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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2015/023853 Al
19 February 2015 (19.02.2015) P O P C T

(51) International Patent Classification: (74) Agents: ALLENBY, Christopher B. et al; Intuitive Sur
A61B 19/00 (2006.01) B25J 19/00 (2006.01) gical Operations, Inc., 1020 Kifer Rd., Sunnyvale, Califor

nia 94086 (US).
(21) International Application Number:

PCT/US20 14/05 1074 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
14 August 2014 (14.08.2014) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

61/866,125 15 August 2013 (15.08.2013) US 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,

(71) Applicant: INTUITIVE SURGICAL OPERATIONS, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
INC. [US/US]; 1020 Kifer Rd., Sunnyvale, California ZW.
94086 (US).

(84) Designated States (unless otherwise indicated, for every
(72) Inventors: COOPER, Thomas G.; 304 Concord Drive, kind of regional protection available): ARIPO (BW, GH,

Menlo Park, California 94025 (US). HOLOP, Robert E.; GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
2047 Kimberlin Place, Santa Clara, California 9505 1 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[Continued on nextpage]

(54) Title: ROBOTIC INSTRUMENT DRIVEN ELEMENT

(57) Abstract: A surgical system (200) includes a surgical
instrument (260) that is sensitive to backlash that would
adversely affect the transmission of controlled torque and
position to the surgical instrument. The surgical instru

C

r1400

1445 ment (260) is coupled to motors in a surgical instrument
manipulator assembly (240) via a mechanical interface.
The combination of the mechanical interface and surgical
instrument manipulator assembly (240) have low backlash,
e.g., less than 0.7 degrees. The backlash is controlled in
the surgical instrument manipulator assembly (240). From
the drive output disk (545) in the surgical instrument m a
nipulator assembly to the driven disk (964) of the surgical
instrument, the mechanical interface has zero backlash for
torque levels used in surgical procedures.

Proximal

FIG. 14
©

o
o



TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, Published:
KM, ML, MR, NE, SN, TD, TG).

— with international search report (Art. 21(3))
Declarations under Rule 4.17:

— of inventorship (Rule 4.17(iv))



ROBOTIC INSTRUMENT DRIVEN ELEMENT
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BACKGROUND

Field of the Invention

[0002] The present invention relates generally to surgical instruments and systems, and

more particularly to surgical instruments with low backlash drive systems.

Description of Related Art

[0003] Robotically controlled systems such as employed for minimally invasive medical

procedures can include large and complex equipment to precisely control and drive

relatively small tools or instruments. (As used herein, the terms "robot" or "robotically"

and the like include teleoperation or telerobotic aspects.) Fig. 1A illustrates an example of

a known robotically controlled system 100. System 100, which may, for example, be part

of a da Vinci® Surgical System commercialized by Intuitive Surgical, Inc., includes a

patient-side cart 110 having multiple arms 130. Each arm 130 has a docking port 140 that

generally includes a drive system with a mechanical interface for mounting and providing

mechanical power for operation of an instrument 150. Arms 130 can be used during a

medical procedure to move and position respective medical instruments 150 for the

procedure.

[0004] Fig. IB shows a bottom view of a known instrument 150. Instrument 150

generally includes a transmission or backend mechanism 152, a main tube 154 extending

from the backend mechanism 152, and a functional tip 156 at the distal end of the main

tube 154. Tip 156 generally includes a medical tool such as a scalpel, scissors, forceps, or

a cauterizing instrument that can be used during a medical procedure. Drive cables or

tendons 155 connected to tip 156 and extend through main tube 154 to backend

mechanism 152. Backend mechanism 152 typically provides a mechanical coupling

between the drive tendons of the instrument 150 and motorized axes of the mechanical

interface of a drive system 140. In particular, gears or disks 153 have features such as

projections or holes that are positioned, sized, and shaped to engage complementary

features on the mechanical interface of a drive system 140. In a typical instrument,

rotation of disks 153 pulls on respective tendons 155 and actuates corresponding

mechanical links in tip 156. System 100 can thus control movement and tension in drive

tendons 155 as needed to position, orient, and operate tip 156. Further details of known

surgical systems are described, for example, in U.S. Pat. No. 7,048,745 (filed Aug.

13, 2001) to Tierney et al., entitled "Surgical Robotic Tools, Data Architecture, and Use,"

which is hereby incorporated by reference in its entirety.

[0005] Instruments 150 of system 100 can be interchanged by removing one

instrument 150 from a drive system 140 and then installing another instrument 150 in

place of the instrument removed. The installation process in general requires that the



features on disks 153 properly engage complementary features of drive system 140.

However, before installation, the orientations of disks 153 on instrument 150 are

generally unknown to patient-side cart 110.

[0006] Further, equipment such as patient-side cart 110 is often covered for a medical

procedure by a sterile barrier (e.g., a plastic sheet drape) because of the difficulty in

cleaning and sterilizing complex equipment between medical procedures. This sterile

barrier can include a sterile adaptor that is interposed between docking port 140 and

instrument backend 152. See for example, U.S. Pat. No. 7,048,745 and U.S. Pat.

No. 7,699,855 (filed Mar. 31, 2006) to Anderson et al., entitled "Sterile Surgical

Adaptor", which is hereby incorporated by reference in its entirety, describe some

exemplary sterile barrier and adaptor systems.

[0007] A typical installation process for an instrument 150 involves mounting backend

mechanism 152 without regard for the orientations of disks 153 on a drive system 140,

possibly with an intervening sterile adaptor. The drive motors in drive system 140 may be

then be rotated back and forth multiple times during the installation procedure to ensure

that the complementary features mesh with and securely engage each other for operation

of the newly installed instrument 150. At some point during the installation process, the

drive motors become securely engaged to rotate respective disks 153. However, the

instrument 150 being installed may move in an unpredictable manner at times during the

installation procedure because the drive motors positively engage respective disks 153 of

instrument 150 at different and unpredictable times. For certain applications, such

unpredictable motion is unacceptable. In general, clear or confined space is required

around an instrument 150 to accommodate random movements of the instrument tip

during an installation procedure.

SUMMARY

[0008] A surgical system includes a surgical instrument that is sensitive to backlash that

would adversely affect the transmission of controlled torque and position to the surgical

instrument. The surgical instrument is coupled to motors in a surgical instrument

manipulator assembly via a mechanical interface. The combination of the mechanical

interface and surgical instrument manipulator assembly has a low backlash, e.g. less than

0.7 degrees. The mechanical interface couples a drive interface in the surgical instrument

manipulator assembly to a driven interface of the surgical instrument. The mechanical

interface has zero backlash for torque levels used in surgical procedures, in one aspect.

[0009] Thus, an apparatus includes a surgical instrument manipulator assembly. The

surgical instrument manipulator assembly includes a drive unit and a drive output

assembly. The drive output assembly is coupled to the drive unit. The drive output

assembly includes a low backlash coupler coupled to the drive unit. A drive output disk is



coupled to the low backlash coupler. A portion of the surgical instrument manipulator

assembly backlash is in the coupling of the drive unit and the drive output disk to the low

backlash coupler.

[0010] In one aspect, the drive output disk is a cylindrical body with a distal end surface.

A first alignment element extends from the distal end surface. A second alignment

element also extends from the distal end surface. The first alignment element is separated

from the second alignment element. The combination of the first and second alignment

elements orients the drive output disk to a disk of another assembly in the apparatus when

the drive output disk and the disk are mated. In one aspect, the first alignment element is

a pin, and the second alignment element is a tab.

[0011] In this aspect, the distal end surface of the drive output disk has a center and a

circumferential edge. A plurality of drive dogs extend from the distal end surface. Each

drive dog includes a first edge surface positioned a first distance from the center, and a

second edge surface positioned about adjacent to the circumferential edge. The second

edge surface is opposite the first edge surface. Further, each drive dog includes a first

portion that is a three-dimensional structure, e.g., a three-dimensional rectangle, which

extends from the distal end surface and a second portion that extends from the first

portion. The second portion has two opposing second portion side surfaces. Each of the

second portion side surfaces is curved surface. In one aspect, the curved surface is a

portion of a circular section, e.g., a portion of an outer surface of a cylinder.

[0012] The drive output assembly also includes a shaft. A first preload spring is coupled

to the shaft. The first preload spring also is coupled to the drive output disk. The first

preload spring is configured to apply a first preload force on the drive output disk when

the first preload spring is compressed.

[0013] The drive output assembly also includes a second preload spring coupled to the

shaft. The second preload spring in combination with the first preload spring is

configured to apply a second preload force on the drive output disk when the first and

second preload springs are compressed. The second preload force is larger than the first

preload force.

[0014] The surgical instrument manipulator assembly includes a motor pack including a

plurality of drive units. The plurality of drive units includes the drive unit described

previously. The motor pack is moveably mounted in a housing of the surgical instrument

manipulator assembly. The motor pack also includes a plurality of hard stops. The

plurality of hard stops is configured to extend from a distal face of the motor pack.

[0015] The surgical instrument manipulator assembly also includes a release latch. The

release latch is pivotally mounted in the housing of the surgical instrument manipulator

assembly. A pin extends inside the housing from a proximal portion of the release latch.

In one aspect, the pin is a spring-loaded pin.



[0016] The motor pack of the surgical instrument manipulator assembly also includes a

release latch inhibit stop. If the motor pack is at a fully withdrawn position relative to the

housing of the surgical instrument manipulator assembly, operation of the release latch is

not inhibited, in one aspect. However, if the motor pack is at a first position relative to the

housing, the pin contacts the release latch inhibit stop and prevents pivoting of the release

latch if the release latch is pressed. In another aspect, the release latch inhibit stop

prevents pivoting of the release latch when the motor pack is at the fully withdrawn

position while a surgical instrument is mounted in the sterile adapter assembly.

[0017] In another aspect, the apparatus includes a surgical device assembly, a preload

track, and a preload assembly riding on the preload track. The preload assembly is

coupled to the surgical device assembly. An insertion assembly includes the preload

track.

[0018] When the preload assembly is positioned at a first location on the preload track,

the preload assembly applies a first force to the surgical device assembly. When the

preload assembly is positioned at a second location on the preload track, the preload

assembly applies a second force to the surgical device assembly. The second force is

larger than the first force.

[0019] In one aspect, the preload assembly includes a cam follower assembly and an arm.

The cam follower assembly rides on the preload track. The arm has a first end and a

second end. The first end is coupled to the surgical device assembly. The second end of

the arm is coupled to the cam follower assembly. If the cam follower assembly is

positioned at the first location on the preload track, the arm is configured to transfer a

force proportional to the first force from the cam follower assembly to the surgical device

assembly. If the cam follower assembly is positioned at the second location on the

preload track, the arm is configured to transfer a force proportional to the second force

from the cam follower assembly to the surgical device assembly.

[0020] The surgical device assembly also includes a drive unit housing and a motor pack.

The motor pack is movably mounted in the drive unit housing. The first end of the arm is

coupled to the motor pack. If the cam follower assembly is positioned at the first location

on the preload track, the arm is configured to transfer a force proportional to the first

force from the cam follower assembly to the motor pack. If the cam follower assembly is

positioned at the second location on the preload track, the arm is configured to transfer a

force proportional to the second force from the cam follower assembly to the motor pack.

[0021] In another aspect, an apparatus includes a preload track and a preload assembly

configured to ride on the preload track. The preload assembly is configured to couple to a

surgical device assembly. The preload assembly also is configured to apply a first force to

the surgical device assembly if the preload assembly is positioned at a first location on the

preload track.



[0022] The preload assembly includes a preload reset mechanism. The preload reset

mechanism is configured to automatically position the preload assembly at the first

location on the preload track.

[0023] In yet another aspect, an apparatus includes a surgical instrument manipulator

assembly, an insertion assembly, and a preload assembly. The surgical instrument

manipulator assembly includes a housing and a motor pack. The motor pack is movably

mounted in the housing. The insertion assembly is coupled to the surgical instrument

manipulator assembly. The insertion assembly also includes a preload track. The preload

assembly includes a cam follower assembly, an arm, and a preload rest assembly. The

arm includes a first end and a second end. The first end of the arm is rotatably connected

to the cam follower assembly. The second end of the arm is coupled to the motor pack.

The cam follower assembly is configured to ride on the preload track. The preload reset

assembly is configured to automatically position the preload assembly at a first location

on the preload track. At the first location, the preload assembly applies a first force on the

motor pack.

[0024] Another apparatus includes an insertion assembly, an instrument manipulator

assembly, a surgical device interface, and a surgical instrument. Sometimes, the surgical

device interface is referred to as a surgical device interface element. The insertion

assembly includes a distal end and a preload track. The instrument manipulator assembly

is coupled to the distal end of the insertion assembly. The instrument manipulator

assembly includes a drive output disk. The drive output disk has a drive output interface.

[0025] The surgical device interface is mounted on the instrument manipulator assembly.

The surgical device interface includes an intermediate disk. The intermediate disk has an

intermediate driven interface and an intermediate drive interface. The intermediate driven

interface is coupled to the drive output interface.

[0026] The surgical instrument is mounted on the surgical device interface. The surgical

instrument includes a driven disk. The driven disk has a driven interface. The driven

interface is coupled to the intermediate drive interface.

[0027] If a first force is applied to the coupling between the drive output disk and the

intermediate disk, the coupling between the drive output disk and the intermediate disk

has non-zero backlash for torque levels used to bring the two disks into alignment. If a

second force is applied to the coupling between the drive output disk and the intermediate

disk, the coupling between the drive output disk and the intermediate disk has zero

backlash for torque levels used in surgical procedures. The second force is larger than the

first force.

[0028] Thus, the apparatus includes a drive output disk and an intermediate disk. The

drive output disk includes a distal end surface and a plurality of drive dogs extending

from the distal end surface. Each drive dog of the plurality of drive dogs includes a first



portion that is a three-dimensional structure, e.g., a three-dimensional rectangle, which

extends from the distal end surface, and a second portion extending from the first portion.

The second portion includes two opposing second portion side surfaces. Each of the

second portion side surfaces is a curved surface. In one aspect, the curved surface is a

portion of a circular section, e.g., a portion of an outer surface of a cylinder. The

intermediate disk includes a proximal end surface, and a plurality of drive dog receptacles

extending from the proximal end surface into the intermediate disk. Each drive dog

receptacle of the plurality of drive dog receptacles is configured to receive one of the

plurality of drive dogs. Each drive dog receptacle of the plurality includes a first portion

that includes opposed sidewalls extending from the outer surface into the intermediate

disk, a second portion is a bottom surface of the drive dog receptacle, and a third portion

extending from the first portion to the second portion. The third portion has two opposing

third portion sloped side surfaces.

[0029] The apparatus has a first preload spring coupled to the drive output disk. The first

preload spring is compressed when the drive output disk is coupled to the intermediate

disk. The compression of the first preload spring applies a preload force to the drive

output disk. When the preload force is applied to the drive output disk, the coupling

between the drive output disk and the intermediate disk has non-zero backlash for torque

levels necessary to bring the disks into alignment.

[0030] The apparatus also includes a second preload spring coupled to the drive output

disk. A preload assembly is coupled to the first and second preload springs. When the

preload assembly compresses the first and second preload springs, the compressed second

spring in combination with the compressed first spring applies a second preload force to a

coupling between the drive output disk and the intermediate disk. When the second

preload force is applied to the coupling, the coupling between the drive output disk and

the intermediate disk has zero backlash for torque levels used in surgical procedures.

[0031] In still another aspect, the apparatus includes a surgical device interface element.

The surgical device interface element includes a plurality of intermediate disks and a first

body structure having rotatably mounted therein the plurality of intermediate disks.

[0032] Each intermediate disk includes an intermediate driven interface and an

intermediate drive interface. The intermediate drive interface is opposite from the

intermediate driven interface.

[0033] The intermediate driven interface includes a first alignment receptacle and drive

dog receptacles. The intermediate drive interface includes drive dogs and an engagement

structure.

[0034] The first alignment receptacle is configured to mate with a first alignment element

extending from a drive output disk of a surgical instrument manipulator assembly. The

intermediate driven interface also includes a second alignment receptacle. The second



alignment receptacle is configured to mate with a second alignment element extending

from the drive output disk. The first alignment receptacle is separated from the second

alignment receptacle. The combination of the first and second alignment receptacles

orients the drive output disk to the intermediate disk when the drive output disk and the

intermediate disk are coupled, e.g., mated.

[0035] The first body structure includes a plurality of hard stops. Each intermediate disk

is associated with one of the hard stops. Each intermediate disk has a hard stop tab

extending from an outer side surface of that disk. In a first axial position of the

intermediate disk, the hard stop tab contacts the hard stop associated with the intermediate

disk when the intermediate disk is rotated. In a second axial position of the intermediate

disk, the intermediate disk rotates freely without the hard stop tab contacting the hard stop

associated with the intermediate disk.

[0036] Each of the drive dog receptacles includes a first portion having opposed sidewalls

extending from an outer surface of the intermediate disk into the intermediate disk. A

second portion of the drive dog receptacle is a bottom surface of the drive dog receptacle.

A third portion of the drive dog receptacle extends from the first portion to the second

portion. The third portion includes two opposing third portion side surfaces. Each of the

third portion side surfaces is a sloped surface. In one aspect, the sloped surface is a

portion of a side surface of a wedge.

[0037] Each of the drive dogs of the intermediate disk has a first portion that is a three-

dimensional structure, e.g., a three-dimensional rectangle. A second portion of the drive

dog extends from the first portion. The second portion has two opposing second portion

side surfaces. Each of the second portion side surfaces is a portion of curved surface. In

one aspect, the curved surface is a portion of a circular section, e.g., a portion of an outer

surface of a cylinder.

[0038] Each of the drive dog receptacles of the intermediate disk is positioned so that

each of the drive dog receptacles is bisected by a first plane. Each of the drive dogs of the

intermediate disk is positioned so that each of the drive dogs is bisected by a second

plane. The first plane is perpendicular to the second plane.

[0039] The surgical device interface element also includes a second body structure. The

first body structure is movably mounted in the second body structure. The second body

structure includes a skid plate.

[0040] The intermediate disk also has a distal surface. The engagement structure, in one

aspect, is an open three-dimensional structure extending in a distal direction from the

distal surface. The open three-dimensional structure is a generally C-shaped structure.

The C-shaped structure has a height, a first end, and a second end. The first and second

ends bound an opening of the C-shaped structure. A centerline extends through a center

of the C-shaped structure. The centerline is equidistance from the first and second ends.



[0041] The open three-dimensional structure also includes a wall extending from one of

the first and second ends. The wall extends in a direction substantially parallel to the

centerline of the C-shaped structure. The wall also extends towards an outer edge of the

distal surface of the intermediate disk. The wall has a height that is smaller than the

height of the C-shaped structure.

[0042] In another aspect, the open three-dimensional structure is a circular track. The

circular track includes a first circumferential section having a first height, a first end, and

a second end. The circular track also includes a second circumferential section extending

between the first and second ends of the first circumferential section. The second

circumferential section has a second height. The second height is less than the first height.

A centerline of the circular tracks extends through a center of the circular track and is

equidistance from the first and second ends. The C-shaped structure is an example of the

circular track. In this aspect, the open three-dimensional structure also includes a wall

extending in a direction substantially parallel to the centerline of the circular section from

one of the first and second ends of the first circumferential section. The wall extends

towards an outer edge of the distal surface of the intermediate disk of the plurality of

intermediate disks. The wall has a height. The height of the wall is smaller than the first

height of the first circumferential section.

[0043] In one aspect, the surgical device interface element is mounted on a surgical

instrument manipulator assembly. The surgical instrument manipulator assembly includes

a drive output disk having a drive interface. The drive interface is coupled with the

intermediate driven interface of the intermediate disk. Upon applying a predetermined

preload force to the drive output disk, the coupling between the intermediate disk and the

drive output disk has zero backlash for torque levels used in surgical procedures.

[0044] In another aspect, a surgical instrument is mounted on the surgical device

interface element. The surgical instrument further has a driven disk with a driven

interface. The driven interface is coupled to the intermediate drive interface of the

intermediate disk. Upon applying a predetermined preload force to the intermediate disk,

the coupling between the intermediate disk and the driven disk has zero backlash for

torque levels used in surgical procedures.

[0045] Thus, in one aspect, the apparatus includes an intermediate disk and a driven disk.

The intermediate disk includes an intermediate driven interface and an intermediate drive

interface. The intermediate drive interface is opposite from the intermediate driven

interface.

[0046] The intermediate driven interface includes an alignment receptacle and drive dog

receptacles. The intermediate drive interface includes drive dogs and an engagement

structure.



[0047] The driven disk includes a driven interface configured to mate with the

intermediate drive interface. The driven interface includes an engagement receptacle,

drive dog receptacles, and a rotation disable element. The rotation disable element

includes a rotation locking mechanism that prevents rotation of the driven disk. The

engagement receptacle is configured to receive the engagement structure if the

engagement structure is aligned with the engagement receptacle.

[0048] In still yet a further aspect, the apparatus includes a surgical instrument. The

surgical instrument includes a body that has a driven disk receptacle. A proximal end of a

shaft, which is in the surgical instrument, extends into the driven disk receptacle. A

driven disk is mounted on the proximal end of the shaft so that the driven disk is

positioned in the driven disk receptacle.

[0049] The driven disk includes a driven interface. The driven interface includes an

engagement receptacle, drive dog receptacles, and a rotation disable element. The rotation

disable element has a rotation locking mechanism. Upon engagement of the rotation

disable element, the rotation locking mechanism engages the driven disk receptacle and

prevents rotation of the driven disk.

[0050] Each of the drive dog receptacles includes a first portion, a second portion, and a

third portion. The first portion includes opposed sidewalls extending from a proximal

surface of the driven disk into the driven disk. The second portion is a bottom surface of

the drive dog receptacle. The third portion extends from the first portion to the second

portion. The third portion has two opposing third portion side surfaces. Each of the third

portion side surfaces includes a sloped surface. In one aspect, the sloped surface is a

portion of a side surface of a wedge. In one aspect, each drive dog receptacle includes a

first edge surface positioned a first distance from a longitudinal axis of the driven disk,

and a second open edge opposite the first edge.

[0051] The engagement receptacle includes a groove extending from a proximal surface

of the driven disk into the driven disk. The groove extends from a first end to a second

end. The groove has a width and a depth. The first end of the groove is separated from the

rotation disable element by a first gap. The second end of the groove is separated from the

rotation disable element by a second gap. The width and depth of the groove is sized to

accept an engagement structure of an intermediate drive interface on an intermediate disk.

[0052] In one aspect, the rotation disable element is a flexure. The rotation locking

mechanism extends from the flexure. In this aspect, the rotation locking mechanism

includes a tang.

[0053] The driven disk receptacle has a bottom surface. A plurality of teeth extends in a

proximal direction from the bottom surface.

[0054] The apparatus also includes a sterile adapter assembly. The surgical instrument is

mounted on the sterile adapter assembly. The sterile adapter assembly includes an



intermediate disk having an intermediate drive interface coupled with the driven interface

of the driven disk. Upon applying a predetermined preload force to the intermediate disk,

the coupling between the intermediate disk and the driven disk has zero backlash.

[0055] The apparatus also includes a surgical instrument manipulator assembly. The

sterile adaptor assembly is mounted on the surgical instrument manipulator assembly. The

surgical instrument manipulator assembly further includes a drive output disk having a

drive interface coupled with the driven interface of the intermediate disk. Upon applying

the predetermined preload force to the drive output disk, the coupling between the

intermediate disk and the drive output disk has zero backlash for torque levels used in

surgical procedures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] Fig. 1A is an illustration of a prior art teleoperated minimally invasive surgical

system.

[0057] Fig. IB is an illustration of a prior art surgical device assembly.

[0058] Fig. 2 is an illustration of a teleoperated surgical system that includes a surgical

device assembly with a low backlash.

[0059] Fig. 3A is a more detailed illustration of the configuration of the surgical device

assemblies in Fig. 2, where a surgical device assembly has a known backlash.

[0060] Fig. 3B is a more detailed illustration of the configuration of the surgical device

assemblies in Fig. 2, where a surgical device assembly has a low backlash.

[0061] Figs. 4A to 4G are block diagrams that illustrate the mounting of a sterile adapter

assembly and a surgical instrument on a surgical instrument manipulator assembly,

operation of preload mechanism to reduce backlash, instrument removal lockout, sterile

adapter removal lockout, preload release, and automatic preload reset.

[0062] Fig. 5 illustrates a distal end of the surgical instrument manipulator assembly of

Fig. 2.

[0063] Fig. 6 illustrates the surgical instrument manipulator assembly affixed to an

insertion assembly that in turn is attached to an insertion axis base assembly.

[0064] Figs. 7A and 7B illustrate a first aspect in attaching a sterile adapter assembly to

the surgical instrument manipulator assembly.

[0065] Fig. 8A illustrates another aspect of a drive output unit and a sterile adapter

assembly.

[0066] Figs. 8B to 8D are cut-away drawings illustrating the coupling of the sterile

adapter assembly of Fig. 8A to the drive output unit.

[0067] Figs. 8E to 8G are cut-away drawings illustrating a sterile adapter latch assembly

for the sterile adapter assembly of Fig. 8A.

[0068] Fig. 8H is bottom perspective view of the sterile adapter assembly of Fig. 8A.



[0069] Fig. 81 is a top perspective view of the sterile adapter assembly of Fig. 8A.

[0070] Figs. 9A and 9B are more detailed illustrations of the surgical instrument of

Fig. 2.

[0071] Figs. 10 to 13 illustrate stages in the mounting of the surgical instrument in the

sterile adapter assembly.

[0072] Fig. 14 is an illustration of a disk stack when a drive output disk is coupled, e.g.,

mated, to an intermediate disk and the intermediate disk is coupled to a driven disk.

[0073] Fig. 15A is an illustration of the surgical instrument manipulator assembly with

the drive unit assembly housing removed and with the housing around the drive output

unit removed.

[0074] Fig. 15B is a side view of a planetary gearhead.

[0075] Fig. 15C is a distal view of the planetary gearhead.

[0076] Fig. 15D is a proximal view of a 28:1 planetary gearhead.

[0077] Fig 15E is a proximal view of a 9:1 planetary gearhead.

[0078] Fig. 16A is a more detailed illustration of the drive output assembly.

[0079] Fig. 16B is an end view of the low backlash coupler.

[0080] Fig. 16C is an illustration of a drive interface on the drive output disk.

[0081] Fig. 16D is a cross-sectional view of a drive dog.

[0082] Fig. 17A is an illustration of the sterile adapter assembly.

[0083] Fig. 17B is an enlarged illustration of a portion of the movable body showing a

receptacle and an intermediate disk.

[0084] Fig. 18A is an illustration of the intermediate driven interface on the proximal end

of the intermediate disk.

[0085] Fig. 18B is an illustration of the intermediate drive interface on the distal end of

the intermediate disk.

[0086] Fig. 18C is a cross-sectional view of a drive dog receptacle.

[0087] Fig. 18D is a cross sectional view that illustrates a drive dog inserted in a drive

dog receptacle under the light preload force after the drive interface on the drive output

disk has partially coupled with the intermediate driven interface on the intermediate disk.

[0088] Fig. 19A is an illustration of the driven interface on a proximal end of the driven

disk.

[0089] Fig. 19B is an illustration of a part of the body of the driven interface assembly.

[0090] Fig. 20A illustrates a cut-away view of when the intermediate disk and the driven

disk are in contact, i.e., partially coupled, but are not mated.

[0091] Fig. 20B illustrates a cut-away view of when the intermediate disk and the driven

are mated.

[0092] Fig. 2 1 is a more detailed illustration of one aspect of the insertion assembly.

[0093] Figs. 22A and 22B illustrate a preload assembly in greater detail.



[0094] Fig. 22C is a free body force diagram of the forces acting on a wheel in the cam

follower assembly of the preload assembly.

[0095] Figs. 22D and 22E show that a motor pack has moved an additional distance ∆
relative to the top of the drive unit housing that moved distance Zload.

[0096] Fig. 22F illustrates, in one aspect, dimensions of the preload track.

[0097] Fig. 22G is a graph of a retraction force versus insertion distance of a surgical

instrument.

[0098] Fig. 23 is a more detailed illustration of the preload assembly.

[0100] Fig. 24A illustrates release of the cam follower assembly.

[0101] Fig. 24B illustrates an automatic preload reset mechanism of the preload

assembly.

[0102] Fig. 25 is a cut-away view of a surgical instrument manipulator assembly, a sterile

adapter assembly, and a surgical instrument, and the motor pack of the surgical

instrument manipulator assembly includes a plurality of deployed hard stops.

[0103] Figs. 26A and 26B are illustrations of a release latch mechanism and a mechanism

to inhibit operation of the release latch mechanism.

[0104] In the drawings, for single digit figure numbers, the first digit in the reference

numeral of an element is the number of the figure in which that element first appears. For

double-digit figure numbers, the first two digits in the reference numeral of an element is

the number of the figure in which that element first appears.

DETAILED DESCRIPTION

[0105] In one aspect, a surgical system 200 (Fig. 2), e.g., a minimally invasive

teleoperated surgical system, includes a patient-side cart 210 having an arm 220. At an

end of arm 220 is an entry guide manipulator 230. Mounted on entry guide

manipulator 230 is a master instrument manipulator 280 that in turn supports multiple

surgical device assemblies. In one aspect, a surgical device assembly includes a surgical

instrument manipulator assembly 240, an instrument sterile adapter assembly 250, and a

surgical instrument 260.

[0106] Surgical instrument manipulator assembly 240 is sometimes referred to as

instrument manipulator assembly 240. Instrument sterile adapter assembly 250 is

sometimes referred to as sterile adapter assembly 250.

[0107] Entry guide manipulator 230 changes the pitch and yaw of the surgical device

assemblies as group. A main tube of each surgical instrument 260 extends through a

different channel in a single port entry guide 270. Single port entry guide 270 is mounted

in a cannula, in this aspect. Single port refers to a single access location (e.g., a single

incision, a single natural orifice, and the like) to a surgical site inside the patient.



[0108] As used herein, a cannula is a tube that passes through the patient's body wall, and

that comes in direct contact with the patient. The cannula generally does not slide in and

out relative to the patient, but the cannula can pitch and yaw around a point on its axis

called the remote center of motion.

[0109] As used herein, singe port entry guide 270 is a tube through which all surgical

instruments and a camera instrument must pass to reach a location inside the

patient. Entry guide 270 has separate lumens for each instrument. Entry guide 270 passes

through the cannula, and may twist relative to the cannula.

[0110] As used here, backlash is a maximum angle through which one part of a

mechanical interface can be moved without moving a connected part of the mechanical

interface. Surgical instrument 260 is sensitive to backlash that would adversely affect the

transmission of controlled torque and position from instrument manipulator assembly 240

to surgical instrument 260. As explained more completely below, surgical instrument 260

is coupled to motors in instrument manipulator assembly 240 via a mechanical interface.

The combination of the mechanical interface and instrument manipulator assembly 240

has low backlash, e.g., less than 0.7 degrees. From the output disk (the drive output disk)

in instrument manipulator assembly 240 to the input disk (the driven disk) of surgical

instrument 260, the mechanical interface has zero backlash, in one aspect.

[0111] In one aspect, the mechanical interface includes sterile adapter assembly 250.

Sterile adapter assembly 250 includes a sterile drape (not shown). The sterile drape is

configured in a matter equivalent to the configurations known to those knowledgeable in

the field. Sterile adapter assembly 250 is a single use product. Therefore, the portion of

the mechanical interface implemented in sterile adapter assembly 250 includes a minimal

number of parts, as described more completely below.

[0112] A transmission unit of surgical instrument 260 has multiple parallel input shafts.

Due to manufacturing variations and tolerances, not all of these input shafts are or can be

perfectly parallel or precisely located. For this reason, the mechanical interface must

accommodate shaft angular and planar misalignment during the process of engaging

surgical instrument 260 to instrument manipulator assembly 240. The mechanical

interface couples surgical instrument 260 to the drive motors in instrument manipulator

assembly 240 with very little, effectively zero, instrument tip motion during the

instrument engagement process. As explained more completely below, until surgical

instrument 260 is engaged with the motors in instrument manipulator assembly 240,

instrument tip motion is inhibited. In addition, the distal end of surgical instrument 260

does not extend beyond the distal end of the cannula until the backlash in the mechanical

interface has been minimized.

[0113] A controller 290 is coupled to a surgeon's control console (not shown) and to

patient-side cart 210. Controller 290 represents the various controllers in system 200.



Controller 290 sends control commands to the surgical instrument 260 in response to

control commands. The control commands are based on movements of masters in a

surgeon's control console by a surgeon. A display module in system controller 290 also

updates a stereoscopic view of the surgical site generated by a display device in the

surgeon' s control console as slave surgical instrument 260 moves in response to the

control commands.

[0114] Although described as controller 290, it is to be appreciated that controller 290

may be implemented in practice by any combination of hardware, software that is

executed on a processor, and firmware. Also, its functions, as described herein, may be

performed by one unit or divided up among different components, each of which may be

implemented in turn by any combination of hardware, software that is executed on a

processor, and firmware. When divided up among different components, the components

may be centralized in one location or distributed across system 200 for distributed

processing purposes. A processor should be understood to include at least a logic unit and

a memory associated with the logic unit.

[0115] Figs. 3A and 3B are illustrations of four surgical device assemblies 300 mounted

on entry guide manipulator 230. In Fig. 3A, surgical device assemblies 300 are positioned

at an initial position, e.g., a first location. As explained more completely below, the

mechanical interface includes a disk stack between a motor in instrument manipulator

assembly 240 and a shaft in the transmission unit of surgical instrument 260. In the

configuration of Fig. 3A, a first preload force is applied on the disk stack, e.g., a first

predetermined force is applied on the disk stack.

[0116] With this first preload force, the mechanical interface may have some backlash

because the first preload force is not sufficient to clamp the disks in the disk stack tightly

enough together to prevent relative motion between the disks in the mechanical interface.

However, the design of disks in the disk stack in the mechanical interface in combination

with the first preload force ensures that the disks in the disk stack remain engaged, e.g.,

partially coupled, until the backlash is minimized.

[0117] With the first preload force, which is a low preload force, the disks in the

mechanical interface have zero backlash up to a first torque level, e.g., 1.17 in-lb

assuming a friction coefficient of 0.1. Above the first torque level, there may be a known

small backlash, for example 1.13 degrees. Since, as described more completely below, a

force sufficient to spin the disks to overcome friction and dynamically mate the disks

quickly is used, this force typically provides more than the first torque level. In this

instance, the disks in the mechanical interface have non-zero backlash. Thus, the

mechanical interface is said to have non-zero backlash in this instance.

[0118] In Fig. 3B, three of the four surgical device assemblies have been moved distally.

Arrow 390 defines the distal and proximal directions. Here, the distal direction is towards



patient 201 and away from master instrument manipulator 280. The proximal direction is

away from patient 201 and towards master instrument manipulator 280.

[0119] As surgical device assembly 300 moves distally on insertion assembly 331, the

preload force on the disk stack is automatically increased from the first preload force to a

second preload force. The second preload force is an example of a second predetermined

force. The second preload force reduces the backlash of the mechanical interface, i.e., the

backlash between the disks in the disk stack, to zero for torque levels used in surgical

procedures.

[0120] In one aspect, the second preload force is a high preload force, e.g., 2.3 lb. As just

described, the disks in the mechanical interface, and hence the mechanical interface, have

zero backlash at torque levels used in surgical procedures. In one example if the

coefficient of friction is assumed to be 0.1 , the mechanical interface has zero backlash for

torque levels up to 4.9 in- lb. For surgical instrument 260 to apply surgically useful forces

at the end effector a certain torque must be applied to the disks in the mechanical

interface. This is deemed a surgically useful torque. In one example, a surgically useful

torque may be 4.425 in- lb, and so the mechanical interface has zero backlash for torque

levels used in surgical procedures in this aspect.

[0121] As explained more completely below, unlike the prior art, the control of the

backlash is in instrument manipulator assembly 240. Previously, the backlash was

controlled in a sterile adapter assembly that was disposable, which in one instance

required that the sterile adapter assembly include injection-molded parts that had resilient

properties. Moving control of the backlash into instrument manipulator assembly 240

allows use of machined parts, and so allows reduction of the backlash.

[0122] Figs. 4A to 4G are block diagrams that illustrate the mounting of a sterile adapter

assembly and a surgical instrument on a surgical instrument manipulator assembly. Other

aspects illustrated in Figs. 4A to 4G include operation of a preload mechanism to reduce

backlash, instrument removal lockout, sterile adapter removal lockout, preload release,

and automatic preload reset. Figs. 4A to 4G are not to scale. Arrow 390 in Figs. 4A

and 4G shows the proximal and distal directions in each of Figs. 4A to 4G.

[0123] Fig. 4A shows a surgical instrument manipulator assembly 440 affixed to insertion

assembly 431. In particular, instrument manipulator assembly housing 448 is fixedly

attached to a distal end of insertion assembly 431, and so instrument manipulator

assembly housing 448 moves with movement of insertion assembly 431. However, a

motor pack 446 within instrument manipulator assembly housing 448 can move on

rail 439. Motor pack 446 can move in the distal and proximal directions relative to

instrument manipulator assembly housing 448. Motor pack 446 is coupled to instrument

manipulator assembly housing 448 by a return spring 447.



[0124] Motor pack 446 is movably coupled to insertion assembly 431 by preload

assembly 480. Preload assembly 480 rides on a preload track in insertion assembly 431 .

As explained more completely below, as preload assembly 480 moves in the distal

direction, preload assembly 480 provides a longitudinal force in the distal direction on

motor pack 446. Preload assembly 480 includes a preload release button 482.

[0125] Motor pack 446 includes a plurality of drive units 441 . Plurality of drive units 441

includes a plurality of drive motors and a plurality of drive output assemblies. Each drive

motor in the plurality of drive motors is coupled to a corresponding drive output

assembly 443 in the plurality of drive output assemblies.

[0126] Drive output assembly 443 includes a preload spring assembly and a drive output

disk 445. Drive output assembly 443 also includes a low backlash coupler positioned

between the preload spring assembly and drive output disk 445. Drive output disk 445 is

coupled to the low backlash coupler by a set of input pins. As explained more completely

below, drive output disk 445 is a cylindrical disk that includes a distal end surface. The

distal end of each drive output disk 445 has a drive interface. The drive interface includes

drive dogs and alignment elements.

[0127] The drive dogs extend in a distal direction from the distal end surface. Each drive

dog includes a first portion comprising a three-dimensional structure, e.g., a three-

dimensional rectangle, which extends from the distal end surface and a second portion

extending from the first portion. The second portion of the drive dog includes two

opposing second portion side surfaces, and each of the second portion side surfaces

includes a curved surface. In one aspect, the curved surface is a portion of a circular

section, e.g., a portion of an outer surface of a cylinder.

[0128] Motor pack 446 includes a plurality of hard-stops 437 configured to extend from a

distal face of motor pack 446, and motor pack 446 also includes a release latch inhibit

stop 438. Release latch inhibit stop 438 extends in the distal direction from one side of

motor pack 446. A release latch 435 is mounted in a wall of instrument manipulator

assembly housing 448. A latch pin 435P is coupled to a proximal portion of release

latch 435.

[0129] Fig. 4A shows instrument manipulator assembly 440 with the preload released,

e.g., motor pack 446 is at a fully withdrawn position. In this configuration, return

spring 447 retracts motor pack 446 within instrument manipulator assembly housing 448

so that the plurality of drive output disks including drive output disk 445 do not extend

from a distal face of instrument manipulator assembly housing 448. The distal face of

motor pack 446 is at position 432, which is the fully withdrawn position.

[0130] In one aspect, when motor pack 446 is located at fully withdrawn position 432,

controller 290 causes insertion assembly 431 to move the preload track on which preload

assembly 480 rides. The movement of the preload track results in preload assembly 480



applying a longitudinal force on motor pack 446. The longitudinal force on motor

pack 446 moves motor pack 446 distally relative to instrument manipulator

assembly housing 448 to position 433 so that the plurality of drive output disks including

drive output disk 445 extend from the distal face of instrument manipulator

assembly housing 448, as illustrated in Fig. 4B. With motor pack 446 at position 433,

return spring 447 is stretched from its initial state when motor pack 446 was at

position 432.

[0131] A surgical device interface element 450, e.g., a sterile adapter, could be mounted

on instrument manipulator assembly 440 configured as shown in Fig. 4B. However,

mounting the surgical device interface element 450 in this configuration requires

compressing the plurality of preload spring assemblies including the preload spring

assembly in drive output assembly 443 during the mounting process.

[0132] Thus, in one aspect, if motor pack 446 is in the position illustrated in Fig. 4B,

prior to mounting surgical device interface element 450, preload release button 482 is

activated so that the first longitudinal force applied on motor pack 446 by preload

mechanism 408 is released. Consequently, return spring 447 pulls motor pack 446 to fully

withdrawn position 432, as illustrated in Fig. 4A.

[0133] With motor pack 446 in fully withdrawn position 432, in one aspect, tongues on

one end of surgical device interface element 450 are positioned in grooves in instrument

manipulator assembly housing 448 and the other end of surgical device interface

element 450 is moved in the proximal direction until that other end engages with release

latch 435 as shown in Fig. 4C. In the configuration of Fig. 4C with motor pack 446 fully

withdrawn, if the proximal end of release latch 435 is pushed, release latch 435 releases

surgical device interface element 450, and surgical device interface element 450 can be

removed from instrument manipulator assembly 440. However, in one aspect, if a

surgical instrument is mounted in surgical device interface element 450 while motor

pack 446 is in the fully withdrawn position 432, operation of release latch 435 is inhibited

by release latch inhibit stop 438 until after preload release button 482 is pressed, e.g., is

activated.

[0134] Thus, in this aspect, a surgical device interface element 450 (Fig. 4C) is mounted

on the distal face of instrument manipulator assembly 440. As explained more completely

below, surgical device interface element 450 includes a frame 451 and a movable

body 45 1C. Moveable body 451C can move in the proximal and distal directions within

frame 451. A plurality of intermediate disks is mounted in moveable body 451C so that

each of the plurality of intermediate disks can rotate relative to frame 451. In this aspect,

each intermediate disk in the plurality of disks is the same, and so intermediate disk 453

is representative of each of the plurality of intermediate disks.



[0135] Each intermediate disk 453 of the plurality of intermediate disks includes an

intermediate driven interface 455, a first intermediate disk interface, and an intermediate

drive interface 456, a second intermediate disk interface. Intermediate driven

interface 455 is opposite and removed from intermediate drive interface 456. In one

aspect, as explained more completely below, intermediate driven interface 455 includes a

first alignment receptacle and drive dog receptacles. Intermediate drive interface 456

includes drive dogs and an engagement structure.

[0136] Each of the drive dog receptacles of the intermediate driven interface is positioned

so that each of the drive dog receptacles of the intermediate driven interface is bisected by

a first plane. Each of the drive dogs of the intermediate drive interface is positioned so

that each of the drive dogs of the intermediate drive interface is bisected by a second

plane. The first plane is perpendicular to the second plane.

[0137] Each of the drive dog receptacles of the intermediate driven interface includes a

first portion comprising opposed sidewalls extending from the outer surface into the

intermediate disk, a second portion comprising a bottom surface, and a third portion

extending from the first portion to the second portion. The third portion includes two

opposing third portion side surfaces, where each third portion side surface includes a

sloped surface.

[0138] Each of the drive dogs of the intermediate drive interface includes a first portion

and a second portion extending from the first portion. The first portion is a three-

dimensional structure, e.g., a three-dimensional rectangle. The second portion includes

two opposing second portion side surfaces, where each second portion side surface

includes a curved surface. The engagement structure includes an open three-dimensional

structure extending in a distal direction from the distal surface of the intermediate disk.

[0139] Movable body 451C also includes a plurality of hard stop receptacles 457.

Plurality of hard stop receptacles 457 extend from a proximal face of movable body 451C

in a distal direction into movable body 451C.

[0140] In one aspect, instrument manipulator assembly 440 includes a sensor that sends a

signal to controller 290 when surgical device interface element 450 is mounted on

instrument manipulator assembly 440. In response to this signal, controller290 causes

insertion assembly 431 to move the preload track on which preload assembly 480 rides so

that preload assembly 480 is reset and so that preload assembly 480 automatically applies

the longitudinal force on motor pack 446. The longitudinal force on motor pack 446

moves motor pack 446 distally relative to instrument manipulator assembly housing 448

to position 433.

[0141] As motor pack 446 is moved from fully withdrawn position 432 to position 433, a

drive interface of each drive output disk 445 of the plurality of drive output disks contacts

a corresponding intermediate driven interface 455 of the plurality of intermediate driven



interfaces of the plurality of intermediate disks and in turn, each intermediate disk 453

contacts movable body 451C. When movable body 451C moves distally as far as possible

within frame 451, further motion of drive output disk 445 in the distal direction is

inhibited.

[0142] Consequently, as motor pack 446 continues to move to position 433, in response

to the longitudinal force, return spring 447 is stretched further, and the preload spring

assembly in each drive output assembly 443 of the plurality of drive output assemblies is

compressed so that a preload force is exerted on each drive output disk 445 in the

plurality of drive output disks. The preload force pushes against drive output disk 445 and

against a corresponding intermediate driven interface 455 so that the preload force is

transferred to each intermediate disk 453 of the plurality of intermediate disks in surgical

device interface element 450. This configuration is illustrated in Fig. 4D.

[0143] When surgical device interface element 450, sometimes referred to as a surgical

device interface, is first mounted on instrument manipulator assembly 440, the elements

of intermediate driven interface 455 may not be aligned with corresponding elements of

the drive interface on drive output disk 445. If the elements of disks 453 and 445 are not

aligned, the two disks are partially coupled together by features in the drive and

intermediate driven interfaces, but the two disks are not coupled, e.g., mated, to each

other.

[0144] Next, controller 290 sends a signal to instrument manipulator assembly 440 to

rotate drive output disk 445. As explained more completely below, rotation of

intermediate disk 453 is inhibited and drive output disk 445 is rotated until the drive

interface of drive output disk 445 mates with intermediate driven interface 455 of

intermediate disk 453. Also, as explained more completely below, the partial coupling of

the elements of the drive interface on drive output disk 445 with the corresponding

elements of intermediate driven interface 455 on intermediate disk 453 assures that the

two disks remain partially coupled under the preload force as the two disks rotate. In one

aspect, when the two disks are coupled, another sensor detects a change in a height of the

disk stack and sends a signal to controller 290 to stop the rotation of drive output

disk 445. An alternative technique to sense the mating of the two disks is described

below. When the two disks are mated, the preload force is reduced, because the height of

the disk stack is reduced.

[0145] When motor pack 446 is at position 433, release latch inhibit stop 438 extends in

front of latch pin 435P that is coupled to release latch 435. Thus, if someone tries to

release surgical device interface element 450 by pressing on the proximal end of release

latch 435, latch pin 435P contacts release latch inhibit stop 438, which prevents releasing

surgical device interface element 450, because release latch 435 cannot be pivoted

enough to release surgical device interface element 450. Thus, while there is a preload



force on surgical device interface element 450, surgical device interface element 450

cannot be dismounted.

[0146] In another aspect, when surgical device interface element 450 is mounted on

instrument manipulator assembly 440, a signal is not sent to the controller and so motor

pack 446 remains at fully released position 432, as illustrated in Fig. 4C. A surgical

instrument 460 can be coupled to instrument manipulator assembly 440 in either the

configuration of Fig. 4B, or the configuration of 4C. For purposes of an example, the

configuration of Fig. 4C is used.

[0147] In one aspect, a first end of surgical instrument 460 is slid along a ramp in

frame 451 of surgical interface element 450 until surgical instrument 460 is held in the

proper position, as illustrated in Fig. 4E. In one aspect, surgical instrument 460 includes a

body 465 and a main tube 467. Main tube 467 extends distally from body 465. Body 465

includes a driven disk receptacle 463, a shaft 466, and a driven disk 464. Shaft 466 and

driven disk 464 are part of a transmission unit that transmits received torque through the

instrument to one or more components of the instrument.

[0148] A proximal end of shaft 466 extends into driven disk receptacle 463, and driven

disk 464 is mounted on the proximal end of shaft 466 so that driven disk 464 is positioned

in driven disk receptacle 463 . Driven disk 464 includes a driven interface that interfaces

with intermediate drive interface 456 of intermediate disk 453.

[0149] The driven interface of driven disk 464 includes an engagement receptacle, drive

dog receptacles, and a rotation disable element. The drive dog receptacles are equivalent

to those described above. The rotation disable element includes a rotation locking

mechanism. Upon engagement of the rotation disable element, the rotation locking

mechanism engages driven disk receptacle 464 and prevents rotation of driven disk 464.

[0150] When surgical instrument 460 is coupled to instrument manipulator assembly 440,

each driven disk 464 pushes a corresponding intermediate disk 453 in surgical device

interface element 450 proximally so that intermediate disk 453 can rotate freely. This

increases the preload force on the disk stack. However, when surgical instrument 460 is

first mounted on surgical device interface element 450, the elements of intermediate drive

interface 456 may not be aligned with corresponding elements of the driven interface on

driven disk 464. If the elements of the two disks 453 and 464 are not aligned, the two

disks are partially coupled together by features in intermediate drive interface 456 and in

the driven interface, but the two disks are not mated to each other.

[0151] As explained more completely below, when intermediate drive interface 456 of an

intermediate disk 453 is not aligned with the corresponding driven interface of driven

disk 464, an engagement structure on intermediate drive interface 456 of intermediate

disk 453 engages a rotation disable element on driven disk 464 of surgical

instrument 460. The rotation disable element includes a rotation locking mechanism.



Upon engagement of the rotation disable element, the rotation locking mechanism

engages driven disk receptacle 464 and prevents rotation of driven disk 464.

[0152] When surgical instrument 460 is coupled to instrument manipulator assembly 440,

instrument manipulator assembly 440 detects the presence of surgical instrument 460, and

sends a signal to controller 290. In response to the signal, controller 290 sends a signal to

instrument manipulator assembly 440 to rotate drive output disk 445. As the intermediate

drive interface 456 of intermediate disk 453 rotates with driven disk 464 fixed in place,

each element on intermediate drive interface 456 rotates into alignment with the

corresponding element of the driven interface of driven disk 464 and mates with the

corresponding element. The coupling of intermediate drive interface 456 and the driven

interface on driven disk 464 releases the rotation lock on driven disk 464. Thus, the stack

of disks, disks 445, 453, and 464, rotates as a unit. When disks 453 and 464 are coupled,

the sensor again detects a change in a height of the disk stack and sends a signal to

controller 290 to stop the rotation of drive output disk 445. When the stack of disks is

mated, the preload force applied to the disk stack is referred to as a first longitudinal

force, i.e., a first preload force.

[0153] The above description assumed that surgical instrument 460 was mounted with

instrument manipulator assembly 440 and surgical device interface element 450 in the

configuration illustrated in Fig. 4D. However, in a different aspect, if the instrument

manipulator assembly 440 and surgical device interface element 450 were in the

configuration illustrated in Fig. 4C, when surgical instrument 460 is mounted, the sensor

sends the signal to the controller and the controller automatically resets the preload, as

described above so that disk 445, 453, and 464 are under the preload force. The controller

then rotates drive disk 445 so that the stack of disks are aligned, become mated, and

rotates as a unit, in a manner equivalent to that described above. Therefore, irrespective of

the initial position of motor pack 446 with respect to positions 432 and 433 when surgical

instrument 460 is mounted, the resulting configuration is shown in Fig. 4E.

[0154] In the configuration of Fig. 4E with the first longitudinal force applied to motor

pack 446, surgical device interface element 450 cannot be removed without releasing the

preload. However, surgical instrument 460 could still be removed. As explained more

completely below, in one aspect, there are release buttons on each side of surgical

instrument 460. Engaging the release buttons causes a mechanism in surgical

instrument 460 to push movable body 451C in surgical device interface element 450

proximally so that intermediate disk 453 and driven disk 464 are disengaged and surgical

instrument 460 can be removed.

[0155] As surgical instrument 460 is inserted into a cannula by moving instrument

manipulator assembly 440 along insertion assembly 431, a second preload force is

applied on the disk stack of disks 445, 453, and 464 by preload assembly 480 before an



end component coupled to main tube 467 protrudes from a distal end of the cannula.

Specifically, as surgical instrument 460 moves distally, preload assembly 480 moves

distally along the preload track. As explained more completely below, when instrument

manipulator assembly 440 moves distally a predetermined distance Zload, preload

assembly 480 causes motor pack 446 to move predetermined distance Zload plus an

additional distance ∆ so that motor pack 446 is at position 434. The movement of motor

pack 446 the additional distance ∆ compresses the preload spring assembly in each drive

output assembly 443 of the plurality of drive output assemblies so that a second preload

force is exerted on each drive output disk 545 in the plurality of drive output disks. The

second preload force reduces any backlash between rotation of the motor shaft in drive

units 441 and rotation of shaft 467 in surgical instrument 460 to less than 0.7 degrees

before the distal end of surgical instrument 260 exits the cannula.

[0156] The movement of motor pack 446 the additional distance ∆ also further stretches

return spring 447, and in addition inserts each of plurality of hard stops 437 into a

corresponding hard stop receptacle in plurality of hard stop receptacles 457. Plurality of

hard stops 437 prevents any proximal movement of moveable body 45 1C in surgical

device interface element 450. The combination of plurality of hard stops 437 and plurality

of hard stop receptacles 457 form a surgical instrument removal interlock and prevent

removal of surgical instrument 460. If a person tries to engage the release buttons on

surgical instrument 460, the mechanism in surgical instrument 460 cannot push movable

body 451C in surgical device interface element 450 proximally, because plurality of hard

stops 437 prevent any proximal movement of moveable body 451C, and so intermediate

disk 453 and driven disk 464 cannot be disengaged.

[0157] The use of plurality of hard stop receptacles 457 is illustrative only and is not

intended to be limiting. In another aspect, plurality of hard stop receptacles 457 is not

used. Instead, plurality of hard stops 437 contact a proximal surface of moveable

body 451C and prevent movement of moveable body 451C in the proximal direction.

[0158] If for some reason it is necessary to remove surgical instrument 460 while the

distal tip of surgical instrument 460 extends beyond the distal end of the cannula, a person

pushes preload release button 482. When pushed, preload release button 482 causes the

longitudinal force on motor pack 446 to be released. Consequently, return spring 447

pulls motor pack 446 to fully withdrawn position 432.

[0159] With motor pack 446 fully withdrawn, plurality of hard stops 437 are retracted

from plurality of hard stop receptacles 467 in movable body 45 1C of surgical device

interface element 450 and disks 453 and 464 are no longer subject to any preload forces.

Thus, the release buttons on surgical instrument 460 can be used to remove surgical

instrument 460 from surgical device interface element 450 at any position of insertion

assembly 431. In addition, release latch inhibit stop 438 is withdrawn, and release



latch 435 can be used to disengage surgical device interface element 450 from instrument

manipulator assembly 440 at any position of insertion assembly 431. In one aspect, the

release of surgical device interface element 450 is inhibited until after preload release

button 482 is pressed, e.g., release latch inhibit stop 438 inhibits the operation of release

latch 435 until after preload release button 482 is pressed. The preload is automatically

reset, as described above, the next time surgical device interface element 450 is installed

and insertion assembly 431 is moved to the fully retracted position.

[0160] Figs. 5 to 13 illustrate one aspect of installing the parts of surgical device

assembly 300 to obtain the configuration illustrated in Fig. 3A. Fig. 5 illustrates the distal

end of instrument manipulator assembly 240. Instrument manipulator assembly 240

includes a drive unit assembly 541 and a drive output unit 542. In this aspect, drive output

unit 542 includes a plurality of drive output assemblies 543P, e.g., eight drive output

assemblies. Herein, drive output assembly 543 refers to any one of the eight drive output

assemblies. In one aspect, only six of the eight drive output assemblies are used. Drive

output assembly 543 includes a low backlash coupler 544, sometimes referred to as

coupler 544, and a drive output disk 545. See also Fig. 16A. In one aspect, a coupler that

has a backlash of less than 0.3 degrees is considered a low backlash coupler.

[0161] Drive output disk 545 is coupled to low backlash coupler 544 by a set of output

pins. As explained more completely below, drive output disk 545 is a cylindrical disk that

includes a distal end surface. The distal end of each drive output disk 545 has a drive

interface 557. Drive interface 557 includes drive dogs and alignment elements. In Fig. 5,

the drive dogs and first and second alignment elements extend in the distal direction from

the distal end surface (see Fig. 16C) of drive output disk 545.

[0162] Fig. 6 shows instrument manipulator assembly 240 affixed to insertion

assembly 331 that in turn is attached to an insertion axis base assembly 632. Insertion axis

base assembly 632 includes a motor and power electronics to move insertion

assembly 331.

[0163] Sterile adapter assembly 250 includes a sterile adapter frame 651 and a sterile

drape (not shown). The sterile drape is fixedly attached to sterile adapter frame 651.

Sterile adapter assembly 250 is an example of a surgical device interface element. Sterile

adapter frame 651 is an example of a surgical device interface element body. In more

general terms, a surgical device interface element is a structure that includes a mechanical

interface between a drive interface of a drive system and a driven interface of a surgical

instrument.

[0164] A plurality of tongues 652A, 652B extends from a first end 651 A of sterile

adapter frame 651. First end 651 A is sometimes referred to as a closed end of sterile

adapter assembly 250 and of sterile adapter frame 651. Each tongue 652A, 652B is

configured to mate with a corresponding groove 647A, 647B in a plurality of grooves in



drive output unit 542. A second end 65 IB of sterile adapter frame 651 includes a lip 654

that is engaged by a sterile adapter release latch 635 of drive output unit 542 when sterile

adapter frame 651 is mounted on drive output unit 542. Second end 65 IB is sometimes

referred to as an open end of sterile adapter assembly 250 and of sterile adapter

frame 65 1.

[0165] As explained more completely below, sterile adapter frame 65 1 includes a

movable body 65 IC. Moveable body 65I C can move in the proximal and distal directions

within sterile adapter frame 65 1.

[0166] A plurality of intermediate disks 653P is mounted in a plurality of intermediate

disk receptacles of movable body 651C so that each intermediate disk can rotate relative

to sterile adapter frame 651 and relative to movable body 65IC. Thus, plurality of

intermediate disks 653P is rotatably mounted in sterile adapter frame 651. Intermediate

disk 653 is representative of each intermediate disk in plurality of intermediate

disks 653P. Intermediate disk 653 is a representative intermediate disk.

[0167] Each intermediate disk 653 includes an intermediate driven interface 655 on a first

side of intermediate disk 653 and an intermediate drive interface 756 (Fig. 7) on a second

side of intermediate disk 653. The first side is opposite and removed from the second

side. Intermediate driven interface 655 of each intermediate disk 653 is visible in Fig. 6

with intermediate disk 653 mounted in an intermediate disk receptacle of movable

body 65 IC. Intermediate driven interface 655 is configured to mate with a drive

interface 557 on drive output disk 545 in drive output unit 542.

[0168] To mount sterile adapter assembly 250 on instrument manipulator assembly 240,

each tongue 652A, 652B is inserted into a corresponding groove 647A, 647B in drive

output unit 542. See Fig. 7A. Sterile adapter frame 651 is then rotated until lip 654 is

engaged by sterile adapter release latch 635. Referring to elements 652A, 652B as

tongues and referring to elements 647A, 647B as grooves is illustrative only and is not

intended to be limiting. Alternatively, elements 652A, 652B could be described as tenons

or projections, and elements 674A, 647B could be described as mortises or cavities.

[0169] When sterile adapter frame 651 is latched to drive output unit 542, as illustrated in

Fig. 7B, plunger 546 of instrument manipulator assembly 240 is depressed. When

plunger 546 is depressed, a signal is generated that indicates to controller 290 the

presence of sterile adapter assembly 250. In response to the signal, controller 290 in

surgical system 200 first energizes an automatic preload reset mechanism (see Fig. 24B)

that generates a preload force on each drive output disk 545 of plurality of drive output

disks 545P (Fig. 5), and then controller sends a signal to instrument manipulator

assembly 240 to rotate each drive output disk 545 of plurality of drive output disks 545P.

[0170] As explained more completely below, each drive output assembly 543 in drive

output unit 542 is spring-loaded and is automatically positioned so that a preload force is



exerted on each drive output disk 545 after sterile adapter assembly 250 is mounted on

instrument manipulator assembly 240. The preload force pushes against drive output

disk 545 and against a corresponding intermediate driven interface 655 of intermediate

disk 653 in sterile adapter frame 651.

[0171] However, in Fig. 7B, when sterile adapter frame 651 is first mounted on

instrument manipulator assembly 240, the elements of the intermediate driven

interface 655 may not be aligned with corresponding elements of drive interface 557 on

drive output disk 545. If the elements of the two disks 653 and 545 are not aligned, the

two disks are partially coupled, but the two disks are not mated to each other. Thus, a disk

stack including disks 545 and 653, i.e., a first disk and a second disk, which are partially

coupled has a first height. After the preload force is applied to this disk stack, the

controller rotates drive output disk 545.

[0172] As explained more completely below, rotation of intermediate disk 653 is

inhibited while drive output disk 545 is rotated until the two disks are mated. Also, as

explained more completely below, the coupling of the elements of drive interface 557 on

drive output disk 545 with the corresponding elements of intermediate driven

interface 655 on intermediate disk 653 assure that the two disks remain partially coupled

under the preload force while drive output disk 545 is rotated. When the two disks are

mated, in one aspect, the height of the disk stack has a second height, and the second

height is less than the first height, a sensor in instrument manipulator assembly 240

detects this change in height and sends a signal to controller 290 to stop the rotation of

drive output disk 545. An alternative way to detect the mating of the drive output disk and

the intermediate disk is described below.

[0173] Fig. 7B also shows a preload assembly 780 that is coupled to a motor pack in

drive unit assembly 541 . Preload assembly 780 is a more detailed example of one aspect

of preload assembly 480.

[0174] Preload assembly 780 rides on a preload track (see preload track 2225 in

Fig. 22A) in insertion assembly 331. Instrument manipulator assembly housing 741 and

instrument sterile adapter assembly 250 are fixedly attached to a distal end insertion

assembly 331 and move as a unit with the distal end of insertion assembly 331.

[0175] However, a motor pack (see Figs. 22A to 22B) within instrument manipulator

assembly housing 741 can move in the distal and proximal directions relative to

instrument manipulator assembly housing 741. As explained more completely, as preload

assembly 780 moves in the distal direction, preload assembly 780 provides a longitudinal

force in the distal direction on the motor pack. The longitudinal force results in

compression of springs in drive output assembly 543 that generates a second preload

force. The second preload force reduces any backlash to less than 0.7 degrees before the

distal end of surgical instrument 260 exits the cannula.



[0176] Returning to Fig. 7A, an intermediate drive interface 756 on the distal side of

intermediate disk 653 of plurality of intermediate disks 653P is visible. Also visible in

Figs. 7A and 7B is an instrument insertion skid plate 755B, which extends from an inner

side surface of sterile adapter frame 65 1. There is a similar instrument insertion skid

plate 755A that extends from an inner side surface on the opposite side of sterile adapter

frame 651. In Figs. 7A and 7B, a side 75 IB, sometimes called lip 75I B of movable

body 65 I C is also visible. Side 751 A is shown in Fig. 11.

[0177] Figs. 8A to 81 illustrate an alternative example, sterile adapter assembly 250A, of

surgical device interface element 450 and of sterile adapter assembly 250. Sterile adapter

assembly 250A includes a sterile adapter frame 851 and a sterile drape (not shown). The

sterile drape is fixedly attached to sterile adapter frame 85 1. Sterile adapter frame 85 1 is

an example of a surgical device interface element body.

[0178] A plurality of grooves 852A, 852B (Figs. 8H and 81) extend into a first end 851 A

of sterile adapter frame 851 to form first and second lips 852Al, 852B1. First end 851 A is

sometimes referred to as a closed end of sterile adapter assembly 250A and of sterile

adapter frame 851. The depth and size of each groove 852A, 852B is configured to allow

a surface of a corresponding hook 847A, 847B on a distal end of ventral latch

assembly 847 to engage a corresponding lip 852A1, 852B1.

[0179] Each of first and second lips 852A1, 852B1 includes a first surface and a second

surface. The second surface is opposite the first surface, e.g., the first surface is a

proximal surface and the second surface is a distal surface. The second surface of the lip

is longer than the first surface of the lip in a direction perpendicular to axis 890. A third

surface of the lip extends between the first and second surfaces, and is tapered in view of

the different lengths of the first and second surfaces. In one aspect, the third surface is a

beveled surface.

[0180] A second end 85I B of sterile adapter frame 851 includes a lip 854 that is engaged

by a lip 835L that extends inward towards axis 890 from a distal portion of a sterile

adapter release latch 835 of drive output unit 542A when sterile adapter assembly 250A is

mounted on drive output unit 542A. Second end 85 IB is sometimes referred to as an open

end of sterile adapter assembly 250A and of sterile adapter frame 851.

[0181] Lip 854 includes a first surface and a second surface. The second surface is

opposite the first surface, e.g., the first surface is a proximal surface and the second

surface is a distal surface. The second surface of lip 854 is longer than the first surface of

lip 854 in a direction perpendicular to axis 890. A third surface of lip 854 extends

between the first and second surfaces, and is tapered in view of the different lengths of

the first and second surfaces. In one aspect, the third surface is a beveled surface.

[0182] As explained more completely below, sterile adapter frame 85 1 includes a

movable body 85 IC. Moveable body 85I C can move in the proximal and distal directions



within sterile adapter frame 851. An instrument insertion skid plate 855A extends from an

inner side surface of sterile adapter frame 851. There is a similar instrument insertion skid

plate 855B that extends from an inner side surface on the opposite side of sterile adapter

frame 851. In Figs. 8A, a side 851 CI, sometimes called a lip 851 CI of movable

body 85 1C is also visible.

[0183] The features and operation of movable body 85 1C are the same as the features and

operation of movable body 651C, and so the description of the features and operation of

moveable body 651C are not repeated here for movable body 851C. Also, the mounting

of a surgical instrument on sterile adapter 250A is the same as described with respect to

sterile adapter 250, and so that description is not repeated for sterile adapter 250A.

[0184] To mount sterile adapter assembly 250A on instrument manipulator assembly 240,

sterile adapter assembly 250A is moved axially in the proximal direction along

longitudinal axis 890, i.e., the direction indicated by arrow 891 (Figs. 8A and 8B) until

sterile adapter assembly is engaged by features of drive output unit 542A, as described

more completely below. Figs. 8B to 8D are cut-away drawings that illustrate the elements

using in mounting sterile adapter assembly 250A to drive output unit 542A. Drive output

unit 542A is similar to drive output unit 542 with the exception of latching

mechanism 860 for sterile adapter assembly 250A that is included in drive output

unit 542A.

[0185] A frame 842F of drive output unit 542A includes a first sterile adapter alignment

element 845A, sometimes referred to as a first alignment element, extending from the

distal face of frame 842F and a second sterile adapter alignment element 845B,

sometimes referred to as a second alignment element also extending from the distal face

of frame 842F. Sterile adapter alignment element 845A is adjacent but inboard of ventral

latch assembly 847, while sterile adapter alignment element 845B is adjacent but inboard

of sterile adapter release latch 835.

[0186] As sterile adapter assembly 250A moves axially to the proximity of the distal face

of drive output unit 542A, first sterile adapter alignment element 845A enters, e.g.,

engages, first sterile adapter alignment receptacle 853A (Figs. 8H and 81) in sterile

adapter frame 851. Similarly, second sterile adapter alignment element 845B enters, e.g.,

engages, second sterile adapter alignment receptacle 853B in sterile adapter frame 851.

The alignment elements and receptacles are configured to align sterile adapter

assembly 250A so that further motion of sterile adapter assembly 250A in the proximal

direction causes latching mechanism 860 to engage sterile adapter assembly 250A.

[0187] First and second alignment elements 845A, 845B are an example of a plurality of

sterile adapter alignment elements. First and second alignment receptacles 853A, 853B

are an example of a plurality of alignments receptacles. Thus, drive output unit 542A, and

so instrument manipulator assembly 240, in this aspect, includes a plurality of sterile



adapter alignment elements, and sterile adapter assembly 250A includes a plurality of

alignment receptacles. Alternatively, the plurality of receptacles could be formed in drive

output unit 542A, and the plurality of alignment elements could extend from the proximal

face of sterile adapter frame 851 .

[0188] As sterile adapter assembly 250A moves further in the proximal direction, a

tapered surface of hook 847A contacts the tapered surface of lip 852A1 of sterile adapter

assembly 250A, and a tapered surface of a tapered surface of hook 847B contacts the

tapered surface of lip 852B1 of sterile adapter assembly 250A. Similarly, a tapered

surface of lip 835L of sterile adapter release latch 835 contacts the tapered surface of

lip 854 of sterile adapter assembly 250A.

[0189] Further motion of the sterile adapter assembly 250A in the proximal direction

causes a distal end portion of sterile adapter release latch 835 to pivot outward away from

axis 890 of drive output unit 542A, and hooks 847A, 847B of ventral latch assembly 847

to pivot outward, away from axis 890 of drive output unit 542A. After hooks 847A

and 847B and lip 835L move distally beyond lips 852A1 and 852B1, and after lip 835L

moves distally beyond lip 854, hooks 847A and 847B and lip 835L pivot inward towards

axis 890 so that lip 835L engages lip 854, hook 847A engages lip 852A1, and hook 847B

engages lip 852B1. Specifically, a proximal surface of each hook contacts the second

surface of the corresponding lip. Hence, sterile adapter 250A is mounted on drive output

unit 542A, as illustrated in Fig. 8D, by only moving sterile adapter assembly 250 along

axis 890 toward the distal face of drive output unit 542A.

[0190] Figs. 8E to 8G are cut-away drawings illustrating sterile adapter latching

mechanism 860. Components that are not needed to understand sterile adapter latching

mechanism 860 are not included in Figs. 8E to 8G. Sterile adapter latching

mechanism 860 is movably coupled to frame 842F of drive output unit 542A. Sterile

adapter latching mechanism 860 includes sterile adapter release latch 835, push rod 844,

and ventral latch assembly 847. Push rod 844 couples sterile adapter release latch 835 to

ventral latch assembly 847 so that motion of latch 835 is transferred to ventral latch

assembly 847. Thus, the sterile adapter latching mechanism includes a first latch

assembly, a second latch assembly, and a push rod coupling the first latch assembly to the

second latch assembly.

[0191] Sterile adapter release latch 835, sometimes referred to as latch 835, includes a

proximal end portion — an example of a first end portion — and a distal end portion —

an example of a second end portion opposite from the first end portion. A latch

pin 835P (Fig. 8B) is coupled to an interior surface of the proximal end portion of

latch 835. Latch pin 835P extends inward from the interior surface of latch 835. Latch

pin 835P is equivalent to latch pin 435 and latch pin 2635P, and so the description of

those latch pins is directly applicable to latch pin 835P, and conversely. Lip 835L extends



inward from the distal portion of latch 835. In this aspect, sterile adapter release latch 835

is pivotally connected to frame 842F. The pivotal connection is spring loaded to maintain

latch 835 in what is referred to as the engaged position, or engaged state in the absence of

a force that causes latch 835 to pivot. A first end of push rod 844 is pivotly connected to

the proximal end portion of latch 835 so that when the proximal portion of latch 835 is

pushed inward, e.g., pushed in a first direction, the motion is transferred to push rod 844.

[0192] In this aspect, a proximal end portion, e.g., a first end portion, of ventral latch

assembly 847 is pivotally connected to frame 842F. In one aspect, the connection to

frame 842F is spring-loaded to maintain ventral latch assembly 847 in what is referred to

as the engaged position, or engaged state in the absence of a force that causes ventral

latch assembly 847 to pivot. Two legs extend distally from the proximal end portion of

ventral latch assembly 847. At the distal end of each leg, e.g., at the distal end of ventral

latch assembly 847, is a hook, i.e., one of hook 847A and hook 847B. Push rod 844 is

pivotly connected to one leg of ventral latch assembly 847 between the proximal end

portion of latch assembly 847 and the distal end of the leg.

[0193] In this aspect, ventral latch assembly 847 is implemented as a Class 3 lever, the

effort is between the fulcrum (pivotal connection to frame) and the load (hooks 847A

and 847B). Use of a Class 3 lever is illustrative only and is not intended to be limiting. In

other aspects, a Class 1 lever or a Class 2 lever could be used. For a Class 2 lever, the

load is between the fulcrum and the effort, and for a Class 1 lever, the fulcrum is between

the effort and the load.

[0194] As shown in Fig. 8F, in a first state where no external forces are acting on sterile

adapter release latch 835, both sterile adapter release latch 835 and ventral latch

assembly 847 are in a steady-state position, the engaged position, with a longitudinal axis

of each aligned with longitudinal axis 890, i.e., substantially parallel to axis 890. Here,

substantially parallel means parallel within manufacturing tolerances. In a second state,

where an external force 892 is applied to the proximal end of latch 835 (Fig. 8G), or

alternatively, a force is applied to lip 835L, the proximal end portion of latch 835 pivots

inward toward axis 890 and the distal end portion of latch 835 pivots outward. In

response to the motion of latch 835, the distal end portions of ventral latch assembly 847

pivot outward. Thus, external force 892 causes the two latch assemblies to move to the

disengaged position, e.g., move to a second state different from the first state.

[0195] Fig. 8H is bottom perspective view of sterile adapter assembly 250A. Fig. 81 is a

top perspective view of sterile adapter assembly 250A. While it is not shown in Figs. 8H

and 81, an intermediate disk 653 is mounted in each of the plurality of intermediate disk

receptacles in movable body 85 1C. As for sterile adapter assembly 250 (Fig. 6), a

plurality of intermediate disks is mounted in the plurality of intermediate disks

receptacles of movable body 851C so that each intermediate disk can rotate relative to



sterile adapter frame 851 and to movable body 85 1C. Thus, a plurality of intermediate

disks is rotatably mounted in sterile adapter frame 851. The plurality of intermediate

disks is the same as plurality of intermediate disks 653P, and so the characteristics of the

plurality of intermediate disks are not repeated here. Also, each intermediate disk in the

plurality of disks mounted in movable body 851C is the same as intermediate disk 653

(see Fig. 17B), and so the description of intermediate disk 653 is not repeated with

respect to sterile adapter assembly 250A.

[0196] The plurality of hard stop receptacles 857 of sterile adapter assembly 250A is the

same as and works in the same way as described for plurality of hard stop

receptacles 1757, and so that description is not repeated here. Sterile adapter

assembly 250A has an intermediate disk hard stop 861 associated with each intermediate

disk. Each intermediate disk hard stop 861 of sterile adapter assembly 250A is the same

as and works in the same way as described for intermediate disk hard

stop 1761 (Fig. 17B), and so that description is not repeated here

[0197] Figs 9A is a more detailed illustration of surgical instrument 260 in one aspect.

Surgical instrument 260, in this aspect, includes a driven interface assembly 961, a

transmission unit 965, a main tube 967, a parallel motion mechanism 968, a wrist

joint 969, and an end effector 970. Wrist joint 969 is described, for example, in U.S.

Patent Application No. US 2003/0036748 Al (filed Jun. 28, 2002 disclosing "Surgical

Tool Having Positively Positionable Tendon- Activated Multi-Disk Wrist Joint"), which is

incorporated herein by reference. Parallel motion mechanism 968 is described, for

example, in U.S. Patent No. US 7,942,868 B2 (filed Jun. 13, 2007, disclosing "Surgical

Instrument With Parallel Motion Mechanism").

[0198] As shown in Fig. 9B, driven interface assembly 961 includes a plurality of driven

disks 964P. Plurality of driven disks 964P is an example of driven interface elements.

Driven disk 964 is representative of each driven disk of plurality of driven disks 964P.

Driven disk 964 is mounted on a shaft of transmission unit 965. Also, each driven

disk 964 is mounted in a receptacle in a body of driven interface assembly 961 (see

Fig. 19B).

[0199] Mechanical components (e.g., gears, levers, gimbals, cables etc.) in transmission

unit 965 transfer torques from plurality of driven disks 964P to cables, wires, and/or

cable, wire, and hypotube combinations that run through main tube 967 to control

movement of parallel motion mechanism 968, wrist joint 969, and end effector 970. Main

tube 967, although substantially rigid, can be bent slightly between transmission unit 967

and entry guide 270. This bending allows the instrument body tube bores in entry

guide 270 to be spaced closer together than the size of the transmission units would

otherwise allow. The bending is resilient so that main tube 967 assumes its straight shape



when surgical instrument 260 is withdrawn from guide tube 270 (the main tube may be

formed with a permanent bend, which would prevent instrument body roll).

[0200] Driven interface assembly 961 has on each side a pair of mounting wings

(962A1, 962B1) and (962A2, 962B2). Also, on each side of transmission unit 965 is a

release button 963A, 963B. Mounting wing 962B2 and release button 963B are shown in

Fig. 10.

[0201] To mount surgical instrument 260 in sterile adapter frame 651, first, mounting

wings 962A1, 962A2 are placed on skid plates 755A, 755B (Figs. 10 and 11) at the open

end of sterile adapter frame 65 1. Fig. 11 is a cutaway view of Fig. 10 with the outer side

surface of sterile adapter frame 651 removed.

[0202] Mounting wing 962A1 is resting on skid plate 755A that extends from a first

sidewall of sterile adapter frame 651. As surgical instrument 260 is slid on skid

plate 755A towards parking slot 1155A, which is at the opposite end of skid plate 755A,

(Fig. 11), the top surface of first mounting wings 962A1 , 962A2 contacts the bottom edge

of lip 751 A, 75IB, which moves movable body 65 1C in the proximal direction (Fig. 12).

The proximal motion of movable body 651C depresses plunger 1246 of instrument

manipulator assembly 240 in the proximal direction, which in turn generates a signal to

controller 290 that surgical instrument 260 is being loaded unto sterile adapter

assembly 250.

[0203] When mounting wing 962A1 reaches parking slot 1155A at the closed end of

sterile adapter frame 651 (Fig. 13), the top surface of first mounting wings 962Al, 962A2

no longer contacts the bottom edge of lip 751A, 751B. Consequently, the preload force on

movable body 65 1C moves body 651C in the distal direction (Fig. 13) and locks first

mounting wing 962A1 in place. When first mounting wing 962A1 reaches the closed end

of sterile adapter frame 65 1, second mounting wing 962B 1 rests on a flat portion of skid

plate 755A near the open end of sterile adapter frame 651.

[0204] Each intermediate disk 653 in sterile adapter frame 651 is being pushed axially in

the distal direction by the preload force on the plurality of drive output disks 545P. Thus,

as surgical instrument 260 is mounted in sterile adapter frame 651, plurality of

intermediate disks 653P transfer the first preload force to movable body 651C so that the

preload force is applied to mounting wing 962A1. This preload force is selected so that

surgical instrument 260 can be easily slid into sterile adapter frame 651 and so that a

small preload force is maintained on all the disks.

[0205] When surgical instrument 260 is mounted in sterile adapter assembly 250,

instrument manipulator assembly 240 detects the presence of surgical instrument 260 and

sends a signal to controller 290 that indicates the presence of surgical instrument 260. In

response to the signal, controller 290 in surgical system 200 sends the signal to



instrument manipulator assembly 240 to rotate each drive output disk 545 of plurality of

drive output disks 545P.

[0206] As explained more completely below, each drive output assembly 543 in drive

output unit 542 is spring-loaded and is automatically positioned so that a preload force is

exerted on each drive output disk 545 after sterile adapter assembly 250 is mounted on

instrument manipulator assembly 240. The preload force pushes against drive output

disk 545 and against a corresponding intermediate driven interface 655 of intermediate

disk 653 in sterile adapter frame 651.

[0207] However, in Fig. 7B, when surgical instrument 260 is first mounted on sterile

adapter assembly 250, the elements of the intermediate drive interface 765 of

intermediate disk 653 may not be aligned with corresponding elements of driven

interface 980 on driven disk 964. If the elements of the two disks 653 and 964 are not

aligned, the two disks are partially coupled, but the two disks are not mated to each other.

Thus, a disk stack including disks 964, 653, and 545, i.e., a third disk, the second disk,

and the first disk, which are partially coupled has a third height.

[0208] When surgical instrument 260 is mounted in sterile adapter frame 651, each

driven disk 964 in driven interface assembly 961 pushes a corresponding intermediate

disk 653 in sterile adapter assembly 250 proximally so that intermediate disk 653 can

rotate freely. As explained more completely below, when intermediate drive interface 756

of an intermediate disk 653 in sterile adapter assembly 250 is not aligned with

corresponding driven interface 980 of a driven disk 964 in driven interface assembly 961 ,

an engagement structure on intermediate drive interface 756 of intermediate disk 653

engages a rotation disable element 1980 (see Fig. 19A) on driven disk 964 of surgical

instrument 260, which prevents rotation of driven disk 964 in driven interface

assembly 961.

[0209] As intermediate drive interface 756 of intermediate disk 653 rotates with driven

disk 964 fixed in place, each element on intermediate drive interface 756 rotates into

alignment with the corresponding element of driven interface 980 of driven disk 964 and

mates with the corresponding element. The coupling of intermediate drive interface 756

and driven interface 980 releases the rotation lock on driven disk 964. Thus, the stack of

disks rotates as a unit. When all three disks are mated, the height of the disk stack has a

fourth height, and the fourth height is less than the third height, a sensor in instrument

manipulator assembly 240 detects this change in height and sends a signal to controller to

stop the rotation of drive output disk 545. The sensor in instrument manipulator

assembly 240 that detects changes in the height of the disk stack can be a mechanical

sensor, an optical sensor, an inductive sensor, a capacitive sensor, etc.

[0210] Fig. 14 is an illustration of disk stack 1400 when drive output disk 545 is coupled

to intermediate disk 653, and intermediate disk 653 is coupled to driven disk 964. Herein,



coupled means that all of the alignment features on two interfacing disks are aligned so

that the two disks are mated, i.e., fully coupled. As described above, when some of the

alignment features on two interfacing disks are aligned, but other alignment features on

the two interfacing disks are not aligned, the two interfacing disks are partially coupled.

The preload force is selected so that despite some backlash, the two partially coupled

disks remain in contact so that all the alignment features can be aligned and mated.

[0211] Disk stack 1400 is the disk stack configuration referred to above with respect to

Figs. 3A and 3B. Drive interface 557 of drive output disk 545 is mated to intermediate

driven interface 655 of intermediate disk 653 and intermediate drive interface 756 of

intermediate disk 653 is mated to driven interface 980 of driven disk 964. As explained

more completely below, when there is a high preload force, i.e., a second preload force,

on the stack of disks 1400, there is zero backlash between the disks in disk stack 1400 for

torque levels used in surgical procedures even though shaft 1466 may not be precisely

aligned with the shaft coupled to drive output disk 545. When disks 545, 653, and 964 in

stack of disks 1400 are mated under the second preload force, there is zero backlash in the

couplings between the disks for torque levels used in surgical procedures. Low backlash

coupler 544 compensates for spatial misalignment and transmits motion and torque to

disk stack 1400. As explained more completely below, the design of drive dogs

compensates for angular misalignment of the drive output disk 445 and the driven

disk 964.

[0212] Fig. 15A is an illustration of instrument manipulator assembly 240 with

instrument manipulator assembly housing 741 removed. Also, there is a vertical cut

showing the components in drive unit assembly 541. Instrument manipulator

assembly 240 includes a motor pack 1541 that in turn includes a plurality of drive

units 1500P and plurality of drive output assemblies 543P. Each drive unit 1500 of

plurality of drive units 1500P includes an encoder 1501, a slotless brushless

servomotor 1502, a compact Hall effects sensor 1503, and a planetary gearhead 1504.

[0213] In one aspect, slotless brushless servomotor 1502 has a very high motor constant,

and so servomotor 1502 is very efficient. The use of a slotless brushless servomotor is

illustrative only and is not intended to limit the motors in plurality of drive units 1500P to

this specific type of motor. A variety of motors can be used including brush type motors,

stepper motors, etc. Each servomotor 1502 includes magnetic shielding to prevent torque

ripple to adjacent servomotors in view of the compact configuration of the eight

servomotors in motor pack 1541.

[0214] Compact Hall effects sensor 1503 is used to detect the position of the permanent

magnet in servomotor 1502. Hall effects sensor 1503 is used as a second encoder. An

encoder-to-hall check compares the rotary positions reported by encoder 1501 and Hall

effects sensor 1503. If the rotary positions are significantly different, something is wrong



with encoder 1501, Hall effects sensor 1503, or the mechanism between them. Executing

software in a controller immediately turns off the motors, when this check fails.

[0215] Planetary gearhead 1504 is heavy duty and highly efficient (greater than 90%),

and thus is easier to back-drive than typical gearheads. By back drivable, it is meant that

the output shaft of the gearhead can be rotated with a relatively low torque, as compared

to typical gearheads.

[0216] Planetary gearhead 1504 has backlash, in one aspect, of less than one degree, and

in another aspect has low backlash, e.g., 0.4 degrees. In one aspect, four of the planetary

gearheads have a 28:1 input to output ratio and are referred to as standard planetary

gearheads. In this aspect, four of the planetary gearheads have a 9 to 1 input to output

ratio and are referred to as high-speed gearheads. Similarly a drive unit 1500 with a

standard planetary gearhead is referred to as a standard drive unit. A drive unit 1500 with

a high-speed planetary gearhead is referred to as a high-speed drive.

[0217] Figs. 15B to 15E are illustrations of one example of planetary gearheads suitable

for use in motor pack 1541. Fig. 15B is a side view of planetary gearhead 1504. Fig. 15C

is a distal view of planetary gearhead 1504. Fig. 15D is a proximal view of a 28:1

planetary gearhead. Fig 15E is a proximal view of a 9:1 planetary gearhead. One example

of dimensions for the gearhead in Figs. 15B to 15E is given in Table 1.

Table 1



[0218] Figs. 16A to 16D are more detailed illustrations of drive output assembly 543 that

is representative of each drive output assembly in plurality of drive output

assemblies 543P in this aspect. Drive output assembly 543 includes a ball-spline 1603. A

light preload spring 1601, e.g., a first preload spring, is mounted in a central lumen of

ball-spline 1603, and has one end affixed to a proximal side of drive output disk 545.

Light preload spring 1601 applies a first preload force to drive output disk 545 when

spring 1601 is compressed. In one aspect, the first preload force is 0.5 pounds force (Lbf).

[0219] A ball-spline nut 1604 is mounted is mounted on ball-spline 1603. Ball-spline

nut 1604 slides proximally and distally along ball-spine 1603, i.e., slides in a first

direction and in a second direction opposite to the first direction, while transferring

torque/motion from ball-spline 1603. Thus, torque/motion is transferred to low backlash

coupler 544, sometimes called flexure 544, through ball-spline 1603. Ball-spline 1603

transmits torque/motion, while allowing drive output assembly 543 to move along a

longitudinal axis of ball-spline 1603. As disks are engaged or disengaged in disk

stack 1400, drive output assembly 543 moves in and out along ball-spline 1603 to

facilitate the engagement or disengagement. Ball-spline 1603 has zero backlash for torque

levels used in surgical procedures.

[0220] Ball-spline nut 1604 is inserted in a housing 1605 on which heavy preload

spring 1602, a second preload spring, is mounted. Heavy preload spring 1602 in

combination with light preload spring 1601 applies a second preload force to drive output

disk 545, when both springs are compressed. In one aspect, the second preload force

is 2.3 pounds force (Lbf)

[0221] Flexure 544 is coupled to the drive unit by two pins that transmit torque from the

drive unit to flexure 544. Flexure 544 is also coupled to drive output disk 545 by two

pins. Thus, flexure 544 transfers torque from the drive unit to drive output disk 545.

Fig. 16B is an end view of flexure 544.

[0222] Flexure 544 has a central lumen 1640 that fits on a cylinder 1445C (Figs. 14

and 16A) extending proximally from a proximal surface of drive output disk 545. Flexure

has four beams 1641 A, 1641B, 1641C, and 1641D. A first end of each of four

beams 1641 A, 164 IB, 1641C, and 164 ID is connected to a body 1642 of flexure 544. A

second end of each of four beams 1641 A, 1641B, 1641C, and 1641D is connected to a

cylinder 1643A, 1643B, 1643C, and 1643D, respectively, having a central bore.

Beams 1641 A, 1641B, 1641C, and 1641D are stiff in torsion about the axis through

central lumen 1640, but flexible with respect to lateral offsets.

[0223] Output pins driven by the drive unit are mounted in the central bores of

cylinders 1643A, 1643B. Input pins of drive output disk 545 are mounted in central bores

of cylinders 1643C, 1643D.



[0224] Flexure 544 is a precision-machined one-piece part made of precipitation-

hardened stainless steel 17-4 HI 150, in one aspect. The backlash of flexure 544 is

determined by the mounting pin clearances between the central bore of the cylinder and

the outer diameter of the input pin or the output pin. The backlash of surgical device

assembly 300 is controlled solely by instrument manipulator assembly 240, in this aspect.

This is in contrast to previous systems where the backlash was accounted for by an

Oldham coupling in the prior art sterile adapter. The parts in the prior art sterile adapter

were injection molded and so could not be made to the same precision as flexure 544.

Controlling backlash in a reusable part of surgical device assembly 300, e.g., instrument

manipulator assembly 240, means that the backlash is consistent for each use of surgical

device assembly 300 and is not dependent on the manufacturing tolerances of injection

molded parts in a single-use disposable assembly, such as the prior art sterile adapter.

[0225] Flexure 544 accommodates motion in two-degrees of freedom in the plane normal

to the axis of central lumen 1640. Output pins coupled to beams 1641 A, 164 IB can move

along axis 1690. The range of motion is limited by the gap between the outer surface of

cylinder 1643A, 1643B and the outer surface of body 1642. Similarly, input pins coupled

to beams 1641C, 1641D can move along axis 1691, which is perpendicular to axis 1690.

The range of motion is limited by the gap between the outer surface of the

cylinder 1643C, 1643D and the outer surface of body 1642. In one aspect, to displace a

beam 0.010 inches along one of axes 1690, 1691 takes 0.66 Lbf and results in 29,000

pounds per square inch stress. At 100 in-Lbf applied torque, the peak stress was 38,000

pounds per square inch.

[0226] The two degrees of freedom of flexure 544 accommodate shaft misalignment.

Specifically, drive unit assembly 541 can tolerate misalignment of drive shafts in motor

pack 1541 with shafts in transmission unit 965, because each flexure 544 transfers torque

to drive output disk 545 while flexing to compensate for a shaft 1466 (Fig. 14) that is not

perfectly co-axial with the corresponding drive shaft of drive unit 1500.

[0227] Fig. 16C is a more detailed illustration of one aspect of a drive interface 557 of

drive output disk 545, e.g., the distal part of drive output disk 545. Drive output disk 545

has a cylindrical body. Fig. 16D is a cross-sectional view of output disk 545 with drive

dog 1652A.

[0228] Two bores 1651 A, 165 IB extend through drive output disk 545. An input pin is

fitted in each bore 1651 A, 165 IB and into a corresponding bore in

cylinders 1643A, 1643B of flexure 544.

[0229] Two drive dogs 1652A, 1652B, a first alignment element—center post 1653 and

tab 1654—and a second alignment element, pin 1655, extend distally from a distal end

surface 1656 of drive output disk 545. Center post 1653 has a height that is larger than a

height of tab 1654 and so helps to center drive output disk 545 with respect to a



corresponding alignment receptacle in intermediate driven interface 655 of intermediate

disk 653. Tab 1654 extends from center post 1653 towards a circumferential edge of

distal end surface 1656. Centerlines 1670 and 1671 extend through and intersect at the

center of center post 1653. Center post 1653 and tab 1654 assist in aligning drive output

disk 545 to intermediate disk 653. Center post 1653 and tab 1654 also provide stability to

the mated pair of disks.

[0230] Pin 1655, in this aspect, is also centered on centerline 1670 and is positioned

between center post 1653 and an edge of distal end surface 1656. Pin 1655 is a segment

of a cylinder, e.g., the cylinder has been cut vertically by a plane to so that a portion of

the outer surface of pin 1655 is flat and not cylindrical. In one aspect, pin 1655 has a

generally three-dimensional D-shape. Here, a generally three-dimensional D-shape means

that the shape is similar enough to a three-dimensional D-shape to be recognized as a

three-dimensional D shape, e.g., the shape of pin 1655. Pin 1655 is configured to mate

with an alignment receptacle in intermediate disk 653.

[0231] The shape and orientation of the first and second alignment elements is illustrative

only and is not intended to be limiting. Other shapes of the alignment elements and other

orientations between the alignment elements may be used so long as backlash is not

introduced under the second preload force, the elements do not bind when engaging and

disengaging, and the elements provide stability to the mated pair of disks.

[0232] Drive interface 557 includes two drive dogs 1652A, 1652B. Each of drive

dogs 1652A, 1652B extend distally from distal end surface 1656. Each of drive

dogs 1652A, 1652B is a same radial distance R og from a longitudinal axis of drive

output disk 545. The longitudinal axis of drive output disk 545 runs through the center of

center post 1653. Also, each drive dog 1652A, 1652B is close to the circumferential edge

of proximal end surface 1656. The combination of radially equidistant drive

dogs 1652A, 1652B and positioning drive dogs 1652A, 1652B adjacent the

circumferential edge allows drive dogs 1652A, 1652B to efficiently transfer

torque/motion to intermediate disk 653.

[0233] The location of the drive dogs 1652A, 1652B relative to the circumferential edge

of distal surface 1656 is determined by the location of drive dog receptacles on

intermediate disk 653 (see Fig. 18A). The diameter of intermediate disk 653 is

determined, in part, by the number of intermediate disks 653 that can fit in movable

body 65 1C of sterile adapter assembly 250. Drive dogs 1652A, 1652B are sized and

positioned so that drive dogs 1652A, 1652B engage the drive dog receptacles in

intermediate disk 653, as described more completely below, and so that drive

dogs 1652A, 1652B do not contact the sidewall of movable body 65 1C.

[0234] As illustrated in Fig. 16C, drive dogs 1652A, 1652B have mirror symmetry with

respect to a plane that includes y-axis 1670 and a longitudinal axis (not shown) of drive



output disk 545. The longitudinal axis of drive output disk 545 is perpendicular to both

axis 1670 and axis 1671 at the center of center post 1653.

[0235] Each of drive dogs 1652A, 1652B has mirror symmetry with respect to a plane

that includes x-axis 1671 and the longitudinal axis of drive output disk 545. This plane

bisects each of drive dogs 1652A, 1652B.

[0236] The size of drive dogs 1652A, 1652B is selected based on strength requirements.

A length of drive dogs 1652A, 1652B (radially from center to edge) in this application is

determined by size constraints of the alignment features/antirotation features in the center

of disk 545, and the height of drive dogs 1652A, 1652B is minimized to reduce the size

and weight of the mechanism while assuring proper engagement with intermediate

disk 653 under both the first and second preload forces.

[0237] Drive dog 1652A is the same as drive dog 1652B and so only the characteristics

of drive dog 1652A are considered in further detail. The description of drive dog 1652A

is directly applicable to drive dog 1652B and so the description is not repeated for drive

dog 1652B.

[0238] Drive dog 1652A has a first portion 1652A1 and a second portion 1652A2. First

portion 1652A1 extends distally from distal end surface 1656 to second portion 1652A2.

Second portion 1652A2 extends from first portion 1652A1 in the distal direction.

[0239] First portion 1652A1 of drive dog 1652A is a three-dimensional rectangle and so

has four straight sides extending from distal end surface 1656, e.g., sides 1652s2, 1652s4

in Fig. 16D. Herein, straight means substantially parallel to plane including a longitudinal

axis of drive dog 1652A and one of x-axis 1671 and y-axis 1670. The axis chosen

depends on the side of the three-dimensional rectangle being considered. Substantially

parallel means parallel to within manufacturing tolerances.

[0240] Second portion 1652A2 (Fig. 16D) includes two opposing

sides 1652cyl2, 1652cyl4 that are curved surface. In one aspect, the curved surface is a

portion of a circular section, e.g., a portion of an outer surface of a cylinder 1658. Side

surfaces 1652cyl2, 1652cyl4 are outer surfaces of a section of cylinder intersected by two

parallel planes that include edges 1652el, 165e2 and that extend out of Fig. 16D. Thus,

side surfaces 1652cyl2, 1652cyl4 are curved surfaces.

[0241] In one aspect, cylinder 1658 has a diameter of 0.125 inches. The axis of

cylinder 1658 extends out of Fig. 16D. In this aspect, the other two sidewalls of second

section 1652A2 are straight sides.

[0242] In one aspect, drive output disk 545 is an injection-molded disk. Drive output

disk 545 can be made from polycarbonate, polyphenlysulfone (PPSU),

polyethylenimine (PEI), etc.

[0243] Fig. 17A is another illustration of sterile adapter assembly 250. A sterile drape

(not shown) is fixedly attached to a rim 1751, e.g., is affixed by two-sided tape. Sterile



drapes are known and so are not described in further detail. See for example, U.S. Patent

No. US 7,666,191 B2 (filed Dec. 20, 2005), U.S. Patent No. 7,699,855 B2 (filed

Mar. 31, 2006), U.S. Patent Application Publication No. US 2011/0277775 Al (filed

Aug. 12, 2010), and U.S. Patent Application Publication No. US 2011/0277776 Al (filed

Aug. 12, 2010), all of which are incorporated herein by reference. The sterile drape

drapes at least a portion of system 200 to maintain a sterile field during a surgical

procedure while sterile adapter assembly 250 also provides efficient and simple

instrument exchange in conjunction with an accurate mechanical interface between

surgical instrument 260 and its associated instrument manipulator assembly 240.

[0244] As indicated above, movable body 651C is mounted in sterile adapter frame 651

so that movable body 651C can move in the proximal and distal directions, i.e., can move

in a first direction and in a second direction opposite to the first direction relative to the

sterile adapter frame. In Fig. 17A, movable body 651C in the distal most position.

Movable body 651C includes a receptacle for each intermediate disk 653 in plurality of

intermediate disks 653P. Moveable body 65 1C also includes a plurality of hard stop

receptacles 1757. Each intermediate disk 653 has a cylindrical body.

[0245] In one aspect, each of sterile adapter frame 651, movable body 65 1C, and the

plurality of intermediate disks 653P are made by injection molding. Suitable materials for

sterile adapter frame 651, movable body 651C, and plurality of intermediate disks 653P

include polycarbonate, polyphenlysulfone (PPSU), polyethylenimine (PEI), etc.

[0246] Each intermediate disk 653 is mounted in a corresponding receptacle in movable

body 65 1C. Each intermediate disk 653 can rotate within the receptacle and can move

distally and proximally in the receptacle. In Fig. 17A, intermediate disk 653 is in the most

distal position. Fig. 17B is an enlarged illustration of a portion of movable body 65 1C

showing an intermediate disk receptacle 1766 and intermediate disk 653. Intermediate

disk 653 has a tab 1767 extending from an outer side surface of disk 653 and extending

from the proximal end surface of disk 653 (see Fig. 18A). Intermediate disk 653 is said to

be associated with an intermediate disk hard stop 1761. This means that tab 1767 can

contact hard stop 1761 and upon contact, rotation of intermediate disk 653 is stopped.

[0247] When surgical instrument 260 is mounted on sterile adapter assembly 250,

intermediate disk 653 is displaced proximally relative to movable body 651C. In this

position, the most distal part of tab 1767, the bottom of tab 1767, is above the most

proximal part of hard stop 1761, the top of stop 1761, so that intermediate disk 653

rotates freely and does not contact hard stop 1761.

[0248] Figs. 18A and 18B are illustrations of intermediate driven interface 655 (Fig. 18A)

and intermediate drive interface 756 (Fig. 18B) of intermediate disk 653. Intermediate

driven interface 655 (Fig. 18A) is on a proximal end of intermediate disk 653.

Intermediate driven interface 655 includes a first alignment receptacle and a second



alignment receptacle. In this aspect, the first alignment receptacle is the combination of

center post receptacle 1853 and tab receptacle 1854. The second alignment receptacle is

pin receptacle 1855.

[0249] The combination of center pin receptacle 1853 and tab receptacle 1854 is

configured to mate with the combination of center post 1653 and tab 1654 when

post 1653 and tab 1654 are aligned with receptacle 1853 and receptacle 1854,

respectively. Similarly, pin receptacle 1855 is configured to mate with pin 1655 when the

two are aligned. Thus, drive output disk 545 can only mate with intermediate disk 653 in

one orientation, when the alignment elements of disk 545 are aligned with the alignment

receptacles of intermediate disk 653.

[0250] Intermediate driven interface 655 also includes two drive dog

receptacles 1852A, 1852B. As illustrated in Fig. 18A, drive dog

receptacles 1852A, 1852B have mirror symmetry with respect to a plane that includes y-

axis 1870 and a longitudinal axis (not shown) of intermediate disk 653. The longitudinal

axis of intermediate disk 653 is perpendicular to both axis 1870 and axis 1871.

[0251] Each of drive dog receptacles 1852A, 1852B has mirror symmetry with respect to

a plane that includes x-axis 1671 and the longitudinal axis of intermediate disk 653. This

plane bisects each of drive dog receptacles 1852A, 1852B.

[0252] Each drive dog receptacle has an inner edge surface that is a same distance Rrcpt

from a longitudinal axis of intermediate disk 653.The inner edge surface forms the third

side of the drive dog receptacle, as explained more completely below. Since drive dog

receptacle 1852A is the same as drive dog receptacle 1852B, only the characteristics of

drive dog receptacle 1852A are considered in further detail. The description of drive dog

receptacle 1852A is directly applicable to drive dog receptacle 1852B and so the

description is not repeated for drive dog receptacle 1852B.

[0253] Drive dog receptacle 1852A can be bounded by four sides. In one aspect, a first

side is not present, and so the first side is said to be open. The use of an open sidewall is

illustrative only and is not intended to be limiting. In some aspects, the first sidewall can

be a solid sidewall. Second and fourth sides are walls that are perpendicular to the first

side. The third side is a wall that is perpendicular to the second and fourth sides. Thus, in

this aspect, drive dog receptacle 1852A is bounded by three walls that extend from an

outer proximal edge surface 1856 of intermediate disk 653 distally into intermediate

disk 653 to a bottom surface 1857 of drive dog receptacle 1852A. The third wall that is

opposite to the open side is a straight wall extending from outer proximal edge

surface 1856 to bottom surface 1857. The two opposing walls, second and fourth walls,

have two portions, as described below, a straight wall portion, and a sloped wall portion.

[0254] Fig. 18C is a cross-sectional view of drive dog receptacle 1852A cut along a

centerline perpendicular to x-axis 1871. Drive dog receptacle 1852A is divided into a first



portion 1852A1 and a second portion 1852A2. First portion 1852A1 extends into

intermediate disk 653 from outer proximal surface 1856 to second portion 1852A2.

Second portion 1852A2 extends further into intermediate disk 653 from first

portion 1852A1 to bottom surface 1857 of drive dog receptacle 1852A.

[0255] Opposing walls that bound first portion 1852A1 of drive dog receptacle 1852A are

straight walls 1852s2, 1852s4. Typically, a height of first portion 1852A1 is smaller than

the height of portion 1652A1 of drive dog 1652A so that there is some space between the

distal edge surface of drive output disk 545 and the proximal edge surface of intermediate

disk 653.

[0256] Second portion 1852A2 (Fig. 18C) is bounded by two opposing

sidewalls 1852w2, 1852w4 that are a portion of an outer side surface of a wedge shape,

i.e., sides 1852w2, 1852w4 are a sloped flat surface . Sidewalls 1852w2, 1852w4 subtend

an angle a . Side surfaces 1852wl, 1852w2 are the surface portions of the wedge shape

intersected by two parallel planes, e.g., a plane that includes line 1852el and a plane that

includes bottom surface 1857. Both of these planes extend out of Fig. 18C.

[0257] In one aspect, the portion of the wedge is selected so that when the distal end of

drive dog 1652A is completely inserted in receptacle 1852, the distal end surface of drive

dog 1652A does not contacts bottom surface 1857, and the cylindrical sidewall portions

of cylinder 1658 contact sloped sidewalls 1852w2, 1852w4. In one aspect, for a 0.125

diameter of cylinder 1658, angle a is 30 degrees, so sidewalls 1852w2, 1852w4 are

portions of sides of a 30-degree wedge shape.

[0258] When sterile adapter assembly 250 is mounted on instrument manipulator

assembly 240, the orientation of drive interface 557 on drive output disk 545 with respect

to the orientation of intermediate driven interface 655 on intermediate disk 653 is not

known. However, irrespective of the relative orientation of the two interfaces, the preload

force on drive output disk 545 pushes intermediate disk 653 distally so that intermediate

disk 653 is positioned at the most distal potion in receptacle 1766 (Fig. 17B) of moveable

body 65 1C, e.g., interface disk 653 is in a first axial position. As explained more

completely below, when surgical instrument 260 is mounted in sterile adapter

assembly 250, interface disk 653 is displaced proximally to a second axial position.

[0259] As described above, after plunger 546 is depressed by attaching sterile adapter

assembly 250 to instrument manipulator assembly 240, drive output disk 545 is rotated.

Since drive output disk 545 and intermediate disk 653 are in contact and partially

coupled, rotation of drive output disk 545 rotates intermediate disk 653. Thus, either

interfaces 557 and 655 align and mate, or tab 1767 on intermediate disk 653 contacts hard

stop 1761. When tab 1767 contacts hard stop 1761, rotation of intermediate disk 653 is

stopped. When interfaces 557 and 655 have not mated and rotation of intermediate

disk 653 is stopped, drive output disk 545 continues to rotate until the two interfaces



mate. Hence, the result is that disks 545 and 653 are coupled and rotation of drive output

disk 545 is stopped at hard stop 1761. The control system uses the stopping of rotation of

drive output disk 545 to determine the orientation of drive output disk 545. Note that if

the two disks mated prior to reaching hard stop 1761, when hard stop 1761 is reached

rotation of the two-mated disks is stopped.

[0260] Fig. 18D is a cross sectional view that illustrates drive dog 1652A inserted in

drive dog receptacle 1852A under a light preload force after drive interface 557 on drive

output disk 545 has partially-coupled with intermediate driven interface 655 on

intermediate disk 653. As described above, drive dog 1652A has a first portion 1652A1

with straight sides. The straight sides of first portion 1652A1 blend into a second

portion 1652A2, a cylindrical tip, as described above. Drive dog receptacle 1852A also

has a first portion 1852A1 with straight internal sidewalls. First portion 1852A1 blends

into a second portion 1852A2 with tapered internal walls also as described above.

[0261] Curved surfaces on two sides of the distal portion of drive dog 1652A and a

sloped slide walls on the corresponding two sides on the distal portion of drive dog

receptacle 1852A2, where the sloped sidewall is tangent to the curved side surface, are

illustrative only and is not intended to be limiting. Other surfaces on the distal portion of

drive dog 1652A and on the corresponding distal wall portions of drive dog

receptacle 1862A could be used so long as under the high preload force, the second

preload force, there is zero backlash in the rotational direction between drive output

disk 545 and intermediate disk 653 for torque levels used in surgical procedures, and so

long as the interface between the two disks compensates for angular misalignment.

[0262] Due to the tapered walls of receptacle 1852A and the cylindrical surfaces on distal

tip 1652A2 of drive dog 1652A, an appropriate force is required to hold drive output

disk 545 and intermediate disk 653 in place so that the two disks function properly when

torque/motion is applied by drive output disk 545 while the two disks are partially

coupled. In the absence of this force, drive output disk 545 and intermediate disk 653 can

separate because the applied torque can drive them apart.

[0263] To prevent this separation under the light preload force, both drive dog 1652A and

drive dog receptacle 1852A have the first portions with straight walls, as described above.

As drive dog 1652A and drive dog receptacle 1852A start to separate under torque, the

straight wall portions come into contact with one another as shown in Fig. 18C. At this

point, drive dog 1652A and drive dog receptacle 1852A are no longer capable of driving

themselves apart, and the motion can continue with a known or controlled level of

backlash and without drive dog 1652A completely inserted into and coupled to drive dog

receptacle 1852A. In one aspect, under the light preload force, the known level of

backlash is 1.13 degrees. Thus, the partial coupling between drive output disk 545 and

intermediate disk 653 has a known level of backlash under the light preload force.



[0264] Also, as shown in Fig. 18D, a small amount of misalignment between the shaft

driving disk 545 and the shaft that is driven by intermediate disk 653 can be tolerated. In

addition, angular misalignment can be tolerated in the direction defined by the axis of

blending cylinder 1658 which is into and out of the page in Fig. 18D.

[0265] When drive dog 1652A and drive dog receptacle 1852A are mated together under

the high preload force, e.g., the second preload force, as described more completely

below, there is no backlash in the interface between the two disks. The second preload

force is sufficient to keep drive dog 1652A and drive dog receptacle 1852A from

physically backing apart and separating when torque/motion is applied. Thus, this joint

can transmit torque/motion without backlash. Under the second preload force, the

coupling between drive output disk 545 and intermediate disk 653 has zero backlash for

torque levels used in surgical procedures.

[0266] Fig. 18B is a more detailed illustration of intermediate drive interface 756 on the

distal end of intermediate disk 653. Intermediate drive interface 756 includes drive

dogs 1862A, 1862B, and an engagement structure 1863.

[0267] Each of drive dogs 1862A and 1862B is a structure that is equivalent to each of

drive dogs 1652A and 1652B. Specifically, each of drive dogs 1862A, 1862B extend

distally from distal end surface 1866. An inner edge of each of drive dogs 1862A, 1862B

is a same radial distance from a longitudinal axis of distal end surface 1866. Also, each

drive dog 1862A, 1862B is adjacent to the circumferential edge of distal end

surface 1866. The combination of radially equidistant drive dogs 1862A, 1862B and of

positioning of drive dogs 1862A, 1862B adjacent to the circumferential edge allows drive

dogs 1862A, 1862B to efficiently transfer torque/motion to driven disk 964.

[0268] As illustrated in Fig. 18B, drive dogs 1862A, 1862B have mirror symmetry with

respect to a plane that includes x-axis 1871 and a longitudinal axis (not shown) of

intermediate disk 653. The longitudinal axis of intermediate disk 653 is perpendicular to

both axis 1870 and axis 1871 at the intersection of axis 1870 and axis 1871.

[0269] Each of drive dogs 1862A, 1862B has mirror symmetry with respect to a plane

that includes y-axis 1870 and the longitudinal axis (not shown). This plane bisects the

drive dogs.

[0270] Drive dog 1862A is the same as drive dog 1862B and so only the characteristics

of drive dog 1862A is considered in further detail. The description of drive dog 1862A is

directly applicable to drive dog 1862B and so the description is not repeated for drive

dog 1862B.

[0271] The cylindrical sidewall portions of drive dog 1862A and the straight wall

portions of drive dog 1862B are the same as the corresponding portions of drive

dog 1652A, and so the description of these portions is not repeated here. As shown in

Fig. 18B, a lipl862L extends radially outward from the distal end of the second portion of



drive dog 1862A. Two sidewalk 1862s2, 1862s4 are perpendicular to sidewall 1862sl

and lip 1862A1 extends radially outward from sidewall 1862sl. Lip 1862L is a retention

feature that retains intermediate disk 653 in movable body 65 1C.

[0272] Engagement structure 1863, in this aspect, is an open three-dimensional structure.

Open three-dimensional structure has mirror symmetry with respect to a plane including

the longitudinal axis of intermediate disk 653 and axis 1871, in this aspect. Here, an open

three-dimensional structure means a three-dimensional structure that does not have a

closed perimeter, i.e., there is an opening at which an outer side surface meets an inner

side surface. In the example of Fig. 18D, the open three-dimensional structure includes

two parts—a generally three-dimensional letter C-shaped structure 1863C and two

walls 1863A, 1863B. Again, here a generally three-dimensional letter C-shaped structure

is a three-dimensional structure that is perceived as a three-dimensional letter C-shaped

structure by a person viewing the structure.

[0273] Three-dimensional letter C-shaped structure 1863C has a height, a first

end 1863C1, and a second end 1863C2. The height of structure 1863C extends distally

from distal end surface 1863 of intermediate disk 653, which could be called a distal face

of intermediate disk 653, to the most distal end surface or most distal edge of

structure 1863C. First end 1863C1 and second end 1863C2 bound an opening of C-

shaped structure 1863C. Axis 1871, in this aspect, is equidistant from first end 1863C1

and from second end 1863C2 and is a centerline of C-shaped structure 1863C.

[0274] C-shaped structure 1863C is an example of an open three-dimensional structure

that is a circular track. The circular track includes a first circumferential section having a

first height, a first end, and a second end, e.g., the body of the C-shaped structure. The

circular track also includes a second circumferential section extending between the first

and second ends of the first circumferential section, e.g., the gap between the ends of the

C-shaped structure. The second circumferential section has a second height. The second

height is less than the first height. A centerline of the circular tracks extends through a

center of the circular track and is equidistance from the first and second ends.

[0275] Wall 1863A abuts first end 1863C1 and extends towards the circumferential edge

of distal end surface 1866. Wall 1863B abuts second end 1863C2 and extends towards the

circumferential edge of distal end surface 1866. Wall 1863A and wall 1863B have a same

height. The height of wall 1863A and of wall 1863B extends distally from distal end

surface 1863 of intermediate disk 653 to the most distal end surface or most distal edge of

wall 1863A and of wall 1863B. The height of walls 1863A and 1863B is smaller than the

height of C-shaped structure 1863C.

[0276] As illustrated in Figs. 18A and 18B, the axis that bisects drive dog

receptacles 1852A, 1852B, i.e., x-axis 1871, is perpendicular to the axis that bisects drive

dogs 1862A, 1862B. When all the discs are mated as in disc stack 1400, the axis of



allowed rotation for intermediate disk 653 and driven disk 964 is 90 degrees to the axis of

allowed rotation for intermediate disk 653 and drive output disk 545. Stated another way,

each of drive dog receptacles 1852A, 1852B of intermediate disk 653 is positioned so that

each of drive dog receptacles 1852A, 1852B is bisected by a first plane. Each of drive

dogs 1862A, 1862B of intermediate disk 653 is positioned so that each of drive

dogs 1862A, and 1862B is bisected by a second plane. The first plane is perpendicular to

the second plane.

[0277] The coupling of the interfaces between intermediate disk 653 and drive output

disk 545 forms a first joint, while the coupling of the interfaces between intermediate

disk 653 and driven disk 964 forms a second joint. Together these two working joints

accommodate angular misalignment as the system rotates and transmits motion/torque.

The two joints act like a set of U-Joints.

[0278] Fig. 19A is an illustration of driven interface 980 on a proximal end of driven

disk 964. Driven interface 980 includes an engagement receptacle 1963C, drive dog

receptacles 1952A, 1952B, and a rotation disable element 1980. As explained more

completely below, rotation disable element 1980 includes a rotation locking

mechanism 1981.

[0279] Drive dog receptacles 1952A, 1952B have mirror symmetry with respect to a

plane that includes x-axis 1971 and a longitudinal axis (not shown) of driven disk 964.

The longitudinal axis of driven disk 964 is perpendicular to the intersection of axis 1970

and axis 1971. Each of drive dog receptacles 1952A, 1952B has mirror symmetry with

respect to a plane that includes y-axis 1970 and the longitudinal axis of driven disk 964.

This plane bisects the drive dog receptacles. Each drive dog receptacle has an inner edge

surface that is a same distance Rrcpt2 from the longitudinal axis of driven disk 964.

Since drive dog receptacle 1952A is the same as drive dog receptacle 1952B, only the

characteristics of drive dog receptacle 1952B are considered in further detail. The

description of drive dog receptacle 1952B is directly applicable to drive dog

receptacle 1952A and so the description is not repeated for drive dog receptacle 1952A.

[0280] Drive dog receptacle 1952B can be bounded by four sides. Second and fourth

sides are walls that are perpendicular to a first side. The third side is a wall that is

perpendicular to the second and fourth sides. However, in this aspect, a first of four sides

is missing and so is referred to as an open first side. The use of an open sidewall is

illustrative only and is not intended to be limiting. In some aspects, the first sidewall can

be a solid sidewall.

[0281] Thus, in this aspect, drive dog receptacle 1952B is bounded by three walls that

each extends from an outer proximal edge surface 1956 of driven disk 964 to a bottom

surface 1957 of drive dog receptacle 1952B. The third wall that is opposite to the open

side is a straight wall 1952s3 extending from outer proximal edge surface 1956 to bottom



surface 1957. The two opposing walls, second and fourth walls, have two portions,

straight wall portions 1852s2, 1952s4, and a sloped wall portion 1952w2, 1952w4.

[0282] Thus, drive dog receptacle 1952B is divided into a first portion 1952B1 and a

second portion 1952B2. First portion 1952B1 extends into driven disk 964 from an outer

proximal edge surface 1956 to second portion 1952B2. Second portion 1952B2 extends

further into driven disk 964 from first portion 1952B1 to bottom surface 1957 of drive

dog receptacle 1952B. The other characteristics of drive dog receptacle 1952B are the

same as the characteristics described above for drive dog receptacle 1852A and so that

description is applicable to drive dog receptacle 1953B and is not repeated here.

[0283] Engagement receptacle 1963, in this aspect, includes an open three-dimensional

groove formed in the proximal end of driven disk 964. The open three-dimensional

groove extends distally into driven disk 964 from outer proximal edge surfacel956. Here,

an open three-dimensional groove means a three-dimensional groove that does not have

closed inner and outer perimeters. In the example of Fig. 19A, the open three-dimensional

groove is a generally three-dimensional letter C-shaped groove 1963C that has a width

and a depth.

[0284] Three-dimensional letter C-shaped groove 1963C has a first end 1963C1 and a

second end 1963C2. First end 1963C1 and second end 1963C2 are separated from

rotation disable element 1980 by a first gap 1963A and a second gap 1963B, respectively.

[0285] In this aspect, rotation disable element 1980 includes a flexurel980F with rotation

locking mechanism 1981 at one end. In this aspect, flexure 1980F extends radially

outward from a center region of the proximal end of driven disk 964 towards the sidewall

of driven disk 964. The center region is bounded by C-shaped groove 1963. Rotation

locking mechanism 1981 extends in a distal direction from an end of flexure 1980F.

Rotation locking mechanism 1981 forms part of a sidewall of disk 964. The most distal

end of rotation locking mechanism 1981 is a tang, in this aspect.

[0286] Fig. 19B is an illustration of a part of body 1985 of driven interface assembly 961.

Body 1985 includes a driven disk receptacle 1986. A plurality of gear teeth 1987 extend

in the proximal direction from a bottom surface of driven disk receptacle 1986.

Body 1985 includes a driven disk receptacle 1986 for each driven disk 964 in plurality of

driven disks 964P.

[0287] Shaft 1466 of transmission unit 965 has a proximal end that extends into driven

disk receptacle 1986. Driven disk 964 is mounted on the proximal end of shaft 1466 so

that driven disk 964 is positioned in driven disk receptacle 1986 and can rotate within

driven disk receptacle 1986.

[0288] When surgical instrument 260 is first mounted in sterile adapter assembly 250,

driven disk 964 in driven interface assembly 961 pushes intermediate disk 653 in sterile

adapter assembly 250 proximally relative to movable body 651C so that the intermediate



disk 653 can rotate freely, e.g., tab 1767 on intermediate disk 653 is moved proximally so

that tab 1767 no long contacts hard stop 1761 as intermediate disk 653 rotates. Typically,

when surgical instrument 260 is first mounted in sterile adapter assembly 250, drive

interface 756 of intermediate disk 653 in sterile adapter assembly 250 is not aligned with

driven interface 980 of driven disk 964. Thus, intermediate disk 653 and driven disk 964

are not mated. Fig. 20A illustrates a cut-away view of when intermediate disk 653 and

driven disk 964 are in partial contact, i.e., are partially coupled.

[0289] When intermediate disk 653 and driven disk 964 are put in contact and partially

coupled, C-shaped structure 1863C is partially inserted in C-shaped groove 1963C.

However, wall 1863A is not aligned with gap 1963A and wall 1863B is not aligned with

gap 1963B. Thus, C-shaped structure 1863 only goes into C-shaped groove 1963C until

walls 1863A, 1863B contact proximal outer edge surface 1956 of driven disk 964.

[0290] A part of C-shaped structure 1863 rests on flexure 1980F and deflects

flexure 1980F in the distal direction. The deflection of flexure 1980F moves rotation-

locking mechanism 1981 distally so that tang 1981T engages teeth 1987 on the bottom

surface of driven disk receptacle 1986. The engagement of tang 1981T with teeth 1987

prevents driven disk 964 from rotating.

[0291] Thus, as driven disk 964 is held stationary and intermediate disk 653 is rotated,

walls 1863A and 1863B become aligned with gap 1963A and gap 1963B, respectively,

and the preload force causes C-shaped structure 1863C to insert completely into C-shaped

groove 1963C and walls 1863A and 1863B to insert into gap 1963A and gap 1963B,

respectively. Also, each of the drive dogs is inserted into the corresponding drive dog

receptacle. Since C-shaped structure 1863C is no longer pushing on flexure 1980T,

flexure 1980T returns to the undeflected state (Fig. 20B). This disengages tang 198 IT

from teeth 1987 and so driven disk 964 can rotate. Hence, driven disk 964 has coupled

with intermediate disk 653 so that torque is transferred to shaft 1466.

[0292] Flexure 1980F is illustrative only and is not intended to be limiting. For example,

a spring-loaded pin could be included in the driven disk 964 so that C-shaped

structure 1863 depressed the pin until intermediate disk 653 and driven disk 964 were

coupled. The depressed pin could push on a flexure in the distal end of driven disk 964

that includes a tang on one end. The tang would engage teeth 1987 until the force on the

flexure was removed. Alternatively, the spring-loaded pin could engage teeth 1987 to

prevent rotation.

[0293] After surgical instrument 260 is mounted on sterile adapter assembly 250 and the

intermediate disks are coupled with the driven disks, motion/torque can be transferred

from drive unit assembly 541 to transmission unit in surgical instrument 260. However,

as described above, under the first preload force that is supplied by the compression of

spring 1601, there is some backlash in disk stack 1400.



[0294] Under the first preload force, the coupling between intermediate disk 653 and

driven disk 964 and the coupling between drive output disk 545 and intermediate disk 653

have a known non-zero backlash for torque levels necessary to bring the two disks into

alignment. However, for lower torque levels, the partial coupling between drive output

disk 545 and intermediate disk 653 has zero backlash. To reduce the backlash of the

coupling between intermediate disk 653 and driven disk 964 and of the coupling between

drive output disk 545 and intermediate disk 653 to zero for torque levels used in surgical

procedures, the preload force is changed from the first preload force to the second preload

force using preload assembly 780.

[0295] Fig. 2 1 is a more detailed illustration of one aspect of insertion assembly 331.

Insertion assembly 331 includes a frame 2110, a mid-carriage 2120, and a distal

carriage 2130. Mid-carriage 2120 rides on a ball screw 2111 in frame 2 110. In one aspect,

ball screw 2111 has a 6 mm pitch and so is back drivable. Mid-carriage 2120 includes

metal belts 2121 that drive distal carriage 2130. Distal carriage 2130 is attached to

instrument manipulator assembly housing 741 of instrument manipulator assembly 240.

Distal carriage 2130 moves twice as far as mid-carriage 2120 in one aspect.

[0296] Figs. 22A and 22B illustrate preload assembly 780 in greater detail. In Figs. 22A

and 22B, surgical instrument 260 is mounted in sterile adapter assembly 250. However,

for ease of illustration, surgical instrument 260 is not shown in Figs. 22A and 22B. The

distal end of surgical instrument is, for example positioned at an entry to a channel in

entry guide 270.

[0297] Initially, as shown in Fig. 22A, cam follower assembly 2283 in preload

assembly 780 is positioned in a valley in a preload track 2225 on mid-carriage 2120, e.g.,

is positioned at a first location on preload track 2225. Preload track 2225 is mounted on

mid-carriage 2120. The valley is located at a proximal end of preload track 2225. Cam

follower assembly 2283 is rotatably connected to a first end of an arm 2282 in preload

assembly 780. A second end of arm 2282 is connected to a motor pack bracket 2281.

Motor pack bracket 2281 is affixed to motor pack 1541. Thus, arm 2282 is coupled to

motor pack 1541. In Figs. 22A and 22B, instrument manipulator assembly housing 741 is

transparent so that the features and elements within instrument manipulator

assembly housing 741 are visible. As indicated above, instrument manipulator

assembly housing 741 is affixed to distal carriage 2130

[0298] At the first location, light preload spring 1601 in each drive output assembly 543

has been compressed, and the first preload force is applied to each disk in disk

stack 1400. As surgical device assembly 300 is moved distally a distance Zload by

insertion assembly 331 from the first location (Fig. 22A) to a second location (Fig. 22B)

instrument manipulator assembly housing 741 is moved distance Zload.



[0299] Pivot pin 2284, on which cam follower assembly 2283 is rotatably mounted, is

coupled to instrument manipulator assembly housing 741 of instrument manipulator

assembly 240. Thus, as insertion assembly 331 moves instrument manipulator

assembly housing 741 distally a distance Zload, pivot pin 2284 moves cam follower

assembly 2283 the same distance Zload. In one aspect distance Zload is 3.85 inches.

[0300] A wheel 2283W is rotatably attached to a first end of cam follower

assembly 2283, and wheel 2283 rides on preload track 2225. Thus, as cam follower

assembly 2283 moves distally, wheel 2283 follows the contour of preload track 2225.

However the distance between preload track 2225 and pivot point 2284 diminishes as

cam follower assembly 2283 moves distally. Consequently, as cam follower

assembly 2283 rides up ramp 2225R in preload track 2225, cam follower assembly 2283

rotates from a first position illustrated in Fig. 22A to a second position as illustrated in

Fig. 22B and moves motor pack 1541 a distance that is greater than the distance traveled

by instrument manipulator assembly housing 741. Thus, the rotation of cam follower

assembly 2283 displaces motor pack 1541 a predetermined distance distally relative to

instrument manipulator assembly housing 741.

[0301] To understand the forces acting on cam follower assembly 2283 , consider the free

body force diagram in Fig. 22C. Fig. 22C illustrates a portion of cam follower

assembly 2283 and a portion of preload track 2225. As cam follower assembly 2283

moves wheel 2283W up ramp 2225R of preload track 2225, preload track 2225 exerts a

wheel force F_wheel on preload track 2225. Wheel force F_wheel is perpendicular to

preload track 2225. Force F_wheel is made up of two perpendicular forces—a retraction

force F_retract and a longitudinal force F_long. Retraction force F_retract is a force

that the user would apply in the distal direction to move surgical device assembly 300

distally. Alternatively, part or all of this force could be applied by the motor so that the

user does not need to exert the full force.

[0302] As cam follower assembly 2283 moves from the first location to the second

location, a force proportional to longitudinal force F_long is transferred to arm 2282 by

cam follower assembly 2283 . The force proportional of longitudinal force F_long is

applied on motor pack 1541 through arm 2282 and motor pack bracket 2281 .

[0303] Thus, two acts are performed by cam follower assembly 2282 as cam follower

assembly 2283 travels along track 2225. As cam follower assembly 2283 moves up

ramp 2225R and rotates, the rotation of cam follower assembly 2283 pushes motor pack

distally a distance greater than distance Zload, e.g., motor pack 1541 moves a distance

(Zload + ∆) . In addition, as cam follower assembly 2283 moves up ramp 2283W, cam

follower assembly 2283 transfers a force proportional of longitudinal force F_long to

motor pack 1541, which in turn compresses the first and second springs 1601, 1602 so

that second preload force is asserted on drive output disk 545. The second preload force is



a combination of the forces provided by compressed spring 1601, 1602. A force provided

by compressed spring 1602 is larger than a force provided by compressed spring 1601.

The second preload force asserted on drive output disk 545 is applied to each of the other

disks in disk stack 1400. As described above, in one aspect, the second preload force

is 3.0 Lbf. Of course, this is true only when a surgical instrument has been installed,

because otherwise the springs do not compress.

[0304] Figs. 22D and 22E shows that motor pack 1541 has moved an additional distance

∆ relative to the top of instrument manipulator assembly housing 741 that moved

distance Zload. In one aspect, distance ∆ is 0.212 inches. In this aspect, Figs. 22D

and 22E show that distance the proximal end of arm 2282 moves as cam follower

assembly 2283 rotates is distance ∆. This is illustrative only and is not intended to be

limiting.

[0305] In other implementations, cam follower assembly 2283 could have different

length moment arms 2283M1 and 2283M2 (see Fig. 23) so that when wheel 2283W

traverses ramp 2225R having a height ∆, arm 2282 and consequently motor pack 1541 is

moved a distance larger than distance ∆, or alternatively could have different length

moment arms 2283M1 and 2283M2 (see Fig. 23) so that when wheel 2283 traverses

ramp 2225R having a height ∆, arm 2282 and consequently motor pack 1541 is moved a

distance smaller than distance ∆. Finally, Figs. 22D illustrates that a ramp 2225R has a

height ∆, e.g., wheel 2283 is displaced a distance ∆ in a direction perpendicular to

track 2225 as wheel 2283 moves from the first position to the second position.

[0306] Fig. 22F is an illustration of one aspect of preload track 2225. One example of

dimensions for preload track 2225 is given in Table 2.

Table 2



[0307] Preload track 2225 is configured to smoothly ramp the preload force from the first

preload force to the second preload force. Fig. 22G is a graph of the retraction force as

preload assembly 780 moves distally from the first location to the second location on

preload track 2225. Curve 2280 gives the retraction force at each insertion distance. The

retraction force acts on the instrument manipulator assembly housing 741 in the proximal

direction.

[0308] In this example, the first position is an insertion distance of 0.0 inches and the

second position is an insertion distance of 3.85 inches. The retraction force increases

about linearly from 0.0 to about 0.6 inches, then continues to increase linearly at a

reduced slope from about 0.6 to 2.2 inches. From about 2.2 to 2.6 inches, the force

increases and peaks, then tapers to zero force at about 3.85 inches. At an insertion

distance of 3.85 inches, the second preload force of 2.3 Lbf. is reached. At an insertion

distance of 3.85 inches, the second preload spring is compressed to its maximum value in

this design, and so provides no additional resistance to distal motion. In this example, the

instrument tip protrudes from the cannula at an insertion depth of 4.8 inches or larger.

Thus, disk stack 1400 is fully preloaded and the backlash effectively reduced to zero

before the instrument tip exits the cannula.

[0309] With curve 2280, a track is machined that provides this retraction force versus

insertion profile. The machining creates a preload track profile that smoothly ramps the

preload force according to curve 2280. Curve 2280 is illustrative only and is not intended

to be limiting. In view of this disclosure, one knowledgeable in the field can create a

retraction force versus insertion distance for a particular preload spring assembly and a

particular cannula and surgical instrument.

[0310] Fig. 23 is a more detailed illustration of preload assembly 780. Arm 2282 has a

first end 2882A rotatably connected to a first end 2283A of an L-shaped body 2283B of

cam follower assembly 2283 . A second end 2282B of arm 2282 is connected to motor

pack bracket 2281 . Motor pack bracket 2281 is affixed to motor pack 1541 .

[0311] In this aspect, first moment arm 2283M1 is perpendicular to second moment

arm 2283M2 at pivot pin 2284 and have a same length. Thus, in this aspect, longitudinal

force F_long is applied to motor pack 1541 However, in other aspects, the two moment

arms may not be perpendicular. If the moment arms are not perpendicular, or if the

moment arms have different lengths, the force applied to motor pack 1541 is proportional

to longitudinal force F_long. In each aspect, the shape of body 2283 is selected to

accommodate the two moment arms and to provide the necessary strength to rotate and

transfer the longitudinal force to the motor pack.

[0312] Second end 2283B of L-shaped body 2283B is rotatably connected to

wheel 2283W. Wheel 2283W rides on preload track 2225. A vertex of L-shaped

body 2283B is rotatably connected to pivot pin 2284. Pivot pin 2284 is fixedly attached to



instrument manipulator assembly housing 741 of instrument manipulator assembly 240.

First moment arm 2283M1 of preload assembly 740 extends from the center of rotation of

wheel 2283W to a center of rotation of vertex of L-shaped body 2283B. Second moment

arm 2283M2 of preload assembly 740 extends from the center of rotation of first

end 2282A of arm 2282 to a center of rotation of vertex of L-shaped body 2283B. Since

the distance between pivot pin 2284 and track 2225 is fixed, as wheel 2283A moves

distally up the ramp, cam follower assembly 2283 rotates as indicated in Fig. 22B and so

motor pack 1541 is displaced relative to instrument manipulator assembly housing 741

and consequently longitudinal force F_long is applied on spring assemblies in motor

pack 1541.

[0313] In Fig. 23, preload assembly 780 also includes a preload release mechanism. The

preload release mechanism includes a preload release button 2382, a preload release

lever 2385, a preload engagement arm 2386, and a return spring (not shown, but see

Figs. 4A to 4H). Preload release button 2382 is an example of preload release button 482.

Also not shown in Fig. 23 is a torsional spring, concentric with pin 2388, which exerts a

clockwise torque on preload release lever 2385 (clockwise relative to Fig. 23). This is

necessary to keep preload release lever 2385 and preload release button 2382 in the

unreleased position (shown), unless release button 2382 is pressed.

[0314] A first end, a proximal end, of preload engagement arm 2386 is rotatably coupled

to pivot pin 2284. A rolling pin 2386P is mounted in a second end, a distal end of preload

engagement arm 2386. Proximal to rolling pin 2386P in the second end of engagement

arm 2386 is a preload engagement surface 2386S. In this aspect, preload engagement

surface 2386S is perpendicular to the flat portion of preload track 2225. Preload

engagement arm 2386 is coupled to a linear rail.

[0315] A hook on a first end, a proximal end, of preload release lever 2385 is engaged

with rolling pin 2386P in the second end of engagement arm 2385. Preload release

button 2382 is coupled to, e.g., is in contact with, a second end, a distal end, of preload

release lever 2385. Between the first and second ends of preload release lever 2385,

preload release lever is rotatably mounted on another pivot pin 2388, which functions as a

fulcrum for preload release lever 2385.

[0316] In this example, preload release lever 2385 is a Class 1 lever because the fulcrum

is between the effort (the forces supplied by preload release button 2382) and the load

(the coupling between the hook and rolling pin 2386P). While in this example, preload

release lever 2385 is implemented as a Class 1 lever, this is illustrative only and is not

intended to be limiting. In other aspects, a Class 2 lever or a Class 3 lever could be used.

For a Class 2 lever, the load is between the fulcrum and the effort, and for a Class 3 lever,

the effort is between the fulcrum and the load.



[0317] If insertion assembly 331 jams, the high preload force must be released so that

surgical instrument 260 can be removed. To remove surgical instrument 260, a user

pushes preload release button 2382 (Fig. 24A). In response to the force provided by the

user, preload release button 2382 applies a force to the second end of preload release

lever 2385. The force on the second end preload release lever 2385 causes preload release

lever 2385 to rotate about pivot pin 2388 and disengage the hook on the second end of

preload release lever 2385 from rolling pin 2386P that is mounted in the second end of

preload engagement arm 2386.

[0318] Recall that the return spring is mounted between instrument manipulator

assembly housing 741 and motor pack 1541 and is stretched when the high preload force

is applied. Consequently, when preload release lever 2385 disengages from preload

engagement arm 2386, the return spring retracts motor pack 1541 to a fully withdrawn

position.

[0319] At the fully withdrawn position, there is no preload force, and drive output

disk 545 is disengaged from intermediate disk 653. In addition, a release latch inhibit stop

and a plurality of hard stops 2437 are withdrawn so that both instrument sterile adapter

assembly 250 and surgical instrument 260 can be dismounted. If the distal end of surgical

instrument 260 is not straight, as a person withdraws the surgical instrument, the cannula

forces the distal end of surgical instrument 260 to straighten because the disk stack

without the preload force and without drive output disk 545 engaged is back drivable.

[0320] Fig. 24B is an illustration of one implementation of the automatic preload reset

mechanism in preload assembly 780. When sterile adapter assembly 250 is mounted on

instrument manipulator assembly 240, instrument manipulator assembly 240 sends a

signal to controller 290 indicating the presence of sterile adapter assembly 250. In

response to the signal, controller 290 activates a motor that moves instrument manipulator

assembly 240 proximally.

[0321] Instrument manipulator assembly housing 741 moves proximally twice as fast as

preload engagement ridge 2326 on preload track 2225. This is because distal

carriage 2130 moves twice as far as mid carriage 2120. In this aspect, preload

engagement ridge 2326 extends from a distal portion of preload track 2225.

[0322] Thus, as instrument manipulator assembly housing 741 moves proximally,

preload engagement ridge 2326 moves proximally at half the speed of preload

engagement arm 2386 and instrument manipulator assembly housing 741. Thus,

surface 2386S of preload engagement arm 2386 engages preload engagement ridge 2326

on preload track 2225 as instrument manipulator assembly housing 741 moves

proximally. As instrument manipulator assembly housing 741 continues to move

proximally, preload engagement ridge 2326 exerts a longitudinal force in the distal

direction on surface 2386S of preload engagement arm 2386. This causes cam follower



assembly 2283 to apply a longitudinal force on motor pack 1541 as described above. As

motor pack 1541 is moved by the longitudinal force in the proximal direction beyond

location Preload_l, the hook on preload release lever 2385 (not visible in Fig. 24B)

engages rolling pin 2386P. After the engagement of the hook on preload release

lever 2385 on rolling pin 2386P, instrument manipulator assembly housing 741 is moved

distally so that motor pack 1541 is at location Preload_l. The application of the preload

force is automatic upon mounting of sterile adapter assembly 250, in this aspect, and so a

preload force is maintained on drive output disk 545 after mounting of sterile adapter

assembly 250.

[0323] Note that in Figs. 23, 24A, and 24B only the elements necessary to understand the

release mechanism are illustrated. The actual configuration associated with Figs. 23, 24A,

and 24B includes all the elements shown and described with respect to Fig. 22A.

[0324] Fig. 25 is a cut-away view of a portion of surgical device assembly 300 that

illustrates a surgical instrument removal lockout apparatus. The surgical instrument

removal lockout apparatus includes the preload mechanism that applies a preload force on

disk stack 1400, a plurality of hard stops 2437, and a plurality of hard stop

receptacles 1757. Plurality of hard stops 2437 are an example of plurality of hard

stops 437.

[0325] Each of plurality of hard stops 2437 extend in a distal direction from a distal face

of motor pack 1541. As illustrated in Fig. 17A, each of plurality of hard stop receptacles

extends from a proximal face of moveable body 651C of sterile adapter assembly 250 in a

distal direction into moveable body 651C.

[0326] When sterile adapter 250 is mounted on surgical instrument manipulator

assembly 240 and the preload force is automatically engaged as described above,

moveable body 251 is at the most distal position within sterile adapter frame 651 of

sterile adapter assembly 250. In this position, plurality of hard stops 2437 is not in

plurality of receptacles 2437, and movable body 65 1C is free to move within sterile

adapter frame 651.

[0327] Hence, surgical instrument 260 can be mounted in sterile adapter assembly 250 as

described above. However, when the second preload force is applied on output drive

assemblies 543 and the spring assembly is fully compressed, plurality of hard stops 2437

extend into plurality of receptacles 2437, and plurality of hard stops 2437 prevents

moveable body 651C from moving in the proximal direction. Removal of surgical

instrument 260 moves movable body 651C in the proximal direction. Hence, if the second

preload force is applied to motor pack 1541, plurality of hard stops 2437 prevents

moveable body 651C from moving in the proximal direction, and consequently removal

of surgical instrument 260 is inhibited.



[0328] The use of plurality of hard stop receptacles 2437 is illustrative only and is not

intended to be limiting. In another aspect, plurality of hard stop receptacles 1757 is not

used. Instead, plurality of hard stops 2437 contact a proximal surface of moveable

body 65 1C and prevent movement of moveable body 65 1C in the proximal direction.

[0329] Hence, a surgical instrument manipulator assembly 240 includes an instrument

manipulator assembly housing 741, sometimes referred to as housing 741, and a motor

pack 1541. Motor pack 1541 is movably coupled to housing 741. A plurality of hard

stops 2437 are mounted in a distal end of motor pack 1541. Plurality of hard stops 2437

can be positioned in at least a first position and a second position relative to housing 741

of the surgical instrument manipulator assembly 240. When plurality of hard stops 2437

is in the first position, a surgical instrument 260 can be coupled to and decoupled from

instrument manipulator assembly 240. When plurality of hard stops 2437 is in the second

position, surgical instrument 260 cannot be decoupled from instrument manipulator

assembly 240.

[0330] Fig. 26A is a more detailed cut-away illustration of sterile adapter release

latch 2635. Sterile adapter release latch 2635 is an example of one aspect of release

latch 435. Lip 654 on one end of sterile adapter frame 651 is engaged by a lip 2635L

extending from a distal end of sterile adapter release latch 2635. Sterile adapter release

latch 2635 is mounted in a wall of instrument manipulator assembly housing 741 so that

sterile adapter release latch 2635 can pivot to engage with and disengage from sterile

adapter frame 651 of sterile adapter 250. In one aspect, the pivotal connection of sterile

adapter release latch 2635 to the frame is spring loaded is so that the steady position of

latch 2635 is in the engaged position. A latch pin 2635P is coupled to a proximal portion

of sterile adapter release latch 2635. When motor pack 1541 is fully withdrawn at

location Home, e.g., when no preload force is exerted on motor pack 1541, latch

pin 2635P does not prevent sterile adapter release latch 2635 from pivoting to engage

with and disengage from sterile adapter frame 65 1.

[0331] When sterile adapter 250 is mounted on instrument manipulator assembly 240, the

automatic preload reset mechanism, as described above, exerts a preload force, e.g., a

light preload force, on motor pack 1541 when motor pack 1541 is moved to

location Preload_l by the preload engagement mechanism. When motor pack 1541 is

moved to location Preload_l, release latch inhibit stop 2638 that is mounted to motor

pack 1541 also is moved distally.

[0332] When motor pack 1541 is at location Preload_l, if the proximal end of sterile

adapter release latch 2635 is pushed, latch pin 2635P contacts release latch inhibit

stop 2638, which prevents sterile adapter release latch 2635 from pivoting to disengage

from sterile adapter frame 651. Thus, when the light preload force is asserted on motor

pack 1541, removal of sterile adapter assembly 250 is inhibited.



[0333] Fig. 26A illustrates a potential problem if the automatic preload reset mechanism

is energized, while sterile adapter release latch 2635 is depressed. As release latch inhibit

stop 2638 moves distally, release latch inhibit stop 2638 would hit latch pin 2635P if

sterile adapter release latch 2635 were not released. This potentially could damage latch

pin 2635P, e.g., bend latch pin 2635P, so that the sterile adapter removal inhibit

mechanism would not work properly. Thus, in one aspect latch pin 2636P (Fig. 26B) is

pivotally connected to a proximal portion of sterile adapter release latch 2635, and the

connection is spring-loaded by spring 2634. Thus, if sterile adapter release latch 2635 is

depressed and the automatic preload reset mechanism is energized, upon latch inhibit

stop 2638 hitting latch pin 2635P, latch pin 2635P pivots and so is not damaged. When

sterile adapter release latch 2635 is released, spring 2634 causes latch pin 2633P to return

to its original position.

[0334] In some of the above examples, the terms "proximal" or "proximally" are used in a

general way to describe an object or element which is closer to a manipulator arm base

along a kinematic chain of system movement or farther away from a remote center of

motion (or a surgical site) along the kinematic chain of system movement. Similarly, the

terms "distal" or "distally" are used in a general way to describe an object or element

which is farther away from the manipulator arm base along the kinematic chain of system

movement or closer to the remote center of motion (or a surgical site) along the kinematic

chain of system movement.

[0335] As used herein, "first," "second," "third," "fourth," etc. are adjectives used to

distinguish between different components or elements. Thus, "first," "second," "third,"

"fourth," etc. are not intended to imply any ordering of the components or elements.

[0336] The above description and the accompanying drawings that illustrate aspects and

embodiments of the present inventions should not be taken as limiting—the claims define

the protected inventions. Various mechanical, compositional, structural, electrical, and

operational changes may be made without departing from the spirit and scope of this

description and the claims. In some instances, well-known circuits, structures, and

techniques have not been shown or described in detail to avoid obscuring the invention.

[0337] Further, this description' s terminology is not intended to limit the invention. For

example, spatially relative terms—such as "beneath", "below", "lower", "above",

"upper", "proximal", "distal", and the like—may be used to describe one element's or

feature's relationship to another element or feature as illustrated in the figures. These

spatially relative terms are intended to encompass different positions (i.e., locations) and

orientations (i.e., rotational placements) of the device in use or operation in addition to

the position and orientation shown in the figures. For example, if the device in the figures

is turned over, elements described as "below" or "beneath" other elements or features

would then be "above" or "over" the other elements or features. Thus, the exemplary term



"below" can encompass both positions and orientations of above and below. The device

may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially

relative descriptors used herein interpreted accordingly. Likewise, descriptions of

movement along and around various axes include various special device positions and

orientations.

[0338] The singular forms "a", "an", and "the" are intended to include the plural forms as

well, unless the context indicates otherwise. The terms "comprises", "comprising",

"includes", and the like specify the presence of stated features, steps, operations,

elements, and/or components but do not preclude the presence or addition of one or more

other features, steps, operations, elements, components, and/or groups. Components

described as coupled may be electrically or mechanically directly coupled, or they may be

indirectly coupled via one or more intermediate components.

[0339] All examples and illustrative references are non- limiting and should not be used to

limit the claims to specific implementations and embodiments described herein and their

equivalents. Any headings are solely for formatting and should not be used to limit the

subject matter in any way, because text under one heading may cross reference or apply

to text under one or more headings. Finally, in view of this disclosure, particular features

described in relation to one aspect or embodiment may be applied to other disclosed

aspects or embodiments of the invention, even though not specifically shown in the

drawings or described in the text.



CLAIMS

We claim:

1. An apparatus comprising:

a surgical instrument comprising:

a body including a driven disk receptacle;

a shaft comprising a proximal end, wherein the proximal end of the shaft extends

into the driven disk receptacle; and

a driven disk mounted on the proximal end of the shaft so that the driven disk is

positioned in the driven disk receptacle, the driven disk comprising a driven

interface,

wherein the driven interface comprises an engagement receptacle, drive dog

receptacles, and a rotation disable element, and

wherein upon engagement of the rotation disable element, the rotation disable

element engages with the driven disk receptacle to prevent rotation of the

driven disk.

2. The apparatus of Claim 1:

wherein the driven disk comprises a proximal surface; and

wherein each of the drive dog receptacles comprises:

a first portion comprising opposed sidewalls extending from the proximal surface

into the driven disk;

a second portion comprising a bottom surface of the drive dog receptacle; and

a third portion extending from the first portion to the second portion, the third

portion comprising two opposing third portion side surfaces, wherein each

third portion side surface comprises a sloped side surface.

3. The apparatus of Claim 2, wherein the sloped surface comprises a portion of a side

surface of a wedge.

4. The apparatus of Claim 1:

wherein the driven disk comprises a proximal surface; and

wherein the engagement receptacle further comprises:

a groove extending from the proximal surface into the driven disk, and the groove

extending from a first end to a second end, the groove comprising: a width and

a depth,

wherein the first end of the groove is separated from the rotation disable element

by a first gap, and



wherein the second end of the groove is separated from the rotation disable

element by a second gap.

5. The apparatus of Claim 4, wherein the width and depth of the groove is sized to accept

an engagement structure of a drive interface on another disk.

6. The apparatus of Claim 1, wherein the rotation disable element comprises a flexure.

7. The apparatus of Claim 6, wherein the rotation disable element further comprises a

rotation locking mechanism, the rotation locking mechanism extending from the flexure.

8. The apparatus of Claim 7, wherein the rotation locking mechanism comprises a tang.

9. The apparatus of Claim 1, wherein the driven disk receptacle comprises a bottom

surface, and where the driven disk receptacle further comprises a plurality of teeth

extending in a proximal direction from the bottom surface.

10. The apparatus of Claim 1, wherein each of the drive dog receptacles includes a first

edge surface positioned a first distance from a longitudinal axis of the driven disk, and a

second edge opposite the first edge.

11. The apparatus of Claim 10, wherein the second edge surface comprises an open edge

surface.

12. The apparatus of Claim 1, further comprising:

a sterile adapter assembly, wherein the surgical instrument is mounted on the sterile

adapter assembly.

13. The apparatus of Claim 12, wherein the sterile adapter assembly further comprises an

intermediate disk having a drive interface coupled with the driven interface of the driven

disk.

14. The apparatus of Claim 13, further comprising:

a first preload spring coupled to the intermediate disk;

a preload assembly coupled to the first preload spring,

wherein if the first preload spring is compressed, a first preload force is applied to the

coupling between the intermediate disk and the driven disk; and



wherein if the first preload force is applied to the coupling between the intermediate

disk and the drive disk, the coupling between the intermediate disk and the driven

disk has non-zero backlash.

15. The apparatus of Claim 14, further comprising:

a second preload spring coupled to the intermediate disk.

16. The apparatus of Claim 15, further comprising:

the preload assembly coupled to the second preload spring,

wherein if the second preload spring and the first preload spring are compressed, a

second preload force is applied to a coupling between the drive intermediate disk

and the driven disk; and

wherein if the second preload force is applied to the coupling, the coupling between

the intermediate disk and the driven disk has zero backlash

17. An apparatus comprising:

a surgical instrument comprising:

a body including a driven disk receptacle;

a shaft comprising a proximal end, wherein the proximal end of the shaft extends

into the driven disk receptacle; and

a driven disk mounted on the proximal end of the shaft so that the driven disk is

positioned in the driven disk receptacle, the driven disk comprising a driven

interface, and a proximal surface,

wherein the driven interface comprises an engagement receptacle, drive dog

receptacles, and a rotation disable element;

wherein each of the drive dog receptacles comprises:

a first portion comprising opposed sidewalls extending from the proximal

surface into the driven disk,

a second portion comprising a bottom surface of the drive dog receptacle,

and

a third portion extending from the first portion to the second portion, the

third portion comprising two opposing third portion side surfaces,

wherein each third portion side surface comprises a sloped surface;

wherein the engagement receptacle further comprises a groove extending from

the proximal surface into the driven interface element, and the groove

extending from a first end to a second end, wherein the first end of the

groove is separated from the rotation disable element by a first gap, and



wherein the second end of the groove is separated from the rotation disable

element by a second gap; and

wherein upon engagement of the rotation disable element, the rotation locking

mechanism engages the driven disk receptacle and prevents rotation of the

driven disk.

18. The apparatus of Claim 17, wherein the sloped surface comprises a portion of a side

surface of a wedge.

19. The apparatus of Claim 17, wherein the rotation disable element comprises a flexure.

20. The apparatus of Claim 19, wherein the rotation disable element further comprises a

rotation locking mechanism, the rotation locking mechanism comprising a tang, the tang

extending from the flexure.











































































A. CLASSIFICATION OF SUBJECT MATTER

A61B 19/00(2006.01)i, B25J 19/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61B 19/00; B25F 5/00; A61B 17/28; B25J 19/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: surgical, instrument, disk, shaft, receptacle, disable element, groove, lock, sterile,
adapter

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

EP 2298218 A2 (INTUITIVE SURGICAL OPERATIONS, INC.) 23 March 2011 1-20

See claims 5 , 25, 26, paragraphs [43] - [46] and figures 7A - 7L.

US 2011-0282357 Al (THEODORE W . ROGERS et al.) 17 November 2011 1-20

See paragraphs [102] - [104] and figures 3 - 4B.

US 2011-0118754 Al (GREGORY W . DACHS, I I et al.) 19 May 2011 1-20

See abstract, paragraphs [10] - [27] and figures 9 - 20.

US 2011-0160743 Al (ERIC A . ESPINAL) 30 June 2011 1-20

See claim 1 , abstract, figures 1 - 3 .

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

20 November 2014 (20. 11.2014) 20 November 2014 (20.11.2014)

Name and mailing address of the ISA/KR Authorized officer
tt International Application Division

Korean Intellectual Property Office ¾»

189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
JEON, Chang Ik

V Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8303

Form PCT/ISA/210 (second sheet) (July 2009)



Information on patent family members PCT/US2014/051074

Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2298218 A2 23/03/2011 AT 464852 T 15/05/2010
CA 2273939 Al 18/06/1998
CA 2273939 C 11/04/2006
CN 101242788 A 13/08/2008
CN 101242788 B 13/04/2011
CN 101242788 CO 13/08/2008
CN 101242789 A 13/08/2008
CN 101242789 B 19/10/2011
CN 101242789 CO 13/08/2008
CN 101340848 A 07/01/2009
CN 101340848 B 21/03/2012
CN 101340852 A 07/01/2009
CN 101340852 B 28/12/2011
CN 101426412 A 06/05/2009
CN 101426412 B 11/12/2013
CN 102058437 A 18/05/2011
DE 69942281 Dl 02/06/2010
EP 1015068 Al 05/07/2000
EP 1015068 Bl 07/09/2011
EP 1146830 Al 24/10/2001
EP 1146830 A4 29/12/2004
EP 1146830 Bl 21/04/2010
EP 1197902 A2 17/04/2002
EP 1197902 A3 07/04/2004
EP 1897511 A2 12/03/2008
EP 1897511 A3 23/07/2008
EP 1897511 Bl 12/02/2014
EP 1928342 Al 11/06/2008
EP 1931275 Al 18/06/2008
EP 1931275 Bl 09/03/2011
EP 1962711 Al 03/09/2008
EP 1962711 Bl 29/02/2012
EP 2135577 A2 23/12/2009
EP 2135577 A3 25/08/2010
EP 2135637 A2 23/12/2009
EP 2135637 A3 15/02/2012
EP 2135637 Bl 21/05/2014
EP 2263592 A2 22/12/2010
EP 2263592 A3 20/03/2013
EP 2263593 A2 22/12/2010
EP 2263593 A3 13/03/2013
EP 2263594 A2 22/12/2010
EP 2263594 A3 10/04/2013
EP 2263595 A2 22/12/2010
EP 2263595 A3 06/03/2013
EP 2263595 Bl 17/09/2014
EP 2298216 A2 23/03/2011
EP 2298216 A3 22/10/2014
EP 2298217 A2 23/03/2011

Form PCT/ISA/210 (patent family annex) ( y 2009)



Information on patent family members PCT/US2014/051074

Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2298217 A3 22/10/2014
EP 2298218 A3 13/06/2012
EP 2298219 A2 23/03/2011
EP 2298219 A3 30/05/2012
EP 2335635 Al 22/06/2011
EP 2338432 Al 29/06/2011
EP 2338433 Al 29/06/2011
EP 2356951 Al 17/08/2011
EP 2359769 Al 24/08/2011
EP 2359770 Al 24/08/2011
EP 2360708 Al 24/08/2011
EP 2363091 A2 07/09/2011
EP 2363091 A3 28/03/2012
EP 2559396 A2 20/02/2013
EP 2559396 A3 11/12/2013
JP 2002-082977 A 22/03/2002
JP 2002-500524 A 08/01/2002
JP 2007-167643 A 05/07/2007
JP 2007-167644 A 05/07/2007
JP 2007-325959 A 20/12/2007
JP 2009-509653 A 12/03/2009
JP 2009-509654 A 12/03/2009
JP 2009-520573 A 28/05/2009
JP 2010-214166 A 30/09/2010
JP 2011-194247 A 06/10/2011
JP 2012-120884 A 28/06/2012
JP 2012-125589 A 05/07/2012
JP 2012-152583 A 16/08/2012
JP 2012-254360 A 27/12/2012
JP 2013-027733 A 07/02/2013
JP 2013-135862 A 11/07/2013
JP 2013-138965 A 18/07/2013
JP 2014-076361 A 01/05/2014
JP 2014-111080 A 19/06/2014
JP 2014-111081 A 19/06/2014
JP 4058113 B2 05/03/2008
JP 4552296 B2 29/09/2010
JP 5043414 B2 10/10/2012
JP 5101519 B2 19/12/2012
JP 5193049 B2 08/05/2013
JP 5283241 B2 04/09/2013
JP 5288609 B2 11/09/2013
JP 5301607 B2 25/09/2013
JP 5318826 B2 16/10/2013
JP 5386602 B2 15/01/2014
JP 5403864 B2 29/01/2014
JP 5610547 B2 22/10/2014

R 10-0846252 Bl 16/07/2008
R 10-1207286 Bl 03/12/2012

KR 10-1299472 Bl 29/08/2013

Form PCT/ISA/210 (patent family annex) ( y 2009)



Information on patent family members PCT/US2014/051074

Patent document Publication Patent family Publication
cited in search report date member(s) date

R 10-1337270 Bl 06/12/2013
R 10-1337278 Bl 09/12/2013

KR 10-1337281 Bl 06/12/2013
US 06132368 A 17/10/2000
us 2002-0032451 Al 14/03/2002
us 2002-0032452 Al 14/03/2002
us 2002-0072736 Al 13/06/2002
us 2002-0091374 Al 11/07/2002
us 2002-0099763 Al 25/07/2002
us 2003-0083673 Al 01/05/2003
us 2005-0021050 Al 27/01/2005
us 2005-0149003 Al 07/07/2005
us 2006-0015508 Al 19/01/2006
us 2006-0161136 Al 20/07/2006
us 2006-0161137 Al 20/07/2006
us 2006-0161138 Al 20/07/2006
us 2006-0235436 Al 19/10/2006
us 2007-0012135 Al 18/01/2007
us 2007-0119274 Al 31/05/2007
us 2007-0137372 Al 21/06/2007
us 2008-0140088 Al 12/06/2008
us 2008-0147089 Al 19/06/2008
us 2008-0147091 Al 19/06/2008
us 2009-0234371 Al 17/09/2009
us 2009-0248043 Al 01/10/2009
us 2010-0163057 Al 01/07/2010
us 2010-0174293 Al 08/07/2010
us 2010-0200002 Al 12/08/2010
us 2011-0028990 Al 03/02/2011
us 2011-0066161 Al 17/03/2011
us 2014-180310 Al 26/06/2014
us 6331181 Bl 18/12/2001
us 6346072 Bl 12/02/2002
us 6491701 B2 10/12/2002
us 6866671 B2 15/03/2005
us 6990489 B2 24/01/2006
us 7048745 B2 23/05/2006
us 7357774 B2 15/04/2008
us 7524320 B2 28/04/2009
us 7580955 B2 25/08/2009
us 7666191 B2 23/02/2010
us 7699855 B2 20/04/2010
us 7727244 B2 01/06/2010
us 7819885 B2 26/10/2010
us 7955322 B2 07/06/2011
us 7963913 B2 21/06/2011
us 8105338 B2 31/01/2012
us 8142447 B2 27/03/2012
us 8182469 B2 22/05/2012
us 8202278 B2 19/06/2012

Form PCT/ISA/210 (patent family annex) ( y 2009)



Information on patent family members PCT/US2014/051074

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 8206406 B2 26/06/2012
us 8216250 B2 10/07/2012
us 8608773 B2 17/12/2013
us 8672922 B2 18/03/2014
us 8758352 B2 24/06/2014
wo 00-33755 Al 15/06/2000
wo 2007-041093 Al 12/04/2007
wo 2007-041094 Al 12/04/2007
wo 2007-075844 Al 05/07/2007
wo 2007-075864 Al 05/07/2007
wo 2007-126443 A2 08/11/2007
wo 2007-126443 A3 31/07/2008
wo 2007-142698 A2 13/12/2007
wo 2007-142698 A3 21/02/2008
wo 2009-061915 A2 14/05/2009
wo 98-25666 Al 18/06/1998

US 2011-0282357 Al 17/11/2011 CN 102892363 A 23/01/2013
CN 102892374 A 23/01/2013
CN 102892375 A 23/01/2013
CN 102892376 A 23/01/2013
EP 2568894 Al 20/03/2013
EP 2568908 Al 20/03/2013
EP 2568909 Al 20/03/2013
EP 2568913 Al 20/03/2013
JP 2013-526337 A 24/06/2013
JP 2013-528064 A 08/07/2013
JP 2013-528065 A 08/07/2013
JP 2013-530738 A 01/08/2013

R 10-2013-0069662 A 26/06/2013
R 10-2013-0076825 A 08/07/2013

KR 10-2013-0085952 A 30/07/2013
KR 10-2013-0108091 A 02/10/2013
US 2011-0277775 Al 17/11/2011
us 2011-0277776 Al 17/11/2011
us 2011-0282351 Al 17/11/2011
us 2011-0282356 Al 17/11/2011
us 2011-0282358 Al 17/11/2011
us 2011-282359 Al 17/11/2011
us 2013-0079794 A9 28/03/2013
us 2014-296872 Al 02/10/2014
us 8746252 B2 10/06/2014
us 8784435 B2 22/07/2014
us 8852208 B2 07/10/2014
wo 2011-143016 Al 17/11/2011
wo 2011-143020 Al 17/11/2011
wo 2011-143021 Al 17/11/2011
wo 2011-143022 Al 17/11/2011
wo 2011-143023 Al 17/11/2011
wo 2011-143024 Al 17/11/2011

Form PCT/ISA/210 (patent family annex) ( y 2009)



Information on patent family members PCT/US2014/051074

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2011-0118754 Al 19/05/2011 CN 102596058 A 18/07/2012
CN 102596087 A 18/07/2012
CN 102596088 A 18/07/2012
EP 2467065 A2 27/06/2012
EP 2485674 A2 15/08/2012
EP 2489323 A2 22/08/2012
EP 2489324 A2 22/08/2012
EP 2498710 Al 19/09/2012
EP 2594222 A2 22/05/2013
JP 2013-255840 A 26/12/2013
JP 2013-510682 A 28/03/2013
JP 2013-510684 A 28/03/2013
JP 2013-510686 A 28/03/2013
JP 2014-028292 A 13/02/2014

R 10-2012-0095964 A 29/08/2012
R 10-2012-0100916 A 12/09/2012

KR 10-2012-0101631 A 14/09/2012
US 2011-0118707 Al 19/05/2011
us 2011-0118708 Al 19/05/2011
us 2011-0118709 Al 19/05/2011
us 2011-0118778 Al 19/05/2011
us 2014-194894 Al 10/07/2014
us 8640788 B2 04/02/2014
us 8852174 B2 07/10/2014
us 8876857 B2 04/11/2014
wo 2011-060311 A2 19/05/2011
wo 2011-060311 A3 18/08/2011
wo 2011-060315 A2 19/05/2011
wo 2011-060315 A3 11/08/2011
wo 2011-060318 Al 19/05/2011

US 2011-0160743 Al 30/06/2011 us 8449569 B2 28/05/2013

Form PCT/ISA/210 (patent family annex) ( y 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

