wo 2018/013298 A1 | 0K 000 OO

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
18 January 2018 (18.01.2018)

(10) International Publication Number

WO 2018/013298 A1l

WIPO I PCT

(51) International Patent Classification:

A61B 34/30 (2016.01) A61B 17/28 (2006.01)
A61B 34/00 (2016.01)
(21) International Application Number:
PCT/US2017/038343
(22) International Filing Date:
20 June 2017 (20.06.2017)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
62/362,365 14 July 2016 (14.07.2016) US

(71) Applicant: INTUITIVE SURGICAL OPERATIONS,
INC. [US/US]; 1020 Kifer Road, Sunnyvale, California
94086 (US).

(72) Inventors: LAMBRECHT, Bram Gilbert Antoon; 1020
Kifer Road, Sunnyvale, California 94086 (US). COOPER,

Thomas G.; 1020 Kifer Road, Sunnyvale, California 94086
(US).

Agent: ALLENBY, Christopher B. et al.; Intuitive Surgi-
cal Operations, Inc., 1020 Kifer Road, Sunnyvale, Califor-
nia 94086 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW,MZ,NA, RW, SD, SL, ST, SZ, TZ,

(54) Title: GEARED GRIP ACTUATION FOR MEDICAL INSTRUMENTS

416 00
425 = AN 4
4124 g‘:; ‘?2
o 0§®é@ 430
so5 ||| AP A
@Q 416 |
I "?\\‘
/A
- 410
420 | %
260
414
290 W[ :
 FIG. 4A

(57) Abstract: An actuation mechanism for a medical instrument includes a pinion and a face gear that move a push-pull element. The
pinion has a mounting that permits rotation of the pinion by an external control system such as a robot. The face gear meshes with the
pinion. The push-pull element may have a proximal end coupled to the face gear and a distal end coupled to a tool at a distal end of an
instrument shaft. A manipulator coupled for manual rotation of the actuation mechanism may include a slip clutch to prevent manual

application of excessive force to the actuation mechanism.

[Continued on next page]



WO 2018/01:3298 A1 {100 VA0 0O

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, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

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



WO 2018/013298 PCT/US2017/038343

GEARED GRIP ACTUATION FOR MEDICAL INSTRUMENTS

RELATED APPLICATION

[0001] This patent application claims priority to and the benefit of the filing date of U.S.
Provisional Patent Application 62/362,365, entitled “GEARED GRIP ACTUATION FOR
MEDICAL INSTRUMENTS” filed July 14, 2016, which is incorporated by reference herein in

its entirety.
BACKGROUND

[0002] Minimally-invasive medical procedures often employ medical instruments having a
tool or end effector or other manipulation element at the distal end of an elongated instrument
shaft. During a minimally-invasive medical procedure, the distal ends of one or more such
medical instruments may be inserted through one or more small incisions and/or natural lumens
to position the distal tools at a work site in a patient. A surgeon or other medical personnel may
then control the tools to perform desired clinical functions, e.g., endoscopy, laparoscopy,
arthroscopy, hypodermic injection, air-pressure injection, subdermal implants, refractive surgery,
percutaneous surgery, cryosurgery, microsurgery, keyhole surgery, endovascular surgery such as
angioplasty, coronary catheterization, placement of internal electrodes, and stereotactic surgery,

at the work site.

[0003] The manipulations required or desired to effectively complete medical procedures can
be complex and intricate. Accordingly, medical instruments for minimally-invasive medical
procedures may need to provide precise control of many degrees of freedom of movement. One
common degree of freedom that may be required for a medical instrument is grip. For example,
a surgeon may need an instrument with a distal tool capable holding, moving, clamping, cutting,
or cauterizing of target tissue, and such distal tool may accordingly need to close (or open) a grip
mechanism such as a clamp or scissors. In a medical instrument, the mechanics for actuation of
grip may benefit from being compact to allow space for other mechanisms that control other

degrees of freedom movement of the instrument.
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SUMMARY

[0004] In accordance with an aspect of the invention, a grip actuation mechanism uses a face

gear and pinion to push and pull a grip drive element.

[0005] One specific implementation is a medical system containing an actuation mechanism.
An actuation mechanism may include a pinion and a face gear coupled to move a push-pull
element. The pinion has a mounting that permits rotation of the pinion by an external control
system such as a robot. The face gear meshes with the pinion. The push-pull element may have
a proximal end coupled to the face gear and a distal end coupled to a tool at a distal end of an
instrument shaft. A manipulator coupled for manual rotation of the actuation mechanism may
include a slip clutch to prevent manual application of excessive force to the actuation

mechanism.

[0006] Another specific implementation is a medical instrument including a tool, an
actuation mechanism, and a manipulator. The actuation mechanism may be coupled to the tool
and may have an engagement feature shaped to engage an actuator in a robot, so that rotation of
the engagement feature actuates a portion of the tool. The manipulator, which couples to the
actuation mechanism so that rotation of the manipulator actuates a portion of the tool, may

include a slip clutch that limits the torque manually applied to the actuation.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows a robotic system that can deploy and operate multiple medical

instruments.

[0008] FIG. 2A and FIG. 2B respectively show perspective and top views of an example

implementation of a medical instrument.

[0009] FIG. 3A shows a perspective view of an example implementation of a grip

mechanism.
[0010] FIG. 3B shows some components of the grip mechanism of FIG. 3A.

[0011] FIG. 4A and FIG. 4B respectively show front and back perspective views of an

example implementation of an actuation mechanism.
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[0012] FIG. 4C schematically shows an arrangement of the pinion and face gear used in the

actuation mechanism of FIGS. 4A and 4B.

[0013] FIG. 5 shows an exploded view of an example implementation of a connector for

connecting an actuation mechanism to push-pull element in a medical instrument.

[0014] FIG. 6 shows structure in a backend of an example implementation of a medical

instrument containing the actuation mechanism of FIGS. 4A and 4B.

[0015] FIG. 7A is an exploded view of an example implementation of a manipulator suitable

for manual operation of an actuation mechanism and including a slip clutch.

[0016] FIG. 7B shows a partial cross-sectional view of the manipulator of FIG. 7A when

assembled.

[0017] FIG. 8 shows a partial cross-sectional view of an example implementation of a

manipulator with a slip clutch using springs to engage a plunger with an input drive shaft.

[0018] FIGS. 9A and 9B respectively show exploded and cross-sectional views of an
example implementation of a manipulator with a slip clutch using springs to engage a plunger

with a notched plate.

[0019] FIG. 10 shows a cross-sectional view of an example implementation of a manipulator

with a slip clutch using clip that is friction fit on an input drive shaft.

[0020] The drawings illustrate examples for the purpose of explanation and are not of the
invention itself. Use of the same reference symbols in different figures indicates similar or

identical items.
DETAILED DESCRIPTION

[0021] An actuation mechanism for an instrument such as a medical instrument may include
a gear structure including a face gear and a pinion for precision driving of back-and-forth
movement such as grip motion in the instrument. The face gear and pinion may be relatively
simple to mold or cut and may be arranged in a compact configuration that is tolerant of
misalignment during assembly. The gear structure may also allow flexibility for different

arrangement of rotation axes of an instrument input and the face gear. The face gear
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arrangement may further allow for a high gear ratio when driving a grip mechanism and may still
provide low driving friction that allows the grip actuation mechanism to be back driven, i.e.,

allows the gear structure to move in response to a movement of the grip mechanism.

[0022] The grip actuation mechanism may reside in proximal portion of an instrument such
as a medical instrument, sometimes referred to herein as the backend of the instrument. The grip
actuation mechanism may particularly connect to an elongated push-pull element having a
proximal end coupled to the actuation mechanism and a distal end coupled to a grip mechanism
at the distal end of an elongate instrument shaft of an instrument. In one implementation, the
proximal end of the push-pull element couples to a face gear in the actuation mechanism, and an
input spindle shaped to engage an actuator such as a drive motor in a robotic system may include
or may be coupled to rotate a pinion that meshes with the face gear. Rotation of the input spindle
rotates the pinion and face gear, which may then push or pull the push-pull element and thereby
drive closing or opening of the grip mechanism at the distal end of the instrument. In this
description, the root term robot and its derivatives include teleoperated systems that use
technology associated with robotics, such as a mechanically grounded or hand-held teleoperated
surgical system. In addition, the term manipulator and its derivatives include any means—motor
or manual—for conveying force or torque to move a mechanical object (manipulator is a term of

art in robotics, and in this description it includes manual equivalents).

[0023] The actuation mechanism may further permit manual operation or actuation of grip
motion. In particular, users of an instrument such as a medical instrument may need to manually
open or close the jaws of the instrument when the instrument is in hand instead of being attached
to a robotic or other computer-assisted system, and the grip actuation mechanism may further
include a manipulator such as a knob, handle, or lever that is connected for manual rotation of
the pinion and opening or closing of the jaws. A slip clutch or torque limiter may connect the
manipulator to the pinion. The slip clutch may be particularly desirable when an instrument
includes a push-pull element such as a rod, wire, or cable that is thin, structurally weak, or runs
through relatively weak guide. In such cases, pushing the push-pull element with too much force
may cause the push-pull element (with or without a guide) to buckle or kink. While a robotic
system may be programmed to monitor and limit the force that the robotic system applies to a

push-pull element, users of the system may not be able to properly judge manually applied
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forces. The slip clutch may limit manually applied force to avoid damage and may still permit

manual driving of back-and-forth movement in an instrument.

[0024] Although the above examples and other discussions herein often refer to medical
procedures and medical instruments, the techniques disclosed also apply to non-medical

procedures and non-medical instruments.

[0025] Fig. 1 shows an example of a medical system 100 using multiple medical instruments
110, some or all of which may include a grip actuation mechanism disclosed herein. System
100, which may, for example, include a da Vinci® Surgical System commercialized by Intuitive
Surgical, Inc., and may particularly employ multiple instruments 110, each of which is
replaceable and mounted in a docking port 120 on a manipulator arm 130 of a robot 140. A
sterile barrier (not shown) including a drape and adaptors for instruments 110 may be between
instruments 110 and robot 140, so that robot 140, including manipulator arms 130 and docking
ports 120, is outside a sterile environment for a patient. Accordingly, robot 140 may not need to
be sterilized between medical procedures. In contrast, instruments 110, which may be used
inside the sterile environment and may contact the patient, are compact and removable so that
instruments 110 may be cleaned and sterilized or replaced between medical procedures

performed using system 100.

[0026] Instruments 110 may vary in structure and purpose but may still be interchangeable
and have a standard engagement interface, so that different types of instruments 110 may be
mounted in docking ports 120 of robot 140 as needed for a particular medical procedure.
Instruments 110 may also be changed during a medical procedure to provide the different clinical
functions as needed. Each instrument 110 generally includes an end effector or distal tool 112,
an elongated instrument shaft 114, and a backend 116. Distal tools 112 may have different
designs to implement many different functions. For example, some distal tools 112 for
instruments 110 that may provide grip motion may include forceps, graspers, scissors, or cautery
tools, which may come in different shapes or sizes. In general, instruments 110 having different
distal tools 112 may be mounted on different arms 130 of robot 140 and may work cooperatively
in the same work site, although not all distal tools 112 need to provide gripping action. An

endoscopic camera, for example, a stereoscopic camera, can also be mounted on an arm to
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provide visual information, particularly images, of the work site in which distal tools 112 of

instruments 110 may be operating.

[0027] Docking ports 120 may include actuators such as drive motors that provide
mechanical power for actuation of mechanical structures in instruments 110, drive couplings that
connect the actuators to inputs of instruments 110, and systems for establishing and maintaining
of a sterile barrier between instruments 110 and the rest of medical system 100. Docking
ports 120 may additionally include an electrical interface to provide power to instruments 110,
e.g., for cautery tools, or for communication with instruments 110, e.g., to identify the type of
instrument 110 in a docking port 120, to access parameters of a docked instrument 110, or to
receive information from sensors in a docked instrument 110. For example, the electrical
interface may provide a high frequency AC voltage that a medical instrument 110 applies to both
of the jaws in a distal cautery tool for a monopolar cauterization process, or the electrical
interface may provide opposite polarity electrical signals that a medical instrument 110 applies to
electrically-isolated, opposing jaws for a bipolar cauterization process. A computer system,
which may be connected to or part of robot 140 and connected to a user interface device (not
shown), may receive the information from instruments 110 and receive user commands from a
surgeon or other medical personnel and may execute software that controls arms 130 and the
actuators in docking ports 120 as needed to mechanically actuate and electrically power systems

in instruments 110 as needed to execute to the user commands.

[0028] FIGS. 2A and 2B respectively illustrate perspective and top views of an example
implementation of a medical instrument 110 suitable for use in medical system 100 of FIG. 1.
As shown in FIG. 2A, medical instrument 110 includes a tool 112 at the distal end of an
elongated instrument shaft 114 that extends from a backend 116. Distal tool 112 and instrument
shaft 114 may have multiple degrees of freedom of movement relative to backend 116, and in the
illustrated configuration of Fig. 2A, medical instrument 110 has six degrees of freedom
corresponding to: two types of actuation of a first joint mechanism 211; two more types of
actuation of a second joint mechanism 212; opening or closing movement of jaws 213; and
rotations of instrument shaft 114 about its central or length axis. First joint mechanism 211 and
second joint mechanism 212 may also be termed first joint 211 and second joint 212,

respectively. In some embodiments, a first wrist comprises first joint 211, and a second wrist
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comprises second joint 212. Other implementations of medical instruments may provide more,

fewer, or different degrees of freedom of movement.

[0029] Backend 116 as shown in FIG. 2B has six input spindles 221 to 226 with exterior
engagement features that are shaped and positioned to engage actuators in a docking port of a
robotic system, e.g., to engage drive motors in docking ports 120 of robot 140 as shown in
FIG. 1. In this specific example, first and second actuators in the robot may rotate input spindles
221 and 222 to control actuation of wrist or joint 211. Third and fourth actuators in the robot
may rotate input spindles 223 and 224 to control actuation of wrist or joint 212. A fifth actuator
may rotate input spindle 225 to control opening or closing 205 of jaws 213, and a sixth actuator
may rotate input spindle 226 to control roll rotation of instrument shaft 114. In accordance with
one aspect disclosed herein, backend 116 includes a grip actuation mechanism that may act as a
transmission to convert the rotation of input spindle 225 into movement that opens or closes jaws
213 or to control a pressure that jaws 213 may apply when opening or closing. Backend 116 also
includes a manipulator 220 that permits manual rotation of input spindle 225 for manual control

of jaws 213.

[0030] FIG. 3A shows an implementation of a distal grip mechanism 300 for one example of
a distal tool such as distal tool 112 of FIGS. 1, 2A, and 2B Alternatively, any actuated
mechanism that requires driving of opening and closing or back-and-forth movement may be
similarly employed and actuated as disclosed herein. In the specific example FIGS. 3A and 3B,
grip mechanism 300 includes a pair of jaws 310 mounted on an end portion 320 of a distal tool
or at the distal end of instrument shaft 114 with or without intervening wrist mechanisms such as
joints 211 or 212 shown in Fig. 2A. Jaws 310 may include a first jaw member 325 and a second
jaw member 327 configured to move between an open position and a closed position. Each jaw
member may have a range of motion from about 0 degrees to about 30 degrees, providing a full
range of motion for the jaws 310 from about 0 degrees to about 60 degrees. A grip angle 6 as
shown in FIG. 3B may be defined as the angle between faces of the jaw members 325 and 327.
When jaw members 325 and 327 are touching one another, such that the faces of both jaw
members extend along centerline 350, the grip angle 0 is approximately O degrees, and the jaws
are in a closed position. When the jaw members are fully spaced away from one another, the

jaws are in a fully open position, and the grip angle 6 may be approximately 60 degrees. This
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range of “grip motion” is intended to be exemplary only, and the range of grip motion in
different implementations of a grip mechanism can be larger or smaller based upon the intended
use of the instrument and may depend upon the structure of the jaw members, the manner of

connection of the jaw members, and/or the manner of actuation of the jaw members.

[0031] FIG. 3B shows how each jaw member 325 or 327 may include a proximal
extension 329 or 331, and FIG. 3A shows proximal extensions 329 and 331 mounted in a
clevis 335. In some embodiments, proximal extensions 329 and 331 may each comprise a jaw
extension. Clevis 335 supports grip mechanism 300 and connects grip mechanism 300 to
adjacent portion 320 of the medical instrument, e.g., as jaws 213 connect to wrist mechanisms
212 and 211 and instrument shaft 114 as shown in FIG. 2A. In the implementation of FIGS. 3A
and 3B, a clevis pin 345 extends through holes 340 in the sides of clevis 335 and through holes
325a and 327a in proximal extensions 329 and 331 to pivotally couple jaw members 325 and 327
to clevis 335, permitting the jaws to open and close as they pivot about pin 345. In addition,
proximal extensions 329 and 331 may include respective cam slots 325b and 327b through which
a pin 337 moves during the opening and closing of the jaws 310. Pin 337 particularly connects
to and moves with a push-pull element 360 that extends from pin 337 and through the instrument
shaft to connect to a grip actuation mechanism in the backend of the medical instrument. Push-
pull element 360 may include one or more sections of a relatively rigid structure such as a rod
and one or more sections of a more flexible structure such as a cable or wire in a guide or sheath
365 that supports and guides push-pull element 360. A flexible section of push-pull element 360
with guide or sheath 365 may allow driven opening and closing grip mechanism 300 even when
push-pull element 360 must be able to flex or bend, for example, where element 360 passes
through actuated joints 211 or 212 of FIG. 2A. In operation, a grip actuation mechanism in the
backend of a medical instrument connects to push-pull element 360 and may push or pull push-

pull element 360 to cause jaws 310 to open or close.

[0032] FIGS. 4A and 4B show front and back perspective views of one implementation of an
actuation mechanism 400, which includes a face gear 410 and an input gear or pinion 420. Face
gear 410 has a shaft 412 that defines a rotation axis of face gear 410 and may ride in bearings
mounted in or on the chassis of the instrument backend containing grip actuation mechanism

400. Face gear 410 may particularly be mounted on a chassis in a manner that permits back-and-
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forth rotation of face gear 410 over a limited angular range about shaft 412. Face gear 410 may
be a sector gear with a toothed portion 414 that only subtends a limited angle, e.g., about 32
degrees, depending on the desired range of motion of face gear 410. A connector 430 attaches
push-pull element 360 to face gear 410, so that the small angle rocking motion of face gear 410
primarily moves push-pull element 360 along a length axis of the instrument shaft through which
push-pull element 360 passes. In general, the diameter of face gear 410 and the moment arm
relative to shaft 412 at which connector 430 attaches to face gear 410 may be selected or
designed to provide a desired range of motion of push-pull element 360 and provide a desired

gear ratio or mechanical advantage when pinion 420 acts on face gear 410.

[0033] Pinion 420 meshes with toothed portion 414 on a front side of pinion 420, and a
support bearing 440 as shown in FIG. 4B may be used on a back side of pinion 420 and opposing
input pinion 420 to ensure that teeth of gears 410 and 420 remain engaged even under high loads.
Pinion 420 may be mounted on or otherwise coupled to input spindle 225 so that pinion 420
rotates when a control system rotates input spindle 225. In particular, input spindle 225 includes
an engagement feature 425 shaped to engage an actuator, e.g., a drive motor, in an instrument
docking port of a robotic system, so that the robotic system may operate the actuator to rotate
input spindle 225 and pinion 420 to control movement of push-pull element 360 and to thereby
control opening and closing of a grip mechanism attached to push-pull element 360. A
manipulator 220, e.g., a knob, handle, lever, or other structure capable of being manually turned,
also connects to pinion 420 so that a user can manually rotate manipulator 220 and pinion 420 to
move face gear 410 and push-pull element 360 and manually open or close the distal grip
mechanism, e.g., grip mechanism 300 of FIG. 3A. As described further below, a slip clutch or
torque limiter may connect manipulator 220 to pinion 420 or input spindle 225 to limit the
maximum torque or force that a user can manually apply for at least one direction of motion,

e.g., for pushing, of push-pull element 360.

[0034] Pinion 420 in the implementation shown in FIG. 4A is a helical gear, is cylindrical,
and meshes with a flat toothed portion 414 of face gear 410 so that rotation axes of gears 410 and
420 do not intersect. FIG. 4C schematically illustrates the positions of face gear 410 and pinion
420 of mechanism 400 without other obscuring elements. As shown, a rotation axis of pinion

420 may be offset by a distance X1 from the rotation axis and shaft 412 of face gear 410. The
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helix angle of pinion 420 may be selected according to the tooth pattern of face gear 410, offset
X1, and a desired skew between the rotation axes 412 and 422 of face gear 410 and pinion 420.
Alternative gear configurations or actuation mechanisms may use the same principles but vary
offset X1 and the helix angle according to the space available for the actuation mechanism.
Further, pinion 420 may be a cylindrical spur gear and tooth portion 414 of face gear 410 may be
shaped to accommodate a spur gear as pinion 420. In still other implementations, gears 410 and
420 may be bevel gears. However, implementations in which pinion 420 is a cylindrical spur or
a helical gear acting on a flat face gear 410 have the advantage of tolerance for vertical
misalignment of input pinion 420 relative to face gear 410. Specifically, axial misalignment or
shifting of pinion 420 along rotation axis 422 does not affect gear performance of actuation
mechanism 400, which makes actuation mechanism 400 reliable and easy to assemble. Also,
face gear 410 and a helical or spur input pinion 420 are straightforward to mold or cut from

plastic or other material without requiring undercuts.

[0035] An upper part of face gear 410 as shown in FIGS. 4A and 4B includes separated
plates 416, and plates 416 connect to toothed portion 414 to create an arrangement with a “Y” or
inverted “h” shape including a gap between plates 416. As described further below, the gap
between plates 416 provides space for instruments components, e€.g., cables and pulley systems,
that need access to the instrument shaft. Plates 416 also accommodated connector 430, which
may be mounted between plates 416 so that connector 430 can pivot and keep push-pull element
360 extending along the length axis of the instrument shaft. FIG. 5 shows an exploded view of
one implementation of connector 430. In the implementation of FIG. 5, connector 430 includes a
swing 510, which may be a stamped metal piece that snaps into notches in plates 416, and
includes a clamp 520 that may bolt on to swing 510 to affix on swing 510 a metal grip rod 530
that is at the proximal end of push-pull element 360. An electrically insulating sheath 540 and an
end cap 550 may be provided on grip rod 530 to electrically isolate push-pull element 360 from
mechanical portions of the backend of the medical instrument, particularly when the distal grip

mechanism may be electrically energized for cautery purposes.

[0036] Connector 430 attaches to face gear 410 at a moment arm or radius that may be
selected according to the geometry of the instrument backend, e.g., according to a distance X2

between pinion 420 and instrument shaft 114. A radius R1 from rotation axis of face gear 410 to

-10-
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connector 430 may similarly be selected according to locations of face gear shaft 412 and
instrument shaft 114. The mechanical advantage that actuation mechanism 400 may provide
generally depends on radius R1 at which connector 430 attaches to face gear 410, a radius R2 of
face gear 410, and a gear ratio between face gear 410 and pinion 420. Since radius R2 may be
significantly larger than radius R1 and face gear 410 may be significantly larger than pinion 420,
actuation mechanism 400 can achieve a relatively high mechanical advantage so that the
mechanical advantage for a particular implementation may be selected from a large range.
Implementations of grip actuation mechanisms disclosed herein can provide many further
advantages over prior systems. In particular, actuation mechanism 400 may provide a lower
sliding friction than a mechanism using worm or crossed helical gears, so that actuation
mechanism is back-drivable. In particular, direct movement of a grip mechanism can drive
movement of actuation mechanism 400. This allows a user to directly position a grip mechanism
of a medical instrument without damaging the medical instrument. Grip actuation mechanism
400 also has geometric flexibility as described above to accommodate offsets and angles
between instrument shaft 114 and input spindle 225 since the section of face gear 410 used and
the helix angle of pinion 420 may be adjusted to shift the location and angle of the pinion relative

to the axis of instrument shaft 114.

[0037] The configuration of plates 416 of face gear 410 in addition to facilitating connection
of connector 430 and push-pull element 360 to face gear 410 also creates a gap or opening near
the top of face gear 410, permitting access through face gear 410 to the instrument shaft of a
medical instrument. FIG. 6 schematically shows top and transparent side views of an example of
an instrument backend in which the grip actuation mechanism of FIG. 4C is mounted within a
chassis 610. In this implementation, chassis 610 also contains input spindle 226 with an
associated roll action mechanism (not shown) and contains actuation mechanisms 620 associated
with input spindles 221 to 224 that control cables 622 for actuation of wrists or joints of the
instrument. The gap between plates 416 shown in FIGS. 4A and 4B allows routing of cables 622
between plates 416 to instrument shaft 114 and further provides space for pieces of chassis 610
and idler gears 612 that guide cables 622 toward instrument shaft 114. Co-filed U.S. Prov. Pat.
App. No. 62/362,431, entitled “MULTI-CABLE MEDICAL INSTRUMENT,” which is

incorporated by reference herein in its entirety, further describes cable routing and a multi-piece

-11-
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chassis structure suitable for use with grip actuation mechanism disclosed herein.

[0038] Chassis 610 may hold input spindles 221 to 226 in position for engagement with a
docking port on a robotic medical instrument such as described above with reference to FIG. 1.
Input spindles 221 to 226 may each comprise an input shaft. Chassis 610 also positions
manipulator 220 for user access and manual rotation of pinion 420, so that a user of a medical
instrument may manually open or close the jaws of a medical instrument when the medical
instrument is in hand instead of being attached to a robotic system. A user may need to manually
open the jaws of a medical instrument, for example, to allow access to the inside and base of the
jaws for cleaning of the jaws. In another case, a user may need to install a surgical clip or other
medical device in the jaws of a medical instrument before docking the medical instrument on the
robotic system when the medical instrument is to be used apply the surgical clip or other medical
device. A user may also need to manually open the grips to release a clip or tissue in an
emergency when an automated or robotic system is non-functional. A problem with manual
operation of a grip actuation mechanism is that the torque manually applied through grip
actuation mechanism may not be well controlled, and pushing on push-pull element 360 with too
much force may cause element 360 to buckle or kink, thereby damaging the medical instrument.
To avoid instrument damage, a slip clutch may be used to connect manipulator 220 to input

spindle 225.

[0039] FIG. 7A shows an exploded view of one implementation of a manipulator 700 with a
slip clutch. For the slip clutch of FIG. 7A, a shaft or axle 710 of input spindle 225 includes one
or more notches 712 that may reside in a groove 714 around a circumference of axle 710. Axle
710 fits into central bore in a knob 720. Knob 720 further has main piece including one or more
flexures 722, and the main piece may be shaped for mounting of one or more plungers 730, e.g.,
ball bearings, rollers, or other structures having rounded or angled tips, in or on flexures 722. A
knob cap 724 may fit into the main piece of knob 720 to hold plungers 730 in place. Axle 710
when inserted in knob 720 as shown in FIG. 7B may be positioned so that flexures 722 press
plungers 730 into notches 712. Each notch 712 may be sized and shaped to accommodate a
portion or a tip of a plunger 730, e.g., less than half, of a spherical surface of a plunger 730.
When a user turns the assembled manipulator 700 of FIG. 7B, tips of plungers 730 in notches
712 may apply torque to rotate axle 710 with knob 720, but if axle 710 resists rotation, the tips of
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plungers 730 may lift out of notches 712 and slip, e.g., roll along groove 714, when reactive
force arising from the torque applied to axle 710 overcomes the force with which flexures 722
press plungers 730 into notches 712. Accordingly, manipulator 700 may slip on axle 710 if the
torque applied through knob 720 is too high.

[0040] FIG. 8 shows an alternative implementation of a manipulator 800 including a slip
clutch that allows a knob 820 to slip on an axle 710 when a user applies a large torque through
knob 820. Manipulator 800, like manipulator 700 described above, uses plungers 730 that
partially fit in notches in axle 710, but knob 820 uses springs 830 to press plungers 730 into the
notches. Springs 830 may, for example, be coil or other metal springs. Otherwise, manipulator
800 works in the same fashion as manipulator 700, and the tips of plungers 730 may lift out of
the notches and slip along the circumference of axle 710 when the reactive force arising from the
torque applied through knob 820 overcomes the force with which springs 822 press the tips of
plungers 730 into the notches in axle 710.

[0041] FIGS. 9A and 9B respectively show exploded and cross-sectional views of yet
another alternative implementation of a manipulator 900 with a slip clutch. Manipulator 900
may attach to an axle 910 of an input spindle in the backend of a medical instrument such as
disclosed above. In particular, axle 910 may be inserted through a bore in a knob insert 926, and
a plate 912 may be attached to an end of axle 910 below knob insert 926. FIGS. 9A and 9B
illustrate how a pin 914 may be used to attach plate 912 to axle 910 but many other types of
attachments could be alternatively used. Plate 912 includes one or more notches that are sized to
accommodate a tip of a plunger 930. One or more plunger 930 may be installed with a
spring 922 in respective pockets in knob insert 926. A knob cap 924 may clip onto knob insert
926 to hold plate 912 in a position in which the plunger springs 922 are partly compressed.
Manipulator 900 provides a slip clutch that enables manual rotation of knob cap 924 and axle
910 when the applied torque is insufficient to force plungers 930 out of the notches in plate 912,
but when a greater torque is applied plungers 930 may slip out of the notches in plate 912 so that

manipulator 900 slips relative to axle 910.

[0042] Fig. 10 shows a manipulator 1000 that attaches an axle 1010 to a knob 1020 using a
tubular clip 1030 that is friction fit on axle 1010. Clip 1030 includes features 1032 that grip into
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sides of knob 1020 to securely hold knob 1020 and clip 1030 together and prevent rotation of
knob 1020 relative to clip 1030. Clip 1030 further includes features 1034 that grip axle 1010 to
provide the friction fit with some pre-load so that rotation of knob 1020 rotates axle 1010 as long
as the torque applied to axle 1010 is insufficient to overcome static friction between features
1034 and axle 1010, but knob 1020 slips relative to axle 1010 if the applied torque overcomes
the friction between clip 1030 and axle 1010.

[0043] The mechanism described above have primarily been disclosed in the context of grip
actuation but may be used for actuation of other degrees of freedom in an instrument such as a
medical instrument. In particular, some disclosed implementations provide drive or actuation
force in both pulling and pushing directions. While this feature is particularly desirable for grip
motion or actuation, actuation of other types of instrument movement may also benefit from use
of the mechanisms disclosed. In addition, although the above examples and other discussions
herein often refer to medical procedures and medical instruments, the techniques disclosed also

apply to non-medical procedures and non-medical instruments.

[0044] Although particular implementations have been disclosed, these implementations are
only examples and should not be taken as limitations. Various adaptations and combinations of

features of the implementations disclosed are within the scope of the following claims.
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What is claimed is:

1. A medical system containing an actuation mechanism that comprises:

a pinion with a mounting that permits rotation of the pinion by an external control
system,;

a face gear meshed with the pinion; and

a push-pull element having a proximal end coupled to the face gear and a distal end

coupled to a tool at a distal end of an instrument shaft.

2. The system of claim 1, wherein rotation axes of the face gear and the pinion do not

intersect.

3. The system of claim 1, wherein the mounting of the pinion couples the pinion to an

input spindle having an engagement feature shaped to engage a teleoperated actuator.

4. The system of claim 1, further comprising a slip clutch coupling a manipulator for

rotation of the pinion.

5. The system of claim 1, or of any of claims 2 to 4, wherein the pinion is selected from a

group consisting of a spur gear and a helical gear.

6. The system of claim 1, or of any of claims 2 to 4, wherein the face gear comprises a

sector gear.

7. The system of claim 1, or of any of claims 2 to 4, wherein:

the face gear comprises a first plate, a second plate, a shaft perpendicular to the first plate
and the second plate; and

the first plate and the second plate are separated by a gap through which a second

actuation mechanism accesses the instrument shaft.
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8. The system of claim 7, further comprising a connector coupled between the first plate

and the second plate and connecting the push-pull element to the face gear.

9. The system of claim 1, or of any of claims 2 to 4, further comprising a bearing

contacting the face gear on a side opposite to where the pinion meshes with the face gear.

10. The system of claim 1, or of any of claims 2 to 4, wherein the tool comprises a grip

mechanism that is actuated by pushing and pulling the push-pull element.

11. The system of claim 1, or of any of claims 2 to 4, wherein the pinion comprises a
helical gear having a helix angle that accommodates an offset between an axis of the pinion and

an axis of the face gear.

12. The system of claim 1, or of any of claims 2 to 4, wherein the push-pull element
couples to the face gear at a first radius from a rotation axis of the face gear, and the pinion
meshes with the face gear at a second radius from the rotation axis of the face gear, the second

radius differing from the first radius.

13. A medical instrument comprising:

a tool;

an actuation mechanism coupled to the tool and having an engagement feature shaped to
engage an actuator, wherein rotation of the engagement feature actuates a portion of the tool; and

a manipulator coupled to the actuation mechanism and including a slip clutch, wherein

rotation of the manipulator actuates a portion of the tool.

14. The medical instrument of claim 13, wherein the slip clutch comprises:
a plunger; and
a spring system that pushes the plunger into a notch in an axle structure of the actuation

mechanism.
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15. The medical instrument of claim 14, wherein:
the manipulator comprises a knob; and
the spring system comprises a flexure formed in the knob and positioned to push the

plunger into the notch.

16. The medical instrument of claim 15, wherein:
the manipulator comprises a knob; and
the spring system comprises a spring disposed in a pocket in the knob and positioned to

push the plunger into the notch.

17. The medical instrument of claim 14, or of claim 15 or 16, wherein the notch is

disposed on a cylindrical surface of the axle structure.

18. The medical instrument of claim 14, or of claim 15 or 16, wherein the notch is

disposed in a plate that extends around an axle of the axle structure.

19. The medical instrument of claim 13, wherein:
the manipulator comprises a knob; and
the slip clutch comprises clip engaged in the knob and providing a friction fit to an axle

in the actuation mechanism.
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