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(57) Abstract: An end effector for use and connection to a robot arm of a robotic surgical system, wherein the end effector is con -

o trolled and/or articulated by at least one cable extending from a respective motor of a control device of the robot surgical system, is
provided. The end effector includes at least one gear train that transmits forces from the at least one motor of the control device to at
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GEAR TRAIN ASSEMBLIES FOR ROBOTIC SURGICAL SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of and priority to U.S. Provisional Patent

Application No. 61/914,979, filed December 12, 2013, the entire disclosure of which is

incorporated by reference herein.

BACKGROUND

[0002] Robotic surgical systems have been used in minimally invasive medical

procedures. Some robotic surgical systems included a console supporting a robot arm, and at

least one end effector such as forceps or a grasping tool that is mounted to the robot arm via a

wrist assembly. During a medical procedure, the end effector and the wrist assembly were

inserted into a small incision (via a cannula) or a natural orifice of a patient to position the end

effector at a work site within the body of the patient.

[0003] Cables were extended from the robot console, through the robot arm, and

connected to the wrist assembly and/or end effector. In some instances, the cables were actuated

by means of motors that were controlled by a processing system including a user interface for a

surgeon or clinician to be able to control the robotic surgical system including the robot arm, the

wrist assembly and/or the end effector.

[0004] In some instances, the wrist assembly provided three degrees of freedom for

movement of the end effector through the use of three cables or cable pairs, one for each degree

of freedom. For example, for grasping or cutting end effectors the wrist assembly provided the



three degrees of freedom by allowing changes to a pitch, a yaw, and an opening and closing of

the end effector.

[0005] As demand for smaller surgical tools increased, device manufacturers developed

surgical tools such as grasping and cutting tools having smaller cross-sectional areas. These

smaller cross-sectional areas reduced the total force that could be applied between two jaws at

the end of the tools. Additionally, the use of three cables or cable pairs to provide three degrees

of motion required a minimum cross-sectional area to implement and limit the ability to further

reduce the cross sectional area of these tools. Finally, the force that was applied was not

customizable to provide varying forces depending on the position of the jaws in relation to each

other as the jaws are opened and closed.

[0006] There is a need for surgical tools having relatively small cross-sectional areas and

relatively shorter lengths that are able to provide high forces between end effector jaws,

including customizable forces that vary depending on the position of the jaws in relation to each

other.

SUMMARY

[0007] Jaws at the end of surgical robotics tools, such as forceps or scissor cutting tools,

may be driven by a cable/tube and gear system. In some instances, the cable/tube and gear

system may be driven directly so at least one cable/tube controls a pitch, at least one cable/tube

controls a yaw, and at least one cable/tube opens and closes the jaws.

[0008] End effectors, including wrist assemblies and jaw assemblies, may be used with

and actuated by robotic surgical systems. In some instances, an end effector may be controlled



and/or articulated by at least one cable/tube extending from a respective motor of a control

device of the robot surgical system.

[0009] According to one aspect of the present disclosure, an end effector for use and

connection to a robot arm of a robotic surgical system is provided, wherein the end effector is

controlled and/or articulated by at least one motor of a control device of the robot surgical

system. The end effector comprises a wrist assembly including a proximal hub defining a

respective longitudinal axis; and a distal hub assembly defining a respective longitudinal axis.

The distal hub assembly includes a proximal bracket pivotally connected to the proximal hub;

and a distal bracket pivotally connected to the proximal bracket, the distal bracket being rotatable

relative to the proximal bracket along the longitudinal axis of the distal hub assembly.

[0010] The end effector further includes a jaw assembly including a pair of jaws

pivotally supported on the distal bracket. Each jaw includes a proximal portion pivotally

connected to the distal bracket; and a distal portion extending distally of the proximal portion

thereof.

[0011] The end effector also includes at least one gear train supported in the wrist

assembly. The at last one gear train transmits forces from the at least one motor of the control

device to at least one of the proximal bracket of the wrist assembly, the distal bracket of the wrist

assembly and the jaw assembly. The gear train enables at least one of a pivoting of the distal hub

assembly relative to the proximal hub; a rotation of the distal bracket relative to the proximal

bracket; and an opening/closing of the jaw assembly.

[0012] The at least one gear train may include a first gear train comprising a first gear

rotatably supported in the proximal hub, the first gear of the proximal hub being in operative

communication with at least one motor of the control system; and a first gear non-rotatably



supported on the proximal bracket of the distal hub assembly. The first gear of the proximal

bracket may define a rotation axis that is co-axial with a pivot axis of the distal hub assembly

relative to the proximal hub. The first gear of the proximal bracket may be in meshing

engagement with the first gear of the proximal hub.

[0013] The at least one gear train may include a second gear train comprising a second

gear rotatably supported in the proximal hub, the second gear of the proximal hub being in

operative communication with at least one motor of the control system, the first gear and the

second gear of the proximal hub being concentric; a second gear rotatably supported in the

proximal bracket of the distal hub assembly, wherein the first gear and the second gear of the

proximal bracket are concentric; and a further second gear rotatably supported in the proximal

bracket of the distal hub assembly, wherein the further second gear defines a rotation axis that is

co-axial with the longitudinal axis of the distal hub assembly, the further second gear being non-

rotatably supported on a stem extending from the distal bracket.

[0014] The further second gear of the proximal bracket may be in meshing engagement

with the second gear of the proximal bracket. The second gear of the proximal bracket may be in

meshing engagement with the second gear of the proximal hub.

[0015] The at least one gear train may include a third gear train comprising a third gear

rotatably supported in the proximal hub, the third gear of the proximal hub being in operative

communication with at least one motor of the control system, the first, second and third gears of

the proximal hub being concentric with one another; a third gear rotatably supported in the

proximal bracket of the distal hub assembly, wherein the first, second and third gears of the

proximal bracket are concentric with one another; and a further third gear rotatably supported in

the proximal bracket of the distal hub assembly, wherein the further third gear is co-axial and



concentric with the further second gear of the proximal bracket, the further third gear being non-

rotatably supported on a stem extending from a gear rotatably supported in the distal bracket.

[0016] The further third gear of the proximal bracket may be in meshing engagement

with the third gear of the proximal bracket. The third gear of the proximal bracket may be in

meshing engagement with the third gear of the proximal hub.

[0017] The at least one gear train may include a gear rotatably supported in the distal

bracket of the distal hub assembly. The gear of the distal bracket may be keyed to the further

third gear of the proximal bracket. The proximal portion of each jaw may be in meshing

engagement with the gear of the distal bracket.

[0018] The first gear that is rotatably supported in the proximal hub may define a first

diameter. The second gear that is rotatably supported in the proximal hub may define a second

diameter smaller than the first diameter. The third gear that is rotatably supported in the

proximal hub may define a third diameter that is smaller than the second diameter.

[0019] The first gear that is non-rotatably supported on the proximal bracket may define

a first diameter. The second gear that is rotatably supported on the proximal bracket may define

a second diameter smaller than the first diameter. The third gear that is rotatably supported on

the proximal bracket may define a third diameter that is smaller than the second diameter.

[0020] The further second gear that is rotatably supported on the proximal bracket may

define a diameter. The further third gear that is rotatably supported in the proximal bracket may

define a diameter that is smaller than the diameter of the further second gear.

[0021] The proximal bracket may be U-shaped including a pair of spaced apart upright

supports extending in a proximal direction that are interconnected by a backspan. The first gear

that is non-rotatably supported on the proximal bracket and the second and third gears that are



rotatably supported on the proximal bracket may be supported on one of the proximally

extending upright supports of the proximal bracket.

[0022] The further second gear and the further third gear, that are rotatably supported on

the proximal bracket, may be supported on the backspan of the proximal bracket.

[0023] The end effector may further comprise a first drive tube extending through the

proximal hub and supporting the first gear on a distal end thereof, the first drive tube defining a

lumen therethrough; a second drive tube extending through the proximal hub and through the

lumen of the first drive tube, the second drive tube supporting the second gear on a distal end

thereof, the second drive tube defining a lumen therethrough; and a third drive tube extending

through the proximal hub and through the lumen of the second drive tube, the third drive tube

supporting the third gear on a distal end thereof.

[0024] The first gear that is rotatably supported in the proximal hub may define a first

diameter. The second gear that is rotatably supported in the proximal hub may define a second

diameter smaller than the first diameter. The third gear that is rotatably supported in the

proximal hub may define a third diameter that is smaller than the second diameter.

[0025] According to another aspect of the present disclosure, an end effector for use and

connection to a robot arm of a robotic surgical system is provided, wherein the end effector is

controlled and/or articulated by at least one motor of a control device of the robot surgical

system. The end effector comprises a wrist assembly including a proximal hub defining a

respective longitudinal axis; and a distal hub assembly.

[0026] The distal assembly includes a proximal bracket pivotally connected to the

proximal hub, wherein the proximal bracket defines a longitudinal axis, and wherein the

proximal bracket is pivotable about a first pivot axis that extends transversely to the longitudinal



axis of the proximal hub. The distal assembly further includes a distal bracket pivotally

connected to the proximal bracket, wherein the distal bracket defines a longitudinal axis, and

wherein the distal bracket is pivotable about a second pivot axis that extends transversely to the

longitudinal axis of the proximal hub and transversely to the first pivot axis.

[0027] The end effector comprises a jaw assembly including a pair of jaws pivotally

supported on the distal bracket. Each jaw includes a proximal portion pivotally connected to the

distal bracket; and a distal portion extending distally of the proximal portion thereof.

[0028] The end effector further includes at least one gear train supported in the wrist

assembly, wherein the at last one gear train transmits forces from the at least one motor of the

control device to at least one of the proximal bracket of the wrist assembly, the distal bracket of

the wrist assembly and the jaw assembly. The gear train enabling at least one of a pivoting of the

proximal bracket relative to the proximal hub; a pivoting of the distal bracket relative to the

proximal bracket; and an opening/closing of the jaw assembly.

[0029] The at least one gear train may include a first gear train comprising a first gear

rotatably supported in the proximal hub, the first gear of the proximal hub being in operative

communication with at least one motor of the control system; and a first gear non-rotatably

supported on the proximal bracket of the distal hub assembly. The first gear of the proximal

bracket may define a rotation axis that is co-axial with the first pivot axis. The first gear of the

proximal bracket may be in meshing engagement with the first gear of the proximal hub.

[0030] The at least one gear train may include a second gear train comprising a second

gear rotatably supported in the proximal hub, wherein the second gear of the proximal hub is in

operative communication with at least one motor of the control system, and wherein the first gear

and the second gear of the proximal hub may be concentric. The second gear train may include a



second gear rotatably supported in the proximal bracket and along the first pivot axis, wherein

the first gear and the second gear of the proximal bracket may be concentric.

[0031] The second gear train may further include a proximal second gear rotatably

supported in the proximal bracket of the distal hub assembly and along the longitudinal axis of

the proximal bracket; a distal second gear rotatably supported in the proximal bracket of the

distal hub assembly and along the longitudinal axis of the proximal bracket, wherein the

proximal second gear and the distal second gear may be non-rotatably supported on a common

shaft; and a second gear non-rotatably supported on the distal bracket of the distal hub assembly,

wherein the second gear of the distal bracket defines a rotation axis that is co-axial with the

second pivot axis, wherein the second gear of the distal bracket may be in meshing engagement

with the distal second gear of the proximal hub.

[0032] The at least one gear train may include a third gear train comprising a third gear

rotatably supported in the proximal hub. The third gear of the proximal hub may be in operative

communication with at least one motor of the control system. The first, second and third gears

of the proximal hub may be concentric with one another.

[0033] The third gear train may also include a proximal third gear rotatably supported in

the proximal bracket of the distal hub assembly and along the longitudinal axis of the proximal

bracket; a distal third gear rotatably supported in the proximal bracket of the distal hub assembly

and along the longitudinal axis of the proximal bracket, wherein the proximal third gear and the

distal third gear of the proximal bracket may be non-rotatably supported on a common shaft; a

third gear rotatably supported on the distal bracket of the distal hub assembly, wherein the third

gear of the distal bracket defines a rotation axis that is co-axial with the second pivot axis,

wherein the third gear of the distal bracket may be in meshing engagement with the distal third



gear of the proximal bracket; a proximal third gear rotatably supported in the distal bracket of the

distal hub assembly and along the longitudinal axis of the distal bracket, the proximal third gear

that is supported in the distal bracket may be in meshing engagement with the third gear

rotatably supported on the second pivot axis of the distal bracket; and a distal third gear rotatably

supported in the distal bracket of the distal hub assembly and along the longitudinal axis of the

distal bracket, wherein the proximal third gear and the distal third gear of the distal bracket may

be non-rotatably supported on a common shaft.

[0034] The proximal portion of each jaw may be in meshing engagement with the distal

third gear rotatably supported in the distal bracket.

[0035] The first gear that is rotatably supported in the proximal hub may define a first

diameter. The second gear that is rotatably supported in the proximal hub may define a second

diameter smaller than the first diameter. The third gear that is rotatably supported in the

proximal hub may define a third diameter that is smaller than the second diameter.

[0036] The first gear that is non-rotatably supported on the proximal bracket may define

a first diameter. The second gear that is rotatably supported on the first pivot axis of the

proximal bracket may define a second diameter smaller than the first diameter. The third gear

that is rotatably supported on the first pivot axis of the proximal bracket may define a third

diameter that is smaller than the second diameter.

[0037] The proximal second gear that is rotatably supported in the proximal bracket may

define a diameter. The proximal third gear that is rotatably supported in the proximal bracket

may define a diameter that is smaller than the diameter of the proximal second gear that is

rotatably supported in the proximal bracket of the distal hub assembly.



[0038] The second gear that is non-rotatably supported on the distal bracket may define a

diameter. The third gear that is rotatably supported on the distal bracket may define a diameter

that is smaller that the diameter of the second gear that is non-rotatably supported on the distal

bracket.

[0039] Further details and aspects of exemplary embodiments of the present disclosure

are described in more detail below with reference to the appended figures.

[0040] BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Embodiments of the present disclosure are described herein with reference to the

accompanying drawings, wherein:

[0042] FIG. 1A is a schematic illustration of a medical work station and operating

console in accordance with the present disclosure;

[0043] FIG. IB is a schematic, perspective view of a motor of a control device of the

medical work station of FIG. 1A;

[0044] FIG. 2 is a perspective view of an end effector, according to an embodiment of

the present disclosure, for use in the medical work station of FIG. 1A, illustrating a jaw assembly

thereof in a non-articulated and a closed condition;

[0045] FIG. 3 is a perspective view of the end effector of FIG. 2 illustrating the jaw

assembly thereof in an articulated and an open condition;

[0046] FIG. 4 is a perspective view, with parts separated, of the end effector of FIGS. 2

and 3;

[0047] FIG. 5 is a perspective view of an end effector, according to another embodiment

of the present disclosure, for use in the medical work station of FIG. 1A, illustrating a jaw

assembly thereof in a non-articulated and a closed condition;



[0048] FIG. 6 is a perspective view of the end effector of FIG. 5 illustrating the jaw

assembly thereof in an articulated and an open condition;

[0049] FIG. 7 is a perspective view, with parts separated, of the end effector of FIGS. 5

and 6;

[0050] FIG. 8 is a perspective view of an end effector, according to another embodiment

of the present disclosure, for use in the medical work station of FIG. 1A, illustrating a jaw

assembly thereof in a non-articulated and a closed condition;

[0051] FIG. 9 is a perspective view of the end effector of FIG. 8 illustrating the jaw

assembly thereof in an articulated and an open condition; and

[0052] FIG. 10 is a perspective view, with parts separated, of the end effector of FIGS. 8

and 9 .

DETAILED DESCRIPTION

[0053] Embodiments of the presently disclosed jaw assemblies and/or wrist assemblies

are described in detail with reference to the drawings, in which like reference numerals designate

identical or corresponding elements in each of the several views. As used herein the term

"distal" refers to that portion of the jaw assembly and/or wrist assembly, that is farther from the

user, while the term "proximal" refers to that portion of the jaw assembly and/or wrist assembly

that is closer to the user.

[0054] Referring initially to FIGS. 1A and IB, a medical work station is shown generally

as work station 1 and generally includes a plurality of robot arms 2, 3; a control device 4; and an

operating console 5 coupled with control device 4 . Operating console 5 includes a display

device 6, which is set up in particular to display three-dimensional images; and manual input



devices 7, 8, by means of which a person (not shown), for example a surgeon, is able to

telemanipulate robot arms 2, 3 in a first operating mode, as known in principle to a person skilled

in the art.

[0055] Each of the robot arms 2, 3 includes a plurality of members, which are connected

through joints, and an attaching device 9, 11, to which may be attached, for example, a surgical

tool "ST" supporting an end effector 100, in accordance with any one of several embodiments

disclosed herein, as will be described in greater detail below.

[0056] Robot arms 2, 3 may be driven by electric drives (not shown) that are connected

to control device 4 . Control device 4 (e.g., a computer) is set up to activate the drives, in

particular by means of a computer program, in such a way that robot arms 2, 3, their attaching

devices 9, 11 and thus the surgical tool (including end effector 100) execute a desired movement

according to a movement defined by means of manual input devices 7, 8. Control device 4 may

also be set up in such a way that it regulates the movement of robot arms 2, 3 and/or of the

drives.

[0057] Medical work station 1 is configured for use on a patient 13 lying on a patient

table 12 to be treated in a minimally invasive manner by means of end effector 100. Medical

work station 1 may also include more than two robot arms 2, 3, the additional robot arms

likewise being connected to control device 4 and being telemanipulatable by means of operating

console 5 . A medical instrument or surgical tool (including an end effector 100) may also be

attached to the additional robot arm.

[0058] Reference may be made to U.S. Patent Publication No. 2012/01 16416, filed on

November 3, 201 1, entitled "Medical Workstation," the entire content of which is incorporated



herein by reference, for a detailed discussion of the construction and operation of medical work

station 1.

[0059] Control device 4 may control a plurality of motors (Motor 1. . .n) with each motor

configured to wind-up or let out a length of a cable "C" (FIG. IB) extending through each robot

arm to end effector 100 of the surgical tool, or to rotate a gear or a drive shaft (not shown). In

use, as cables "C" are wound-up and let out, cables "C", gears or drive shafts may effect

operation and/or movement of each end effector of the surgical tool. It is contemplated that

control device 4 coordinates the activation of the various motors (Motor l . ..n) to coordinate a

winding-up or letting out a length of a respective cable "C" in order to coordinate an operation

and/or movement of a respective end effector. Although FIG. IB shows a single cable "C" that

is wound up or let out by a single motor, in some instances two or more cables or two ends of a

single cable may be wound up or let out by a single motor. For example, in some instances, two

cables or cable ends may be coupled in opposite directions to a single motor so that as the motor

is activated in a first direction, one of the cables winds up while the other cable lets out. Other

cable configurations may be used in different embodiments.

[0060] Turning now to FIGS. 2-4, an end effector for connection to robot arms 2, 3 and

for manipulation by control device 4, is generally designated as 100. End effector 100 includes a

wrist assembly 110, and a jaw assembly 130 pivotally connected to wrist assembly 110. Wrist

assembly 110 includes a proximal hub 112, in the form of a distally extending clevis, defining a

first longitudinal axis "XI -XI." Proximal hub 112 defines a first pivot axis "Y-Y" that is

oriented orthogonal to the first longitudinal axis "Xl-Xl." In an embodiment, first pivot axis

"Y-Y" may extend through the first longitudinal axis "Xl-Xl." Proximal hub 112, being in the



form of a clevis, includes a pair of spaced apart, opposed upright supports 112a, 112b through

which first pivot axis "Y-Y" extends.

[0061] Wrist assembly 110 further includes a distal hub assembly 116 pivotally

connected to upright supports 112a, 112b of proximal hub 112. Distal hub assembly 116

includes a proximal U-shaped bracket 118 having a pair of spaced apart, opposed, proximally

extending, upright supports 118a, 118b interconnected by a backspan 118c. Upright supports

118a, 118b of proximal U-shaped bracket 118 are pivotally connected to respective upright

supports 112a, 112b of proximal hub 112, via a pivot pin 114. Pivot pin 114 is disposed along

first pivot axis "Y-Y".

[0062] Distal hub assembly 116 further includes a distal U-shaped bracket 120 having a

pair of spaced apart, opposed, distally extending, upright supports 120a, 120b interconnected by

a backspan 120c. Upright supports 120a, 120b of distal U-shaped bracket 120 define a second

pivot axis "Z-Z" therebetween. Backspan 120c of distal U-shaped bracket 120 is pivotally

connected to backspan 118c of proximal U-shaped bracket 118, about a second longitudinal axis

"X2-X2." Second pivot axis "Z-Z" is oriented orthogonal to the first longitudinal axis "XI -XI."

In an embodiment, when the first longitudinal axis "XI -XI" is parallel with the second

longitudinal axis "X2-X2" (i.e., end effector 100 is in an axially aligned orientation), second

pivot axis "Z-Z" may extend through first longitudinal axis "XI -XI."

[0063] With continued reference to FIGS. 2-4, as mentioned above, end effector 100

includes a jaw assembly 130 that is pivotally supported on a pivot pin 136 extending between

upright supports 120a, 120b of distal U-shaped bracket 120 and along second pivot axis "B-B".

Jaw assembly 130 includes a pair of jaws 132, 134 pivotally connected to upright supports 120a,

120b of distal U-shaped bracket 120. Specifically, each jaw 132, 134 includes a respective



proximal end 132a, 134a pivotally connected to upright supports 120a, 120b of distal U-shaped

bracket 120, via pivot pin 136; and a respective distal end 132b, 134b. Each distal end 132b,

134b of the pair of jaws 132, 134 defines a grip or toothed portion in juxtaposed relation to one

another.

[0064] In accordance with the present disclosure and the present embodiment, end

effector 100 includes a gear system 140 configured and adapted to transfer/transmit rotational

forces generated by motors (Motor l . ..n) of control device 4 into an articulation of wrist

assembly 110 along first pivot axis "Y-Y", a rotation of jaw assembly 130 along second

longitudinal axis "X2-X2", and an opening/closing of jaw assembly 130.

[0065] Gear system 140 includes a first gear assembly 150 rotatably supported in

proximal hub 112 of wrist assembly 110. First gear assembly 150 includes a first or outer bevel

gear 152a supported on a distal end of a first or outer drive tube 152b. Outer bevel gear 152a

defines a first or relatively large diameter. Outer drive tube 152b defines a lumen therethrough

having a longitudinal axis that is coaxial or parallel with the first longitudinal axis "XI -XI". A

proximal end of outer drive tube 152a may be acted upon, either directly or indirectly, by a

respective motor (Motor 1. . .n) of control device 4 so as to be rotated about the longitudinal axis

thereof.

[0066] First gear assembly 150 also includes a second or intermediate bevel gear 154a

supported on a distal end of a second or intermediate drive tube 154b. Intermediate bevel gear

154a defines a second or relatively intermediate diameter that is smaller than the diameter of

outer bevel gear 152a. Intermediate drive tube 154b defines a lumen therethrough having a

longitudinal axis that is coaxial or parallel with the first longitudinal axis "XI -XI". Intermediate

drive tube 154b is sized and dimensioned to be rotatably disposed within the lumen of outer



drive tube 152b. A proximal end of intermediate drive tube 154a may be acted upon, either

directly or indirectly, by a respective motor (Motor 1. . .n) of control device 4 so as to be rotated

about the longitudinal axis thereof.

[0067] First gear assembly 150 further also includes a third or inner bevel gear 156a

supported on a distal end of a third or inner drive tube 156b. Inner bevel gear 156a defines a

third or relatively small diameter that is smaller than the diameter of intermediate bevel gear

154a. Inner drive tube 156b defines a lumen therethrough having a longitudinal axis that is

coaxial or parallel with the first longitudinal axis "Xl-Xl". Inner drive tube 156b is sized and

dimensioned to be rotatably disposed within the lumen of intermediate drive tube 154b. A

proximal end of inner drive tube 156a may be acted upon, either directly or indirectly, by a

respective motor (Motor 1. . .n) of control device 4 so as to be rotated about the longitudinal axis

thereof.

[0068] As illustrated in FIGS. 2-4, bevel gears 152a, 154a, and 156a of first gear

assembly 150 are arranged in a stacked and concentric configuration, wherein intermediate bevel

gear 154a is stacked or disposed distal of and concentric with outer bevel gear 152a, and inner

bevel gear 156a is stacked or disposed distal of and concentric with intermediate bevel gear

154a.

[0069] Gear system 140 includes a second gear assembly 160 rotatably supported in/on

proximal U-shaped bracket 118 of distal hub assembly 116, and rotatably supported on pivot pin

114. Specifically, second gear assembly 160 includes a first or outer bevel gear 162a non-

rotatably supported on or integrally formed in one of upright supports 118a, 118b of proximal U-

shaped bracket 118. Outer bevel gear 162a of second gear assembly 160 defines a first or



relatively large diameter. Outer bevel gear 162a of second gear assembly 160 is in meshing

engagement with outer bevel gear 152a of first gear assembly 150.

[0070] Second gear assembly 160 also includes a second or intermediate bevel gear 164a

rotatably supported on pivot pin 114. Intermediate bevel gear 164a of second gear assembly 160

defines a second or intermediate diameter. Intermediate bevel gear 164a of second gear

assembly 160 is in meshing engagement with intermediate bevel gear 154a of first gear assembly

150.

[0071] Second gear assembly 160 further includes a third or inner bevel gear 166a

rotatably supported on pivot pin 114. Inner bevel gear 166a of second gear assembly 160 defines

a third or small diameter. Inner bevel gear 166a of second gear assembly 160 is in meshing

engagement with inner bevel gear 156a of first gear assembly 150.

[0072] Bevel gears 162a, 164a, and 166a of second gear assembly 160 are arranged in a

stacked and concentric configuration, wherein intermediate bevel gear 164a is stacked or

disposed atop and concentric with outer bevel gear 162a, and inner bevel gear 166a is stacked

atop and concentric with intermediate bevel gear 164a.

[0073] Gear system 140 includes a third gear assembly 170 rotatably supported in/on

proximal U-shaped bracket 118 of distal hub assembly 116, specifically on backspan 118c of

proximal U-shaped bracket 118, between upright supports 118a, 118b. Third gear assembly 170

includes an intermediate bevel gear 174a keyed to or non-rotatably supported on a stem 120d

extending from backspan 120c of distal U-shaped bracket 120 that extends through backspan

118c of proximal U-shaped bracket 118. Intermediate bevel gear 174a is axially disposed along

second longitudinal axis "X2-X2". Intermediate bevel gear 174a of third gear assembly 170



defines an intermediate diameter. Intermediate bevel gear 174a of third gear assembly 170 is in

meshing engagement with intermediate bevel gear 164a of second gear assembly 160.

[0074] Third gear assembly 170 further includes an inner bevel gear 176a keyed to or

non-rotatably supported on a stem 178b extending from a jaw bevel gear 178a rotatably disposed

between upright supports 120a, 120b of distal U-shaped bracket 120. Stem 178b extends

through backspan 120c of distal U-shaped bracket 120, through backspan 118c of proximal U-

shaped bracket 118, and through intermediate bevel gear 174a of third gear assembly 170. Inner

bevel gear 176a is axially disposed along second longitudinal axis "X2-X2". Inner bevel gear

176a of third gear assembly 170 defines a small diameter. Inner bevel gear 176a of third gear

assembly 170 is in meshing engagement with inner bevel gear 166a of second gear assembly

160.

[0075] Bevel gears 174a and 176a of third gear assembly 170 are arranged in a stacked

and concentric configuration, wherein inner bevel gear 176a is stacked or disposed proximal of

and concentric with intermediate bevel gear 174a.

[0076] As illustrated in FIGS. 2-4, proximal end 132a of jaw 132 defines or non-

rotatably supports a bevel gear 132c, and proximal end 134a of jaw 134 defines or non-rotatably

supports a bevel gear 134c. Each bevel gear 132c, 134c is in meshing engagement with jaw

bevel gear 178a.

[0077] In accordance with the present disclosure, a first gear train is defined which

includes outer bevel gear 152a of first gear assembly 150, and outer bevel gear 162a of second

gear assembly 160. Also, a second gear train is defined which includes intermediate bevel gear

154a of first gear assembly 150, intermediate bevel gear 164a of second gear assembly 160, and

intermediate bevel gear 174a of third gear assembly 170. Further, a third gear train is defined



which includes inner bevel gear 156a of first gear assembly 150, inner bevel gear 166a of second

gear assembly 160, inner bevel gear 176a of third gear assembly 170, jaw bevel gear 178, and

bevel gears 132c, 134c of jaws 132, 134.

[0078] In operation, when the first gear train is actuated, end effector 100 is pivoted or

articulated about first pivot axis "Y-Y". Specifically, in operation, rotation of outer tube 152b

results in rotation of outer bevel gear 152a of first gear assembly 150, which results in rotation of

outer bevel gear 162a of second gear assembly 160 to rotate proximal U-shaped bracket 118 of

distal hub assembly 116 about first pivot axis "Y-Y" and thus pivot jaws 132, 134 about first

pivot axis "Y-Y", as indicated by arrow "A".

[0079] Also in operation, when the second gear train is actuated, end effector 100 is

rotated along second longitudinal axis "X2-X2". Specifically, in operation, rotation of

intermediate tube 154b results in rotation of intermediate bevel gear 154a of first gear assembly

150, which results in rotation of intermediate bevel gear 164a of second gear assembly 160,

which results in rotation of intermediate bevel gear 174a of third gear assembly 170 to rotate

distal U-shaped bracket 120 of distal hub assembly 116 about second longitudinal axis "X2-X2"

and thus rotate jaws 132, 134 about second longitudinal axis "X2-X2", as indicated by arrow

"B".

[0080] Additionally, in operation, when the third gear train is actuated, end effector 100

actuated to open/close jaws 132, 134. Specifically, in operation, rotation of inner tube 156b

results in rotation of inner bevel gear 156a of first gear assembly 150, which results in rotation of

inner bevel gear 166a of second gear assembly 160, which results in rotation of inner bevel gear

176a of third gear assembly 170, which results in rotation of jaw bevel gear 178a, and which



results in opposed rotations of bevel gears 132c, 134c of jaws 132, 134 about second pivot axis

"Z", as indicated by arrow "C", resulting in an opening or closing of jaws 132, 134.

[0081] Turning now to FIGS. 5-7, an end effector for connection to robot arms 2, 3 and

for manipulation by control device 4, in accordance with another embodiment of the present

disclosure, is generally designated as 200.

[0082] End effector 200 includes a wrist assembly 210, and a jaw assembly 230 pivotally

connected to wrist assembly 210. Wrist assembly 210 includes a proximal hub 212, in the form

of a distally extending clevis, defining a first longitudinal axis "Xl-Xl." Proximal hub 212

defines a first pivot axis "Y-Y" that is oriented orthogonal to the first longitudinal axis "Xl-Xl."

In an embodiment, first pivot axis "Y-Y" may extend through the first longitudinal axis "Xl-

Xl." Proximal hub 212, being in the form of a clevis, includes a pair of spaced apart, opposed

upright supports 212a, 212b through which first pivot axis "Y-Y" extends.

[0083] Wrist assembly 210 further includes a distal hub assembly 216 pivotally

connected to upright supports 212a, 212b of proximal hub 212. Distal hub assembly 216

includes a proximal bracket 218 having a pair of spaced apart, opposed, proximally extending,

upright supports 218a, 218b interconnected by a backspan 218c, and a pair of spaced apart,

opposed, distally extending, upright supports 218d, 218e interconnected by backspan 218c.

Proximal upright supports 218a, 218b of proximal bracket 218 are pivotally connected to

respective upright supports 212a, 212b of proximal hub 212, via a first pivot pin 214a. First

pivot pin 214a defines a first pivot axis "Y-Y".

[0084] Distal hub assembly 216 further includes a distal bracket 220 having a pair of

spaced apart, opposed, proximally extending, upright supports 220a, 220b interconnected by a

backspan 220c, and a pair of spaced apart, opposed, distally extending, upright supports 220d,



220e interconnected by backspan 220c. Proximal upright supports 220a, 220b of distal bracket

220 are pivotally connected to respective upright supports 218d, 218e of proximal bracket 218,

via a second pivot pin 214b. Second pivot pin 214b defines a second pivot axis "W-W". Distal

bracket 220 defines a second longitudinal axis "X2-X2." Second pivot axis "W-B" is oriented

orthogonal to the first longitudinal axis "XI -XI."

[0085] With continued reference to FIGS. 5-7, as mentioned above, end effector 200

includes a jaw assembly 230 that is pivotally supported on a third pivot pin 214c extending

between upright supports 220d, 220e of distal bracket 220 and along a third pivot axis "Z-Z".

Jaw assembly 230 includes a pair of jaws 232, 234 pivotally connected to upright supports 220d,

220e of distal bracket 220. Specifically, each jaw 232, 234 includes a respective proximal end

232a, 234a pivotally connected to upright supports 220d, 220e of distal bracket 220, via third

pivot pin 214c; and a respective distal end 232b, 234b. Each distal end 232b, 234b of the pair of

jaws 232, 234 defines a grip or toothed portion in juxtaposed relation to one another.

[0086] In accordance with the present disclosure and the present embodiment, end

effector 200 includes a gear system 240 (FIG. 6) configured and adapted to transfer/transmit

rotational forces generated by motors (Motor l . ..n) of control device 4 into an articulation of

wrist assembly 210 along first pivot axis "Y-Y", an articulation of wrist assembly 210 along

second pivot axis "W-W", and an opening/closing of jaw assembly 230.

[0087] Gear system 240 includes a first gear assembly 250 rotatably supported in

proximal hub 212 of wrist assembly 210. First gear assembly 250 includes a first or outer bevel

gear 252a supported on a distal end of a first or outer drive tube 252b. Outer bevel gear 252a

defines a first or relatively large diameter. Outer drive tube 252b defines a lumen therethrough

having a longitudinal axis that is coaxial or parallel with the first longitudinal axis "XI -XI". A



proximal end of outer drive tube 252a may be acted upon, either directly or indirectly, by a

respective motor (Motor 1. . .n) of control device 4 so as to be rotated about the longitudinal axis

thereof.

[0088] First gear assembly 250 also includes a second or intermediate bevel gear 254a

supported on a distal end of a second or intermediate drive tube 254b. Intermediate bevel gear

254a defines a second or relatively intermediate diameter that is smaller than the diameter of

outer bevel gear 252a. Intermediate drive tube 254b defines a lumen therethrough having a

longitudinal axis that is coaxial or parallel with the first longitudinal axis "XI -XI". Intermediate

drive tube 254b is sized and dimensioned to be rotatably disposed within the lumen of outer

drive tube 252b. A proximal end of intermediate drive tube 254a may be acted upon, either

directly or indirectly, by a respective motor (Motor 1. . .n) of control device 4 so as to be rotated

about the longitudinal axis thereof.

[0089] First gear assembly 250 further also includes a third or inner bevel gear 256a

supported on a distal end of a third or inner drive tube 256b. Inner bevel gear 256a defines a

third or relatively small diameter that is smaller than the diameter of intermediate bevel gear

254a. Inner drive tube 256b defines a lumen therethrough having a longitudinal axis that is

coaxial or parallel with the first longitudinal axis "Xl-Xl". Inner drive tube 256b is sized and

dimensioned to be rotatably disposed within the lumen of intermediate drive tube 254b. A

proximal end of inner drive tube 256a may be acted upon, either directly or indirectly, by a

respective motor (Motor 1. . .n) of control device 4 so as to be rotated about the longitudinal axis

thereof.

[0090] As illustrated in FIGS. 5-7, bevel gears 252a, 254a, and 256a of first gear

assembly 250 are arranged in a stacked and concentric configuration, wherein intermediate bevel



gear 254a is stacked or disposed distal of and concentric with outer bevel gear 252a, and inner

bevel gear 256a is stacked or disposed distal of and concentric with intermediate bevel gear

254a.

[0091] Gear system 240 includes a second gear assembly 260 rotatably supported in/on

proximal bracket 218 of distal hub assembly 216, and rotatably supported on first pivot pin 214a.

Specifically, second gear assembly 260 includes a first or outer bevel gear 262a non-rotatably

supported on or integrally formed in one of proximal upright supports 218a, 218b of proximal

bracket 218. Outer bevel gear 262a of second gear assembly 260 defines a first or relatively

large diameter. Outer bevel gear 262a of second gear assembly 260 is in meshing engagement

with outer bevel gear 252a of first gear assembly 250.

[0092] Second gear assembly 260 also includes a second or intermediate bevel gear 264a

rotatably supported on first pivot pin 214a. Intermediate bevel gear 264a of second gear

assembly 260 defines a second or intermediate diameter. Intermediate bevel gear 264a of second

gear assembly 260 is in meshing engagement with intermediate bevel gear 254a of first gear

assembly 250.

[0093] Second gear assembly 260 further includes a third or inner bevel gear 266a

rotatably supported on first pivot pin 214a. Inner bevel gear 266a of second gear assembly 260

defines a third or small diameter. Inner bevel gear 266a of second gear assembly 260 is in

meshing engagement with inner bevel gear 256a of first gear assembly 250.

[0094] Bevel gears 262a, 264a, and 266a of second gear assembly 260 are arranged in a

stacked and concentric configuration, wherein intermediate bevel gear 264a is stacked or

disposed atop and concentric with outer bevel gear 262a, and inner bevel gear 266a is stacked

atop and concentric with intermediate bevel gear 264a.



[0095] Gear system 240 includes a third gear assembly 270 rotatably supported in/on

proximal bracket 218 of distal hub assembly 216, specifically on backspan 218c of proximal

bracket 218, between upright supports 218a, 218b and between upright supports 218d, 218e.

Third gear assembly 270 includes a proximal intermediate bevel gear 274a keyed to or non-

rotatably supported on a stem 274c, that extends through backspan 218c, and which non-

rotatably supports a distal intermediate bevel gear 274b.

[0096] Proximal and distal intermediate bevel gears 274a, 274b are axially disposed

along second longitudinal axis "X2-X2". Proximal and distal intermediate bevel gears 274a,

274b of third gear assembly 270 each define an intermediate diameter. Proximal intermediate

bevel gear 274a of third gear assembly 270 is in meshing engagement with intermediate bevel

gear 264a of second gear assembly 260.

[0097] Third gear assembly 270 further includes a proximal inner bevel gear 276a keyed

to or non-rotatably supported on a stem 276c, that extends through stem 274c and through

backspan 218c, and which non-rotatably supports a distal inner bevel gear 276b. Proximal and

distal inner bevel gears 276a, 276b are axially disposed along second longitudinal axis "X2-X2".

Proximal and distal inner bevel gears 276a, 276b of third gear assembly 270 each define a small

diameter. Proximal inner bevel gear 276a of third gear assembly 270 is in meshing engagement

with inner bevel gear 266a of second gear assembly 260.

[0098] Proximal bevel gears 274a and 276a of third gear assembly 270 are arranged in a

stacked and concentric configuration, wherein proximal inner bevel gear 276a is stacked or

disposed proximal of and concentric with proximal intermediate bevel gear 274a, and wherein

distal inner bevel gear 276b is stacked or disposed distal of and concentric with distal

intermediate bevel gear 274b.



[0099] Gear system 240 additionally includes a fourth gear assembly 280 rotatably

supported in/on proximal bracket 218 of distal hub assembly 216, and rotatably supported on

second pivot pin 214b. Specifically, fourth gear assembly 280 includes an intermediate bevel

gear 284a rotatably supported on second pivot pin 214b, between distal upright supports 218d,

218e of proximal bracket 218. Specifically, intermediate bevel gear 284a of fourth gear

assembly 280 is non-rotatably connected to one of distal upright supports 218d, 218e of proximal

bracket 218 or is integrally formed therewith. Intermediate bevel gear 284a of fourth gear

assembly 280 defines an intermediate diameter. Intermediate bevel gear 284a of fourth gear

assembly 280 is in meshing engagement with distal intermediate bevel gear 274b of third gear

assembly 270.

[00100] Fourth gear assembly 280 further includes an inner bevel gear 286a rotatably

supported on second pivot pin 214b. Inner bevel gear 286a of fourth gear assembly 280 defines

a small diameter. Inner bevel gear 286a of fourth gear assembly 280 is in meshing engagement

with inner bevel gear 276b of third gear assembly 270.

[00101] Bevel gears 284a and 286a of fourth gear assembly 280 are arranged in a stacked

and concentric configuration, wherein inner bevel gear 286a is stacked atop and concentric with

intermediate bevel gear 284a.

[00102] Gear system 240 includes a fifth gear assembly 290 rotatably supported in/on

distal bracket 220 of distal hub assembly 216, specifically on backspan 220c of distal bracket

220, between upright supports 220a, 220b and between upright supports 220d, 220e. Fifth gear

assembly 290 includes a proximal inner bevel gear 296a keyed to or non-rotatably supported on

a stem 296c, that extends through backspan 220c, and which non-rotatably supports a distal inner

bevel gear 296b that is disposed distal of backspan 220c of distal bracket 220. Proximal and



distal inner bevel gears 296a, 296b are axially disposed along second longitudinal axis "X2-X2".

Proximal and distal inner bevel gears 296a, 296b of fifth gear assembly 290 each define a small

diameter. Proximal inner bevel gear 296a of fifth gear assembly 290 is in meshing engagement

with inner bevel gear 286a of fourth gear assembly 280.

[00103] As illustrated in FIGS. 5-7, proximal end 232a of jaw 232 defines or non-

rotatably supports a bevel gear 232c, and proximal end 234a of jaw 234 defines or non-rotatably

supports a bevel gear 234c. Each bevel gear 232c, 234c is in meshing engagement with distal

inner bevel gear 296b of fifth gear assembly 290.

[00104] In accordance with the present disclosure, a first gear train is defined which

includes outer bevel gear 252a of first gear assembly 250, and outer bevel gear 262a of second

gear assembly 260. Also, a second gear train is defined which includes intermediate bevel gear

254a of first gear assembly 250, intermediate bevel gear 264a of second gear assembly 260,

intermediate proximal bevel gear 274a and intermediate distal bevel gear 274b of third gear

assembly 270, and intermediate bevel gear 284a of fourth gear assembly 280. Further, a third

gear train is defined which includes inner bevel gear 256a of first gear assembly 250, inner bevel

gear 266a of second gear assembly 260, inner proximal bevel gear 276a and inner distal bevel

gear 276b of third gear assembly 270, inner bevel gear 286a of fourth gear assembly 280, inner

proximal bevel gear 296a and inner distal bevel gear 296b of fifth gear assembly 290, and bevel

gears 232c, 234c of jaws 232, 234.

[00105] In operation, when the first gear train is actuated, end effector 200 is pivoted or

articulated about first pivot axis "Y-Y". Specifically, in operation, rotation of outer tube 252b

results in rotation of outer bevel gear 252a of first gear assembly 250, which results in rotation of

outer bevel gear 262a of second gear assembly 260 to rotate proximal bracket 218 of distal hub



assembly 216 about first pivot axis "Y-Y" and thus pivot jaws 232, 234 about first pivot axis "Y-

Y", as indicated by arrow "A".

[00106] Also in operation, when the second gear train is actuated, end effector 200 is

pivoted or articulated about second pivot axis "W-W". Specifically, in operation, rotation of

intermediate tube 254b results in rotation of intermediate bevel gear 254a of first gear assembly

250, which results in rotation of intermediate bevel gear 264a of second gear assembly 260,

which results in rotation of intermediate proximal bevel gear 274a and distal bevel gear 274b of

third gear assembly 270, which results in rotation of intermediate bevel gear 284a of fourth gear

assembly 280 to rotate distal bracket 220 of distal hub assembly 216 about second pivot axis "W-

W" and thus rotate jaws 232, 234 about second pivot axis "W-W", as indicated by arrow "B".

[00107] Additionally, in operation, when the third gear train is actuated, end effector 200

actuated to open/close jaws 232, 234. Specifically, in operation, rotation of inner tube 256b

results in rotation of inner bevel gear 256a of first gear assembly 250, which results in rotation of

inner bevel gear 266a of second gear assembly 260, which results in rotation of inner proximal

bevel gear 276a and inner distal bevel gear 276b of third gear assembly 270, which results in

rotation of inner bevel gear 286a of fourth gear assembly 280, which results in rotation of inner

proximal bevel gear 296a and distal bevel gear 296b of fifth gear assembly 290, and which

results in opposed rotations of bevel gears 232c, 234c of jaws 232, 234 about third pivot axis

"Z", as indicated by arrow "C", resulting in an opening or closing of jaws 232, 234.

[00108] Turning now to FIGS. 8-10, an end effector for connection to robot arms 2, 3 and

for manipulation by control device 4, in accordance with another embodiment of the present

disclosure, is generally designated as 300. End effector 300 includes a wrist assembly 310, and a

jaw assembly 330 pivotally connected to wrist assembly 310. Wrist assembly 310 includes a



proximal hub 312, in the form of a distally extending clevis, defining a first longitudinal axis

"Xl-Xl." Proximal hub 312 defines a first pivot axis "Y-Y" that is oriented orthogonal to the

first longitudinal axis "Xl-Xl." In an embodiment, first pivot axis "Y-Y" may extend through

the first longitudinal axis "Xl-Xl." Proximal hub 312, being in the form of a clevis, includes a

pair of spaced apart, opposed upright supports 312a, 312b through which first pivot axis "Y-Y"

extends.

[00109] Wrist assembly 310 further includes a distal hub assembly 316 pivotally

connected to upright supports 312a, 312b of proximal hub 312. Distal hub assembly 316

includes a proximal U-shaped bracket 318 having a pair of spaced apart, opposed, proximally

extending, upright supports 318a, 318b interconnected by a backspan 318c. Upright supports

318a, 318b of proximal U-shaped bracket 318 are pivotally connected to respective upright

supports 312a, 312b of proximal hub 312, via a pivot pin (not shown) disposed along first pivot

axis "Y-Y".

[00110] Distal hub assembly 316 further includes a distal U-shaped bracket 320 having a

pair of spaced apart, opposed, distally extending, upright supports 320a, 320b interconnected by

a backspan 320c. Upright supports 320a, 320b of distal U-shaped bracket 320 define a second

pivot axis "Z-Z" therebetween. Backspan 320c of distal U-shaped bracket 320 is pivotally

connected to backspan 318c of proximal U-shaped bracket 318, about a second longitudinal axis

"X2-X2." Second pivot axis "Z-Z" is oriented orthogonal to the first longitudinal axis "Xl-Xl."

[00111] With continued reference to FIGS. 8-10, as mentioned above, end effector 300

includes a jaw assembly 330 that is pivotally supported on a pivot pin 336 extending between

upright supports 320a, 320b of distal U-shaped bracket 320 and along second pivot axis "B-B".

Jaw assembly 330 includes a pair of jaws 332, 334 pivotally connected to upright supports 320a,



320b of distal U-shaped bracket 320. Specifically, each jaw 332, 334 includes a respective

proximal end 332a, 334a pivotally connected to upright supports 320a, 320b of distal U-shaped

bracket 320, via pivot pin 336; and a respective distal end 332b, 334b. Each distal end 332b,

334b of the pair of jaws 332, 334 defines a grip or toothed portion in juxtaposed relation to one

another.

[00112] In accordance with the present disclosure and the present embodiment, end

effector 300 includes a gear system 340 configured and adapted to transfer/transmit rotational

forces generated by motors (Motor l . ..n) of control device 4 into an articulation of wrist

assembly 310 along first pivot axis "Y-Y", a rotation of jaw assembly 330 along second

longitudinal axis "X2-X2", and an opening/closing of jaw assembly 330.

[00113] Gear system 340 includes a bevel gear 352a supported on a distal end of an outer

drive tube 352b. Outer drive tube 352b defines a lumen therethrough having a longitudinal axis

that is coaxial or parallel with the first longitudinal axis "Xl-Xl". A proximal end of outer drive

tube 352a may be acted upon, either directly or indirectly, by a respective motor (Motor 1. . .n) of

control device 4 so as to be rotated about the longitudinal axis thereof.

[00114] Gear system 340 further includes a first bevel gear 362a rotatably supported on

upright support 318a of proximal U-shaped bracket 318, and a second bevel gear 362b rotatably

supported on one of upright supports 318b of proximal U-shaped bracket 318. First and second

bevel gears 362a, 362b are in meshing engagement with bevel gear 352a.

[00115] Gear system 340 also includes a first bevel gear 372a keyed to or non-rotatably

supported on a stem 372c extending a second bevel gear 372b, wherein stem 372c extends

through backspan 320c of distal U-shaped bracket 320 and through backspan 318c of proximal

U-shaped bracket 318. First and second bevel gears 372a, 372b are axially disposed along



second longitudinal axis "X2-X2". First bevel gear 372a is in meshing engagement with first

and second bevel gears 362a, 362b.

[00116] As illustrated in FIGS. 8-10, proximal end 332a of jaw 332 defines or non-

rotatably supports a bevel gear 332c, and proximal end 334a of jaw 334 defines or non-rotatably

supports a bevel gear 334c. Each bevel gear 332c, 334c is in meshing engagement with second

bevel gear 372b.

[00117] In accordance with the present disclosure, a gear train is defined which includes

bevel gear 352a, and first and second bevel gears 362a, 362b, first and second bevel gears 372a,

372b, and bevel gears 332c, 334c of jaws 332, 334. In operation, when the gear train of end

effector 300 is actuated, end effector 300 actuated to open/close jaws 332, 334. Specifically, in

operation, rotation of tube 352b results in rotation of bevel gear 352a, which results in rotation of

first and second bevel gears 362a, 362b, which results in rotation of first and second bevel gears

372a, 372b, which results in opposed rotations of bevel gears 332c, 334c of jaws 332, 334 about

second pivot axis "Z", as indicated by arrow "C", resulting in an opening or closing of jaws 332,

334.

[00118] While bevel gears have been shown and described for incorporation into the end

effectors herein described, it is contemplated and within the scope of the present disclosure that

other types of gears may be used, individually or in combination with one another, such as, for

example, spur gears, crown gears, worm gears, sprockets, and the like.

[00119] With reference to FIGS. 8-10, a single first cable 322 is at least partially wrapped

around a cam plate or spool 326 and secured to at least one point thereof, or that the single first

cable 322 may be wrapped at least once around spool 326, in the manner of a capistan. Single

first cable 322 may include proximal ends that extend through robot arm 2 or 3 and operatively



associated with a respective first motor and second motor (not shown) of control device 4 .

While a single first cable 322 is shown and described, it is contemplated that a first pair of cables

(not shown) including respective distal ends may be secured to opposed sides of spool 326, or

wrapped at least 180° around spool 326 and secured thereto, and including respective proximal

ends extending through robot arm 2 or 3 and operatively associated with a respective first motor

and second motor (not shown) of control device 4 .

[00120] A single second cable 324 is at least partially wrapped around spool 326 and

secured to at least one point thereof, or that the single second cable 324 may be wrapped at least

once around spool 326, in the manner of a capistan. Single second cable 324 may include

proximal ends that extend through robot arm 2 or 3 and operatively associated with a respective

first motor and second motor (not shown) of control device 4 . While a single second cable 324

is shown and described, it is contemplated that a first pair of cables (not shown) including

respective distal ends may be secured to opposed sides of spool 326, or wrapped at least 180°

around spool 326and secured thereto, and including respective proximal ends extending through

robot arm 2 or 3 and operatively associated with a respective first motor and second motor (not

shown) of control device 4 .

[00121] Spool 326 is rotatably supported along first pivot axis "Y-Y" and between upright

supports 312a, 312b of proximal hub 312.

[00122] In operation, as one proximal end of first cable 322 or second cable 324 is drawn

in by a corresponding motor, an other opposite end of first cable 322 or second cable 324 is let

out. In so doing, jaw assembly 330 may be pivoted about first pivot axis "Y-Y", in the direction

of arrow "A".



[00123] In accordance with the present disclosure, end effectors that are compact in

design, and yet may transmit relatively large forces or achieve a relatively large range of motion

of pivoting and rotation, are contemplated and described. The gear trains disclosed herein enable

transmission of relatively high loads, and may be accomplished with tight tolerances.

Additionally, relatively high precision of control of movement of the end effectors is achieved.

[00124] It will be understood that various modifications may be made to the embodiments

disclosed herein. For example, while the cam pulleys disclosed herein have been shown and

described as being connected to the proximal ends of the jaws, it is contemplated and within the

scope of the present disclosure, for the cam pulley to be operatively connected with the distal

portion of the jaws. Therefore, the above description should not be construed as limiting, but

merely as exemplifications of various embodiments. Those skilled in the art will envision other

modifications within the scope and spirit of the claims appended thereto.



IN THE CLAIMS:

What is claimed is:

1. An end effector connectable to a robot arm of a robotic surgical system and

actuated by at least one motor of a control device of the robot surgical system, the end effector

comprising:

a wrist assembly including:

a proximal hub defining a respective longitudinal axis; and

a distal hub assembly defining a respective longitudinal axis, the distal hub

assembly includes:

a proximal bracket pivotally connected to the proximal hub; and

a distal bracket pivotally connected to the proximal bracket, the distal

bracket being rotatable relative to the proximal bracket along the longitudinal axis of the distal

hub assembly; and

a jaw assembly including a pair of jaws pivotally supported on the distal bracket, each

jaw including:

a proximal portion pivotally connected to the distal bracket; and

a distal portion extending distally of the proximal portion thereof; and

at least one gear train supported in the wrist assembly, wherein the at last one gear train

transmits forces from the at least one motor of the control device to at least one of the proximal

bracket of the wrist assembly, the distal bracket of the wrist assembly and the jaw assembly; the

gear train enabling at least one of:

a pivoting of the distal hub assembly relative to the proximal hub;

a rotation of the distal bracket relative to the proximal bracket; and



an opening or closing of the jaw assembly.

2 . The end effector according to claim 1, wherein the at least one gear train includes

a first gear train comprising:

a first gear rotatably supported in the proximal hub, the first gear of the proximal hub

being in operative communication with at least one motor of the control system; and

a first gear non-rotatably supported on the proximal bracket of the distal hub assembly,

wherein the first gear of the proximal bracket defines a rotation axis that is co-axial with a pivot

axis of the distal hub assembly relative to the proximal hub, wherein the first gear of the

proximal bracket is in meshing engagement with the first gear of the proximal hub.

3 . The end effector according to claim 2, wherein the at least one gear train includes

a second gear train comprising:

a second gear rotatably supported in the proximal hub, the second gear of the proximal

hub being in operative communication with at least one motor of the control system, the first

gear and the second gear of the proximal hub being concentric;

a second gear rotatably supported in the proximal bracket of the distal hub assembly,

wherein the first gear and the second gear of the proximal bracket are concentric; and

a further second gear rotatably supported in the proximal bracket of the distal hub

assembly, wherein the further second gear defines a rotation axis that is co-axial with the

longitudinal axis of the distal hub assembly, the further second gear being non-rotatably

supported on a stem extending from the distal bracket,

wherein the further second gear of the proximal bracket is in meshing engagement with

the second gear of the proximal bracket, and wherein the second gear of the proximal bracket is

in meshing engagement with the second gear of the proximal hub.



4 . The end effector according to claim 3, wherein the at least one gear train includes

a third gear train comprising:

a third gear rotatably supported in the proximal hub, the third gear of the proximal hub

being in operative communication with at least one motor of the control system, the first, second

and third gears of the proximal hub being concentric with one another;

a third gear rotatably supported in the proximal bracket of the distal hub assembly,

wherein the first, second and third gears of the proximal bracket are concentric with one another;

and

a further third gear rotatably supported in the proximal bracket of the distal hub

assembly, wherein the further third gear is co-axial and concentric with the further second gear

of the proximal bracket, the further third gear being non-rotatably supported on a stem extending

from a gear rotatably supported in the distal bracket,

wherein the further third gear of the proximal bracket is in meshing engagement with the

third gear of the proximal bracket, and wherein the third gear of the proximal bracket is in

meshing engagement with the third gear of the proximal hub.

5 . The end effector according to claim 4, wherein the at least one gear train includes

a gear rotatably supported in the distal bracket of the distal hub assembly, the gear of the distal

bracket being keyed to the further third gear of the proximal bracket, and wherein the proximal

portion of each jaw is in meshing engagement with the gear of the distal bracket.

6 . The end effector according to claim 4, wherein the first gear that is rotatably

supported in the proximal hub defines a first diameter; wherein the second gear that is rotatably

supported in the proximal hub defines a second diameter smaller than the first diameter; and



wherein the third gear that is rotatably supported in the proximal hub defines a third diameter

that is smaller than the second diameter.

7 . The end effector according to claim 4, wherein the first gear that is non-rotatably

supported on the proximal bracket defines a first diameter; wherein the second gear that is

rotatably supported on the proximal bracket defines a second diameter smaller than the first

diameter; and wherein the third gear that is rotatably supported on the proximal bracket defines a

third diameter that is smaller than the second diameter.

8. The end effector according to claim 4, wherein the further second gear that is

rotatably supported on the proximal bracket defines a diameter; and wherein the further third

gear that is rotatably supported in the proximal bracket defines a diameter that is smaller than the

diameter of the further second gear.

9 . The end effector according to claim 7, wherein the proximal bracket is U-shaped

including a pair of spaced apart upright supports extending in a proximal direction that are

interconnected by a backspan, and wherein the first gear that is non-rotatably supported on the

proximal bracket and the second and third gears that are rotatably supported on the proximal

bracket are supported on one of the proximally extending upright supports of the proximal

bracket.

10. The end effector according to claim 9, wherein the further second gear and the

further third gear, that are rotatably supported on the proximal bracket, are supported on the

backspan of the proximal bracket.

11. The end effector according to claim 4, further comprising:

a first drive tube extending through the proximal hub and supporting the first gear on a

distal end thereof, the first drive tube defining a lumen therethrough;



a second drive tube extending through the proximal hub and through the lumen of the

first drive tube, the second drive tube supporting the second gear on a distal end thereof, the

second drive tube defining a lumen therethrough; and

a third drive tube extending through the proximal hub and through the lumen of the

second drive tube, the third drive tube supporting the third gear on a distal end thereof.

12. The end effector according to claim 11, wherein the first gear that is rotatably

supported in the proximal hub defines a first diameter; wherein the second gear that is rotatably

supported in the proximal hub defines a second diameter smaller than the first diameter; and

wherein the third gear that is rotatably supported in the proximal hub defines a third diameter

that is smaller than the second diameter.

13. An end effector connectable to a robot arm of a robotic surgical system, wherein

the end effector is actuated by at least one motor of a control device of the robot surgical system,

the end effector comprising:

a wrist assembly including:

a proximal hub defining a respective longitudinal axis; and

a distal hub assembly including:

a proximal bracket pivotally connected to the proximal hub, the proximal

bracket defining a longitudinal axis, the proximal bracket being pivotable about a first pivot axis

that extends transversely to the longitudinal axis of the proximal hub; and

a distal bracket pivotally connected to the proximal bracket, the distal

bracket defining a longitudinal axis, the distal bracket being pivotable about a second pivot axis

that extends transversely to the longitudinal axis of the proximal hub and transversely to the first

pivot axis; and



a jaw assembly including a pair of jaws pivotally supported on the distal bracket, each

jaw including:

a proximal portion pivotally connected to the distal bracket; and

a distal portion extending distally of the proximal portion thereof; and

at least one gear train supported in the wrist assembly, wherein the at last one gear train

transmits forces from the at least one motor of the control device to at least one of the proximal

bracket of the wrist assembly, the distal bracket of the wrist assembly and the jaw assembly; the

gear train enabling at least one of:

a pivoting of the proximal bracket relative to the proximal hub;

a pivoting of the distal bracket relative to the proximal bracket; and

an opening or closing of the jaw assembly.

14. The end effector according to claim 13, wherein the at least one gear train

includes a first gear train comprising:

a first gear rotatably supported in the proximal hub, the first gear of the proximal hub

being in operative communication with at least one motor of the control system; and

a first gear non-rotatably supported on the proximal bracket of the distal hub assembly,

wherein the first gear of the proximal bracket defines a rotation axis that is co-axial with the first

pivot axis, wherein the first gear of the proximal bracket is in meshing engagement with the first

gear of the proximal hub.

15. The end effector according to claim 14, wherein the at least one gear train

includes a second gear train comprising:



a second gear rotatably supported in the proximal hub, the second gear of the proximal

hub being in operative communication with at least one motor of the control system, the first

gear and the second gear of the proximal hub being concentric;

a second gear rotatably supported in the proximal bracket and along the first pivot axis,

wherein the first gear and the second gear of the proximal bracket are concentric; and

a proximal second gear rotatably supported in the proximal bracket of the distal hub

assembly and along the longitudinal axis of the proximal bracket;

a distal second gear rotatably supported in the proximal bracket of the distal hub

assembly and along the longitudinal axis of the proximal bracket, wherein the proximal second

gear and the distal second gear are non-rotatably supported on a common shaft; and

a second gear non-rotatably supported on the distal bracket of the distal hub assembly,

wherein the second gear of the distal bracket defines a rotation axis that is co-axial with the

second pivot axis, wherein the second gear of the distal bracket is in meshing engagement with

the distal second gear of the proximal hub.

16. The end effector according to claim 15, wherein the at least one gear train

includes a third gear train comprising:

a third gear rotatably supported in the proximal hub, the third gear of the proximal hub

being in operative communication with at least one motor of the control system, the first, second

and third gears of the proximal hub being concentric with one another;

a proximal third gear rotatably supported in the proximal bracket of the distal hub

assembly and along the longitudinal axis of the proximal bracket;



a distal third gear rotatably supported in the proximal bracket of the distal hub assembly

and along the longitudinal axis of the proximal bracket, wherein the proximal third gear and the

distal third gear of the proximal bracket are non-rotatably supported on a common shaft;

a third gear rotatably supported on the distal bracket of the distal hub assembly, wherein

the third gear of the distal bracket defines a rotation axis that is co-axial with the second pivot

axis, wherein the third gear of the distal bracket is in meshing engagement with the distal third

gear of the proximal bracket;

a proximal third gear rotatably supported in the distal bracket of the distal hub assembly

and along the longitudinal axis of the distal bracket, the proximal third gear that is supported in

the distal bracket is in meshing engagement with the third gear rotatably supported on the second

pivot axis of the distal bracket; and

a distal third gear rotatably supported in the distal bracket of the distal hub assembly and

along the longitudinal axis of the distal bracket, wherein the proximal third gear and the distal

third gear of the distal bracket are non-rotatably supported on a common shaft;

wherein the proximal portion of each jaw is in meshing engagement with the distal third

gear rotatably supported in the distal bracket.

17. The end effector according to claim 16, wherein the first gear that is rotatably

supported in the proximal hub defines a first diameter; wherein the second gear that is rotatably

supported in the proximal hub defines a second diameter smaller than the first diameter; and

wherein the third gear that is rotatably supported in the proximal hub defines a third diameter

that is smaller than the second diameter.

18. The end effector according to claim 17, wherein the first gear that is non-rotatably

supported on the proximal bracket defines a first diameter; wherein the second gear that is



rotatably supported on the first pivot axis of the proximal bracket defines a second diameter

smaller than the first diameter; and wherein the third gear that is rotatably supported on the first

pivot axis of the proximal bracket defines a third diameter that is smaller than the second

diameter.

19. The end effector according to claim 18, wherein the proximal second gear that is

rotatably supported in the proximal bracket defines a diameter; and wherein the proximal third

gear that is rotatably supported in the proximal bracket defines a diameter that is smaller than the

diameter of the proximal second gear that is rotatably supported in the proximal bracket of the

distal hub assembly.

20. The end effector according to claim 19, wherein the second gear that is non-

rotatably supported on the distal bracket defines a diameter; and wherein the third gear that is

rotatably supported on the distal bracket defines a diameter that is smaller that the diameter of

the second gear that is non-rotatably supported on the distal bracket.
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