator Op, an operation signal according to the operation of the corresponding
operating member is input from the operating unit 600 to the input processing circuit
700.

[0027]

The input processing circuit 700 analyzes operation signals from master arms

500a and 500b and operation signals from the operating unit 600, and generates control
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signals for controlling the medical manipulator system according to analysis results-of
the operation signals to input the control signals to the slave control circuit 400.

[0028]

The image processing circuit 800 performs various kinds of image processing
for displaying image signals input from the slave control circuit 400, to generate display
image data in the operator display 900a and the assistant display 900b. The operator
display 900a and the assistant display 900b include, for example, liquid crystal displays,
and display images on the basis of the image data generated in the image processing
circuit 800 according to image signals acquired via an observation instrument.

[0029]

In the medical‘manipulator system configured as described above, if the operator
Op operates the master arms 500a and 500b, the corresponding slave arms and the
surgical tools attached to the slave arms operate in correspondence with the movement of
the master arms 500a and 500b. Accordingly, a desired procedure can be performed on
the patient P. |

[0030]

Next, the medical manipulator of the present embodiment will be described.

FIG. 2 is a schematic plan view showing the configuration of the medical
manipulator of the first embodiment of the present invention. FIG. 3 is a schematic side
view on a distal end side of a surgical tool drive unit of the medical manipulator of the

first embodiment of the present invention. FIG. 4 is a cross-sectional view taken along

line B-B in FIG. 3. FIG. 5 is a cross-sectional view taken along line A-A in FIG. 3.

FIG. 6 is a cross-sectional view taken along line C-C in FIG. 3. FIG. 7 is a schematic
side view on a distal end side of an intermediate member of the medical manipulator of

the first embodiment of the present invention. FIGS. 8 and 9 are a cross-sectional view
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taken along line E-E and a cross-sectional view taken along line D-D in FIG. 7,
respectively. FIG 10isa schemaﬁc perspective view of the surgical tool unit of the
medical manipulator of the first embodiment of the present invention. FIG. 11 isa
schematic side view on a proximal end side of the surgical tool unit of the medical
manipulator of the first embodiment of the present invention. FIG. 12 is a
cross-sectional view taken along line H-H in FIG. 11. FIG. 13A is a cross-sectional
view taken along line F-F in FIG. 11.  FIG. 13B is a cross-sectional view taken along
line G-G in FIG. 11.  FIG. 14 is a cross-sectional view taken along line J-J in FIG. 2.
FIG. 15 is a schematic configuration view of main portions of the medical manipulator of
the first embodiment of the present invention.

[0031]

The medical manipulator 1 of the present embodiment shown in FIG. 2 is a
manipulator that éan be used instead of the slave arms with a surgical tool in the above
medical manipulator system.

[0032]

The fnedical manipulator 1 may include the same joint and arm structure as
proximal end sides of the above slave arms at a proximal end portion thereof and may be
configured to replace the above whole slave arms. However, an example of a
configuration in which a portion closer to a distal end side than a joint of the slave arm
200a is replaced with the medical manipulator will be described below as an example.

That is, the medical manipulator 1 described below can replace the overall
configuration of the above slave arms by being detachably provided at a distal end
portion of a joint arm supporting mechanism (not shown) that has the same joint and arm
structure as the proximal end side of the above slave arm.

[0033]
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In this way, the medical manipulator 1 can be mounted instead of the above
surgical tool 240a, adapter 220a, and slave arm 200a, in the above medical manipulator
system. Additionally, the medical manipulator of the present embodiment can also be
mounted instead of the flexible surgical tool 240d, the adapter 220d, and the slave arm
200d.

The medical manipulator 1, for example, includes a surgical tool drive unit 2
corresponding to the portion on the distal end side of the slave arm 200a, an intermediate
member 3 corresponding to the adapter 220a, and a surgical tool unit 4 corresponding to
the surgical tool 240a.

[0034]

In the following, when the relative positional relationship along the longitudinal
direction of the medical manipulator 1 is expressed, unless particularly mentioned,
similar to the above, a side directgd to the body cavity of the patient's P at the time of use
is referred to as a distal end side and the opposite side thereof is referred to as a proximal
end side.

The surgical tool drive unit 2 is provided on the proximal end side of the
medical manipulator 1, and has a substantially shaft-shaped outer shape that extends from
the proximal end side to the distal end side as a whole.

Additionally, the surgical tool drive unit 2 includes a proximal portion 2e, which
is detachably coupled to the proximal end side of the intermediate member 3, on the
distal end side thereof, and includes a housing 2a, which forms a columnar outer shape,
on the proximal end side thereof.

[0035]

Synthetic resin or metal, for example, can be used as the material of the

proximal portion 2e and the housing 2a.
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A coupling end surface 2d that abuts against a coupling end surface 3B on the
proximal end side of the intermediate member 3 to be described below is formed on the
distal end side of the proximal portion 2e. |

In the present embodiment, as shown in FIG. 3, the outer shape of the proximal
portion 2e is an octagonal prismatic shape that has an outer shape smaller than the outer
shape of the housing 2a at a position that is coaxial with a central axis O2 of the housing
2a. As shown in FIG. 4, a coupling protrusion 28 for coupling with the intermediate
member 3 is p_rovided at a central portion of the coupling end surface 2d so as to protrude
toward the distal end side.

[0036]

In the following, for the purpose of simplicity, a direction along a central axis
(defined by the central axis O2 of the housing in the present embodiment) of the surgical
tool drive unit 2 may referred to as an axial direction, a direction intersecting the central
axis within a plane orthogonal to the central axis may be referred to as a radial direction,
and a circumferential direction of a circle centered on the central axis in the plane
orthogonal to the central axis may be referred to as a circumferential direction.
Additionally, when far and near relative positions in the radial direction with respect to
the central axis are expressed, terms, such as an outer peripheral side or a radial outer
side and an inner peripheral side or a radial inner side, may be used.

Additionally, when there is no concern of misunderstanding, the same terms may
be also used regarding other shaft-shaped members in which the central axis is clear (also
including substantially shaft-shaped members).

[0037]

The coupling protrusion 28 includes an octagonal prismatic engaging projection

portion 2f that extends along the axial direction from the coupling end surface 2d to the
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distal end side, and an engaging portion 20 that is provided on the distal end side of the
engaging projection portion 2f.

The engaging portion 20 includes engaging arm portions 20A and 20B that are
rotatably fixed by a rotation fulcrum 20a and are provided to face each other, and a coil
spring 20d.

Both of the engaging arm portions 20A and 20B extend to the distal end side of
the engaging projection portion 2f along an extending direction of the engaging
projection portion 2f, and are inserted between a pair of stoppers 2h provided at the distal
end of the engaging projection portion 2f.

[0038]

The coil spring 20d is an elastic member that is arranged between distal end
portions of the engaging arm portions 20A and 20B and biases the engaging arm portions
20A and 20B to the outsides in respective facing directions. For this reason, the
engaging arm portions 20A and 20B are biased toward the outsides of lateral surfaces of
the engaging projection portion 2f around the respective rotation fulcrums 20a by the coil
spring 20d, and are pressed against the insides of the stoppers 2h.

[0039]

The shapes of the distal end portions of the engaging' arm portions 20A and 20B
are formed as flat portions that are aligned with the lateral surfaces of the engaging
projection portion 2f in a state where the engaging arm portions are pressed against the
stoppers 2h.  Engaging claw portions 20b that are step portions that protrude toward the
outsides of the lateral surfaces of the engaging projection portion 2f are formed at the
distal ends of the flat portions.

The position of each engaging claw portion 20b in the axial direction is set to a

position that has a distance L1 from the coupling end surface 2d in a state where the
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engaging arm portions 20A and 20B are pressed against the stoppers 2h.

An inclination portion 20c that inclines in a direction directed to the central axis
02 extends within a range of distance L2 on the distal end side from a top portion of the
engaging claw portion 20b in a protruding direction. The width between the distal ends
of the respective inclination portions 20c is smaller than the width of the engaging
projection portion 2f.

[0040]

Additiona_lly, as shown in FIG. 3, a second input member housing portion 2¢ that
hoﬁses a second input membér 13 to be described below therein is provided on the outer
pefipheral side of the proximal portion 2e so as to protrude to the radial outer side. In
the present embodiment, a total of four second input member housing portions 2c are
provided on alternate lateral surfaces of the octagonal prismatic proximal portion 2e.

The outer shape of each second input member housing portion 2c¢ in the radial
direction is aligned with the cylindrical outer shape of the housing 2a.

[0041]

A reciprocation drive unit 10 is provided for every second input member
housing portion 2c inside the proximal portion 2e and each second input member housing’
portion 2¢c.  Although the configurations of the respective reciprocation drive units 10
are the same in the present embodiment, when the reciprocaﬁon drive units are each
distinguished from each other, the respective drive units may be referred to as
reciprocation drive units 10A, 10B, 10C, and 10D in the clockwise direction shown in
FIG. 3. |

The reciprocation drive unit 10, as shown in FIG. 3, includes a first input
member 11 (one of a pair of input members), a linear motion converter 15 (drive source),

a motor 16 (drive source), a second input member 13 (the other of a pair of the input
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members), é,nd biasing member 13b (drive-unit-side biasing member).

[0042]

The first input member 11 is a rod-shaped member that advances and retracts in
a dfrection along the central axis O2 toward the intermediate member 3 coupled in the
coupling end surface 2d, and transmits a driving force at the time of advance. In the
present embodiment, the first input member 11 is bar-shaped as a whole, and has a
cross-sectional shape of width W1 x thickness H1.

- As the material of the first input member 11, a material including proper rigidity
in ofdef to transmit a driving force is preferable; for example, metal can be used.

[0043]

The portion of the first input member 11 on the distal end side is housed in a
guide groove 2k that slidably holds the first input member 11.

The guide groove 2k is a groove portion that extends to penetrate in the axial
direction parallel to the central axis O2 in the portion of the proximal portion 2e located
further toward the outer peripheral side thah the engaging projection portion 2f.

Additionally, the portion of the ﬁfst input member 11 on the proximal end side
extends to the inside of the housing 2a, and is supported by a plurality of sliding bearings
17 arranged inside the housing 2a so as to be capable of advancing and retracting.

[0044]

The linear motion converter 15 and the motor 16 constitute the drive source that
advances and retracts the first input member 11 in the direction along the central axis 02,
and are fixed within the housing 2a.

The linear motion converter 15 is provided between the end portion of the first
input member 11 nearest to the proximal end side, and a rotating shaft 16a of the motor

16, and converts the rotary motion of the motor 16 into a linear motion in the direction
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Although the configuration of the linear motion converter 15 is not particularly
limited if a rotary motion can be converted into a linear motion, a feed-screw mechanism
is adopted as an example in the present embodiment.

The motor 16 is electrically connected to the slave control circuit 400, and
changes the rotational direction and rotational angle of the rotating shaft 16a according to
a control signal from the slave control circuit 400. As the motor 16, for example, a DC
motor or the like can be adopted.

[0045]

The second input member 13 is a rod-shaped member that advances and retracts
in the direction along the central axis O2 toward the intermediate member 3 coupled in
the coupling end surface 2d, and transmits a driving force at the tifne of advance. Inthe
present embodiment, the second input member 13 is substantially bar-shaped as a whole,
and has a cross-sectional shape of width W1 x thickness H2.

As the material of the second input member 13, a material including proper
rigidity in order to transmit a driving force is preferable; for example, metal can be used.

A slip-out preventing pin 14 that regulates the advancing and retracting amounts
of the second input member 13 is provided so as to protrude from a lateral surface of the
second input member 13.

[0046]

The second input member 13 having such a conﬁguration is housed in a guide
groove 2j that slidably holds the second input member 13.

The biasing member 13b that biases the seéond input member 13 to the distal
end side is provided on the proximal end side of the second input member 13. | In the

present embodiment, the biasing member 13b is a compression coil spring that couples a
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proximal end of the second input member 13 and the second input member housiﬁg.
portion 2c together and that expands and contracts in advance and retract directions of |
the second input member 13.

The guide groove 2j is a groove portion that extends to penetrate in the direction
along the central axis O2 inside the second input member housing portion 2c, and has a
groove bottom surface that slides on the lateral surface of the second input member 13.

In the groove bottom surface of the guide groove 2j, a long-hole-shaped stopper
groove 2b penetrates along fhe longitudinal direction of the guide groove. The slip-out
preventing pin 14 of the second input member 13 is inserted through the inside of the
stopper groove 2b.

For this reason, a range where the second input member 13 can advance and
retract is regulated by the opening amount of the stopper groove 2b in the longitudinal
direction. |

A protrusion 2m that protrudes toward the second input member 13 is provided
on a groove lateral surface of the guide groove 2j except for the distal end side of the
guide groove 2;. A range where the protrusion 2m is not provided is a range where a
second intermediate transmission member 25 to be described below can advance from
the coupling end surface 2d.

[0047]

Meanwhile, the lateral surface of the second input member 13 is provided with a
step portion 13c that engages the protrusion 2m, and thereby, the lateral surface of the
second input member 13 is configured so as to be capable of coming into close contact
with and sliding on the groove bottom surface of the guide groove 2j when the second
input member 13 advances and retracts.

The guide grooves 2k and 2j may include two separate rectangular guide holes
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adapted to the outer shapes of the first input member 11 and the second input member 13,
respectively. In the present embodiment, however, the guide grooves are constituted by
rectangular holes that communicate with each other in the radial direction and are long in
the radial direction as a whole. That is, the guide groove 2k is formed at the end portion
of the rectangular hole on the radial inner side, and the guide groove 2j is formed at the
end portion of the rectangular hole on the radial outer side.

For this reason, rod-shaped members having a larger cross-sectional area than
the first input member 11 and the second input member 13 can be inserted into the guide
grooves 2k and 2j if the rod-shaped members have a width that is equal to or less than the
width W1 of the guide grooves in the circumferential direction.

[0048]

In the present embodiment, two sets of reciprocation drive units 10 having such
a configuration, as shown in FIG. 3, are provided so as to face each other, respectively, in
biaxial directions orthogonal to the central axis O2. Additionally, even in any
reciprocation drive unit 10, the first input member 11 is arranged on the center side of the
coupling end surface 2d compared to the second input member 13. Additionally, when
a direction in which the first inpiit member 11 and the second input member 13 are
coupled together in the coupling end surface 2d is defined as an arrangement direction of
the reciprocation drive unit 10, the respective reciprocation drive units 10 are radially
arranged around the central axis O2.

[0049]

The intermediate member 3 is a member that detachably couples the surgical
tool drive unit 2 and the surgical tool unit 4 together and that transmits a driving force
from the surgical tool drive unit 2 to the surgical tool unit 4 side.

The schematic configuration of the intermediate member 3, as shown in FIG. 7,
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includes an intermediate member body 3a, a first intermediate transmission member 26,
and a second intermediate transmission member 25.

The intermediate member body 3a includes, at both ends thereof, a coupling end
surface 3B (drive-unit-side end portion) that comes into close contact with and abufs
against the coupling end surface 2d of the surgical tool drive unit 2, and a coupling end
surface 3A (surgical-tool-unit-side end portion) that is arranged parallel to the coupling
end surface 3B and comes into close contact with and abuts against a coupling end
surface 4d (to be described below) of the surgical tool unit 4.

The schematic shape of the interfnediate member body 3aina side view has a
shape such that a circle aligned at the housing 2a is cut out by two parallel lines. This
shape is a substantially shaft-shaped member that extends along a central axis O3 that is a
straight line that passes through the centerline of the circle aligned at the housing 2a.

For this reason, the intermediate member body 3a includes curved lateral surfaces 3C that
are curved in a circular-arc shape, and a planar lateral surfaces 3D and 3E including
planes.

[0050]

The engaging projection portion 2f of the surgical tool drive unit 2 is inserted
into a central portion of the coupling end surface 3B, and an engaging hole 3¢ that fixes
the position of the surgical tool drive unit 2 in the radial direction with respect to the
intermediate member 3, as shown in FIG. 8, extends along the central axis O3.

Alocking surface 3g that extends toward the outside of the engaging hole 3¢ is
provided at a position with a distance L1 from the coupling end surface 3B inside the
engaging hole 3c. A hole back surface 3h of the engaging hole 3¢ is located on the
distal end side by a distance L3 from the locking surface 3g. The distance L3 is a

dimension larger than the length L2 on the distal end side of the engaging claw portion
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20b of the engaging portion 20.

[0051]

By virtue of such a configuration, if the coupling protrusion 28 is inserted into
the engaging hole 3¢ from the proximal end side, a force, which narrows the facing
interval between the engaging arm portions 2OA.and 20B, acts via the respective
inclination portions 20c of the engaging arm portions 20A and 20B from‘ the engaging
hole 3c, and the coil spring 20d is compressed and inserted into the engaging hole 3¢ as
being pushed into the engaging hole 3c.

When the engaging portiéﬁ 20 is pushed in further toward the distal end side
than the locking surface 3g, each engaging claw portion 20b biased by the coil spring 20d
protrudes to the radial outer side and is locked to the locking surface 3g. Accordingly,
the surgical tool drive unit 2 is configured so as to be capable of being connected to the
intermediate member 3 (refer to fIG. 14).

[0052]

As shown in FIG. 8, a coupling protrusion 27 for coupling with the surgical tool
unit 4 is provided at the central portion of the coupling end surface 3A so as to protrude
toward the distal end side.

The coupling protrusion 27 includes an engaging projection portion 3f that has
an octagonal prismatic shape which extends along the axial direction from the coupling
end surface 3A to the distal end side and that has the same pair of stoppers 2h as those of
the engaging projection portion 2f provided on the distal end side thereof, and the same
engaging portion 20 as the above on the distal end side of the engaging projection portion
3f.

The outer shape and size of the engaging projection portion 3f may be the same

as those of the engaging projection portion 2f. In the present embodiment, hoWever,
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there is a difference in that a distance L4 from the coupling end surface 3A to the
engaging claw portion 20b is shorter than the distance L1 from the coupling end surface
2d in the coupling protrusion 28 to the engaging claw portion 20b.

[0053]

The facing direction of the engaging projection portion 3f that faces the
engaging arm portions 20A and 20B of the engaging portion 20 is a direction that passes
through the central axis O3 and is orthogonal to the planar lateral surfaces 3D and 3E.

The planar lateral surfaces 3D and 3E are respectively provided with release
buttons 21 that advance and retract in the radial direction between thé locking surface 3g
and the hole back surface 3h.

The release button 21 is a member in which an operating portion 21a that
performs the operation of releasing the coupling with the surgical tool drive unit 2 is
provided at one end por_tion (a first end portion) of a shaft portion 21b. The other end
portion (a second end portion) of the shaft portion 21b is inserted toward the center of the
intermediate member body 3a, and the operating portion 21a is arranged so as to protrude
toward the outside of the planar lateral surface 3D (3E).

[0054]

The shaft portion 21b is inserted through the inside of a holder member 22
inserted into the inside of the intermediate .member body 3a, and is biased to the radial
outer side of the intermediate member body 3a by a coil spﬁng 23 arranged inside the
holder member 22.

The length of the shaft portion 21D is set to such a length that the other end
portion of the shaft portion 21b withdraws from an inner peripheral surface of the
engaging hole 3c to the radial outer side when an external force does not act on the

operating portion 21a, and protrudes from the inner peripheral surface of the engaging
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hole 3¢ when the operating portion 21a is pressed and pushed into the inner side of the
intermediate member body 3a.

As shown in FIG. 7, four guide holes 3e (first guide portions) and four guide
holes 3d (second guide portion) are provided to penetrate in a direction along the central
axis O3, between the coupling end surfaces 3A and 3B. The guide holes 3e and 3d are
radially arranged around the central axis O3. In the present embodiment, one set is
provided along each of two axes that pass through the central axis O3 and are orthogonal
to each other.

[0055]

The guide hole 3e is a through hole formed at a position that faces the distal end
surface and guide groove 2k of the ﬁfst input member 11 of the surgical tool drive unit 2
when the surgical tool drive unit 2 is coupled. In the present embodiment, this guide
hole is an angled hole including a rectangular cross-section of width W1 x thickness hl.
Here, the width is a dimension in the circumferential direction, and the thickness is a
dimension in the radial direction. The thickness hl is set to a dimension that is equal to
or greater than the width H1 of the first input member 11.

A bar-shaped first intermediate transmission member 26 having a rectangular
cross-section of the same shape as the guide hole 3e is slidably inserted into the guide
hole 3é.

[0056]

The guide hole 3d is a through hole formed at a position that faces a distal end
surface of the second input member 13 of the surgical tool drive unit 2 when the surgical
tool drive unit 2 is coupled, and is an angled hole including a rectangular cross-section of
width W1 x thickness h2 in the present embodiment. Here, the width is a dimension in

the circumferential direction, and the thickness is a dimension in the radial direction.
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The thickness h2 is set to a dimension that is equal to or greater than the width H2 of the
second input member 13.

The bar-shaped second intermediate transmission member 25 having a
rectangular cro-ss-section of the same shape as the guide hole 3d is slidably inserted into
the guide hole 3d.

As shown in FIG. 9, a stopper groove 3b that is a long-hole shape and penetrates
the guide hole 3d is provided at a central portioﬁ of each guide hole 3d in the longitudinal
direction between each guide hole 3d and the curved lateral surface 3C. A slip-out
preventing pin 24 protruding from one lateral surface of the second intermediate
transmission member 25 is inserted through the inside of the stopper groove 3b. |

For this reason, the range where the second intermediate transmission member
25 can advance and retract is regulated by the opening amount of the stopper groove 3b
in the longitudinal direction.

[0057]

Additionally, the lengths of the first intermediate transmission member 26 and
the second intermediate transmission member 25, as shown in FIG. 9, are equal to the
distance between the coupling end surface 3A and the coupling end surface 3B.

Metal or synthetic resin having proper rigidity capable of fransmitting a driving
force can be used as both of the materials of the first intermediate transmission member
26 and the second intermediate transmission member 25.

[0058]

The surgical tool unit 4 has an effector that operates an operation target, operates
the operation target by a driving force transmitted via the intermediate member 3 from
the surgical tool drive unit 2 to drive the effector, and is detachably provided with respect

to the coupling end surface 3A of the intermediate member 3.
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As the effector of the surgical tool unit 4, a proper effector can be adopted if the
effector is capable of being operated by driving forces along one axial direction, which
are transmitted by the first intermediate transmission member 26 and the second
intermediate transmission member 25 that advance and retract with respect to the surgical
tool unit 4.

[0059]

In the following, a case where the surgical tool unit 4 is grip forceps and the
effector has a forceps portion and‘a joint will be described as an example.

The schematic configuration of the surgical tool unit 4, as shown in FIG. 2, is a
substantially shaft-shaped body as a whole, and includes a surgical tool body 4A and a
driving force transmission section 4B from the distal end side along a central axis O4.

The surgical tool body 4A, as shown in FIG. 10, includes a forceps portion 30
(effector), a joint 31 (effector), and a shaft portion 32 from the distal end side.

[0060]

The forceps portion 30 includes forceps pieces 30a and 30b that rotate around a
rotating shaft 30c fixed to a cover member 30d. End portions (not shown) of wires are
coupled to proximal end sides of the forceps pieces 30a and 30b, and other end portions
of the wires are inserted into the insides of distal end shaft portions 41b, which are
respective distal end portions of the first transmission members 41D and 41B, the shaft
portion 32, and the joint 31 and are coupled together.

[0061]

Since the forceps pieces 30a and 30b are coupled to the first transmission
members 41D and 41B, respectively, by the wires (not shown), the forceps piece 30a is
opened if the first transmission member 41D retracts to the proximal end side, and the

forceps piece 30b is opened if the first transmission member 41B is retracted to the
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proximal end side. In contrast, the forceps piece 30a is closed if the first transmission
member 41D is advanced to the distal end side, the forceps piece 300 is closed if the first
transmission member 41B is advanced to the distal end side, and the forceps piece 30a
and the forceps piece 30b are brought into contact with each other such that the forceps
are closed.

[0062]

Additionally, if the first transmission member 41D is retracted to the proximal
end side and the first transmission member 41B is advanced to the distal end side, the
forceps pieces 30a and 30b are rotated in a direction of arrow Y2 shown in the drawing.
In contrast, if the first transmission member 41D is advanced to the distal end side and
the first transmission member 41B is retracted to the proximal end side, the forceps
pieces 30a and 30b are rotated in a direction of arrow Y1 shown in the drawing.

The joint 31 rotates the forceps portion 30 in a direction orthogonal to the axial
direction of the shaft portion 32. A driven shaft 31c provided at a proximal end portion
of the forceps portion 30 and a rotation supporting shaft 31b provided at a distal end
portion of the shaft portion 32 are coupled together by a rotating arm 31d.

[0063]

The end portion of a driving link 31a on the distal end side is coupled to the
ciriven shaft 31c. Additionally, the distal end portion of the first transmission member
41A that is inserted through the inside of the shaft portion 32 is rotatably coupled to the
end portion of the driving link 31a on the proximal end side. Additionally, the driving
link 31a is also rotatably coupled to the rotation supporting shaft 31b.

For this reason, the driving link 31a rotates the driven shaft 31c around the
rotation supporting shaft 31b by the advance and retract of the first transmission member

41A, and the forceps portion 30 is rotated in a direction of arrow X shown in the drawing
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in conjunction with the driven shaft 31c.

[0064]

The first traﬁsmission member 41C is coupled to the cover member 30d in order
to maintain the orientation of the forceps portion 30 by a link (not shown).

| The shaft portion 32 is a member that has a columnar outer shape centered on
the central axis O4 and that allow the respective distal end shaft portions 41b of the first
transmission members 41A, 41B, 41C, and 41D to be described below to be inserted into
the inside thereof. A proximal end side of the shaft portion 32 is connected to the
driving force transmission section 4B.

The respective distal end shaft portions 41b are arranged at positions where the
circumference centered on the central axis O4 of the shaft portion 32 is equally divided
into four, and are held by the guide holes 4j (refer to Fig. 13A) or the like so as to be
capable of advancing and retracting within the shaft portion 32.

[0065]

The driving force transmission section 4B, as shown in FIG. 2, includes a
proximal portion 4a, which is detachably coupled to the distal end side of the
intermediate member 3, on the proximal end side thereof.

The coubling end surface 4d that abuts against the coupling end suiface 3A of
the intermediate member 3 is formed on the proximal end side of the proximal portion
4a.

In the present embodiment, as shown in FIG. 11, the outer shape of the proximal
portion 4a is an octagonal prismatic shape that has an outer shape larger than the outer
shape of the shaft portion 32 at a position that is coaxial with the central axis O4. As
shown in FIG. 12, an engaging hole 4e for éoupling with the coupling protrusion 27 of

the intermediate member 3 is provided at a central portion of the coupling end surface 4d
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so as to extend toward the distal end side.

[0066]

Additionally, a second transmission member housing portion 4c that houses a
second transmission member 43 to be described below therein is provided on the outer
peripheral side of the proximal portion 4a so as to protrude to the radial outer side. In
the present embodiment, a total of four second transmission member housing portions 4c
are provided on alternate lateral surfaces of the octagonal prismatic proximal portion 4a.

The outer shape of each second transmission member housing portion 4c in the
radial direction is aligned with the cylindrical outer shape of the curved lateral surface 3C
of the intermediate member 3 at the time of coupling.

[0067]

A locking surface 4g that extends toward the outside of the engaging hole 4e is
provided at a position with a distance L4 from the coupling end surface 4d inside the
engaging hole 4e. A hole back surface 4h of the engaging hole 4e is located on the
distal end side by a distance LS from the locking surface 4g. The distance L5 is a
dimension larger than the length L2 on the distal end side of the engaging claw portion
20b of the engaging portion 20.

By virtue of such a configuration, if the coupling protrusiqn 27 of the
intermediate member 3 is inserted into the engaging hole 4e from the proximal end side,
a force, which narrows the facing interval between the engaging arm portions 20A and
20B, acts via the respective inclination portions 20c of the engaging arm portions 20A
and 20B from the engaging hole 4e. The coil spring 20d is compressed and the
coupling protrusion 27 is inserted into the engaging hole 4e as the coupling protrusion 27
is pushed into the engaging hole 3c.

[0068]
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When the engaging portion 20 is pushed in further toward the distal end side
than the locking surface 4g, each engaging claw portion 20b biased by the coil spring 20d
protrudes to the radial outer side and is locked to the locking surface 4g. Accordingly,
the intermediate member 3 is able to be coupled to the driving force transmission section
4B of the surgical tool unit 4 (refer to FIG. 14).

A pair of lateral surfaces that face each other across the central axis O4 of the
proxirrial portion 4a are respectively provided with the release buttons 21 that advance
and retract" in the radial direction between the locking surface 4g and the hole back
surface 4h

In the present embodiment, the release buttons 21 have the same configuration
as the release buttons provided at the intermediate member 3.

For this reason, the length of the shaft portion 21b is set to such a length that the
other end portion of the shaft portion 21b withdraws from an inner peripheral surface of
the engaging hole 4e to the radial outer side when an external force does not act on the
operating portion 21a, and protrudes from the inner peripheral surface of the engaging
hole 4e when the operating portion 21a is pressed and pushed into the inner side of the
proximal portion 4a.

[0069]

As shown in FIG. 11, a reciprocation drive unit 40 is provided for each second
transmission member housing portion 4c inside the proximal portion 4a and each second
transmission member housing portion 4c.  Although the configurations of the respective
reciprocation drive units 40 are the same in the present embodiment, when the
reciprocation drive units are distinguished from each other, respectively, the respective
drive units may be referred to as reciprocation drive units 40A, 40B, 40C, and 40D in the

counterclockwise direction shown in FIG, 11.
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[0070]

The reciprocation drive unit 40, as shown in FIG. 13A, includes a first
transmission member 41, a second transmission member 43, and a pinion 42.

The first transmission member 41 is a rod-shaped member that moves in the
direction along the central axis O4 under a driving force from the first intermediate
transmission member 26 at the time of the advance of the first intermediate transmission
member 26 of the intermediate member 3 coupled in the coupling end surface 4d and
transmits the driving force to the forceps portion 30 or joint 31 that is coupled to the
distal ehd side.

For this reason, each first transmission member 41 is arranged at a position that
faces each first intermediate transmission member 26 at the time of the coupling of the
intermediate member 3, and is able to advance and retract between the coupling end
surface 4d and the coupling end surface 3A in a state where each first transmission
members abuts against each facing first intermediate transmission member 26.

In the present embodiment, the first transmission member 41 is bar-shaped as a
whole, and has a cross-sectional shape of width W1 x thickness H3. However, a rack
portion 41a is formed on one lateral surface of the first transmission member 41 on the
proximal end side. Additionally, the thickness H3 is set to be equal to or less than the
thickness h1 of the first intermediate transmission member 26.

[0071]

As the material of the first transmission member 41, a material including proper
rigidity in order to transmit a driving force is preferable; for example, metal can be used.

A bar-shaped distal end shaft portion 41b having a rectangular cross-section that
does not have the rack portion 41a is formed on the distal end side of the first

transmission member 41. The distal end shaft portion 41b is inserted through the guide
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hole 4j of the shaft portioﬁ 32 so as to be capable of advancing and retracting.
Additionally, the portion of the first transmission member 41 on the proximal
end side where the rack portion 41a is formed and is housed in the guide groove 4i
having the width W1 that slidably holds the first transmission member 41, in a state
where the rack portion 41a is directed to the radial outer side.
[0072]

If the reciprocation drive units 40A, 40B, 40C, and 40D are referred to,

. respectively, in correspondence with the first transmission members 41A, 41B, 41C, and

41D, in the present embodiment, the first transmission members 41B and 41D transmit

driving forces to the forceps portion 30, and the first transmission members 41A and 41C
transmit driving forces to the joint 31.

The second transmission member 43 is a rod-shaped member that moves in the
same direction as the second intermediate transmission member 25 along the centrai axis
02 under a driving force from the second intermediate transmission member 25 at the
time of the advance of the second intermediate transmission member 25 of the
intermediate member 3 coupled in the coupling end surface 4d. In the present
embodiment, the second transmission member is substantially bar-shaped as a whole, and
has a cross-sectional shape of width W1 x thickness H4. However, one lateral surface
of the second transmission member 43 is formed with a rack portion 43a having the same
shape as the rack portion 41a of the first transmission member 41. Additionally, the
thickness H4 is set to be equal to or less than the thickness h2 of the second intermediate
transmission member 25.

[0073]

As a material of the second transmission member 43, the material including

proper rigidity in order to transmit a driving force is preferable; for example, metal can
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be used.

An operating member 44, which regulates the advancing and retracting amounts
of the second transmission member 43 and manually operates the position of the second
transmission member 43 from the outside, is provided so as to protrude from the lateral
surface of the second transmission member 43 on the back surface side of the rack
portion 43a.

The second transmission member 43 having such a configuration is housed in
the guide groove 4k that slidably holds the second transmission member 43, in a state
where the rack portion 43a is directed to the radial inner side.

[0074]

The guide groove 4k is a groove portion that extends to penetrate in the direction
along the central axis O4 inside the second transmission member housing portion 4c, and
has a groove bottom surface that slides on the lateral surface of the second transmission
member 43 opposite the rack portion 43a, and a gfoove lateral surface that guides a
lateral surface of the second transmission member 43 adjacent to the rack portion 43a.

10075]

In the groove bottom surface of the guide groove 4k, a long-hole-shaped stopper
groove 4b penetrates along the longitudinal direction of the guide groove. The
operating member 44 of the second transmission member 43 is inserted through the
inside of the stoppér groove 4b.

For this reason, a range where the second transmission member 43 can advance

and retract is regulated by the opening amount of the stopper groove 4b in the

longitudinal direction.

A protrusion 4n that protrudes toward the second transmission member 43 is

provided on a groove lateral surface of the guide groove 4k except for the proximal end
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side of the guide groove 4k. A range where the protrusion 4n is not provided is a range
where the second intermediate transmission member 25 can advance from the coupling
end surface 4d.

[0076]

Meanwhile, the lateral surface of the second transmission member 43 is
provided with a step portion 43c that engages the protrusion 4n, and thereby, the lateral
surface of the second transmission member 43 opposite the rack portion 43a is able to
come into close contact with and slide on the groove bottom surface of the guide groove
4k when the second transmission member 43 advances and retracts.

The guide grooves 4i and 4k may include two separate rectangular guide holes
adapted to the outer shapes of the first transmission member 41 and the second
transmission member 43, respectively. In the present embodiment, however, the guide
grooves are constituted by rectangular cross-sectional grooves that communicate with
each other in the radial direction, open to the engaging hole 4e, and are long in the radial
direction. That is, the guide groove 4k is formed at the groove bottom portion of the
rectangular groove on the radial inner side, and the guide groove 4 i is formed at the
opening portion of the groove on the radial outer side.

| For this reason, rod-shaped members having a larger cross-sectional area than
the first transmission member 41 and the second transmission member 43 can be inserted
into the guide grooves 4 1 and 4k if the rod-shaped members have a width that is equal to
or less than the width W1 of the guide grooves in the circumferential direction.

[0077]

The pinion 42 is a gear that engages the rack portion 41a of the first transmission
member 41 and the rack portion 43a of the second transmission member 43.

A rotating shaft 42a of a pinion 42 is rotatably supported at a substantially
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constant position from the coupling end surface 4d, in a state where the rotating shaft is
biased to the proximal end side of the surgical tool unit 4.

In the present embodiment, as shown in FIG. 13B, a guide hole 4m that extends
in the direction along the central axis O4 (not shown in FIG. 13B, and refer to FIG. 13A)
is provided in the éecond transmission member housing portion 4¢ and the proximal
portion 4a that cover the pinion 42 from the side, and the rotating shaft 42a is rotatably
supported by a sliding block 42b that is slidably held within the guidé hole 4m.

[0078]

The sliding block 42b is biased toward the proximal end side by the coil spring
18 (surgical-tool-unit-side biasing member) that is arranged on the distal end side (left
side shown in FIG. 13B) Witﬁin the guide hole 4m.

For this reason, since the pinion 42 is biased to the proximal end side even if
there is backlash between the rack portions 41a and 43a, the pinion engages the rack
portions 41a and 43a without rattling.

[0079]

Additionally, the coil spring 18 within the guide hole 4m also biases the whole
first transmission member 41 and the whole second transmission member 43 to the
proximal end side.

In the present embodiment, two sets of reciprocation drive units 40 having such
a configuration, as shown in FIG. 11, are provided so as to face each other, in biaxial‘
directions orthogonal to the central axis O4. Additionally, even in any reciprocation
drive unit 40, the first intermediate transmission member 26 is arranged on the center
side of the coupling end surface 4d compared to the second intermediate transmission
member 25. Additionally, when a direction in which the first intermediate transmission

member 26 and the second intermediate transmission member 25 are coupled together in
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the coupling end surface 4d is defined as an arrangement direction of the reciprocation
drive unit 40, the respective reciprocation drive units 40 are radially arranged around the
central axis O4 of the surgical tool unit 4.

(0080]

Additionally, as shown in FIG. 14, the coupling protrusion 28 of the surgical tool
drive unit 2 is inserted into the engaging hole 3¢ of the intermediate member 3, the
coupling protrusion 27 of the intermediate member 3 is inserted into the engaging hole 4e
of the surgical tool unit 4, and the coupling end surfaces 2d and 3B and the coupling end
surfaces 3A and 4d are pushed in so as to respecﬁvely abut against each other.
Accordingly, the respective engaging portions 20 are locked to the locking surfaces 3g
and 4g. In this way, in the present embodiment, coupling is completed by the surgical
tool drive unit 2, the intermediate member 3, and the surgical tool unit 4 being arranged
coaxially with the respective central axes 02, 03, and O4 and being inserted in the
directions along the respective central axes.

Accordingly, as shown in FIG. 2, the surgical tool unit 4, the intermediate
member 3 and the surgical tool drive unit 2 are coupled together, and thus, the medical
manipulator 1 is assembled.

[0081]

At this time, the surgical tool unit 4, the intermediate member 3, and the surgical
tool drive unit 2 are positioned around the central axes 04, O3, and O2 by the coupling
protrusions 27 and 28, and the arrangement positions of the reciprocation drive units 40,
the guide holes 3d and 3e, and the reciprocation drive units 10 that are radially arrénged
are aligned with each other.

For this reason, the positions of the groove bottom surfaces of the guide grooves

4k, the guide holes 3d, and the guide grooves 2j on the radial outer side and the positions
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of the respective groove lateral surfaces in the cifcumferential direction are aligned with
each other.  Additionally, the positions of the groove bottom surfaces of the gnide
grooves 4i, the guide holes 3e, and the guide grooves 2k on the radial inner side are
aligned with each other. Additionally, the positions of the respective groove lateral
surfaces of the guide grooves 4i, the guide holes 3e, and the guide grooves 2k in the
circumferential direction are aligned with each other.

[0082]

Additionally, the respective reciprocation drive units 10 and 40 face each cher
via the second inténﬁediate transmission membgr 25 and the first intermediate
transmission member 26 of the intermediate member 3. Additionally, the pinion 42 is
biased to the proximal end side by the coil spring 18 that biases the rotating shaft 42a.

For this reason,‘as shown in FIG. 15, a distal end bortion of the first input
member 11 and a proximal end portion of the first transmission member 41 abut against a
proximal end portion and a distal end portion of the first intermediate transmission
member 26, respectively.

Additionally, a distal end portion of the second input member 13 and a proximal
end portion of the second transmission member 43 abut against a proximal end portion
and a distal end portion of the second intermediate transmission member 25, respectively.

[0083]

The operation when the medical manipulator 1 configured as described above is
used will be described taking a case where the medical manipulator is, for example,
attached to one of the above-described slave arms 200a to 200d, the slave arm 200a as an
example.

FIGS. 16A, 16B, and 16C are schematic operation explanatory views of main

portions of the medical manipulator of the first embodiment of the present invention.
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First, in the above-described medical manipulator system, the operator Op
mounts the medical ‘manipulator 1 assembled as described above instead of the surgical
tool 240a, the adapter 220a, and the slave arm 200a, and electrically connects the surgical
tool drive unit 2 to the slave control circuit 400. Additionally, the surgical tools 240b to
240d that are the other surgical tools are connected to the adapters 220b to 220d if
necessary.

[0084]

If the operator Op performs a predetermined operation on a corresponding
master arm, the power unit of a relevant slave arm is driven via the slave control circuit
400a. Thé power generated in the relevant power unit is converted into a linear motion
or a rotary motion via an adapter.

For example, if the operation using the medical manipulator 1 is input, each
motor 16 of the surgical tool drive unit 2 is rotated according to an operation amount.

The rotary motion of each motor 16 is converted into a corresponding linear
motion by each linear motion converter 15, thereby advancing and retracting the
proximal end shaft pdrtion 11b (refer to FIG. 15) of the first input member 11 connected
to each linear motion converter 15 in the direction along the central axis O2.

[0085] |

When the motor 16 is stopped, as shown in FIG. 16A, the first input member 11
and the first intermediate transmission member 26 face each other and the second input
member 13 and the second intermediate transmission member 25 face each other, in the
coupling end surfaces 2d and 3B, and the first intermediate transmission member 26 and
the first transmission member 41 face each other and the second intermediate
transmission member 25 and the second transmission member 43 face each other, in the

coupling end surfaces 3A and 4d.
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‘The distal end portion of the ﬁrstfransmission member 41 coupled to a link of
an effector or the like is located at an initial position S.

[0086]

Additionally, although not particularly shown in the view 16A, the guide

grooves 4k, the guide holes 3d, and the guide grooves 2j; and the guide grooves 41, the

4 guide holes 3e and the guide grooves 2k are all aligned with each other as described

above. For this reason, in the coupling end surfaces 2d and 3B, the first input member
11 and the first intermediate transmission member 26, and the second input member 13
and the second intermediate transmissioﬁ member 25 are able to advance toward and
retract from each other in the axial direction. Additionally, in the coupling end surfaces
3A and 4d, the intermediate tfansmission member 26 and the first transmission member
41, and the second intermediate transmission member 25 and the second transmission
member 43 are able to advance toward and retract from each other in the axial direction.

[0087]

First, as shown in FIG. 16B, when the first input member 11 has advanced to the
distal end side by AX, the proximal end portion of the first intermediate transmission
member 26 receives a driving force by being pressed from the first input member 11, and
therefore moves to the distal end side.

Additionally, the proximal end portion of the first transmission member 41 that
abuts against the distal end side of the first intermediate transmission member 26 receives
a driving force by being pressed from the first intermediate transmission member 26.
Since the compression rigidity of the first input member 11, the first intermediate
transmission member 26, and the first transmission member 41 is sufficiently large
compared to the driving force, even if a compressive stress is generated in the respective

members due to the load of the effector, the amount of compressive deformation is
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negligible compared to the AX. For this reason, the distal end of the first transmission
member 41 also moves from the initial position S to the distal end side by AX.

Accordingly, the driving forcé is transmitted from the first transmission member
41 to the effector, and the effector is driven.

[0088]

Meanwhile, when the first input member 11 and the first transmission member
41 move to the distal end side, the pinion 42 engaged with each rack portion 41a is
rotated in the clockwise rotation shown in the drawing.  As a result, the driving force
transmitted to the first input member 11 and the ﬁrst transmission member 41 is also
transmitted to the second input member 13 and the second transmission member 43 via
the pinion 42.

Accordingly, the second input member 13 and the second transmission member
43 retract by AX to the proximal end side that is a direction opposite to the first input
member 11 and the first transmission member 41, and the second intermediate
transmission member 25 sandwiched between the second input member 13 and the
second transmission member 43 also retracts by AX to the proximal end side.

[0089]

Next, as shown in FIG. 16C, when the first input member 11 has retracted by AY
from the state of FIG. 16A to the proximal end side, the first input member 11 tends to
separate from the proximal end portion of the first intermediate transmission member 26.
Therefore, a driving force is not directly transmitted from the first inplit member 11 to the
first intermediate transmission member 26.

However, as the second input member 13 is pressed to the distal end side by the

biasing force of the biasing member 13b when the first input member 11 retracts, the
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second input member 13 presses the second transmission member 43 to the distal end
side. Moreover, a driving force is transmitted from the second transmission member 43
via the pinion 42 to the first transmission member 41. That is, a driving force and a
displacement are reversed and transmitted from the second transmission member 43 to
the first transmission member 41 by the pinion 42, and the first transmission member 41
retracts by AY.

Accordingly, the distal end portion of the first transmission member 41 retracts
by AY from the initial position S, the driving force is transmitted to the effector, and the
effector is driven.

[0090] -

Meanwhile, since the distal end portion of the first intermediate transmission
member 26 is pressed and retracted by AY to the pfoximal end side by the proximal end
portion of the first transmission member 41, the first intermediate transmission member
26 retracts by AY and the abutment staté between the first intermediate transmission
member 26 and the first input member 11 is maintained.

In this way, according to the medical manipulator 1 of the present embodiment,
when the first input member 11 is advanced to the distal end side or retracted to the
proximal end side, the first transmission member 41 can advance and retract so as to
follow the movement of the first fnput member 11 because the reciprocation drive units
10 and 40 include the action of reversing a driving force and a displacement.

In the medical manipulator 1, the first input member 11 and the second input
member 13 are arranged in a pair on the coupling end surface 2d that is an end portion in
a direction of attachment and detachment with respect to the surgical tool unit 2, are

enabled to advance and retract in mutually opposite directions, and constitute an input



10

15

20

25

WO 2014/129362 PCT/JP2014/053233

44

member that transmits a driving force in an advance direction when advancing to the
surgical tool unit 4 side.

[0091]

Additionally, the pinion 42 is engaged with the first transmission member 41 and
the second transmission member 43.  Additionally, the pinion 42 constitutes a
surgical-tool-unit-side reversal interlinking member that reverses a moving direction of
the first transmission member or the second transmission member and transmits the
displacement of one of the first transmission member 41 and the second transmission
member 43 to the other of the ﬁrsf transmission member 41 and the second traﬁsmission
member 43 in a reversed moving direction.

In this way, since the surgical-tool-unit-side reversal interlinking member is

-included, the first transmission member 41 and second transmission member 43 can be

advanced and retracted via the biasing member 13b, the first input member 11, and the
second input member 13 by the motor 16 that is one drive source.

[0092]

Next, the attachment and detachment operation of the medical manipulator 1
will be described. |

In the medical manipulator 1, the coupling protrusion 28, the engaging hole 3c,
the coupling protrusion 27, and the engaging hole 4¢ extend parallel to the central axes
02, 03, and 04, of the cbrresponding surgical tool drive unit 2, intermediate member 3,
and surgical tool unit 4, respectively, and the directions along each of the central axes 02,
03, and O4 are attachment and detachment directions.

[0093]

Additionally, the first input member 11, the first intermediate transmission

member 26, and the first transmission member 41, and the second input member 13, the
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second intermediate transmission member 25, and the second transmission member 43
are also arranged parallel to the corresponding central axes 02, O3, and 04, respectively.

For this reason, as described above, cbupling is performed by the surgical tool
drive unit 2, the intermediate member 3, and the surgical tool unit 4 being arranged
coaxially with the respective central axes 02, O3, and 04 and being inserted in the
directions along the respective central axes.

[0094]

In that case, in the above description, as shown in FIG. 15, a case whf;re
coupling is performed in a state where the end portions of the first input member 11 and
the second input member 13 are aligned with the coupling end surface 2d, the end
portions of the first intermediate transmission member 26 and the second intermediate
transmission member 25 are aligned with the coupling end surfaces 3A and 3B,
respectively, and the end portions of the first transmission member 41 and 43 are aligned
with the coupling end surface 4d has been described. However, the end portions of the
input members, the intermediate transmission members, and the transmission members
can be easily couplea together even in a state where these members have advanced and
retracted with. respect to the respective coupling end surfaces.

[0095]

In order to remove the surgical tool unit 4 from the intermediate member 3, the
pair of release buttons 21 protruding to the sides of the surgical tool unit 4 are pushed in
to the inner side, respectively. Accordingly, the end portions of the respective shaft
portions 21b press the engaging arm portions 20A and 20B toward the central axis O4,
and release the locking between the engaging claw portions 20b and the locking surfaces’
4g. Accordingly, it is possible to separate the s.urgical tool unit 4 and the intermediate

member 3 from each other in the directions along the central axes O4 and O3.
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[0096]

In that case, the first transmission member 41 and the first intermediate
transmission member 26 only abut against each other in the direction along the central
axis O4, and the second transmission member 43 and the second intermediate
transmission member 25 only abut against each other in the direction along the central
axis O3. For this reason, the first transmission member 41 and the first intermediate
transmission member 26 can be easily separated from each other and the second
transmission member 43 and the second intermediate transmission member 25 can also
be easily separated from each other, even in a state where these members have advanced
and retracted with respect to the coupling end surfaces 4d and 3A.

For this reason, the surgical téol unit 4 can be removed from the intermediate
member 3 simply by the operation of pushing in the release buttons 21 and separating the
surgical tool drive unit 2 and the intermediate member 3 from each other in the axial
direction.

In addition, in this removal operation, the intermediate member 3 may be in the
state of being mounted on the surgical tool drive unit 2, or may be in a state of being
removed from the surgical tool drive unit 2 in advance. |

[0097]

Similarly, in order to remove the intermediate member 3 from the surgical tool
drive unit 2, the pair of release buttons 21 protruding to the sides of the intermediate
member 3 are pushed in to the inner side, respectively. Accordingly, the end portions of
the respective shaft portions 21 press the engaging arm portions 20A and 20B toward the
central axis O3, and release the locking between the engaging claw portions 20b and the
locking surfaces 3g. Accordingly, it is possible to separate the intermediate member 3

and the surgical tool drive unit 2 from each other in the directions along the central axes
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O3 and O2.

In that case, since the first intermediate transmission member 26 and the first
input member 11, and the second intermediate transmission member 25 and fhe sécond
input member 13 only abut against each other in the directions along the central axes O3
and O2, respectively, these members can be easily separated from each other even in a
state where the members have advanced and retracted with respect to the coupling end
surfaces 3B and 2d.

For this reason, the intermediate member 3 can be removed from the surgical
tool drive unit 2 simply by the opefation of pushing in the release bﬁttons 21 and
separaﬁng the intermediate member 3 and the surgical tool drive unit 2 from each other
in the axial direction.

[0098]

In this removal operation, the intermediate member 3 may be in the state of
being mounted on the surgical tool unit 4, or may be in the state of being removed from
the surgical tool unit 4 in advance. |

When the surgical tool unit 4 is removed from the surgical tool drive unit 2, a
driving force is no longer transmitted to the first transmission member 41. In the
present embodiment, however, since the operating member 44 is provided at the second
transmission member 43, a driving force can be transmitted to the first transmission
member 41 by manually adjusting the position of the operating member 44.

For this reason, for example, when the surgical tool unit 4 is removed and kept,
it is easy to change the opening/closing state of the forceps portion 30 or to change
bending of the joint 31 even after the removal. Additionally, it is easy to adjust the
advance and retraét positions of the first transmission member 41 and the second

transmission member 43 and store the members so as to align with the coupling end
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surface 4d.

[0099]

Thus, since the advance and the retract directions of the input members, the
intermediate transmission members, and the transmission members are parallel to the
attachment and detachmen;c directions in the medical manipulator 1, coupling can be
performed simply by pushing the members along the axial direction at the time of
coupling. In the case of the removal, the members may be simply separated from each
other along the axial direction after the operation of pushing in the release buttons 21 is
performed. For this reason, since operations, such as a rotational operation, do not
occur for, for example, insertion or coupling, attachment and detachment can be easily
and rapidly performed.

[0100]

According to the medical manipulator 1 of the present embodiment, a driving
force is transmitted by arranging the input members that transmit the driving force from
the surgical tool drive unit to the surgical tool unit so as to face the input members and
the first and second transmission members at the end portions in the attachment and
detachment directions. | Accordingly, attachment and detachment can be performed by
movement oniy in the attachment and detachment directions, and the attachment and
detachment of the surgical tool unit with respect to the surgical tool drive unit can be
easily and rapidly performed.

[0101]

[Second Embodiment]

Next, a second embodiment will be described. FIG. 17 is a schematic view
showing main portions of a medical manipulator of the present embodiment. FIG:. 18 is

a view showing the action of the medical manipulator of the present embodiment.
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A medical manipulator 1B of the present embodiment, as main portions are
schematically shown in FIG. 17, includes a base 55 to which the first input member 11
and the second input member 13 are coupled so as to be capable of advancing and
retracting, a housing 56 that holds the base 55 therein, and biasing member 57 (second
biasing member) that is coupled to the base 55 and the housing 56 so as to bias the base
55 to the distal end side with respect to the housing 56.

Additionally, the linear motion converter 15 and first input member 11 can be
attached and detached in an arbitrary positional relationship.

[0102]

Moreover, the present embodiment includes a rack 11a that is formed at the first
input member 11, a rack 13avthat is formed at the second input member 13, and a pinion
12 that engages the rack 11a of the first input member 11 and the rack 13a of the second
input member 13 and couple the first input member 11 and the second input member 13
together.

That is, in the present embodiment, the rack and binion mechanism operates so
that the advance and the retract directions of the first input member 11 and the second
input member 13 are reversed to each other.

[0103]

The pinion 12 is a gear that engages the rack 11a of the first input member 11
and the rack 13a of the second input member 13. The pinion 12 is engaged with the
first input member 11 and the second input member 13, and constitutes a drive-unit-side
reversal interlinking member that reverses a moving direction of the first transmission
member or the second transmission member and transmits the displacement of the ﬁ_rst
input member 11 to the second input member 13.

Since the drive-unit-side reversal interlinking member is included in this way,
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the first input member 11 and the second input member 13 can be advanced and retracted
via the linear motion converter 15 by the motor 16 that is one drive source.

[0104]

A rotating shaft 12a of the pinion 12 is rotatably supported at a substantially
constant position from the coupling end surface 2d, in a state where the rotating shaft is
biased at the distal end side of the surgical tool drive unit 2.

In the present embodiment, the first input member 11 and the second input
member 13 are pressed against the first transmission member 41 and second transmission
member 43 when the surgical tool unit 4 is attached to the surgical tool drive unit 2.
Here, when gaps are produced between a distal end of the first input member 11 and a
proximal end of the first transmission member 41 and between a distal end of the second
input member 13 and a proximal end of the second transmission member 43, these gaps
are eliminated as the biasing member 57 contracts.  As a result, the distal end of the first
input member 11 and the proximal end of the first transmission member 41 come into
close contact with each other, and the distal end of the second input member 13 and the
proximal end of the second transmission member 43 come into close contact with each
other.

[0105]

Since the distal end of the first input member 11 and the proximal end of the first
transmission member 41 come into close contact with each other and the distal end of the
second input member 13 and the proximal end of the second transmission member 43
come into close contact with each other, the effector can be operated similar to the
above-described first embodiment even in the present embodiment.

In the present embodiment, since the linear motion converter 15 and the first

input member 11 are fixed in a constant positional relationship, the above-described gaps
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are eliminated as the relative positional relationship between the first transmission
member 41 and the second transmission member 43 varies in addition to the action of the
biasing member 57.

[0106]

[Third Embodiment]

Next, a medical manipulator of a third embodiment of the present invention will
be described.  FIG. 20 is a schematic plan view showing the medical manipulator of the
present embodiment.  FIG. 21 is a schematic side view showing the medical manipulator
of the present embodiment. FIG. 22 is a view for describing the action of the medical
manipulator of the present embodiment. FIG. 23 is a schematic view showing the
configuration of wires and a slider for simﬁltan’eously moving a plurality of pinions.

[0107]

A medical manipulator 1C shown in FIG. 20 has a configuration in which the
surgical tool unit 4 and the surgical tool drive unit 2 are coupled together, similar to the
configuration described in the second embodiment.

Additionally, as shown in FIGS. 20 and 21, the medical manipulator 1C of the
present embodiment does not have the biasing member 13b, the linear motion converter
15 (drive source), or the motor 16 (drive source). Moreover, the medical manipulator
1C of the present embodiment includes the pinion 12 that engages the rack 11a of the
first input member 11 and the rack 13é. of the second input member 13 and couples the -
first input member 11 and the second input member 13 together, and an actuator 60 with
an engaging and disengaging mechanism that changes the engagement states between the
racks 11a and 13a and the pinion 12 and rotationally operates the pinion 12. In addition,
in the present embodiment, the first input member 11, the second input member 13, and

the actuator 60 with an engaging and disengaging mechanism are provided on a base 55,
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and the base 55 is biased to the distal end side by biasing member 57.

Additionally, in the present embodiment, the first input member 11 is provided
with biasing member 11¢ (first drive-unit-side biasing member) that biases the first input
member 11 toward the distal end side. Moreover,-in the present embodiment, the
second input member 13 is provided with biasing member 13¢ (second drive-unit-side
biasing member) that biases the second input member 13 toward the distal end side.

The biasing member 11c and 13c have weak biasing forces that are less than
biasing forces that move the first transmission member 41 and the second transmission
member 43

[0108]

When the surgical tool unit 4 is attached to the surgical tool drive unit 2, the first
input member 11 and the second input member 13 are pressed against the first
transmission member 41 and second transmission member 43 by the biasing forces of the
biasing member 11c and 13c before the pinion 12 engages the racks 11a and 13a.

[0109]

Although an example including the biasing member 11¢ and 13c has been

described in the present embodiment, the biasing member 11¢ and 13c do not have to be

provided. The attachment in this case is performed by directing the surgical tool drive
unit 2 and the surgical tool unit 4 downward and pressing the first input member 11 and
the second input member 13 against the first transmission member 41 and the second
transmission member 43 due to gravity, before the pinion 12 engages the racks 11a aﬁd
13a.

The actuator 60 with an engaging and disengaging mechanism has a guide 61
that supports the pinion 12 so as to be capable of advancing and retracting the pinion in

the direction of a rotation center of the pinion 12, a worm wheel 63 for rotating the
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pinion 12 together with the guide 61, a worm gear 64 that engages the worm wheel 63,
and a motor 65 that rotationally operates the worm gear 64.

[0110]

The guide 61 is configured so as to be capable of performing switching between
a state where the pinion 12 has engaged the racks 11a and 13a and a state where the
pinion 12 has disengaged from both of the racks 11a and 13a, for example, by advancing
and retracting the pinion 12 in the direction of the rotation center by a manual operation.
In the present embodiment, the guide 61 is provided with a Wireb w1 for moving the
pinion 12 in the direction of thevrot‘ating shaft of the pinion. ~Additionally, the pinion 12
is provided with a wire w2 for moving the pinion 12 in the d