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ABSTRACT 

A detachable motor-powered Surgical instrument. The instru 
ment may include a housing that includes at least one engage 
ment member for removably attaching the housing to an 
actuator arrangement. A motor is Supported within the hous 
ing for Supplying actuation motions to various portions of a 
Surgical end effector coupled to the housing. The housing 
may include a contact arrangement that is configured to per 
mit power to be supplied to the motor only when the housing 
is operably attached to the actuator arrangement. 
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DETACHABLE MOTOR POWERED 
SURGICAL INSTRUMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation application claim 
ing priority under 35 U.S.C. S 120 to U.S. patent application 
Ser. No. 13/832,522, entitled DETACHABLE MOTOR 
POWERED SURGICAL INSTRUMENT, filed on Mar. 15, 
2013, now U.S. Patent Publication No. 2013/0200132, which 
is a continuation application claiming priority under 35 U.S. 
C. S 120 of U.S. patent application Ser. No. 13/118,210, 
entitled ROBOTICALLY CONTROLLED DISPOSABLE 
MOTOR-DRIVEN LOADING UNIT, filed on May 27, 2011, 
now U.S. Patent Publication No. 2011/0290855, which is a 
continuation-in-part application claiming priority under 35 
U.S.C. S 120 of U.S. patent application Ser. No. 12/856,099, 
entitled DISPOSABLE MOTOR-DRIVEN LOADING 
UNIT FOR USE WITH A SURGICAL CUTTING AND 
STAPLINGAPPARATUS, filed on Aug. 13, 2010, now U.S. 
Pat. No. 8,196,795, which is a continuation application claim 
ing priority under 35 U.S.C. S 120 of U.S. patent application 
Ser. No. 12/031,628, entitled DISPOSABLE MOTOR 
DRIVEN LOADING UNIT FOR USE WITHA SURGICAL 
CUTTING AND STAPLINGAPPARATUS, filed on Feb. 14, 
2008, now U.S. Pat. No. 7,793,812, the entire disclosures of 
which are hereby incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 The present invention relates in general to endo 
scopic Surgical instruments including, but not limited to, Sur 
gical cutting and stapling apparatuses that have disposable 
loading units that are capable of applying lines of Staples to 
tissue while cutting the tissue between those staple lines and, 
more particularly, to improvements relating to such dispos 
able loading units. 

BACKGROUND 

0003 Endoscopic surgical instruments are often preferred 
over traditional open Surgical devices since a smaller incision 
tends to reduce the post-operative recovery time and compli 
cations. Consequently, significant development has gone into 
a range of endoscopic Surgical instruments that are Suitable 
for precise placement of a distal end effector at a desired 
Surgical site through a cannula of a trocar. These distal end 
effectors engage the tissue in a number of ways to achieve a 
diagnostic ortherapeutic effect (e.g., endocutter, grasper, cut 
ter, Staplers, clip applier, access device, drug/gene therapy 
delivery device, and energy device using ultrasound, RF, 
laser, etc.). 
0004 Known surgical staplers include an end effector that 
simultaneously makes a longitudinal incision in tissue and 
applies lines of staples on opposing sides of the incision. The 
end effector includes a pair of cooperating jaw members that, 
if the instrument is intended for endoscopic or laparoscopic 
applications, are capable of passing through a cannula pas 
sageway. One of the jaw members Supports a Staple cartridge 
that has at least two laterally spaced rows of staples. The other 
jaw member defines an anvil having staple-forming pockets 
aligned with the rows of staples in the cartridge. The instru 
ment commonly includes a plurality of reciprocating wedges 
which, when driven distally, pass through openings in the 
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Staple cartridge and engage drivers Supporting the staples to 
effect the firing of the staples toward the anvil. 
0005 One type of Surgical stapling apparatus is config 
ured to operate with disposable loading units (DLU's) that are 
constructed to Support a staple cartridge and knife assembly 
therein. Once the procedure is completed, the entire DLU is 
discarded. Such instruments that are designed to accommo 
date DLU's purport to offer the advantage of a “fresh' knife 
blade for each firing of the instrument. Examples of such 
Surgical staplingapparatuses and DLU's are disclosed in U.S. 
Pat. No. 5,865,361, entitled SURGICAL STAPLINGAPPA 
RATUS, which issued on Feb. 2, 1999, the disclosure of 
which is herein incorporated by reference in its entirety. 
0006 Such prior disposable loading units, however, 
require the clinician to continuously ratchet the handle to fire 
the staples and cut the tissue. There is a need for a Surgical 
Stapling apparatus configured for use with a disposable load 
ing unit that is driven by a motor contained in the disposable 
loading unit. 

SUMMARY 

0007. In one general aspect of various embodiments of the 
present invention, there is provided a disposable loading unit 
for attachment to a Surgical cutting and Stapling apparatus. In 
various embodiments, the disposable loading unit may com 
prise a carrier that Supports a staple cartridgetherein. An anvil 
assembly may be movably coupled to the carrier for selective 
movable travel between open and closed positions relative to 
the staple cartridge. An axial drive assembly may be Sup 
ported within the carrier such that it can move in a distal 
direction from a start position to an end position through the 
carrier and the staple cartridge. The axial drive assembly may 
also be retracted in a proximal direction from the end position 
back to the start position. A motor may be Supported within 
the carrier and constructed to drive the axial drive assembly in 
the distal and proximal directions. A battery may be Sup 
ported within the carrier and be coupled to the motor for 
Supplying power thereto. 
0008. In still another general aspect of various embodi 
ments of the present invention, there is provided a disposable 
loading unit for attachment to a Surgical cutting and Stapling 
apparatus. In various embodiments, the disposable loading 
unit includes a carrier that Supports a staple cartridge therein. 
An anvil assembly may be movably coupled to the carrier for 
selective movable travel between open and closed positions 
relative to the staple cartridge. A housing may be coupled to 
the carrier and be configured for removable operable attach 
ment to the Surgical stapling apparatus. An axial drive assem 
bly may be Supported within the carrier and the housing to 
move in a distal direction from a start position to an end 
position through the carrier and the Staple cartridge. The axial 
drive assembly may also be retracted in a proximal direction 
from the end position to the start position. A motor may be 
supported within the carrier and configured to interface with 
the axial drive assembly to drive the axial drive assembly in 
the distal and proximal directions. A battery may be Sup 
ported within the carrier and be coupled to the motor for 
supplying power thereto. The battery may be selectively mov 
able between a disconnected position and connected posi 
tions in response to motions applied thereto by a portion of the 
Surgical stapling apparatus. 
0009. In another general aspect of various embodiments of 
the present invention, there is provided a Surgical cutting and 
Stapling apparatus. Various embodiments of the instrument 
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may include a handle assembly that operably Supports a drive 
assembly therein that is constructed to impart drive motions 
and a retraction motion. A movable handle portion may be 
operably Supported on the handle assembly and configured to 
interface with the drive system such that manipulation of the 
movable handle causes the drive system to impart the drive 
motions. An elongated body may protrude from the handle 
assembly and have a distal end that is couplable to a dispos 
able loading unit. In various embodiments, the disposable 
loading unit may comprise a carrier that has a staple cartridge 
Supported therein. An anvil assembly may be movably 
coupled to the carrier for selective movable travel between 
open and closed positions relative to the staple cartridge. An 
axial drive assembly may be supported within the carrier such 
that the axial drive assembly may move in a distal direction 
from a start position to an end position through the carrier and 
the staple cartridge and also in a proximal direction from the 
end position to the start position. A motor may be Supported 
within the carrier and configured to interface with the axial 
drive assembly to drive the axial drive assembly in the distal 
and proximal directions. A battery may be supported within 
the carrier and be coupled to the motor for Supplying power 
thereto. The battery may be configured to interface with a 
portion of the elongated body to receive the drive motions 
therefrom upon manipulation of the moveable handle. 
0010. In accordance with other general aspects of various 
embodiments of the present invention, there is provided a 
disposable loading unit for use with a remotely controllable 
system. In various embodiments, the disposable loading unit 
comprises a cartridge assembly that has an elongated housing 
coupled thereto that is configured for operable attachment to 
an elongated shaft assembly for transmitting control motions 
from a control portion of the remotely controllable system. 
The disposable loading unit further comprises an axial drive 
assembly that is supported for selective axial travel through 
the cartridge assembly from a start position to an end position 
upon application of a rotary control motion thereto from the 
elongated shaft assembly. A motor is Supported within the 
housing and operably interfaces with the axial drive assembly 
to selectively apply the rotary motion thereto. A power Source 
is axially movable within the housing from a disconnected 
position wherein the power source is disconnected from the 
motor to at least one connected position wherein the power 
Source provides power to said motor. 
0011. In accordance with yet other general aspects of vari 
ous embodiments of the present invention, there is provided a 
Surgical instrument that includes a tool drive portion that is 
configured for operable attachment to a portion of a robotic 
system for receiving control motions therefrom. An elongated 
shaft is coupled to the tool drive portion. An axially movable 
control member is operably supported within the elongated 
shaft and is axially movable in response to actuation motions 
applied thereto from the robotic system. The surgical instru 
ment further includes a disposable loading unit that has a 
housing that is coupled to the elongated shaft. A staple car 
tridge is Supported by the housing assembly and an axial drive 
assembly is supported for selective axial travel through the 
cartridge assembly from a start position to an end position 
upon application of a rotary motion thereto. A motor is Sup 
ported within the housing and operably interfaces with the 
axial drive assembly to selectively apply the rotary motion 
thereto. A power source is axially movable within the housing 
from a disconnected position wherein the power source is 
disconnected from the motor to a first connected position 
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wherein the power source provides power to the motor upon 
attachment to the control member. 
0012. In accordance with still other general aspects of 
various embodiments of the present invention, there is pro 
vided a Surgical instrument that includes a tool drive portion 
that is configured for operable attachment to a portion of a 
robotic system for receiving control motions therefrom. An 
elongated shaft is coupled to the tool drive portion. Anaxially 
movable control member is operably supported within the 
elongated shaft and is axially movable in response to actua 
tion motions applied thereto from the robotic system. The 
Surgical instrument further includes a disposable loading unit 
that has a housing that is coupled to the elongated shaft. A 
Staple cartridge is supported by the housing assembly and an 
axial drive assembly is supported for selective axial travel 
through the cartridge assembly from a start position to an end 
position upon application of a rotary motion thereto. A motor 
is Supported within the housing and operably interfaces with 
the axial drive assembly to selectively apply the rotary motion 
thereto. A movable battery holder is coupleable to the control 
member and is axially movable within the housing in 
response to motions applied thereto by a control rod. A bat 
tery is Supported within the battery housing and is configured 
for selective axial communication with a series of axially 
spaced contact arrangements in the housing for controlling 
supply of power from the battery to the motor. 
0013 These and other objects and advantages of the 
present invention shall be made apparent from the accompa 
nying drawings and the description thereof. 

BRIEF DESCRIPTION OF THE FIGURES 

0014. The accompanying drawings, which are incorpo 
rated in and constitute a part of this specification, illustrate 
embodiments of the invention, and, together with the general 
description of various embodiments of the invention given 
above, and the detailed description of the embodiments given 
below, serve to explain various principles of the present 
invention. 
0015 FIG. 1 is a perspective view of a disposable loading 
unit embodiment of the present invention coupled to a con 
ventional Surgical cutting and Stapling apparatus; 
0016 FIG. 2 is a cross-sectional view of the disposable 
loading unit of FIG. 1 with several components shown in full 
view for clarity; 
0017 FIG. 3 is a cross-sectional view of a proximal end of 
the disposable loading unit embodiment of FIGS. 1 and 2 with 
various components shown in full view for clarity; 
0018 FIG. 4 is a schematic of a circuit embodiment of the 
disposable loading unit of FIGS. 1-3: 
0019 FIG. 5 is a cross-sectional view of the disposable 
loading unit of FIGS. 1-3 when the disposable loading unit 
has been attached to the elongated body of the Surgical instru 
ment; 
0020 FIG. 6 is a schematic view of the circuit illustrating 
the position of various components of the disposable loading 
unit after it has been attached to the Surgical instrument; 
0021 FIG. 7 is a cross-sectional view of the disposable 
loading unit of FIGS. 1-6 when the drive beam has been 
moved to the anvil closed position; 
0022 FIG. 8 is a schematic view of the circuit illustrating 
the position of various components of the disposable loading 
unit after the drive beam has been moved to the anvil closed 
position; 
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0023 FIG. 9 is a cross-sectional view of the disposable 
loading unit of FIGS. 1-8 when the drive beam has been 
moved to its distal-most fired position; 
0024 FIG.10 is a schematic view of the circuit illustrating 
the position of various components of the disposable loading 
unit after the drive beam has been moved to its distal-most 
fired position; 
0025 FIG. 11 is a cross-sectional view of the disposable 
loading unit of FIGS. 1-10 as the drive beam is being returned 
to a starting position; 
0026 FIG. 12 is a schematic view of the circuit illustrating 
the position of various components of the disposable loading 
unit as the drive beam is being returned to a start position; 
0027 FIG. 13 is a perspective view of one robotic control 
ler embodiment; 
0028 FIG. 14 is a perspective view of one robotic surgical 
arm cart/manipulator of a robotic system operably supporting 
a plurality of Surgical tool embodiments of the present inven 
tion; 
0029 FIG. 15 is a side view of the robotic surgical arm 
cart/manipulator depicted in FIG. 14; 
0030 FIG. 16 is a perspective view of an exemplary cart 
structure with positioning linkages for operably supporting 
robotic manipulators that may be used with various Surgical 
tool embodiments of the present invention; 
0031 FIG. 17 is a perspective view of a surgical tool 
embodiment of the present invention; 
0032 FIG. 18 is an exploded assembly view of an adapter 
and tool holder arrangement for attaching various surgical 
tool embodiments to a robotic system; 
0033 FIG. 19 is a side view of the adapter shown in FIG. 
18: 
0034 FIG. 20 is a bottom view of the adapter shown in 
FIG. 18; 
0035 FIG. 21 is a top view of the adapter of FIGS. 18 and 
19; 
0036 FIG. 22 is a partial bottom perspective view of the 
surgical tool embodiment of FIG. 17: 
0037 FIG. 23 is a partial exploded view of a portion of an 
articulatable surgical end effector embodiment of the present 
invention; 
0038 FIG. 24 is a perspective view of the surgical tool 
embodiment of FIG. 22 with the tool mounting housing 
removed; 
0039 FIG.25 is a rear perspective view of the surgical tool 
embodiment of FIG. 22 with the tool mounting housing 
removed; 
0040 FIG. 26 is a front perspective view of the surgical 
tool embodiment of FIG. 22 with the tool mounting housing 
removed; 
0041 FIG. 27 is a partial exploded perspective view of the 
surgical tool embodiment of FIG. 26: 
0042 FIG. 28 is a partial cross-sectional side view of the 
surgical tool embodiment of FIG.22; 
0043 FIG. 29 is an enlarged cross-sectional view of a 
portion of the surgical tool depicted in FIG. 28; 
0044 FIG.30 is an exploded perspective view of a portion 
of the tool mounting portion of the Surgical tool embodiment 
depicted in FIG.22; 
0045 FIG.31 is an enlarged exploded perspective view of 
a portion of the tool mounting portion of FIG. 30: 
0046 FIG.32 is a partial cross-sectional view of a portion 
of the elongated shaftassembly of the surgical tool of FIG.22; 
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0047 FIG.33 is a side view of a halfportion of a closure 
nut embodiment of a Surgical tool embodiment of the present 
invention; 
0048 FIG.34 is a perspective view of another surgical tool 
embodiment of the present invention; 
0049 FIG. 35 is a cross-sectional side view of a portion of 
the Surgical end effector and elongated shaft assembly of the 
surgical tool embodiment of FIG.34 with the anvil in the open 
position and the closure clutch assembly in a neutral position; 
0050 FIG. 36 is another cross-sectional side view of the 
Surgical end effector and elongated shaft assembly shown in 
FIG. 35 with the clutch assembly engaged in a closure posi 
tion; 
0051 FIG. 37 is another cross-sectional side view of the 
Surgical end effector and elongated shaft assembly shown in 
FIG.35 with the clutch assembly engaged in a firing position; 
0.052 FIG.38 is a top view of a portion of a tool mounting 
portion embodiment of the present invention; 
0053 FIG. 39 is a perspective view of another surgical tool 
embodiment of the present invention; 
0054 FIG. 40 is a cross-sectional side view of a portion of 
the Surgical end effector and elongated shaft assembly of the 
surgical tool embodiment of FIG. 39 with the anvil in the open 
position; 
0055 FIG. 41 is another cross-sectional side view of a 
portion of the Surgical end effector and elongated shaft 
assembly of the surgical tool embodiment of FIG. 39 with the 
anvil in the closed position; 
0056 FIG. 42 is a perspective view of a closure drive nut 
and portion of a knife bar embodiment of the present inven 
tion; 
0057 FIG. 43 is a top view of another tool mounting 
portion embodiment of the present invention; 
0.058 FIG. 44 is a perspective view of another surgical tool 
embodiment of the present invention; 
0059 FIG. 45 is a cross-sectional side view of a portion of 
the Surgical end effector and elongated shaft assembly of the 
surgical tool embodiment of FIG. 44 with the anvil in the open 
position; 
0060 FIG. 46 is another cross-sectional side view of a 
portion of the Surgical end effector and elongated shaft 
assembly of the surgical tool embodiment of FIG. 45 with the 
anvil in the closed position; 
0061 FIG. 47 is a cross-sectional view of a mounting 
collar embodiment of a surgical tool embodiment of the 
present invention showing the knife bar and distal end portion 
of the closure drive shaft; 
0062 FIG. 48 is a cross-sectional view of the mounting 
collar embodiment of FIG. 47: 
0063 FIG. 49 is a top view of another tool mounting 
portion embodiment of another Surgical tool embodiment of 
the present invention; 
0064 FIG. 49A is an exploded perspective view of a por 
tion of a gear arrangement of another Surgical tool embodi 
ment of the present invention; 
0065 FIG. 49B is a cross-sectional perspective view of the 
gear arrangement shown in FIG. 49A: 
0.066 FIG.50 is a cross-sectional side view of a portion of 
a Surgical end effector and elongated shaft assembly of 
another Surgical tool embodiment of the present invention 
employing a pressure sensor arrangement with the anvil in the 
open position; 
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0067 FIG. 51 is another cross-sectional side view of a 
portion of the Surgical end effector and elongated shaft 
assembly of the surgical tool embodiment of FIG.50 with the 
anvil in the closed position; 
0068 FIG.52 is a side view of a portion of another surgical 
tool embodiment of the present invention in relation to a tool 
holder portion of a robotic system with some of the compo 
nents thereof shown in cross-section; 
0069 FIG.53 is a side view of a portion of another surgical 
tool embodiment of the present invention in relation to a tool 
holder portion of a robotic system with some of the compo 
nents thereof shown in cross-section; 
0070 FIG. 54 is a side view of a portion of another surgical 
tool embodiment of the present invention with some of the 
components thereof shown in cross-section; 
0071 FIG.55 is a side view of a portion of another surgical 
end effector embodiment of a portion of a surgical tool 
embodiment of the present invention with Some components 
thereof shown in cross-section; 
0072 FIG. 56 is a side view of a portion of another surgical 
end effector embodiment of a portion of a surgical tool 
embodiment of the present invention with Some components 
thereof shown in cross-section; 
0073 FIG.57 is a side view of a portion of another surgical 
end effector embodiment of a portion of a surgical tool 
embodiment of the present invention with Some components 
thereof shown in cross-section; 
0074 FIG. 58 is an enlarged cross-sectional view of a 
portion of the end effector of FIG. 57; 
0075 FIG. 59 is another cross-sectional view of a portion 
of the end effector of FIGS. 57 and 58: 
0076 FIG. 60 is a cross-sectional side view of a portion of 
a Surgical end effector and elongated shaft assembly of 
another Surgical tool embodiment of the present invention 
with the anvil in the open position; 
0077 FIG. 61 is an enlarged cross-sectional side view of a 
portion of the Surgical end effector and elongated shaft 
assembly of the surgical tool embodiment of FIG. 60: 
0078 FIG. 62 is another cross-sectional side view of a 
portion of the Surgical end effector and elongated shaft 
assembly of FIGS. 60 and 61 with the anvil thereof in the 
closed position; 
007.9 FIG. 63 is an enlarged cross-sectional side view of a 
portion of the Surgical end effector and elongated shaft 
assembly of the surgical tool embodiment of FIGS. 60-62; 
0080 FIG. 64 is a top view of a tool mounting portion 
embodiment of a surgical tool embodiment of the present 
invention; 
0081 FIG. 65 is a perspective assembly view of another 
Surgical tool embodiment of the present invention; 
0082 FIG. 66 is a front perspective view of a disposable 
loading unit arrangement that may be employed with various 
Surgical tool embodiments of the present invention; 
I0083 FIG. 67 is a rear perspective view of the disposable 
loading unit of FIG. 66: 
0084 FIG. 68 is a bottom perspective view of the dispos 
able loading unit of FIGS. 66 and 67; 
I0085 FIG. 69 is a bottom perspective view of another 
disposable loading unit embodiment that may be employed 
with various Surgical tool embodiments of the present inven 
tion; 
I0086 FIG.70 is an exploded perspective view of a mount 
ing portion of a disposable loading unit depicted in FIGS. 
66-68; 
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I0087 FIG. 71 is a perspective view of a portion of a 
disposable loading unit and an elongated shaft assembly 
embodiment of a surgical tool embodiment of the present 
invention with the disposable loading unit in a first position; 
I0088 FIG.72 is another perspective view of a portion of 
the disposable loading unit and elongated shaft assembly of 
FIG. 71 with the disposable loading unit in a second position; 
I0089 FIG. 73 is a cross-sectional view of a portion of the 
disposable loading unit and elongated shaft assembly 
embodiment depicted in FIGS. 71 and 72: 
0090 FIG. 74 is another cross-sectional view of the dis 
posable loading unit and elongated shaft assembly embodi 
ment depicted in FIGS. 71-73: 
(0091 FIG. 75 is a partial exploded perspective view of a 
portion of another disposable loading unit embodiment and 
an elongated shaft assembly embodiment of a Surgical tool 
embodiment of the present invention; 
0092 FIG. 76 is a partial exploded perspective view of a 
portion of another disposable loading unit embodiment and 
an elongated shaft assembly embodiment of a Surgical tool 
embodiment of the present invention; 
(0093 FIG. 77 is another partial exploded perspective view 
of the disposable loading unit embodiment and an elongated 
shaft assembly embodiment of FIG. 76: 
0094 FIG. 78 is a top view of another tool mounting 
portion embodiment of a surgical tool embodiment of the 
present invention; 
(0095 FIG. 79 is a side view of another surgical tool 
embodiment of the present invention with some of the com 
ponents thereof shown in cross-section and in relation to a 
robotic tool holder of a robotic system; 
0096 FIG.80 is an exploded assembly view of a surgical 
end effector embodiment that may be used in connection with 
various Surgical tool embodiments of the present invention; 
(0097 FIG. 81 is a side view of a portion of a cable-driven 
system for driving a cutting instrument employed in various 
Surgical end effector embodiments of the present invention; 
(0098 FIG. 82 is a top view of the cable-driven system and 
cutting instrument of FIG. 81; 
(0099 FIG. 83 is a top view of a cable drive transmission 
embodiment of the present invention in a closure position; 
0100 FIG. 84 is another top view of the cable drive trans 
mission embodiment of FIG. 83 in a neutral position; 
0101 FIG. 85 is another top view of the cable drive trans 
mission embodiment of FIGS. 83 and 84 in a firing position; 
0102 FIG. 86 is a perspective view of the cable drive 
transmission embodiment in the position depicted in FIG.83; 
(0103 FIG. 87 is a perspective view of the cable drive 
transmission embodiment in the position depicted in FIG. 84; 
0104 FIG. 88 is a perspective view of the cable drive 
transmission embodiment in the position depicted in FIG.85: 
0105 FIG. 89 is a perspective view of another surgical tool 
embodiment of the present invention; 
0106 FIG.90 is a side view of a portion of another cable 
driven system embodiment for driving a cutting instrument 
employed in various Surgical end effector embodiments of the 
present invention; 
0107 FIG. 91 is a top view of the cable-driven system 
embodiment of FIG.90; 
0.108 FIG. 92 is a top view of a tool mounting portion 
embodiment of another surgical tool embodiment of the 
present invention; 
0109 FIG. 93 is a top cross-sectional view of another 
Surgical tool embodiment of the present invention; 
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[0110] FIG. 94 is a cross-sectional view ofa portion ofa
surgical end effector embodiment ofa surgical tool embodi-
ment of the present invention;
[0111] FIG. 95 is a cross-sectional end view of the surgical
end effector of FIG. 103 taken along line 95-95 in FIG. 94;
[0112] TIG. 96 is a perspective view of the surgical end
effector of FIGS. 94 and 95 with portions thereof shown in
cross-section;
[0113] FIG.97 isa side view ofa portionofthe surgical end
effector of FIGS. 94-96;
[0114] FIG. 98 is a perspective view ofa sled assembly
embodiment of various surgical tool embodiments of the
present invention;
[0115] FIG. 99is a cross-sectional viewofthe sled assem-
bly embodiment of FIG. 98 and a portion of the elangated
channel of FIG. 97;

[0116] FIGS. 100-105 diagrammatically depict the sequen-
tial firing of staples in a surgical tool embodiment of the
present invention;
[0117] FIG. 106 is a partial perspective viewofa portion of
a surgical end effector embodimentof the present invention;
[0118] FIG. 107 is a partial cross-sectional perspective
view ofa portion ofa surgical end ellector embodiment of a
surgical tool embodiment of the present invention;
[0119] FIG. 108 is another partial cross-sectional perspec-
tive viewofthe surgical end effector embodiment ofFIG. 107
with a sled assemblyaxially advancing therethrough;
[0120] FIG. 109 is a perspective view of another sled
assembly embodiment of another surgical tool embodiment
of the present invention;
[0121] TIG. 110 is a partial top view of a portion of the
surgical end effector embodiment depicted in FIGS. 107 and
108 with the sled assemblyaxially advancing therethrough;
[0122] FIG. 111 is another partial top viewofthe surgical
end effector embodiment of FIG. 110 with the top surface of
the surgical staple cartridge omitted for clarity;
[0123] T'IG. 112 is a partial cross-sectional side view of a
rotary driver embodiment and staple pusher embodiment of
the surgical end effector depicted in FIGS. 107 and 108;
[0124] FIG. 113 is a perspective view of an automated
reloading system embodimentofthe present invention with a
surgical end effector in extractive engagement with the
extraction systemthereof;
[0125] FIG. 114 is another perspective view of the auto-
mated reloading system embodiment depicted in FIG. 113;
[0126] FIG. 115 is a cross-sectional elevational view ofthe
automated reloading system embodiment depicted in FIGS.
113 and 114;
[0127] FIG. 116 is anothercross-sectional elevational view
of the automated reloading system embodiment depicted in
FIGS. 113-115 with the extraction systemthereafremoving a
spent surgical staple cartridge from the surgical end effector;
[0128] FIG. 117 is another cross-sectional elevational view
of the automated reloading system embodiment depicted in
FIGS. 113-116 illustrating the loading of a new surgical
staple cartridge into a surgical end effector;
[0129] FIG. 118 is a perspective view of another automated
reloading system embodimentofthe present invention with
some components shownin cross-section;
[0130] FIG. 119 is an exploded perspective viewof a por-
tion of the automated reloading system embodiment of FIG.
118;
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[0131] FIG. 120 is another exploded perspective view of
the portion of the automated reloading system embodiment
depicted in FIG, 119;
[0132] FIG. 121is a cross-sectional elevational view of the
automated reloading system embodiment of FIGS. 118-120;
[0133] FIG. 122 is a cross-sectional view ofan orientation
tube embodiment supporting a disposable loading unit
therein;
[0134] FIG. 123 is a perspective view of another surgical
tool embodimentofthe present invention;
[0135] FIG. 124 is a partial perspective view of an articu-
lation joint embodimentofa surgical tool embodiment ofthe
present invention;
[0136] FIG. 125 is a perspective view of a closure tube
embodiment of a surgical tool embodiment ofthe present
invention;
[0137] FIG. 126 is a perspective view ofthe closure tube
embodimentof FIG. 125 assembled on the articulation joint
embodiment of FIG. 124;
[0138] FIG.127isa top view ofa portion ofa tool mounting
portion embodiment of a surgical tool embodiment ofthe
present invention;
[0139] FIG. 128 is a perspective view ofan articulation
drive assembly embodiment employed in the tool mounting
portion embodiment of FIG. 127;
[0140] FIG. 129 is a perspective view ofanother surgical
tool embodiment of the present invention; and
[0141] FIG. 130 is a perspective view of another surgical
tool embodimentofthe present invention.

DETAILED DESCRIPTION 

[0142] Applicant of the present application also owns the
following patent applicationsthat have beenfiled on May27,
2011 and which are each herein incorporated by reference in
their respective entireties:
[0143] U.S. patent application Ser. No. 13/118,259,

entitled SURGICAL INSTRUMENT WITH WIRELESS
COMMUNICATION BETWEEN A CONTROL UNIT

OF A ROBOTIC SYSTEM ANT) REMOTE SENSOR,
USS. Patent Application Publication No. US 2011-0295270
Al;

[0144] US. patent application Ser. No. 13/118,194,
entitled©ROBOTICALLY-CONTROLLED  ENDO-

SCOPIC ACCESSORYCHANNET,, U.S. Patent Applica-
tion Publication No. US 2011-0295242 A1;

[0145] U.S. patent application Ser. No. 13/118,253,
entitled ROBOTICALLY-CONTROLLED MOTORIZED

SURGICAL INSTRUMENT, U.S. Patent Application
Publication No. US 2011-0295269 Al;

[0146] US. patent application Ser. No. 13/118,278,
entitled ROBOTICALLY-CONTROLLED SURGICAL
STAPLING DEVICES THAT PRODUCE FORMED

STAPLES HAVING DIFFERENT LENGTHS, U.S.
Patent Application Publication Na. US 2011-0290851 A1;

[0147] US. patent application Ser. No. 13/118,190,
entitled ROBOTICALLY-CONTROLLED MOTORIZED
CUTTING AND [FASTENING INSTRUMENT, USS.
Patent Application Publication No. US 2011-0288573 Al;

[0148] U.S. patent application Ser. No. 13/118,223,
entitled©ROBOTICALLY-CONTROLLED SHAFT
BASED ROTARY DRIVE SYSTEMS FOR SURGICAL

INSTRUMENTS,U.S.PatentApplication Publication No.
US 2011-0290854 Al:
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[0149] U.S. patent application Ser. No. 13/118,263,
entitled ROBOTICALLY-CONTROLLED SURGICAL
INSTRUMENT HAVING RECORDING CAPABILI-

TIES, U.S. Patent Application Publication No. US 2011-
0290856 Al;

[0150] U.S. patent application Ser. No. 13/118,272,
entitled ROBOTICALLY-CONTROLLED SURGICAL
INSTRUMENT WITH FORCE FEEDBACK CAPABILI-

TIES, U.S. Patent Application Publication No. US 2011-
0290856 Al;

[0151] U.S. patent application Ser. No. 13/118,246,
entitled ROBOTICALLY-DRIVEN SURGICAL
INSTRUMENT WITII L-BEAM DRIVER, U.S. Patent
Application Publication No. US 2011-0290853 Al; and

[0152] U.S. patent application Ser. No. 13/118,241,
entitled SURGICAL STAPLING INSTRUMENTS WITH
ROTATABLE STAPLE DEPLOYMENT ARRANGE-

MENTS, U.S. Patent Application Publication No. US
2012-0298719 Al.

[0153] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of the
devices and methodsdisclosed herein. One or more examples
of these embodimentsare illustrated in the accompanying
drawings. Those of ordinaryskill in the art will understand
that the devices and methods specifically described. hercin
and illustrated in the accompanying drawings are non-limit-
ing exemplary embodiments and that the scopeofthe various
embodiments ofthe present invention is defined solelybythe
claims. ‘he features illustrated or described in connection

with one exemplary embodiment may be combined with the
features ofother embodiments. Such modifications andvaria-

tions are intended to be included within the scope of the
present invention.
[0154] Uses ofthe phrases “in various embodiments,” “in
some embodiments,” “in one embodiment”, or “in an
embodiment”, or the like, throughoutthe specification are not
necessarilyall referring to the same embodiment. Further-
more, the particular features, structures, or characteristics of
one or more embodiments may be combined in any suitable
manner in one or more other embodiments. Such modifica-
tions and variations are intended to be included within the

scope of the present invention.
[0155] Turning to the Drawings, wherein like numerals
denote like components throughoutthe several views, FIG. 1
depicts a disposable loading unit 16 of the present invention
that is coupled to a conventionalsurgical cutting and stapling
apparatus 10. The construction and general operation of a
cutting and stapling apparatus 10 is described in U.S.Pat. No.
5,865,361, the disclosure of which has been hercin incorpo-
rated by reference. Thus, the present Detailed Description
will not discuss the various components ofthe apparatus 10
and their operation herein beyond what is necessary to
describe the operation ofthe disposable loading unit 16 of the
present invention.
[0156] As the present Detailed Description proceeds,itwill
be appreciated that the terms “proximal”and“distal” are used
herein with referenceto a clinician gripping a handle assem-
bly 12 ofthe surgical stapling apparatus 10 to which the
disposable loading unit 16 is attached. Thus, the disposable
loading unit 16 is distal with respect to the more proximal
handle assembly 12. It will be further appreciated that, for
convenience and clarity. spatial terms such as “vertical”,
“horizontal”, “up”, “down”, “right”, and “left” are used

 
  
  

 
 

  
Sep. 11, 2014

herein with respect lo the drawings. However, surgical instru-
ments are used in many orientations and positions, and these
terms are not intended to be limiting and absolute.
[0157] Ascan be seeninI'IG.1, the disposable loading unit
16 maygenerally comprise a tool assembly 17 for performing
surgical procedures such as cutting tissuc and applying
staples on each side of the cut. The tool assembly 17 may
include a cartridge assembly 18 that includes a staple car-
tridge 220 that is supported im a carrier 216. An anvil assem-
bly 20 may be pivotally coupledto the carrier 216 in a known
manner for selective pivotal travel between open and closed
positions. The anvil assembly 20 includes an anvil portion
204 that has a plurality of staple deforming concavities (not
shown) formed in the undersurface thereof. The staple car-
tridge 220 housesa plurality ofpushersor drivers (not shown)
that each have a staple or staples (not shown) supported
thereon. An actuation sled 234 is supported within the tool
assembly 17 andis configuredto drive the pushers and staples
in the staple cartridge 220 in a direction toward the anvil
assembly 20 as the actuation sled 234 is driven from the
proximal end ofthe tool assembly 17 lo the distal end 220. See
FIG. 2.

[0158] The disposable loading unit 16 mayfurther include
an axial drive assembly 212 that comprises a drive beam 266
that may be constructed from a single sheet of material or,
preferably, from multiple stacked shects. However, the drive
beam 266 maybe constructed from other suitable material
configurations. Thedistal end ofdrive beam 266 may include
a verlical support strut 271 which supports a knile blade 280
and an abutment surlace 283 which engages the central por-
tion of actuation sled 234 during a stapling procedure. Knife
blade 280 maybe generally positioned to translate slightly
behind actuation sled 234 througha central longitudinalslot
in staple cartridge 220 to form anincision between rows of
stapled body tissue. A retention flange 284 mayproject dis-
tally from vertical strut 271 and support a camming pin or
pins 286 atits distal end. Camming pin 286 may be dimen-
sioned and configured to engage camming surface 209 on
anvil portion 204 ta clamp anvil portion 204 against body
tissue. See FIGS. 5 and 7. In addition, a leaf spring (not
shown) may be provided between the proximal end ofthe
anvil portion 204 and the distal end portion ofthe housing 200
to bias the anvil assembly 20 to a normally open position. The
carrier 216 mayalso have an elongated bottom slot there-
through through which a portionof the vertical support strut
271 extends to have a support member287 attached thereto
[0159] Ascanalso be seen in FIG.1, the disposable loading
unit 16 mayalso have a housing portion 200 that is adapted to
snap onto or otherwise be attached to the carrier 216. The
proximal end 500 of housing 200 may include engagement
nubs 254 for releasably engaging elongated body 14 of a
surgical stapling apparatus. Nubs 254 form a bayonet type
coupling with the distal end of the elongated body portion 14
ofthe surgical stapling apparatus as described in U.S. Pat. No.
5,865,361.

[0160] The housing 200 mayfurther include a switch por-
tion 520 that movably houses a battery 526 therein. More
specifically and with reference to FIG.3, the switch portion
520 of the housing 200 defines a battery cavity 522 that
movably supports a battery holder 524 that houses a battery
526 therein. As can be seen in FIG.3, a first battery contact
528 is supportedin electrical contact with the battery 526 and
protrudes out through the battery holder 524 for sliding
engagementwiththeinside wall 523 ofthe battery cavity 522.
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Similarly, a second batlery contact 530 is mounted in electri-
cal contact with the battery 526 and also protrudes out ofthe
battery holder 524 to slide along the inside wall 523 of the
battery cavity 522. The battery holder 524 has a control rod
socket 532 therein configured to receive the distal end 276 of
control rod 52 when the proximal end of disposable loading
unit 16 is coupled to the elongated body 14 of surgical sta-
pling apparatus 10. As can also be seen in FIG.3, a series of
contacts 540, 542, 544 may be oriented within the wall 523
for contact with the battery contacts 530. The purpose of the
contacts 540, 542, and 544 will be discussedin further detail
below. As can also be seen in FIG. 3, a biasing member or
switch spring 550 is positioned withinthe battery cavity 522
to bias the battery holder 524 in the proximal direction “PD”
such that when the disposable reload 16 is not attached to the
elongated body 14, the battery holder 524 is biased to its
proximal-most position shown in FIG. 3. Whenretained in
that “pre-use’” or “disconnected”position by spring 550, the
battery contacts 528 and 530 do not contact any of the con-
tacts 540, 542, 544 withinthe battery cavity 522 to prevent the
battcry 526 from being drained during non-use.
[0161] As can also be seen in FIG. 3, the housing 200 may
further have a motor cavity 560 therein that houses a motor
562 and a gear box 564. ‘The gear box 564 has an oulput shalt
566 that protrudes through a hole 572 in a proximal bulkhead
570 formedin the housing 200. See FIG. 5. The output shaft
566 is keyed onto or otherwise non-rotatably coupled to a
thrust disc 580. As can be seen in FIG. 5, the thrust disc 580
is rotatably supported within a thrust disc cavity 582 formed
between the proximal bulkhead 570 and a distal bulkhead 590
formed in the housing 200. In addition, the thrust disc 580 is
rotatably supported between a proximal thrust bearing 583
and a distal thrust bearing 584 as shown. As can also be seen
in FIG.5,the thrust disc 580 may be formed ona proximal end
ofa drive screw 600 that threadedly engages a drive nut 610
thal is supported within an engagement section 270 formed
on the distal end ofthe drive beam 266. In various embodi-

ments, the engagement section 270 mayinclude a pair of
engagementfingers 270¢ and 2708 that are dimensioned and
configured to be received within a slot in the drive nut 610 to
non-rotatablyaffix the drive nut 610 to the drive beam 266.
Thus, rotation of the drive screw 600 within the drive nut 610
will drive the drive beam 266in thedistal direction “DD” or

in the proximaldirection “PD” depending uponthe direction
of rotation of the drive screw 600.

[0162] The disposable loading unit 16 mayfurther include
a return switch 630 that is mounted in the housing 200 and is
adapted to be actuated bythe knife nut 610. As can also be
seenin FIG.5, a switch 640 is mounted in the housing 200 and
is also oriented to be actuated bythe knife nut 610 to indicate
when the anvil assembly 20 has been closed. A switch 650 is
mounted in the housing 200 andis also adaptedto be actuated
by the knife nut 610 to indicate that the axial drive assembly
212 has movedto is finished position. The specific operations
of switches 630, 640, 650 will be discussed in further detail
below.

[0163] FIG.4illustrates a circuit embodiment 700 of the
present invention thatillustrates the positions ofvarious com-
ponents ofthe disposable loading unit 16 ofthe present inven-
tion when in a “pre-use” condition. For example, the various
components of the disposable loading unit 16 maybeinthis
pre-use orientation when the unit 16 is being stored or
shipped. As can be seen in that 'igure, whenin this orienta-
tion, the battery contacts 528 and 530 do not contact anyofthe
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contacts 540, 542, 544 in the housing 200 which prevents the
battery 526 from being drained during non-use.
[0164] FIGS. 5 and 6 illustrate the positions of various
components ofthe disposable loading unit 16 afterit has been
coupled to the elongated body 14 ofthe surgical cutting and
stapling instrument 10. In particular, as can be seen in FIG.5,
the distal end 276 ofthe control rod 52 has been coupled to the
battery holder 524. Whenthe controlrod 52is attached to the
battery holder 524, the battery holder 524 is moved in the
distal direction “DD” against the spring 550 such that the
battery contacts 528, 530 are brought into contact with the
relumm contacts 540 in the housing 200. Also, when in that
position, the knife nut 610 actuates the retumswitch 630 into
an open orientation. It will be appreciated that the return
switch 630 is a normally closed switchthat is actuated to the
openposition by the knife nut 610. As shownin FIG. 6, when
the return switch 630 is open, the motor 562 is not powered.
[0165] TIGS. 7 and 8 illustrate the positions of various
components of the disposable loading unit 16 after the clini-
cian has actuated the movable handle 24 (shownin FIG. 1) of
the surgical cutting and stapling instrument 10. As discussed
in U.S. Pat. No. 5,865,361, when the movable handle 24 is
initially moved toward the stationary handle member22, the
control rod 52 is caused to move inthe distal direction “DD”.

As can be seen in FIG. 7, as the control rod 52 is initially
movedinthe distal direction during the anvil closestroke, the
battery holder 524 moves the battery 526 to a position
wherein the battery contacts 528, 530 contact the anvil close
contacts 542. Poweris now permittedto flow from the battery
526 to the motor 562 whichrotates the drive screw 600 and

causesthe drive beam 266 to movedistally. As the drive beam
266 moves distally in the “DD”direction, the camming pin
286 cngages cam portion 209 of anvil portion 204 and causes
the anvil assembly 20 to pivot to a closed position as illus-
trated in FIG, 7. As the drive beam 266 movesdistally to the
anvil closed position, the knife nut 610 moves out of contact
with the return switch 630 which permits the return switchto
resume its normally open position. The knife nut 610 then
actuates the anvil closed switch 640 and movesit to an open
position. See FIG. 8. In various embodiments one or more
anvil closed lights 660 may be mountedin the housing 200 for
providing a visual indication to the clinician that the anvil
assembly 20 has been movedto the closed pasition.
[0166] When the clinician desiresto fire the instrument 10
(.e., actuate the instrument 10 to cause it to cut and staple
tissue), the clinician first depresses the plunger 82 ofthe firing
lockout assembly 80 (FIG. 1) as discussed in U.S. Pat. No.
5,865,361. Thereafter, movable handle 24 may be actuated.
As the movable handle 24 is depressed, the control rod 52
movesthe battery holder 524 and battery 526 to the position
illustrated in FIGS. 9 and 10. As can be seenin those l'igures,
when the battery 526 is moved into that position, the battery
contacts 528, 530 are brought into contact with the fire con-
tacts 544. The switch 650 is normally closed until it is actu-
ated by the knife nut 610. Thus, when the battery contacts
528, 530 contact the firing contacts 544, powerflows from the
battery 526 to the motor 562 which drivesthe drive screw600.
As the drive screw 600 is rolated, the drive beam 266 and
knife nut 610 are driven in the distal direction “DD” to

advance actuation sled 234 throughstaple cartridge 220 to
effect ejection of staples and cutting oftissue. Once the drive
beam266 reaches the end of the firing stroke (i.e., all of the
staples in the staple cartridge 220 have beenfired), knife nut
610 is positioned to actuate the normally closed switch 650
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and moveil to an open position (illustrated in FIG. 10) which
stops the flow ofpower from the battery 526 to the motor 562.
In various embodiments, a distal indicationlight or lights 670
maybe mounted on the housing 200 to provide an indication
to the clinicianthat the drive beam 266 has reachedits distal-

most fired position.
[0167] To retract the drive beam 266, the clinician grasps
the retract knobs 32 (shown in FIG. 1) on the handle assembly
12 andpulls them in the proximal direction “PD”. ‘The opera-
tion and construction ofthe retract knobs 32 is discussed in

USS. Pat. No. 5,865,361. Once the clinician moves the drive
beam266 a sufficient distance in the proximal direction “PD”
so as to movethe battery to contacts 540 (FIG. 11), powerwill
be supplied through switch 630 to reverse the motor 562.
Knife nut then releases switch 650. The motor 562 then drives

the drive beam 266 distal to switch 630, which opens. The
return switch 630 is also in its normally closed position
thereby permitting power to flowto the motor 562 and rotate
the drive screw 610 in an opposite direction to drive the drive
beam 266 in the proximal direction “PD”. Once the knife nut
610 actuates the knile return switch 630, the knile return
switch 630 is moved to an open position thereby stopping
flow of power from the battery 526 to the motor 562. In
various embodiments,a starting light 700 may be mounted in
the housing 200 to provide an indicationthat the drive beam
266is in the starting position.
[0168] FIGS. 11 and 12 illustrate the pasitions of various
components of the disposable loading unit 16 of the present
invention when the distal end ofthe drive beam 266 and blade

280 inadvertently becomes jammed during the firing stroke
(.e., when the blade 280 is being distally advanced through
the tissue clampedin the tool assembly 17). To address such
occurrence, a currentlimiter 680 may be provided as shownin
FIG. 12, The currentlimiter 680 serves to turn off the motor

562 when the amount of current that it is drawing exceeds a
predetermined threshold. It will be understood that the
amount of current that the motor 562 draws during a jam
would increase over the amount of current drawn during
normalfiring operations. Once the current limiter 680 shuts
down the motor 562, the clinician can retract the drive beam
266 bygrasping the retract knobs 32 (shown in FIG. 1) on the
handle assembly 12 and pulling them in the proximal direc-
tion “PD”and the motor 562 will drive the drive screw 600 in

reverse in the manner described above. Thus, the current
limiter 680 serves to stop the motor 562 whentheaxial drive
assembly 212 encounters resistance that exceeds a predeter-
mined amount of resistance which is associated with the

predetermined maximum amount of current that the motor
562 should drawunder normaloperating circumstances. This
feature also savesthe battery powerso the drive beam 266 can
be retracted.

[0169] Thus, the disposable loading unit 16 of the present
invention comprisesa self-containedmotor driven disposable
loading unit that may be used in connection with conventional
surgical cutting and stapling instruments that traditionally
required the clinician to manually advance andretract the
drive assembly and cutting blade of a disposable loading unit
coupled thercto. Various embodimentsofthe disposable load-
ing unit 16 maybe constructed to facilitate the automatic
retraction of the axial drive assembly should the blade
encounter a predetermined amount ofresistance.
[0170] While several embodiments of the invention have
been described, it should be apparent, however, that various
modifications, alterations and adaptations to those embodi-
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ments may occur to personsskilled in the art withthe altain-
ment of some or all of the advantages of the invention. For
example, according to various embodiments, a single com-
ponent may be replaced by multiple components, and mul-
tiple components maybe replaced by a single component, to
perform a given function or functions. This application is
therefore intendedto coverall such modifications, alterations
and adaptations without departing from the scope andspirit of
the disclosed. invention as defined by the appended claims.
[0171] Anypatent, publication, or other disclosure mate-
rial, in whole or in part, that is said to be incorporated by
reference herein is incorporated herein only to the extent that
the incorporated materials does not conflict with existing
definitions, statements, or other disclosure material set forth
in this disclosure. As such, and to the extent necessary, the
disclosure as explicitly set forth herein supersedes any con-
flicting material incorporated herein by reference. Any mate-
rial, or portion thereof, that is said to be incorporated by
reference herein, but which conflicts with existing defini-
tions, statements, or other disclosure material set forth herein
will only be incorporated to the extent that no conflict arises
between that incorporated material and the existing disclo-
sure material.

[0172] ‘The invention whichis intended to be protected is
not to be construed as limited to the particular embodiments
disclosed. The embodiments are therefore to be regarded as
illustrative rather thanrestrictive. Variations and changes may
be made by others without departing from the spirit of the
present invention. Accordingly, it is expressly intended that
all such equivalents, variations and changes whichfall within
the spirit and scopeofthe present invention as defined in the
claims be embraced. thereby.
[0173] Over the years a variety of minimally invasive
robotic (or “telesurgical”) systems have heen developed to
increase surgical dexterily as well as lo permil a surgeon to
operale on a patient in an intuilive manner. Many of such
systemsare disclosedin the following U.S. patents which are
each herein incorporated by reference in their respective
entirety: U.S. Pat. No. 5,792,135, entitled ARTICULATED
SURGICAL INSTRUMENT FOR PERFORMING MINI-
MALLYINVASIVE SURGERY WITITENITANCED DEX-

TERITY AND SENSITIVITY, which issued Aug. 11, 1998;
US. Pat. No. 6,231,565, entitled ROBOTIC ARM DLUS
FOR PERFORMING SURGICAL TASKS, which issued
May 15, 2001; U.S. Pat. No. 6,783,524, entitled ROBOTIC
SURGICAL ‘TOOL WITH ULTRASOUND CAUTERIZ-

INGAND CUTTING INSTRUMEN', which issued onAug.
31, 2004; U.S. Pat. No. 6,364,888, entitledALIGNMENT O
MASTER AND SLAVE IN A MINIMALLY INVASIV!

SURGICAL APPARATUS,whichissued on Apr. 2, 2002;
USS. Pat. No. 7,524,320, entitled MECIIANICAL ACTUA
TOR INTERFACE SYSTEM FOR ROBOTIC SURGICAL

TOOLS,which issued on Apr. 28, 2009; U.S. Pat. No. 7,691,
098, entitled PLATFORM LINK WRIST MECHANISM,
which issued on Apr. 6, 2010; U.S. Pat. No. 7,806,891,
entitled REPOSITIONING AND REORIENTATION OF
MASTER/SILAVE REILATIONSHIP IN MINIMALLY

INVASIVE TELESURGERY,which issued on Oct. 5, 2010;
and U.S. Pat. No. 7,824,401, entitled SURGICAL ‘TOOL
WITH WRITED MONOPOLAR ELECTROSURGICAL

END EFFECTORS,whichissued on Nov. 2, 2010. Many of
such systems, however, have in the past been unable to gen-
erate the magnitude of forces required to effectively cut and
fastentissue.
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[0174] FIG. 13 depicts one version of a master controller
1001 that may be used in connection with a robotic arm slave
cart 1100 of the type depicted in FIG. 14. Master controller
1001 and robotic armslave cart 1100, as well as their respec-
tive components and control systemsare collectively referred
to herein as a robotic system 1000. Examples of such systems
and devices are disclosed in U.S. Pat. No. 7,524,320 which
has been herein incorporated by reference. Thus, various
details of such devices will not be described in detail herein

beyond that which may be necessary to understand various
embodiments and forms of the present invention. As is
known,the master controller 1001 generally includes master
controllers (generally represented as 1003 in FIG. 13) which
are grasped by the surgeon and manipulated in space while
the surgeon views the procedure via a stereo display 1002.
The master controllers 1001 generally comprise manual input
devices which preferably move with multiple degreesoffree-
dom, and which often further have an actuatable handle for
actuating tools (for example, for closing grasping saws,
applying an electrical potential to an electrode,or thelike).
[0175] As can be seenin FIG. 14, in one form,the robotic
armcart 1100 is configured to actuate a plurality of surgical
tools, generally designated as 1200. Various robotic surgery
systems and methods employing master controller and
robotic arm cart arrangements are disclosed in U.S. Pat. No.
6,132,368, entitled MULTI-COMPONENT TELEPRES-
ENCE SYSTEM AND METHOD,which issued on Oct. 17,
2000, the full disclosure of which is incorporated herein by
reference. In various forms, the robotic arm cart 1100
includes a base 1002 from which, in the illustrated embodi-
ment, three surgical tools 1200 are supported. In various
forms, the surgical tools 1200 are each supported bya series
of manuallyarticulatable linkages. generally referred to as
set-up joints 1104, and a robotic manipulator 1106. These
structures are hereinillustrated withprotective covers extend-
ing over muchofthe robotic linkage. These protective covers
maybe optional, and maybelimited in size or entirely elimi-
nated in some embodiments to minimize the inertia that is

encountered by the servo mechanisms used to manipulate
such devices, to limit the volume ofmoving components so as
to avoid collisions, and to limit the overall weight ofthe cart
1100. Cart 1100 will generally have dimensionssuitable for
transporting the cart 1100 between operating rooms. The cart
1100 may be configured to typically fit through standard
operating roomdoors and onto standard hospital elevators. In
various forms, the cart 1100 would preferably have a weight
and include a wheel (or other transportation) system that
allows the cart 1100 to be positioned adjacent an operating
table by a single attendant.

[0176] Referring nowto FIG. 15, in at least one form,
robotic manipulators 1106 may include a linkage 1108 that
constrains movement of the surgical tool 1200. In various
embodiments, linkage 1108 includes rigid links coupled
together by rotational joints in a parallelogram arrangement
so that the surgical tool 1200 rotates around a point in space
1110, as more fully described in issued U.S. Pat. No. 5,817,
084, entitled REMOTE CENTER POSITIONING DEVICE
WITH FLEXIBLE DRIVE,which issued on Oct. 6, 1998,the
full disclosure of whichis herein incorporated by reference.
The parallelogram arrangement constrains rotation to pivot-
ing about an axis 1112a, sometimescalled the pitch axis. The
links supporting the parallelogram linkage are pivotally
mounted to set-up joints 1104 (T'1G. 14) so that the surgical
tool 1200 further rotates about an axis 11126, sometimes
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called the yaw axis. The pitch and yaw axes 1112a, 11126
intersect at the remote center 1114, whichis aligned along a
shaft 1208 of the surgical tool 1200. The surgical tool 1200
mayhave further degrees of driven freedom as supported by
manipulator 1106, including sliding motion of the surgical
tool 1200 along the longitudinal tool axis “LI-LT”. As the
surgical tool 1200 slides along the tool axis LT-LTrelative to
manipulator 1106 (arrow 1112c), remote center 1114 remains
fixed relative to base 1116 of manipulator 1106. Hence, the
entire manipulator is gencrally moved to re-position remote
center 1114. T.inkage 1108 of manipulator 1106 is driven by
a series of motors 1120. These motors actively movelinkage
1108 in response to commands froma processor of a control
system. As will be discussed in further detail below, motors
1120 are also employed to manipulate the surgical too! 1200.

[0177] An alternative set-up joint structure is illustrated in
FIG.16. In this embodiment,a surgical too] 1200 is supported
by an allernalive manipulator structure 1106’ between two
tissue manipulation tools. Those of ordinary skill in the art
will appreciate that various embodiments of the present
invention may incorporate a wide variety of alternative
robotic structures, including those described in U.S. Pat. No.
5,878,193, entitled AUTOMATED ENDOSCOPE SYSTEM
FOR OPTIMAL POSITIONING, which issued on Mar. 2,
1999, the full disclosure of which is incorporated herein by
reference. Additionally, while the data communication
between a robotic componentandthe processor ofthe rabotic
surgical system is primarily described herein with reference
to communication between the surgical too] 1200 and the
master controller 1001, it should be understood that similar
communication may take place between circuitry of a
manipulator, a set-up joint, an endoscope or other image
capture device, or the like, and the processor of the robotic
surgical system for component compatibility verification,
component-type identification, componentcalibration (such
as off-set or the like) communication, confirmation of cou-
pling, of the component to the robotic surgical system, or the
like.

[0178] Anexemplarynon-limiting surgical tool 1200 thatis
well-adapted foruse witha robotic system 1000 that has a tool
drive assembly 1010 (['1G. 18) that is operatively coupled to
a master controller 1001 that is operable by inputs from an
operator(i.c., asurgcon) is depicted in FIG. 17. As can be seen
in that Figure, the surgical toal 1200 includes a surgical end
effector 2012 that comprises an endocutter. In at least one
form, the surgical tool 1200 generally includes an elongated
shall assembly 2008 that has a proximal closure tube 2040
and a distal closure tube 2042 that are coupled together by an
articulation joint 2011. The surgical tool 1200 is operably
coupled to the manipulator by a tool mounting portion, gen-
erally designated as 1300. The surgical tool 1200 further
includes an interface 1230 which mechanically andelectri-
cally couples the tool mounting portion 1300 to the manipu-
lator. One form ofinterface 1230 is illustrated in FIGS. 16-22.

In various embodiments, the tool mounting portion 1300
includes a tool mounting plate 1302 that operably supports a
plurality of (four are shown in FIG. 22) rotatable bodypor-
tions, driven discs or elements 1304, that each include a pair
ofpins 1306 that extend from a surface of the driven element
1304. One pin 1306 is closer to an axis of rotation of each
driven elements 1304 than the other pin 1306 on the same
driven element 1304, which helps to ensure positive angular
alignment of the driven element 1304. Interface 1230
includes an adaptorportion 1240 that is configured to mount-
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ingly engage the mounting plate 1302 as will be [urther dis-
cussed below. ‘lhe adaptor portion 1240 may include an array
of electrical connecting pins 1242 (FIG. 20) which may be
coupled to a memorystructure by a circuit board within the
tool mounting portion 1300, While interface 1230 is
described herein with reference to mechanical, electrical, and
magnetic coupling elements, it should be understood that a
wide variety oftelemetry modalities might be used, including
infrared, inductive coupling, orthe like.

[0179] As canbe seen in FIGS. 18-21, the adapter portion
1240 generally includes a tool side 1244 and a holder side
1246. In various forms, a plurality of rotatable bodies 1250
are mountedto a floating plate 1248 which has a limited range
of movementrelative to the surrounding adaptor structure
normalto the majorsurfaces ofthe adaptor 1240. Axial move-
mentof the floating plate 1248 helps decouple the ratatable
bodies 1250 from the tool mounting portion 1300 when the
levers 1303 along the sides of the tool mounting portion
housing 1301 are actuated (See FIG. 17). Other mechanisms/
arrangements may be employed for releasably coupling the
tool mounting portion 1300 to the adaptor 1240. In atleast
one form, rotatable bodies 1250 are resiliently mounted to
floating plate 1248 by resilient radial members which extend
into a circumferential indentation about the rotatable bodies

1250. The rotatable bodies 1250 can moveaxiallyrelative to
plate 1248 bydeficction of these resilient structures. When
disposed in a first axial position (toward toal side 1244) the
rotatable bodies 1250 are free to rotate without angularlimi-
tation. However, as the rotatable bodies 1250 move axially
towardtool side 1244, tabs 1252 (extending radially from the
rotatable bodies 1250) laterally engage detents onthe floating
plates so as to limit angular rotation of the rotatable bodies
1250 about their axes. This limited rotation can be used to

help drivingly engage the rotatable bodies 1250 with drive
pins 1272 of a corresponding tool holder portion 1270 ofthe
robotic system 1000, as the drive pins 1272 will push the
rotatable bodies 1250 into the limited rotation position until
the pins 1234are aligned with (andslide inta) openings 1256'.
Openings 1256 onthe tool side 1244 and openings 1256' on
the holder side 1246 ofrotatable bodies 1250 are configured
to accuratelyalign the driven elements 1304 (FIG. 22) ofthe
tool mounting portion 1300 with the drive elements 1271 of
the tool holder 1270. As described above regarding inner and
outer pins 1306 of driven elements 1304, the openings 1256,
1256' are at differing distances from the axis of rotation on
their respective rotatable bodies 1250 so as to ensure that the
alignmentis not 180 degrees fromits intended position. Addi-
tionally, each of the openings 1256 is slightly radially elon-
gated so asto fittingly receive the pins 1306 in the circumfer-
ential orientation. This allows the pins 1306to slide radially
within the openings 1256, 1256' and accommodate some
axial misalignment between the tool 1200 and tool holder
1270, while minimizing any angular misalignment and back-
lash betweenthe drive and driven elements. Openings 1256
on the tool side 1244 are offset by about 90 degrees fromthe
openings 1256' (shownin brokenlines) on the holder side
1246, as can be seen most clearly in FIG. 21.

[0180] Various embodiments may [urther include an array
of electrical connector pins 1242 located on holder side 1246
of adaptor 1240, and the too! side 1244 of the adaptor 1240
mayinclude slots 1258 (FIG.21) for receiving a pin array (not
shown) from the tool mounting portion 1300. In addition to
transmitting electrical signals betweenthe surgical tool 1200
and the tool holder 1270, at least some of these electrical
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connections may be coupled to an adaptor memory device
1260 (FIG.20) by a circuit board of the adaptor 1240.

[0181] A detachable latch arrangement 1239 may be
employed to releasably affix the adaptor 1240 to the tool
holder 1270. As used herein, the term “tool drive assembly”
when used in the context ofthe robotic system 1000, al least
encompasses various embodiments ofthe adapter 1240 and
tool holder 1270 and which bas been generally designated as
1010 in FIG.18. For example, as can be seen in FIG. 18, the
tool holder 1270 may includea first latch pin arrangement
1274thatis sized to be received in correspondingclevisslots
1241 provided in the adaptor 1240. In addition, the tool holder
1270 mayfurtherhave second latch pins 1276 thatare sized to
be retained in correspondinglatch clevises 1243 in the adap-
tor 1240. Sec FIG. 20. In at least one form, a latch assembly
1245 is movably supported on the adapter 1240 andis bias-
able betweena first latched position wherein the latch pins
1276 are retained within their respective latch clevis 1243 and
an unlatchedposition wherein the secondlatch pins 1276 may
be into or removed fromthe latch clevises 1243. A spring or
springs (not shown) are employedto bias the latch assembly
into the latched position. A lip on the tool side 1244 ofadaptor
1240 mayslidably receive laterally extending tabs of tool
mounting housing 1301.

[0182] Turning next to FIGS. 22-29,in at least one embodi-
ment, the surgical too! 1200 includes a surgical end effector
2012 that comprises in this example, among other things, at
least one component 2024 that is selectively movable
between first and second positions relative to at least one
other component 2022 in responseto various control motions
applied thereto as will be discussed in further detail below. In
various embodiments, component 2022 comprises an elan-
gated. channel 2022 configured to operably support a surgical
staple cartridge 2034 therein and component 2024 comprises
a pivotally translatable clamping member, such as an anvil
2024. Various embodimentsofthe surgical end elector 2012
are configured to maintain the anvil 2024 and elongated chan-
nel 2022 at a spacing that assures effective stapling and sev-
ering of tissue clampedin the surgical end effector 2012. As
can be seen in FIG. 28, the surgical end effector 2012 further
includes a cutting instrument 2032 and a sled 2033. The
cutting instrument 2032 maybe, for example, a knife. The
surgical staple cartridge 2034 operably houses a plurality of
surgical staples (nat show) thereinthat are supported on mov-
able staple drivers (not shown). As the cutting instrument
2032 is driven distally through a centrally-disposed slot (not
shown)in the surgicalstaple cartridge 2034, it forces the sled
2033 distally as well. As the sled 2033 is drivendistally, its
“wedge-shaped” configuration contacts the movable staple
drivers and drives them vertically toward the closed anvil
2024. The surgical staples are formed as they are driven into
the forming surface located on the underside of the anvil
2024. The sled 2033 maybe part of the surgical staple car-
tridge 2034, such that whenthe cutting instrument 2032 is
retracted following the cutting operation, the sled 2033 docs
not retract. The anvil 2024 may be pivotably opened and
closedat a pivot point 2025 located at the proximal end ofthe
elongated channel 2022. ‘The anvil 2024 may also include a
tab 2027 atits proximal end that interacts with a component of
the mechanical closure system (described further below) to
facilitate the opening of the anvil 2024. The elongated chan-
nel 2022 and the anvil 2024 may be made ofanelectrically
conductive material (such as metal) so that they may serve as
part of an antenna that communicates with sensor(s) in the
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end elflector, as described above. The surgical staple cartridge
2034 could be made of a nonconductive material (such as
plastic) and the sensor may be connected to or disposed in the
surgical staple cartridge 2034, as was also described above.

[0183] As can be seen in FIGS. 22-29, the surgical end
efllector 2012 is allachedto the tool mounting portion 1300 by
an elongated shall assembly 2008 according to various
embodiments. As shownin the illustrated embodiment, the
shaft assembly 2008 includes anarticulation joint generally
indicated as 2011 that enables the surgical end effector 2012
to be selectivelyarticulated about anarticulation axis AA-AA
that is substantially transverse to a longitudinal tool axis
LT-LT. See FIG. 23. In other embodiments, the articulation
joint is omitted. In various embodiments, the shaft assembly
2008 mayinclude a closure tube assembly 2009 that com-
prises a proximal closure tube 2040 anda distal closure tube
2042 that are pivotably linked by a pivot links 2044 and
operably supported on a spine assemblygenerally depicted as
2049. In the illustrated embodiment, the spine assembly 2049
comprises a distal spine portion 2050 that is attached to the
elongated channel 2022 andis pivotally coupled to the proxi-
mal spine portion 2052. The closure tube assembly 2009 is
configured to axially slide on the spine assembly 2049 in
response to actuation motions applied thereto. The distal clo-
sure tube 2042 includes an opening 2045 into which the tab
2027 on the anvil 2024is inserted in order to facilitate open-
ing of the anvil 2024as the distal closure tube 2042 is moved
axially in the proximal direction “PD”. The closure tubes
2040, 2042 may be made ofelectrically conductive material
(such as metal) so that they mayserve as part of the antenna,
as described above. Components of the main drive shaft
assembly(e.g., the drive shafts 2048, 2050) may be made of
a nonconductive material (suchasplastic).

[0184] In use,it maybe desirable to rotate the surgical end
ellector 2012 about the longitudinal tool axis LI-LI. In at
least one embodiment, the tool mounting portion 1300
includesa rotational transmission assembly 2069thatis con-
figured to receive a corresponding rotary output motion from
the tool drive assembly 1010 of the robotic system 1000 and
convert that rotary output motion to a rotary control motion
for rotating the elongated shaft assembly 2008 (and surgical
end effector 2012) about the longitudinal tool axis LT-LT. In
various embodiments, for cxample, the proximal cnd 2060 of
the proximal closure tube 2040 is rotatably supported on the
tool mounting plate 1302 of the tool mounting portion 1300
by a forward support cradle 1309 and a closure sled 2100 that
is also movably supported on the tool mountingplate 1302. In
at least one form,the rotational transmission assembly 2069
includes a tube gear segment 2062 that is formed on (or
attached to) the proximal end 2060 of the proximal closure
tube 2040 for operable engagement by a rotational gear
assembly 2070 that is operably supported on the tool mount-
ing plate 1302. As can be seen in FIG. 25,the rotational gear
assembly 2070, in at least one embodiment, comprises a
rotation drive gear 2072 that is coupled to a corresponding
first one of the driven discs or elements 1304 on the adapter
side 1307 of the tool mounting plate 1302 when the tool
mounting portion 1300 is coupled to the tool drive assembly
1010. See FIG. 22. The rotational gear assembly 2070 further
comprises a rotary driven gear 2074 that is rotatably sup-
ported on the tool mounting plate 1302 in meshing engage-
ment with the tube gear segment 2062 and the rotation drive
gear 2072. Application ofafirst rotary output motion from the
tool drive assembly 1010 of the robotic system 1000 to the
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corresponding driven element 1304 will thereby cause rola-
tion ofthe rotation drive gear 2072. Rotation of the rotation
drive gear 2072 ultimately results in the rotation of the elon-
gated shaft assembly 2008 (and the surgical end effector
2012) about the longitudinal tool axis LT-LT (represented by
arrow “R” in TIG. 25). It will be appreciated that the appli-
cation ofa rotary output motion from the tool drive assembly
1010 in one direction will result in the rotation of the elon-

gated. shaft assembly 2008 and surgical end effector 2012
about the longitudinal tool axis LT-LTin a first direction and
an application of the rotary output motion in an opposite
direction will result in the rotation of the elongated shalt
assembly 2008 and surgical end effector 2012 in a second
direction that is opposite to the first direction.
[0185] Inat Icast one embodiment, the closure of the anvil
2024relative to the staple cartridge 2034 is accomplished by
axially moving the closure tube assembly 2009 in the distal
direction “DD” on the spine assembly 2049, As indicated
above, in various embodiments, the proximal end 2060 ofthe
proximal closure tube 2040 is supported by the closure sled
2100 which comprises a portion of a closure transmission,
generally depicted as 2099. In at least one form, the closure
sled 2100 is configured to support the closure tube 2009 on
the tool mounting plate 1320 such that the proximal closure
tube 2040 can rotate relative to the closure sled 2100, yet
travel axially with the closure sled 2100. In particular, as can
be seen in FIG. 30, the closure sled 2100 has an upstanding
tab 2101 that extends into a radial groove 2063 in the proxi-
mal end portion ofthe proximal closure tube 2040. In addi-
lion, as can be seen in FIGS. 27 and 390,the closure sled 2100
has a tab portion 2102 that extends through a slot 1305 in the
tool mounting plate 1302. The tab portion 2102 is configured
to retain the closure sled 2100 in sliding engagement withthe
tool mounting plate 1302. In various embodiments, the clo-
sure sled 2100 has an upstanding portion 2104 that has a
closure rack gear 2106 formed thereon. The closure rack gear
2106 is configured for driving engagementwith a closure gear
assembly 2110. See FIG. 27.

[0186] In various forms, the closure gear assembly 2110
includes a closure spur gear 2112 that is coupled to a corre-
sponding second oneofthe driven discs or elements 1304 on
the adapter side 1307 of the tool mounting plate 1302. See
FIG. 22. Thus, application of a sccond rotary output motion
from the tool drive assembly 1010 ofthe robotic system 1000
to the corresponding second driven element 1304 will cause
rotation ofthe closure spur gear 2112 whenthe too] mounting
portion 1300 is coupled to the tool drive assembly 1010. ‘The
closure gear assembly 2110 further includes a closure reduc-
tion gear set 2114 that is supported in meshing engagement
with the closure spur gear 2112. As can be seen in FIGS. 26
and 27, the closure reduction gear set 2114 includes a driven
gear 2116 thatis rotatably supported in meshing engagement
with the closure spur gear 2112. The closure reduction gear
set 2114 furtherincludesa first closure drive gear 2118that is
in meshing engagementwitha second closure drive gear 2120
that is rotatably supported on the tool mounting plate 1302 in
meshing engagement with the closure rack gear 2106. Thus,
application of a second rotary output motion [rom the tool
drive assembly 1010 of the robotic system 1000 to the corre-
sponding second driven element 1304 will cause rotation of
the closure spur gear 2112 andthe closure transmission 2110
and ultimately drive the closure sled 2100 and closure tube
assembly 2009 axially. The axial direction in which the clo-
sure tube assembly 2009 movesultimately depends upon the
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direction in which the second driven element 1304is rotated.

For example, in response to one rotary output motion received
fromthe tool drive assembly 1010 ofthe robotic system 1000,
the closure sled 2100 will be driven in the distal direction

“DD”and ultimately drive the closure tube assembly 1009 in
the distal direction. As the distal closure tube 2042 is driven

distally, the end of the closure tube segment 2042 will engage
a portion ofthe anvil 2024 and causethe anvil 2024 to pivot to
a closed position. Upon application of an “opening” out put
motion from the tool drive assembly 1010 of the robotic
system 1000, the closure sled 2100 and shaft assembly 2008
will be driven in the proximal direction “PID”. As the distal
closure tube 2042 is driven in the proximal direction, the
opening 2045 therein interacts with the tab 2027 onthe anvil
2024 to facilitate the opening thereof. In various embodi-
ments, a spring (not shown) may be employedtobiasthe anvil
to the open position when the distal closure tube 2042 has
been moved to its starting position. In various embodiments,
the various gears of the closure gear assembly 2110 are sized
to generate the necessary closure forces needed to satisfacto-
rily close the anvil 2024 onto the tissucto be cut and stapled
by the surgical end effector 2012. For example, the gears of
the closure transmission 2110 may be sized to generate
approximately 70-120 pounds.

[0187] In various embodiments, the cutting instrument
2032 is driven through the surgical cnd effector 2012 bya
knife bar 2200. See FIGS.28 and 30. In at least one form,the
knife bar 2200 maybe fabricated from, for example,stainless
steel or other similar material and has a substantially rectan-
gular cross-sectional shape. Such knile bar configuration is
sufficiently rigid to push the cutting instrument 2032 through
tissue clamped in the surgical end effector 2012, while still
beingflexible enough to enable the surgical end effector 2012
to articulate relative to the proximal closure tube 2040 and the
proximal spine portion 2052 aboutthe articulation axis AA-
AAaswill be discussed in further detail below. As can be seen

in FIGS. 31 and 32, the proximal spine portion 2052 has a
rectangular-shaped. passage 2054 extending therethrough to
provide support to the knife bar 2200 as it is axially pushed
therethrough. The proximul spine portion 2052 has a proxi-
mal end 2056 that is rotatably mounted to a spine mounting
bracket 2057 attached to the tool mounting plate 1032. See
FIG. 30. Such arrangement permits the proximal spine por-
tion 2052 to rotate, but not moveaxially, within the proximal
closure tube 2040.

[0188] As shown inFIG.28,the distal end 2202 of the knile
bar 2200 is attached to the culling instrument 2032. ‘The
proximal end 2204 ofthe knife bar 2200 is rotatably affixed to
a knife rack gear 2206 suchthat the knife bar 2200 is free to
rotate relative to the knife rack gear 2206. See FIG. 39. As can
be seen in FIGS. 24-29, the knife rack gear 2206 is slidably
supported within a rack housing 2210 that is attached to the
tool mounting plate 1302 such that the knife rack gear 2206is
retained in meshing engagement with a knife gear assembly
2220. More specifically and with reference to FIG. 27, in at
least one embodiment, the knife gear assembly 2220 includes
a knife spur gear 2222 that is coupled to a correspondingthird
one ofthe driven discs or elements 1304 on the adapter side
1307 of the tool mounting plate 1302. See FIG. 22. Thus,
application of another rotary output motion fromthe robotic
system 1000 through the tool drive assembly 1010 to the
corresponding third driven element 1304 will cause rotation
of the knife spur gear 2222. The knife gear assembly 2220
furtherincludes a knife gear reduction set 2224 that includes
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a first knife driven gear 2226 and a second knile drive gear
2228. ‘Lhe knife gear reduction set 2224 is rotatably mounted
to the tool mounting plate 1302 suchthat the firs knife driven
gear 2226 is in meshing engagement with the knife spur gear
2222. Likewise, the second knife drive gear 2228 is in mesh-
ing engagement with a third knife drive gear 2230 that is
rotatably supported on the tool mounting plate 1302 in mesh-
ing engagement with the knife rack gear 2206. In various
embodiments, the gears of the knife gear assembly 2220 are
sized to gencrate the forces needed to drive the cutting cle-
ment 2032 through the tissue clamped in the surgical end
eflector 2012 and actuate the staples therein. For example, the
gears of the knife drive assembly 2230 may be sized to gen-
erate approximately 40 to 100 pounds.It will be appreciated
that the application of a rotary output motion fromthe tool
drive assembly 1010 in one direction will result in the axial
movementofthe cutting instrument 2032inadistal direction
and application of the rotary output motion in an opposite
direction will result in the axial travel of the cutting instru-
ment 2032 in a proximaldirection.

[0189] In various embodiments, the surgical tool 1200
employs and articulation system 2007 that includesanarticu-
lationjoint 2011 that enables the surgical end effector 2012 to
be articulated about an articulation axis AA-AA that is sub-

stantially transverse to the longitudinal tool axis LI-LT.In at
Icast one embodiment, the surgical tool 1200 includesfirst
and secandarticulation bars 2250a, 2250that are slidably
supported within corresponding passages 2053 provided
through the proximal spine portion 2052. See FIGS. 30 and
32. In at least one form,the first and second articulauion bars
2250a, 22506 are actuated by an articulation transmission
generally designated as 2249 that is operably supported on
the tool mounting plate 1032. Each of the articulation bars
2250a, 22506 has a proximal end 2252 that has a guide rod
protruding therefrom which extendlaterally through a corre-
sponding slot in the proximal end portion of the proximal
spine portion 2052 and into a correspondingarcuateslot in an
articulation nut 2260 which comprisesa portionofthe articu-
lation transmission. FIG.40 illustratesarticulation bar 2250a.

Tt will be understood that articulation bar 22506is similarly
constructed. As can be seen in FIG, 31, for example, the
articulation bar 2250a has a guide rod 2254 which extends
laterally through a corresponding slot 2058 in the proximal
end portion 2056 of the distal spine portion 2050 and into a
corresponding arcuate slot 2262 inthe articulation nut 2260.
In addition, the articulation bar 2250a has a distal end 2251a
that is pivotally coupledto the distal spine portion 2050 by,
for example, a pin 2253a and articulation bar 22506 has a
distal end 22512 that is pivotally coupled to the distal spine
portion 2050 by, for example, a pin 2253+. In particular, the
articulation bar 2250ais laterally offset in a first lateral direc-
tion from the longitudinal tool axis LT-LT andthe articulation
bar 22506is laterally oflset in a secondlateral direction from
the longitudinaltool axis LI-LI. ‘Uhus, axial movement ofthe
articulation bars 2250a and 22506 in opposing directions will
result in the articulation of the distal spine portion 2050 as
well as the surgical end effector 2012 attached thereto about
the articulation axis AA-AAaswill be discussed in further
detail below.

[0190] Articulation of the surgical end effector 2012 is
controlled by rotating the articulation nut 2260 about the
longitudinal tool axis LT-LT. The articulation nut 2260 is
rotatably journaled on the proximal end portion 2056 of the
distal spine portion 2050 andis rotatably driven thereon by an
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arliculation gear assembly 2270. More specifically and with
reference to FIG. 25, in at least one embodiment,the articu-
lation gear assembly 2270 includes anarticulation spur gear
2272 that is coupled to a corresponding fourth one of the
driven discs or elements 1304 on the adapterside 1307 of the
tool mounting plate 1302. See FIG. 22. Thus, application of
another rotary input motion from the robotic system 1000
through the tool drive assembly 1010 to the corresponding
fourthdriven element 1304 will cause rotation of the articu-

lation spur gear 2272 whenthe interface 1230 is coupled to
the tool holder 1270. An articulation drive gear 2274is rotat-
ably supported on the tool mounting plate 1302 in meshing
engagement with the articulation spur gear 2272 and a gear
portion 2264 ofthe articulation nut 2260 as shown. As can be
seen in FIGS. 30 and 31, the articulation nut 2260 has a
shoulder 2266 formed thereon that defines an annular groove
2267 for receiving retaining posts 2268 therein. Retaining
posts 2268 are attached to the tool mounting plate 1302 and
serve to preventthe articulation nut 2260 from moving axially
on the proximal spine portion 2052 while maintaining the
ability to be rotated relative thereto. Thus, rotation of the
articulation nut 2260ina first direction, will result in the axial
movementofthe articulation bar 2250q in a distal direction
“DD”and the axial movementofthe articulation bar 22505 in

a proximal direction “PD” because of the interaction of the
guide rods 2254 withthe spiral slots 2262 in the articulation
gear 2260. Similarly, rotation ofthe articulation nut 2260 ina
second direction that is opposite to the first direction will
result in the axial movementofthearticulation bar 2250a in

the proximal direction “PD”as well as cause articulation bar
22506 to axially movein the distal direction “DD”. Thus, the
surgical end effector 2012 maybe selectively articulated
aboutarticulation axis “AA-AA”ina first direction “FD” by
simultaneously moving the articulation bar 2250a inthe dis-
tal direction “DD”andthe articulation bar 22506 inthe proxi-
maldirection “PD”. Likewise, the surgical end effector 2012
maybe selectively articulated about the articulation axis
“AA-AA” in a second direction “SD” by simultancously
moving the articulation bar 2250a in the proximaldirection
“PT” and the articulation bar 22504 in the distal direction
“TDD?” See FIG. 23.

[0191] The tool embodiment described above employs an
interface arrangement that is particularly well-suited for
mounting the robotically controllable medical tool onto at
least one form of robotic arm arrangement that generates at
least four different rotary control motions. ‘Those of ordinary
skill in the art will appreciate that such rotary outpul motions
maybe selectively controlled throughthe programmable con-
trol systems employed bythe robotic system/controller. For
example, the tool arrangement described above may be well-
suited for use with those robotic systems manufactured by
Intuitive Surgical, Inc. of Sunnyvale, Calif., U.S.A., many of
which may be described in detail in various patents incorpo-
rated herein by reference. The unique and novel aspects of
various embodimentsofthe present invention serve to utilize
the rotary output motions supplied by the robotic system to
generate specific control motions having sufficient magni-
tudes that enable end effectors to cut and staple tissue. Thus,
the unique arrangements and principles of various embodi-
ments of the present invention may enable a variety ofdiffer-
ent formsofthe tool systems disclosed and claimedherein to
be effectively employed in connection with other types and
forms of robotic systems that supply programmed rotary or
other output motions. In addition, as will become further
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apparent as the present Detailed Description proceeds, vari-
ous end effector embodiments ofthe present invention that
require other forms of actuation motions mayalso be effec-
tively actuated utilizing one or more of the control motions
generated bythe robotic system.

[0192] FIGS. 34-38 illustrate yet another surgical tool 2300
that may be ellectively employed in connection with the
robotic system 1000 that has a tool drive assembly that is
operably coupled to a controller of the robotic systemthatis
operable by inputs from an operator and whichis configured
to provide at least one rotary output motion to at least one
rotatable body portion supported on the tool drive assembly.
In various forms, the surgical tool 2300 includes a surgical
end effector 2312 that includes an elongated channel 2322
and a pivotally translatable clamping member, such as an
anvil 2324, which are maintained. at a spacing that assures
eflective stapling and severing oftissue clampedin the sur-
gical end ellector 2312. As shownin the illustrated embodi-
ment, the surgical end effector 2312 may include, in addition
to the previously-mentioned elongated channel 2322 and
anvil 2324, a cutting instrument 2332 that has a sled portion
2333 formed thereon, a surgical staple cartridge 2334 thatis
seated in the elongated channel 2322, and a rotary endeffec-
tor drive shaft 2336 that has a helical screw thread formed

thereon. The cutting instrument 2332 maybe, for example, a
knife. As will be discussed in further detail below, rotation of
the end effector drive shaft 2336 will cause the cutting instru-
ment 2332 and sled portion 2333to axially travel through the
surgical staple cartridge 2334 to move between a starting
position and an ending position. ‘The direction ofaxial travel
of the cutting instrument 2332 depends uponthe direction in
whichthe end effector drive shaft 2336 is rotated. The anvil

2324 may be pivotably opened and closed at a pivot point
2325 connectedto the proximate endofthe elongated channel
2322. The anvil 2324 may also include a tab 2327 at its
proximate end that operablyinterfaces with a component of
the mechanical closure system (described further below) to
open and close the anvil 2324. Whenthe end. effector drive
shaft 2336 is rotated, the cutting instrument 2332 and sled
2333 will travel longitudinally through the surgical staple
cartridge 2334 fromthe starting position to the ending posi-
tion, thereby culling issue clamped within the surgical end
effector 2312. The movement of the sled 2333 through the
surgical staple cartridge 2334 causes the staples therein to be
driven throughthe severed tissue and against the closed anvil
2324, which turnsthe staples to fasten the severed tissue. In
one form, the elongated channel 2322 andthe anvil 2324 may
be madeofan electrically conductive material (such as metal)
so that they may serve as part of the antenna that communi-
cates with sensor(s) in the end effector, as described above.
The surgical staple cartridge 2334 could be made of a non-
conductive material (such as plastic) and the sensor may be
connected to or disposed in the surgical staple cartridge 2334,
as described above.

[0193] Itshould be noted that although the embodiments of
the surgical tool 2300 described herein employ a surgical end
effector 2312 that staples the severedtissue, in other embodi-
ments different techniques for lastening or sealing the sev-
ered tissue may be used. For example, end effectors that use
RF energy or adhesives to fasten the severed tissue mayalso
be used. U.S. Pat. No. 5,709,680, entitledELECTROSUR-
GICAL HEMOSTATIC DEVICE, whichissued on Jan. 20,
1998, and U.S.Pat. No. 5,688,270, entitledELECTROSUR-
GICAL HEMOSTATIC DEVICE WITII RECESSED AND/
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OR OFFSET ELECTRODESwhichissued on Nov. 18, 1997,
whichare incorporated herein byreference, discloses cutting
instruments that use RF energyto fasten the severed tissue.
USS, patent application Ser. No. 11/267,811, entitled SURGI-
CAL STAPLING INSTRUMENTS STRUCTURED FOR
DELIVERY OF MEDICAL AGENTS, now U.S. Pat. No.
7,673,783, which issued on Mar. 9, 2010 and US. patent
application Ser. No. 11/267,363, to Shelton et al., which are
also incorporated hercin by reference, disclose cutting instru-
ments that use adhesivesto fasten the severed tissue. Accord-

ingly, although the description herein refers to cutting/sta-
pling operationsandthe like,il should be recognizedthat this
is an exemplary embodiment and is not meantto be limiting.
Othertissue-fastening techniques mayalso be used.

[0194] In the illustrated embodiment, the surgical end
effector 2312 is coupled to an elongated shaft assembly 2308
that is coupled to a too] mounting portion 2460 and defines a
longitudinal tool axis LT-LT. In this embodiment, the elon-
gated shaft assembly 2308 does not include an articulation
joint. Those of ordinaryskill in the art will understand that
other embodiments may have anarticulationjoint therein. In
at least one embodiment, the elongated shaft assembly 2308
comprises a hollow outer tube 2340 that is rotatably sup-
ported on a tool mounting plate 2462 of a tool mounting
portion 2460 as will be discussed in further detail below. In
various embodiments, the clongated shaft assembly 2308
further includes a distal spine shaft 2350. Distal spine shaft
2350 has a distal end portion 2354 that is coupled to, or
otherwise integrally formed with, a distal stationary base
portion 2360 thal is non-movably coupled to the channel
2322. See FIGS. 35-37.

[0195] As shownin FIG. 35,the distal spine shaft 2350 has
a proximal end portion 2351 thatis slidably received within a
slot 2355 in a proximal spine shaft 2353 that is non-movably
supported within the hollow outer tube 2340 by at least one
support collar 2357. As can be lurther seen in FIGS. 35 and
36, the surgical tool 2300 includes a closure tube 2370 thatis
constrained to only moveaxiallyrelative to the distal station-
ary base portion 2360. The closure tube 2370 has a proximal
end 2372 that has an internal thread 2374 formedtherein that

is in threaded engagementwith a transmission arrangement,
generally depicted as 2375 that is operably supported on the
tool mounting plate 2462. In various forms, the transmission
arrangement 2375 includes a rotary drive shaft assembly,
generally designated as 2381. When rotated, the rotary drive
shall assembly 2381 will cause the closure tube 2370 to move
axially as will be describe in further detail below. In at least
one form, the rotary drive shaft assembly 2381 includes a
closure drive nut 2382 ofa closure clutch assemblygenerally
designated as 2380. More specifically, the closure drive nut
2382 has a proximal end portion 2384thatis rotatably sup-
ported relative to the outer tube 2340 and is in threaded
engagement with the closure tube 2370. For assembly pur-
poses, the proximal end portion 2384 may be threadably
attached to a retention ring 2386. Retention ring 2386, in
cooperation with an end 2387 of the closure drive nut 2382,
defines an annularslot 2388 into which a shoulder 2392 of a

locking collar 2390 extends. ‘The locking collar 2390 is non-
movably attached (e.g., welded, glued,etc.) to the end of the
outer tube 2340. Such arrangementserves to affix the closure
drive nut 2382 to the outer tube 2340 while enabling the
closure drive nut 2382 to rotate relative to the outer tube 2340.
The closure drive nut 2382 further has a distal end 2383 that

hasa threaded portion 2385 that threadably engagestheinter-
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nal thread 2374 ofthe closure tube 2370. Thus, rotation ofthe
closure drive nut 2382 will cause the closure tube 2370 to

moveaxially as represented by arrow “D”in FIG. 36.

[0196] Closure of the anvil 2324 and actuationof the cut-
ting instrument 2332 are accomplished by control motions
that are transmitted by a hollow drive sleeve 2400. As can be
seen in FIGS. 35 and 36, the hollowdrive sleeve 2400 is
rotatably andslidably received on thedistal spine shaft 2350.
Thedrive sleeve 2400 has a proximal end portion 2401 that is
rotatably mounted to the proximal spine shaft 2353 that pro-
trudes [rom the too] mounting portion 2460 suchthat the drive
sleeve 2400 mayrotate relative thereto. See FIG. 35. As can
also be seen in FIGS. 35-37, the drive sleeve 2400 is rotated
about the longitudinaltool axis “LT-LT”by a driveshaft 2440.
The drive shaft 2440 has a drive gear 2444 that is attached to
its distal end 2442 and is in meshing engagement with a
driven gear 2450 that is attached to the drive sleeve 2400.

[0197] ‘The drive sleeve 2400 further has a distal end por-
tion 2402 that is coupled to a closure clutch 2410 portion of
the closure clutch assembly 2380 that has a proximal face
2412 and a distal face 2414. The proximal face 2412 has a
series ofproximal teeth 2416 formedthereonthat are adapted
for selective engagement with corresponding proximal teeth
cavities 2418 formed in the proximal end portion 2384 of the
closure drive nut 2382. Thus, when the proximal tecth 2416
are in meshing engagement with the proximal tecth cavities
2418 in the closure drive nut 2382, rotation ofthe drive sleeve
2400 will result in rotation ofthe closure drive nut 2382 and

ultimately cause the closure tube 2370 to move axially as will
be discussed in further detail below.

[0198] Ascan be mostparticularly seen in FIGS. 35 and 36,
the distal face 2414 of the drive clutch partion 2410 has a
series ofdistal teeth 2415 formed thereon that are adapted for
selective engagement with correspondingdistal teeth cavities
2426 formed in a face plate portion 2424 ofa knile drive shalt
assembly 2420. In various embodiments,the knife drive shaft
assembly 2420 comprises a hollow knife shaft segment 2430
that is rotatably received on a corresponding portion of the
distal spine shaft 2350 that is attachedto or protrudes from the
stationary base 2360. Whenthe distal teeth 2415 ofthe clo-
sure clutch portion 2410 are in meshing engagementwith the
distal tecth cavities 2426 in the face plate portion 2424, rota-
tion ofthe drive sleeve 2400 will result in rotation ofthe drive

shaft segment 2430 about the stationaryshaft 2350. As can be
seen in FIGS. 35-37, a knife drive gear 2432is attachedto the
drive shalt segment 2430 and is meshing engagement with a
drive knife gear 2434 that is attached to the end effector drive
shaft 2336. Thus, rotation ofthe drive shaft segment 2430 will
result in the rotation of the end effector drive shaft 2336 to

drive the cutting instrument 2332 and sled 2333 distally
through the surgical staple cartridge 2334 to cut and staple
tissue clamped within the surgical end effector 2312. The sled
2333 may be made of, for example, plastic, and may have a
sloped distal surface. As the sled 2333 traverses the clongated
channel 2322, the sloped forward surface of the sled 2333
pushesup or “drive”the staples in the surgical staple cartridge
2334 through the clamped tissue and against the anvil 2324.
‘The anvil 2324 turns or “forms”the staples, thereby stapling
the severed tissue. As used herein, the term“fire” refers to the
initiation of actions required to drive the cutting instrument
and sled portion in a distal direction through the surgical
staple cartridge to cut the tissue clamped in the surgical end
effector and drive the staples through the severed tissue.
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[0199] Inuse,il maybe desirableto rotate the surgical end
effector 2312 about the longitudinal tool axis T-T-I-T. In at
Icast one embodiment, the transmission arrangement 2375
includesa rotational transmission assembly 2465thatis con-
figured to receive a corresponding rotary output motion from
the tool drive assembly 1010 ofthe robotic system 1000 and
convert that rolary oulpul motion to a rotary control motion
for rotating the elongated shaft assembly 2308 (and surgical
end effector 2312) about the longitudinal tool axis LT-LT. As
can be seenin FIG. 38,a proximal end 2341 ofthe outer tube
2340 is rotatably supported withina cradle arrangement 2343
attachedto the tool mounting plate 2462ofthe tool mounting
portion 2460. A rotation gear 2345 is formedonor attached to
the proximal end 2341 ofthe outer tube 2340 ofthe clongated
shaft assembly 2308 for meshing engagement with a rotation
gear assembly 2470 operably supported onthe tool mounting
plate 2462. In at least one embodiment, a rotation drive gear
2472 is coupled to a correspondingfirst one ofthe driven discs
or elements 1304 on the adapter side of the too] mounting
plate 2462 whenthe too! mounting portion 2460 is coupled to
the tool drive assembly 1010. See FIGS. 22 and 38. The
rotation drive assembly 2470 further comprises a rotary
driven gear 2474 that is rotatably supported on the tool
mounting plate 2462 in meshing engagement with the rota-
tion gear 2345 andthe rotation drive gear 2472. Application
of a first rotary output motion fromthe robotic system 1000
through the tool drive assembly 1010 to the corresponding
driven element 1304 will thereby cause rotation ofthe rota-
tion drive gear 2472 by virtue of being operably coupled
thereto. Rotation of the rotation drive gear 2472 ultimately
results in the rotation of the elongated shaft assembly 2308
(and the end effector 2312) about the longitudinal tool axis
LT-LT (primaryrotary motion).

[0200] Closure of the anvil 2324relative to the staple car-
tridge 2034 is accomplished by axially moving the closure
tube 2370in the distal direction “DD”. Axial movementofthe
closure tube 2370 in the distal direction “DD” is accom-

plished by applying a rotary control motion to the closure
drive nut 2382. To apply the rotary control motion to the
closure drive nut 2382, the closure clutch 2410 mustfirst be
brought into meshing engagement with the proximal end
portion 2384 ofthe closuredrive nut 2382. In various embodi-
ments, the transmission arrangement 2375 further includes a
shifter drive assembly 2480 that is operably supported on the
tool mounting plate 2462. More specifically and with refer-
ence to FIG. 38, it can be seen that a proximal end portion
2359 ofthe proximalspine portion 2353 extends through the
rotation gear 2345 andis rotatably coupled to a shifter gear
rack 2481 that is slidably affixed to the tool mounting plate
2462 through slots 2482. The shifter drive assembly 2480
further comprises a shifter drive gear 2483 that is coupled to
a corresponding second one ofthe driven discs or elements
1304 on the adapterside ofthe too] mounting plate 2462 when
the tool mounting portion 2460 is coupled to the tool holder
1270. Sce FIGS. 22 and 38. The shifter drive assembly 2480
further comprises a shifter driven gear 2478 that is rotatably
supported on the tool mounting plate 2462 in meshing
engagement with the shiller drive gear 2483 and the shifter
rack gear 2482. Application ofa second rotary output motion
fromthe robotic system 1000 throughthe tool drive assembly
1010 to the corresponding driven element 1304 will thereby
causerotationofthe shifter drive gear 2483 by virtue ofbeing
operably coupled thereto. Rotation of the shifter drive gear
2483 ultimately results in the axial movementof the shifter
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gear rack 2482 and the proximalspine portion 2353 as well as
the drive sleeve 2400 and the closure clutch 2410 attached
thereto. The direction of axial travel of the closure clutch

2410 depends uponthe direction in which the shifter drive
gear 2483 is rotated by the robotic system 1000. Thus, rota-
tion ofthe shifter drive gear 2483ina first rotary directionwill
result in the axial movementofthe closure clutch 2410 in the

proximaldirection “PD”to bring the proximalteeth 2416 into
meshing engagementwith the proximal tecth cavitics 2418in
the closure drive nut 2382. Conversely,rotation of the shifter
drive gear 2483 in a second rotary direction (opposite to the
first rotary direction) will result in the axial movementofthe
closure clutch 2410 in the distal direction “DD” to bring the
distal teeth 2415 into meshing engagement with correspond-
ing distal teeth cavities 2426 formedinthe face plate portion
2424 ofthe knife drive shaft assembly 2420.
[0201] Once the closure clutch 2410 has been broughtinto
meshing engagement with the closure drive nut 2382, the
closure drive nut 2382 is rotated by rotating the closure clutch
2410. Rotation of the closure clutch 2410 is controlled by
applying rotary output motionsto a rotarydrive transmission
portion 2490 of transmission arrangement 2375 that is oper-
ably supported on the tool mounting plate 2462 as shownin
FIG. 38. In at least one embodiment, the rotary drive trans-
mission 2490 includes a rotary drive assembly 2490" that
includes a gear 2491 that is coupled to a corresponding third
one ofthe drivendiscs or elements 1304 on the adapterside of
the tool mounting plate 2462 when the tool mounting portion
2460is coupledto the tool holder 1270. See FIGS. 22 and 38.
Therotary drive transmission 2490 further comprisesa first
rotarydriven gear 2492 that is rotatably supported onthe tool
mounting plate 2462 in meshing engagement with a second
rotary driven gear 2493 and the rotary drive gear 2491. The
second rotary driven gear 2493 is coupled to a proximal end
portion 2443 ofthe drive shali 2440.
[0202] Rotation ofthe rotary drive gear 2491 ina first rotary
direction will result in the rotation ofthe drive shaft 2440 ina

first direction. Conversely, rotation of the rotary drive gear
2491 in a secondrotary direction (opposite to the first rotary
direction) will cause the drive shaft 2440 to rotate ina second
direction. As indicated above,the drive shaft 2440 has a drive
gear 2444 that is attached to its distal end 2442 andis in
meshing engagementwith a driven gear 2450 that is attached
to the drive sleeve 2400. Thus,rotation ofthe drive shaft 2440
results in rotation of the drive sleeve 2400.

[0203] A method ofoperating the surgical tool 2300 will
now be described. Once the tool mounting portion 2462 has
been operably coupled to the tool holder 1270 ofthe robotic
system 1000 and oriented into position adjacent the target
tissue to be cut andstapled, if the anvil 2334 is not already in
the open position (IG. 35), the robotic system 1000 may
applythe first rotary output motion to the shifter drive gear
2483 which results in the axial movement of the closure

clutch 2410 into meshing engagementwith the closure drive
nut 2382(if it is not already in meshing engagementthere-
with). See FIG. 36. Once the controller 1001 of the robotic
system 1000 has confirmed that the closure clutch 2410 is
meshing engagement with the closure drive nul 2382 (e.g., by
means of sensor(s)) in the surgical end effector 2312 that are
in communication with the robotic control system), the
robotic controller 1001 may then apply a secondrotary output
motion to the rotary drive gear 2492 which, as was described
above, ultimately results in the rotation ofthe rotary drive nut
2382 in the first direction which results in the axial travel of
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the closure tube 2370 in the distal direction “DD”. As the

closure tube 2370 movedin the distal direction,it contacts a
portion ofthe anvil 2323 and causesthe anvil 2324 to pivot to
the closed position to clampthe target tissue between the anvil
2324 and the surgical staple cartridge 2334. Once the robotic
controller 1001 determines that the anvil 2334 has beenpiv-
oled to the closed position by corresponding sensor(s) in the
surgical end effector 2312 in communication therewith, the
robotic system 1000 discontinucs the application of the sec-
ond rotary output motion to the rotary drive gear 2491. The
robotic controller 1001 mayalso provide the surgeon with an
indication that the anvil 2334 has been fully closed. The
surgeon maytheninitiate the firing procedure. Inalternative
embodiments, the firing procedure maybe automatically ini-
tiated by the robotic controller 1001. The robotic controller
1001 then applies the primaryrotary control motion 2483 to
the shifter drive gear 2483 whichresults in the axial move-
ment of the closure clutch 2410 into meshing engagement
with the face plate portion 2424 of the knife drive shaft
assembly 2420. See FIG. 46. Oncethe controller 1001 of the
robotic system 1000 has confirmed. that the clasure clutch
2410 is meshing engagementwiththe face plate portion 2424
(by means ofsensor(s)) in the end eflector 2312 that are in
communication with the robotic controller 1001), the robotic
controller 1001 may then apply the second rotary output
motion to the rotary drive gear 2492 which, as was described
above, ultimately results in the axialmovementofthe cutting
instrument 2332 and sled portion 2333 inthe distal direction
“DD”through the surgical staple cartridge 2334. As the cut-
ting instrument 2332 moves distally through the surgical
staple cartridge 2334, the tissue clamped therein is severed.
Asthe sled portion 2333 is drivendistally, it causes the staples
within the surgical staple cartridge to be driven through the
severed tissue into forming contact with the anvil 2324. Once
the robotic controller 1001 bas determined that the cutting
instrument 2324 has reached the end position within the sur-
gical staple cartridge 2334 (by meansof sensor(s)) in the end
effector 2312 that are in communication with the robotic

controller 1001), the robotic controller 1001 discontinues the
application of the second rotary output motion to the rotary
drive gear 2491. Thereafter, the robotic controller 1001
applies the secondary rotary output motion to the rotary drive
gear 2491 which ultimately results in the axial travel of the
cutting instrument 2332 and sled partion 2333inthe proximal
direction “PD”to the starting position. Once the robotic con-
troller 1001 has determined that the culling instrument 2324
has reached the starting position by means of sensor(s) in the
surgical end effector 2312 that are in communication with the
robotic controller 1001, the robotic controller 1001 discon-
tinues the application of the secondary rotary output motion
to the rotary drive gear 2491. Thereafter, the robotic control-
ler 1001 applies the primary rotary output motion to the
shifter drive gear 2483 to cause the closure clutch 2410 to
move into engagement with the rotary drive nut 2382. Once
the closure clutch 2410 has becnmoved into meshing cngage-
ment with the retary drive nut 2382, the robotic controller
1001 then applies the secondary output motion to the rotary
drive gear 2491 which ultimatelyresults in the rotation ofthe
rotary drive nut 2382 in the second direction to cause the
closure tube 2370 to movein the proximal!direction “PD”. As
can be seen in FIGS. 35-37, the closure tube 2370 has an
opening 2345 therein that engages the tab 2327 onthe anvil
2324 to cause the anvil 2324 to pivot to the open position. In
alternative embodiments, a spring may also be employed to

Sep. 11, 2014

pivol the anvil 2324 to the open position when the closure
tube 2370 has been returnedto thestarting position (FIG.35).

[0204] FIGS. 39-43 illustrate yet another surgical tool 2500
that may be effectively employed in connection with the
robotic system 1000. Tn various forms, the surgical tool 2500
includes a surgical end effector 2512 that includes a “first
portion” in the form of an elongated channel 2522 and a
“second movable portion”in the form of a pivotally translat-
able clamping member, such as an anvil 2524, which are
maintained at a spacing, that assures effective stapling and
severing oftissue clamped in the surgical end elfector 2512.
As shown in the illustrated embodiment, the surgical end
effector 2512 may include, in addition to the previously-
mentioned clongated channel 2522 and anvil 2524, a “third
movable portion” in the form of a cutting instrument 2532, a
sled (not shown), and a surgical staple cartridge 2534 thatis
removablyseated in the elongated channel 2522. The cutting
instrument 2532 maybe, for example, a knife. The anvil 2524
maybe pivotably opened and closed at a pivot point 2525
connected to the proximate end of the elongated channel
2522. The anvil 2524 may also include a tab 2527 at its
proximate endthat is configured to operablyinterface with a
componentofthe mechanical closure system (described fur-
ther below) to open and close the anvil 2524. When actuated,
the knife 2532 andsled travel longitudinally along the clon-
gated. channel 2522, therebycutting tissuc clamped within the
surgical end effector 2512. The movementofthe sled along
the elongated channel 2522 causesthe staples ofthe surgical
staple cartridge 2534 to be driven throughthe severed tissue
and against the closed anvil 2524, which turns the staples to
fasten the severed tissue. In one form, the elongated channel
2522 and the anvil 2524 may be made of an electrically
conductive material (such as metal) so that they may serve as
part of the antenna that communicates with sensor(s) in the
surgical end effector, as described above. The surgical staple
cartridge 2534 could be made of a nonconductive material
(such as plastic) and the sensor may be connected to or dis-
posed in the surgical staple cartridge 2534, as described
above.

[0205] It should be noted that although the embodiments of
the surgical tool 2500 described herein employ a surgical end
effector 2512 that staples the severed tissue, in other embodi-
ments different techniques for fastening or sealing the sev-
ered tissue may be used. For example, end effectors that use
RFenergy or adhesives to fasten the severed tissue mayalso
be used. U.S. Pal. No. 5,709,680, entitledELECTROSUR-
GICAL HEMOSTATLIC DEVICE whichissued on Jan. 20,
1998, and U.S. Pat. No. 5,688,270,entitledELECTROSUR-
GICAL HEMOSTATIC DEVICE WITH RECESSED AND/
OR OLFTSET ELECTRODES, which issued on Nov. 18,
1997, which are incorporated herein by reference, discloses
cutting instruments that use RF energyto fasten the severed
tissue. U.S. patent application Ser. No. 11/267,811, entitled
SURGICAL STAPLING INSTRUMENTS STRUCTURED

FOR DELIVERY OF MEDICAT. AGENTS, nowU.S.Pat.
No. 7,673,783, which issued on Mar. 9, 2010, and U.S. patent
application Ser. No. 11/267,363, to Shelton et al., which are
also incorporated hereinby reference, disclose cutting instru-
ments that use adhesives to fasten the severed tissue. Accord-

ingly, although the description herein refers to cutting/sta-
pling operationsandthe like, it should be recognizedthatthis
is an exemplary embodimentand is not meant to be limiting.
Othertissue-fastening techniques may also be used.
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[0206] In the illustrated embodiment, the elongated chan-
nel 2522 of the surgical end effector 2512 is coupled to an
elongated shaft assembly 2508 that is coupled to a tool
mounting portion 2600. In at least one embodiment,the elon-
gated shaft assembly 2508 comprises a hollow spine tube
2540 that is non-movably coupled to a tool mounting plate
2602 of the tool mounting portion 2600. As can be seen in
FIGS. 40 and 41, the proximal end 2523 of the elongated
channel 2522 comprisesa hollow tubularstructure configured
to be attachedto the distal end 2541 ofthe spine tube 2540. In
one embodiment, for example, the proximal end 2523 ofthe
elongated channel 2522 is weldedor gluedto the distal end of
the spine tube 2540.
[0207] As canbe further seen in FIGS.40 and 41, in atleast
one non-limiting embodiment, the surgical tool 2500 further
includes an axially movable actuation memberin the form of
aclosure tube 2550 thatis constrained to moveaxially relative
to the elongated channel 2522 and the spine tube 1540. The
closure tube 2550 has a proximal end 2552that hasan internal
thread 2554 formed therein that is in threaded engagement
witha rotatably movable portion in the form ofa closure drive
nut 2560. More specifically, the closure drive nut 2560 has a
proximalend portion 2562that is rotatably supported relative
to the elongated channel 2522 and the spine tube 2540. For
assembly purposes, the proximal end portion 2562is thread-
ablyattached to a retentionring 2570. The retention ring 2570
is received in a groove 2529 formed between a shoulder 2527
onthe proximal end 2523 ofthe elongated channel 2522 and
the distal end 2541 ofthe spine tube 1540. Such arrangement
serves to rotatably support the closure drive nut 2560 within
the elongated channel 2522. Rotation of the closure drive nut
2560 will cause the closure tube 2550 to moveaxially as
represented. by arrow “D”in FIG. 40.
[0208] Extending through the spine tube 2540 andthe clo-
sure drive nul 2560 is a drive member which,in at least one
embodiment, comprises a knife bar 2580 that has a distal end
portion 2582 that is rotatably coupled to the cutting instru-
ment 2532 such that the knife bar 2580 mayrotate relative to
the cutting instrument 2582. As can be seen in FIG. 40-42, the
closure drive nut 2560 hasa slot 2564 therein through which
the knife bar 2580 can slidably extend. Such arrangement
permits the knife bar 2580 to move axially relative to the
closure drive nut 2560. However, rotation of the knife bar
2580 about the longitudinal tool axis LT-LT will also result in
the rotation of the closure drive nut 2560. The axial direction

in which the closure tube 2550 moves ultimately depends
uponthe direction in which the knife bar 2580 and the closure
drive nut 2560 are rotated. As the closure tube 2550 is driven

distally, the distal end thereofwill contact the anvil 2524 and
cause the anvil 2524 to pivot to a closed position. Upon
application of an opening rotary output motion from the
robotic system 1000, the closure tube 2550 will be driven in
the proximal direction “PD” and pivot the anvil 2524 to the
open position by virtue of the engagement of the tab 2527
with the opening 2555 in the closure tube 2550.
[0209] In use,it maybe desirable to rotate the surgical end
effector 2512 about the longitudinal tool axis T-T-I-T. In at
least one embodiment, the tool mounting portion 2600 is
configured to receive a corresponding first rotary output
motion from the robotic system 1000 and convert that first
rotary output motionto a rotary control motion for rotating
the elongated shaft assembly 2508 aboutthe longitudinal tool
axis LT-LT. As can be seen in F'IG. 38, a proximal end 2542 of
the hollow spine tube 2540 is rotatably supported within a
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cradle arrangement 2603 allached to a tool mounting plate
2602 of the tool mounting portion 2600. Various embodi-
ments of the surgical too! 2500 further include a transmission
arrangement, generally depicted as 2605, that is operably
supported on the tool mounting plate 2602. In various forms
the transmission arrangement 2605 include a rotation gear
2544that is formed on or attached to the proximal end 2542
of the spine tube 2540 for meshing engagement with a rota-
tion drive assembly 2610 that is operably supported on the
tool mounting plate 2602. In at least one embodiment, a
rotation drive gear 2612 is coupled to a correspondingfirst
one ofthe rotational bodies, driven discs or elements 1304 on
the adapter side ofthe tool mounting plate 2602 whenthe tool
mounting portion 2600 is coupled to the tool holder 1270. See
FIGS. 22 and 43. The rotation drive assembly 2610 further
comprises a rotary driven gear 2614 that is rotatably sup-
ported on the tool mounting plate 2602 in meshing engage-
ment with the rotation gear 2544 andthe rotation drive gear
2612. Application of a first rotary output motion from the
robotic system 1000 through the tool drive assembly 1010 to
the corresponding driven rotational body 1304 will thereby
cause rotation of the rotation drive gear 2612 byvirtue of
being operably coupled thereto. Rotation ofthe rotation drive
gear 2612 ultimately results in the rotation ofthe elongated
shaft assembly 2508 (and the end effector 2512) about the
longitudinal tool axis LT-LT.

[0210] Closure of the anvil 2524 relative to the surgical
staple cartridge 2534 is accomplished by axially moving the
closure tube 2550 in the distal direction “DD”. Axial move-
ment ofthe closure tube 2550in the distal direction “DD”is

accomplished by applying a rotary control motion to the
closure drive nut 2382. In various embodiments, the closure
drive nut 2560 is rotated byapplying a rotary output motion to
the knife bar 2580. Rotation of the knife bar 2580 is con-

trolled by applying rotary output motionsto a rotary closure
system 2620 that is operably supported on the tool mounting
plate 2602 as shownin FIG. 43. In at least one embodiment,
the rotary closure system 2620 includesa closure drive gear
2622 that is coupled to a corresponding second one of the
driven rotatable body portionsdiscs or elements 1304 on the
adapter side of the tool mounting plate 2462 when the tool
mounting portion 2600 is coupled to the tool holder 1270. See
FIGS. 22 and 43. The closure drive gear 2622,in at least one
embodiment, is in meshing driving engagement with a clo-
sure gear train, generally depicted as 2623. The closure gear
drive rain 2623 comprisesa first driven closure gear 2624that
is rotatably supported on the tool mounting plate 2602. The
first closure driven gear 2624 is attached to a second closure
driven gear 2626 bya drive shaft 2628. The second closure
driven gear 2626 is in meshing engagement with a third
closure driven gear 2630 that is rotatably supported on the
tool mounting plate 2602, Rotation ofthe closure drive gear
2622 in a second rotary direction will result in the rotation of
the third closure driven gear 2630 in a second direction.
Conversely, rotation of the closure drive gear 2483 in a sec-
ondary rotary direction (opposite to the second rotarydirec-
tion) will cause the third closure driven gear 2630 to rotate in
a secondarydirection.

[0211] As can be seen in FIG. 43, a drive shaft assembly
2640 is coupled to a proximal end of the knife bar 2580. In
various embodiments,the drive shaft assembly 2640 includes
a proximal portion 2642 that has a square cross-sectional
shape. The proximal portion 2642 is configured to slideably
engage a correspondingly shaped aperture in the third driven

Ethicon Exhibit 2009.113

Intuitive v. Ethicon

IPR2018-00935



Ethicon Exhibit 2009.114 
Intuitive v. Ethicon 

IPR2018-00935

US 2014/0252071 Al

gear 2630. Such arrangement results in the rotation ofthe
drive shaft assembly 2640 (and knife bar 2580) whenthe third
driven gear 2630 is rotated. The drive shaft assembly 2640 is
axially advanced in the distal and proximal directions by a
knife drive assembly 2650. One form of the knife drive
assembly 2650 comprises a rotary drive gear 2652 that is
coupled to a corresponding third one ofthe drivenrotatable
body portions, discs or elements 1304 on the adapter side of
the tool mounting plate 2462 whenthe tool mounting portion
2600 is coupled to the tool holder 1270. See FIGS. 22 and 43.
The rotary driven gear 2652 is in meshing driving engage-
ment with a gear train, generally depicted as 2653. In at least
one form, the gear train 2653 further comprisesa first rotary
driven gear assembly 2654 that is rotatably supported on the
tool mounting plate 2602. Thefirst rotary driven gcar assem-
bly 2654 is in meshing engagementwith a third rotary driven
gear assembly 2656 that is rotatably supported on the tool
mounting plate 2602 and which is in meshing engagement
with a fourth rotary driven gear assembly 2658 that is in
meshing engagement with a threaded portion 2644 of the
drive shaft assembly 2640. Rotation of the rotary drive gear
2652 in a third rotary direction will result in the axial
advancementofthe drive shaft assembly 2640 and knife bar
2580in the distal direction “DD”. Conversely, rotation of the
rotary drive gear 2652 in a tertiary rotary direction (opposite
to the third rotary direction) will cause the drive shaft assem-
bly 2640 and the knife bar 2580 to move in the proximal
direction.

[0212] A method of operating the surgical tool 2500 will
now be described. Once the tool mounting portion 2600 has
been operably coupled to the tool holder 1270 ofthe robotic
system 1000, the robotic system 1000 canorient the surgical
end effector 2512 in pasition adjacent thetarget tissue to be
cut and stapled. If the anvil 2524 is not already in the open
position (FIG. 49), the robotic system 1000 may apply the
second rotary output motion to the closure drive gear 2622
whichresults in the rotation of the knife bar 2580 in a second
direction. Rotation of the knife bar 2580 in the second direc-
tion results in the rotation of the closure drive nut 2560 in a
second direction. As the closure drive nut 2560 rotates in the

seconddirection,the closure tube 2550 movesinthe proximal
direction “PD”. As the closure tube 2550 movesin the proxi-
mal direction “PD”, the tab 2527 onthe anvil 2524 interfaces
with the opening, 2555 in the closure tube 2550 and causes the
anvil 2524 to pivot to the open position. In addition or in
allernalive embodiments, a spring (nol shown) may be
employed to pivot the anvil 2354 to the open position when
the closure tube 2550 has been returned to the starting posi-
tion (FIG. 40). The opened surgical end effector 2512 may
then be manipulated by the robotic system 1000 to position
the target tissue between the open anvil 2524 andthe surgical
staple cartridge 2534. Thereafter, the surgeon mayinitiate the
closure processby activating the robotic control system 1000
to apply the second rotary output motionto the closure drive
gear 2622 which, as was described above, ultimately results
in the rotation of the closure drive nut 2382 in the second
direction which results in the axial travel of the closure tube
2250 in the distal direction “DD”. As the closure tube 2550

moves in the distal direction, it contacts a portion ofthe anvil
2524 and causes the anvil 2524 to pivotto the closed position
to clamp the target tissue between the anvil 2524 and the
staple cartridge 2534. Once the robotic controller 1001 deter-
mines that the anvil 2524 has been pivoted to the closed
position by corresponding sensor(s) in the end effector 2512
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thal are in communication therewith, the robotic controller
1001 discontinues the application of the second rotary output
motionto the closure drive gear 2622. The robotic controller
1001 mayalso provide the surgeon with an indication that the
anvil 2524 has been fully closed. The surgeon may then
initiate the firing procedure. In alternative embodiments, the
firing procedure may be automatically initiated bythe robotic
controller 1001.

[0213] After the robotic controller 1001 has determined
that the anvil 2524is in the closed position, the robotic con-
troller 1001 then appliesthe third rotary output motionto the
rotary drive gear 2652 whichresults in the axial movement of
the drive shaft assembly 2640 and knife bar 2580inthe distal
direction “DD”. As the cutting instrument 2532 movesdis-
tally through the surgical staple cartridge 2534, the tissuc
clampedtherein is severed. As the sled portion (not shown) is
driven distally, it causes the staples within the surgical staple
cartridge 2534 to be driven through the severed lissue into
forming contact with the anvil 2524. Once the robotic con-
troller 1001 has determined that the cutting instrument 2532
has reached the end position within the surgical staple car-
tridge 2534 by meansof sensor(s) in the surgical end effector
2512 that are in communication with the robotic controller

1001, the robotic controller 1001 discontinues the application
of the second rotary output motion to the rotary drive gear
2652. Thereafter, the robotic controller 1001 applics the sec-
ondary rotary control motion to the rotary drive gear 2652
which ultimately results in the axial travel of the cutting
instrument 2532 and sled portion in the proximal direction
“PD” to the starling position. Once the robotic controller
1001 has determined that the cutting instrument 2524 has
reachedthe starting position by means of sensor(s) in the end
effector 2512 that are in communication with the robotic

controller 1001, the robotic controller 1001 discontinues the
application of the secondary rotary output motion to the
rotarydrive gear 2652. Thereafter, the robotic controller 1001
mayapply the secondaryrotary output motion to the closure
drive gear 2622 whichresults in the rotation of the knife bar
2580 in a secondarydirection. Rotation ofthe knife bar 2580
in the secondary direction results in the rotation ofthe closure
drive nut 2560 in a secondary direction. As the closure drive
nul 2560 rotates in the secondary direction, the closure tube
2550 movesin the proximal direction “PD”to the open posi-
tion.

[0214] FIGS. 44-49B illustrate yet another surgical tool
2700 that may be ellectively employed in connection with the
robotic system 1000. In various forms, the surgical tool 2700
includes a surgical end effector 2712 that includes a “first
portion” in the form of an elongated channel 2722 and a
“second movable portion” in on form comprising a pivotally
translatable clamping member, such as an anvil 2724, which
are maintained at a spacing that assures effective stapling and
severing oftissue clampedin the surgical end effector 2712.
As shown in the illustrated embodiment, the surgical end
effector 2712 may include, in addition to the previously-
mentioned channel 2722 and anvil 2724, a “third movable
portion”in the form of a cutting instrument 2732, a sled (not
shown),and a surgical staple cartridge 2734 thal is removably
seated in the elongated channel 2722. ‘The cutting instrument
2732 maybe, for example, a knife. The anvil 2724 maybe
pivotably opened and closed ata pivot point 2725 connected
to the proximal end ofthe elongated channel 2722. The anvil
2724 mayalso include a tab 2727 at its proximal end that
interfaces with a component of the mechanical closure sys-
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tem (described further below) to open and close the anvil
2724. When actuated, the knife 2732 and sled to travel lon-
gitudinally along the elongated channel 2722, thereby cutting
tissue clamped within the surgical end effector 2712. The
movement of the sled along the elongated channel 2722
causes the staples of the surgical staple cartridge 2734 to be
driven through the severedtissue and against the closed anvil
2724, which turns the staples to fasten the severed tissue. In
one form, the clongated channel 2722 and the anvil 2724 may
be made ofan electrically conductive material (such as metal)
so that they may serve as part ofthe antenna that communi-
cates with sensor(s) in the surgical end effector, as described
above. ‘lhe surgical staple cartridge 2734 could be made of a
nonconductive material (such as plastic) and the sensor may
be connected to or disposed in the surgical staple cartridge
2734, as described above.

[0215] Tt should be noted that although the embodiments of
the surgical tool 2500 described herein employa surgical end
effector 2712 that staples the severed tissue, in other embodi-
ments different techniques for fastening or sealing the sev-
ered tissue may be used. For example, end effectors that use
RF energy or adhesives to fasten the severed tissue mayalso
be used. U.S. Pat. No. 5,709,680, entitledELECTROSUR-
GICAL HEMOSTATIC DEVICE, which issued on Jan. 20,
1998, and U.S.Pat. No. 5,688,270, entitledELECTROSUR-
GICAL HEMOSTATIC DEVICE WITH RECESSED AND/

OR OFFSET ELECTRODESwhichissued on Nov.18, 1997,
whichare incorporated herein byreference, discloses cutting
instruments that use RF energyto fasten the severed tissue.
US, patent application Ser. No. 11/267,811 enutled SURGI-
CAL STAPLING INSTRUMENTS STRUCTURED FOR

DELIVERY OF MEDICAL AGENTS, now U.S. Pat. No.
7,673,783, which issued on Mar. 9, 2010 and U.S. patent
application Ser. No. 11/267,363, to Sheltonet al., which are
also incorporatedherein by reference, disclose cutting instru-
ments that use adhesivesto fasten the severed tissue. Accord-

ingly, although the description herein refers to cutting/sta-
pling, operationsandthelike, it should be recognizedthatthis
is an exemplary embodimentand is not meantto belimiting.
Other lissue-fastening techniques mayalso be used.

[0216] In the illustrated embodiment, the elongated chan-
nel 2722 of the surgical end effector 2712 is coupled to an
elongated shaft assembly 2708 that is coupled to a tool
mounting portion 2900. Although not shown, the elangated
shaft assembly 2708 may include an articulation joint to
permit the surgical end efTector 2712 to be selectivelyarticu-
lated about an axis thal is substantially transverse to the tool
axis L1-LI. In at least one embodiment, the elongated shaft
assembly 2708 comprises a hollow spine tube 2740 that is
non-movably coupled to a tool mounting plate 2902 of the
tool mounting portion 2900. As can be seen in FIGS. 45 and
46, the proximal end 2723 of the elongated channel 2722
comprises a hollow tubular structure that is attached to the
spine tube 2740 by means of a mounting collar 2790. A
cross-sectional viewofthe mounting collar 2790 is shown in
FIG. 47. In various embodiments, the mounting collar 2790
has a proximal flanged end 2791that is configured for attach-
ment to the distal end ofthe spine tube 2740.In at least one
embodiment, for example, the proximal flanged end 2791 of
the mounting collar 2790 is welded or gluedto the distal end
ofthe spine tube 2740. As canbe further seen in FIGS, 45 and
46, the mounting collar 2790 further has a mounting hub
portion 2792 thatis sized to receive the proximal end 2723 of
the elongated channel 2722 thereon. The proximal end 2723
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ofthe elongated channel 2722 is non-movably attachedto the
mounting hub portion 2792 by, for example, welding, adhe-
sive, etc.
[0217] As can be further seen in I'IGS. 45 and 46, the
surgical tool 2700 further includes an axially movable actua-
tion memberin the form of a closure tube 2750 that is con-

strained to move axially relative to the elongated channel
2722. The closure tube 2750 has a proximal end 2752 that has
an internal thread 2754 formed therein that is in threaded

engagement with a rotatably movable portion in the form ofa
closure drive nut 2760. More specifically, the closure drive
nut 2760 has a proximal end portion 2762 that is rotatably
supported relative to the elongated channel 2722 and the
spine tube 2740. l'or assembly purposes, the proximal end
portion 2762 is threadably attached to a retention ring 2770.
Theretention ring 2770 is received in a groove 2729 formed
between a shoulder 2727 on the proximal end 2723 of the
channel 2722 and the mounting hub 2729 of the mounting
collar 2790. Such arrangementservesto rotatably support the
closure drive nut 2760 within the channel 2722. Rotation of
the closure drive nut 2760 will cause the closure tube 2750 to

move axially as represented by arrow “D”in FIG. 45.
[0218] Extending through the spine tube 2740, the mount-
ing collar 2790, and the closure drive nut 2760 is a drive
member, whichin at least one embodiment, comprises a knife
bar 2780 that has a distal cnd portion 2782 that is coupled to
the cutting instrument 2732. As can be seen in FIGS. 45 and
46, the mounting collar 2790 has a passage 2793 therethrough
for permitting the knile bar 2780 to slidably pass there-
through. Similarly, the closure drive nut 2760 hasa slot 2764
therein through whichthe knife bar 2780 canslidably extend.
Sucharrangement permits the knife bar 2780 to move axially
relative to the closure drive nut 2760.

[0219] Actuation ofthe anvil 2724is controlled bya rotary
driven closure shaft 2800. As can be scen in FIGS.45 and 46,
a distal end portion 2802 of the closure drive shaft 2800
extends through a passage 2794 in the mounting collar 2790
and a closure gear 2804is allached thereto. The closure gear
2804 is configured for driving engagement with the inner
surface 2761 of the closure drive nut 2760. Thus, rotation of
the closure shaft 2800 will also result in the rotation of the
closure drive nut 2760. The axial direction in whichthe clo-

sure tube 2750 moves ultimately depends uponthe direction
in which the closure shaft 2800 andthe closure drive nut 2760

are rotated. For example, in response to one rotary closure
motion reccived from the robotic system 1000, the closure
tube 2750 will be driven in the distal direction “DD”. As the

closure tube 2750 is driven distally, the opening 2745 will
engage the tab 2727 on the anvil 2724 and cause the anvil
2724 to pivot to a closed position. Upon application of an
opening rotary motion from the robotic system 1000, the
closure tube 2750 will be driven in the proximal direction
“PD”andpivot the anvil 2724 to the openposition.In various
embodiments, a spring (not shown) may be employedto bias
the anvil 2724to the open position (IG. 45).
[9220] In use, it maybe desirable to rotate the surgical end
effector 2712 about the longitudinal tool axis T-T-I-T. In at
least one embodiment, the tool mounting portion 2900 is
configured to receive a corresponding first rotary output
motion from the robotic system 1000 for rotating the elon-
gated shaft assembly 2708 about the tool axis LI-LT. As can
be seen in FIG. 49, a proximal end 2742 of the hollowspine
tube 2740 is rotatably supported within a cradle arrangement
2903 and a bearing assembly 2904that are attachedto a tool
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mounting plate 2902 ofthe tool mounting portion 2900. A
rotation gear 2744 is formed on or attached to the proximal
end 2742 ofthe spine tube 2740 formeshing engagement with
a rotation drive assembly 2910 that is operably supported on
the tool mounting plate 2902. In at least one embodiment, a
rotation drive gear 2912 is coupled to a correspondingfirst
one ofthe driven discs or elements 1304 on the adapter side of
the tool mounting plate 2602 when the tool mounting portion
2600 is coupled to the tool holder 1270. See FIGS. 22 and 49.
Therotation drive assembly 2910 further comprises a rotary
driven gear 2914 that is rotatably supported on the tool
mounting plate 2902 in meshing engagement with the rota-
tion gear 2744 andthe rotation drive gear 2912. Application
of a first rotary control motion from the robotic system 1000
through the tool holder 1270 and the adapter 1240 to the
corresponding driven element 1304 will thereby cause rota-
tion ofthe rotation drive gear 2912 by virtue ofheing operably
coupled thereto. Rotation ofthe rotation drive gear 2912
ultimatelyresults in the rotation ofthe elongated shaft assem-
bly 2708 (and the end effector 2712) about the longitudinal
tool axis LI-LT (primary rotary motion).

[0221] Closure ofthe anvil 2724relative to the staple car-
tridge 2734 is accomplished by axially moving the closure
tube 2750in the distal direction “DD”. Axial movementofthe
closure tube 2750 in the distal direction “DD” is accom-

plished by applying a rotary control motion to the closure
drive nut 2760. In various embodiments, the closure drive nut
2760 is rotated by applying a rotary output motion to the
closure drive shaft 2800. As can be seen in IG. 49, a proximal
end portion 2806 of the closure drive shaft 2800 has a driven
gear 2808 thereon that is in meshing engagement with a
clasure drive assembly 2920. In various embodiments, the
closure drive system 2920 includes a closure drive gear 2922
that is coupled to a corresponding second oneof the driven
rotational bodies or elements 1304 on the adapter side ofthe
tool mounting plate 2462 when the tool mounting portion
2900 is coupled to the tool holder 1270. See FIGS. 22 and 49.
The closure drive gear 2922 is supported in meshing engage-
ment with a closure geartrain, generally depicted as 2923. In
at least one form,the closure gear rain 2923 comprisesa first
driven closure gear 2924 that is rotatably supported on the
tool mounting plate 2902. The first closure driven gear 2924
is attached to a second closure driven gear 2926 by a drive
shaft 2928. The second closure driven gear 2926is in meshing
engagement with a planetary gear assembly 2930. In various
embodiments, the planetary gear assembly 2930 includes a
driven planetary closure gear 2932 that is rotatably supported
within the bearing assembly 2904 that is mounted on tool
mounting plate 2902. As can be seenin FIGS. 49 and 49B,the
proximal end portion 2806 of the closure drive shaft 2800 is
rotatably supported within the proximal end portion 2742 of
the spine tube 2740 such that the driven gear 2808 is in
meshing engagementwith central gear teeth 2934 formed on
the planetary gear 2932. As can also be seen in FIG. 49A, two
additional support gcars 2936 arc attached to or rotatably
supported relative to the proximal end portion 2742 of the
spine tube 2740 to provide bearing support thereto. Such
arrangementwith the planetary gear assembly 2930 serves Lo
accommodate rotation of the spine shaft 2740 by the rotation
drive assembly 2910 while permitting the closure driven gear
2808 to remain in meshing engagementwiththe closure drive
system 2920. In addition, rotation of the closure drive gear
2922 ina first direction will ultimately result in the rotation of
the closure drive shaft 2800 and closure drive nut 2760 which

Sep. 11, 2014

will ullimately result in the closure of the anvil 2724 as
described above. Conversely, rotation of the closure drive
gear 2922 ina second opposite direction will ultimatelyresult
in the rotation of the closure drive nut 2760 in an opposite
direction which results in the opening of the anvil 2724.
[0222] Ascan be seen in IG. 49, the proximal end 2784 of
the knife bar 2780 has a threaded shaft portion 2786 attached
thereto which is in driving engagement with a knife drive
assembly 2940. In various embodiments, the threaded shaft
portion 2786 is rotatably supported by a bearing 2906
attached to the tool mounting plate 2902. Such arrangement
permits the threaded shall portion 2786 to rotate and move
axiallyrelative to the tool mounting plate 2902. ‘The knile bar
2780is axially advancedin the distal and proximaldirections
by the knife drive assembly 2940. One formofthe knife drive
assembly 2940 comprises a rotary drive gear 2942 that is
coupled to a corresponding third oneoftherotatable bodies,
driven discs or elements 1304 on the adapter side ofthe tool
mounting plate 2902 when the tool mounting portion 2900is
coupled to the tool holder 1270. See FIGS. 22 and 49. The
rotarydrive gear 2942 is in meshing engagementwith a knife
gear train, generally depicted as 2943. In various embodi-
ments, the knife gear train 2943 comprisesa first rotary driven
gear assembly 2944 that is rolatably supported on the tool
mounting plate 2902. The first rotary driven gear assembly
2944is in meshing engagement witha third rotarydriven gear
assembly 2946that is rotatably supported on the tool mount-
ing plate 2902 and which is in meshing engagement with a
fourth rotary driven gear assembly 2948 that is in meshing
engagement with the threaded portion 2786 of the knife bar
2780. Rotation of the rotary drive gear 2942 in one direction
will result in the axial advancementof the knife bar 2780 in

the distal direction “DD”. Conversely, rotation of the rotary
drive gear 2942 in an opposite direction will cause the knife
bar 2780 to move in the proximal direction. ‘lool 2700 may
otherwise be used as described above.

[0223] FIGS. 50 and 51 illustrate a surgical tool embodi-
ment 2700' that is substantiallyidentical to tool 2700 that was
described in detail above. However tool 2700' includes a

pressure sensor 2950that is configured to provide feedback to
the robotic controller 1001 concerning the amountof clamp-
ing pressure experienced by the anvil 2724. In various
embodiments, for example, the pressure sensormay comprise
a spring biased cantact switch. For a continuous signal, it
would use either a cantilever beam with a strain gage on it or
a dome bulton top with a strain gage on the inside. Another
version may comprise an oll switch thal contacts only al a
knowndesired load. Such arrangement would include a dome
on the based wherein the dome is one electrical pole and the
baseis the otherelectrical pole. Such arrangementpermits the
robotic controller 1001 to adjust the amount of clamping
pressure being applied to the tissue within the surgical end
effector 2712 by adjusting the amount of closing pressure
appliedto the anvil 2724. Those ofordinaryskill in the art will
understand that such pressure sensor arrangement may be
effectively employed with several of the surgical tool
embodiments described herein as well as their equivalent
structures.

[0224] FIG. 52 illustrates a portion of another surgical tool
3000 that may be effectively used in connectionwith a robotic
system 1000. The surgical tool 3003 employs on-board motor
(s) for powering various components of a surgical end effec-
tor cutting instrument. In at least one non-limiting embodi-
ment for example, the surgical tool 3000 includes a surgical
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end effector in the form ofan endocutter (not shown) that has
an anvil (not shown) and surgical staple cartridge arrange-
ment (not shown) of the types and constructions described
above. The surgical tool 3000 also includes an elongatedshaft
(not shown) and anvil closure arrangement(not shown)ofthe
types described above. Thus, this portion of the Detailed
Description will not repeat the description of those compo-
nents beyondthat whichis necessary to appreciate the unique
and novel attributes of the various embodiments af surgical
tool 3000.

[0225] In the depicted embodiment, the end effector
includes a culling instrument 3002 that is coupled to a knile
bar 3003. As can be seen in FIG. 32, the surgical tool 3000
includes a too! mounting portion 3010 that includes a tool
mounting plate 3012 that is configured to mountingly inter-
face with the adaptor portion 1240' which is coupled to the
robotic system 1000 in the various manners described above.
The tool mounting portion 3010 is configured to operably
support a transmission arrangement 3013 thereon. In at least
one embodiment, the adaptor portion 1240' maybe identical
to the adaptor portion 1240 described in detail above without
the powered rotation bodies and disc members employed by
adapter 1240. In other embodiments, the adaptor portion
1240' maybe identical to adaptor portion 1240. Still other
modifications which are considered to be withinthe spirit and
scope of the various forms of the present invention may
employ one or more of the mechanical motions(i.e., rotary
motion(s)) from the tool holder portion 1270 (as described
hereinabove) to power/actuate the transmission arrangement
3013 while also employing one or more motors within the
tool mounting portion 3010 to power one or more other com-
ponents ofthe surgical endeffector. In addition, while the end
effector of the depicted embodiment comprises an endacut-
ter, those of ordinary skill in the art will understand that the
unique and novelattributes ofthe depicted embodiment may
be effectively employed in connection with other types of
surgical end effectors without departing from the spirit and
scope of various formsof the present invention.
[0226] In various embodiments, the tool mounting plate
3012 is configured to at least housea first firing motor 3011
for supplying firing and retraction motions to the knife bar
3003 which is coupled to or otherwise operably interfaces
with the cutting instrument 3002. The tool mounting, plate
3012 has an arrayof electrical connecting pins 3014 which
are configured to interface with the slots 1258 (FIG.21) in the
adapter 1240". Such arrangement permits the controller 1001
ofthe robotic system 1000 to provide control signals to the
electronic control circuit 3020 of the surgical tool 3000.
While the interface is described herein with reference to

mechanical, electrical, and magnetic coupling elements, it
should be understoodthat a wide variety oftelemetry modali-
ties might be used, including infrared, inductive coupling, or
the like.

[0227] Control circuit 3020 is shown in schematic form in
FIG. 52. In one form or embodiment, the control circuit 3020
includes a powersupplyin the form of a battery 3022 thatis
coupled to an on-off solenoid powered switch 3024. Control
circuit 3020 further includes an on/oll firing solenoid 3026
that is coupled to a double pole switch 3028 for controlling
the rotational direction of the motor 3011. Thus, when the
controller 1001 ofthe robotic system 1000 supplies an appro-
priate control signal, switch 3024 will permit battery 3022 to
supply powerto the double pole switch 3028. The controller
1001 of the robotic system 1000 will also supply an appro-
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priate signal to the double pole switch 3028 to supply power
to the motor 3011. Whenit is desired to fire the surgical end
effector (e., drive the cutting instrument 3002 distally
throughtissue clamped inthe surgical end effector, the double
pole switch 3028 will be ina first position. Whenit is desired
to retract the cutting instrument 3002to the starting position,
the double pole switch 3028 will be moved to the second
position bythe controller 1001.
[0228] Various embodiments ofthe surgical tool 3000 also
employ a gear box 3030 that is sized, im cooperation with a
firing gear train 3031 that, in at least one non-limiting
embodiment, comprises a firing drive gear 3032 that is in
meshing engagement with a firing driven gear 3034 for gen-
erating a desired amount of driving force necessary to drive
the cutting instrument 3002 through tissue and to drive and
form staples in the various manners described herein. In the
embodiment depicted in FIG. 52, the driven gear 3034 is
coupled to a screw shaft 3036 that is in threaded engagement
with a screw nut arrangement 3038 that is constrained to
move axially (represented by arrow “D”). The screw nut
arrangement 3038 is allachedto the firing bar 3003. ‘Thus, by
rotating the screw shaft 3036 in a first direction, the cutting
instrument 3002 is driven in the distal direction “DD” and

rotating the screwshaft in an opposite second direction, the
cutting instrument 3002 maybe retracted in the proximal
direction “PD”.

[0229] FIG. 53 illustrates a portion of another surgical tool
3000' that is substantially identical to tool 3000 described
above, except thal the driven gear 3034 is allached Lo a drive
shalt 3040. ‘The drive shaft 3040is altlached to a second driver

gear 3042 that is in meshing engagement with a third driven
gear 3044 that is in meshing engagement with a screw 3046
coupled to the firing bar 3003.
[0230] FIG. 54 illustrates another surgical tool 3200 that
maybe effectively used in connection with a robotic system
1000. In this embodiment, the surgical tool 3200 includes a
surgical end effector 3212 that in one non-limiting form,
comprises a component portion that is selectively movable
betweenfirst and second positions relative to at least one
other end effector componentportion. As will be discussed in
further detail below, the surgical tool 3200 employs on-board
motors for powering various components of a transmission
arrangement 3305. The surgical endeffector 3212 includes an
elongated channel 3222 that operably supports a surgical
staple cartridge 3234. The elongated channel 3222 has a
proximal end 3223 that slidably extends into a hollowclon-
gated shaft assembly 3208 that is coupled to a tool mounting
portion 3300. In addition, the surgical end effector 3212
includes an anvil 3224thatis pivotally coupled to the elon-
gated channel 3222 by a pair of trunnions 3225 that are
received within corresponding openings 3229 in the elon-
gated channel 3222. A distal end portion 3209 of the shaft
assembly 3208 includes an opening 3245 into which a tab
3227 on the anvil 3224 is inserted in order to openthe anvil
3224 as the elongated channel 3222 is moved axiallyin the
proximal direction “PD”relative to the distal end portion
3209 of the shaft assembly 3208. In various embodiments, a
spring (not shown) may be employed to bias the anvil 3224 to
the open position.
[0231] As indicated above, the surgical tool 3200 includes
a tool mounting portion 3300 that includes a tool mounting
plate 3302 that is configured to operably support the trans-
mission arrangement 3305 and to mountingly interface with
the adaptor portion 1240' which is coupled to the robotic
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system 1000 in the various manners described above. In at
least one embodiment, the adaptor portion 1240' may be
identical to the adaptor portion 1240 described indetail above
without the powered disc members employed by adapter
1240. In other embodiments, the adaptor portion 1240' may
be identical to adaptor portion 1240. [lowever, in such
embodiments, because the various componentsof the surgi-
cal end effector 3212 are all powered by motor(s) in the tool
mounting portion 3300, the surgical tool 3200 will not
employor require any of the mechanical(i.c., non-electrical)
actuation motions from the tool holder portion 1270 to power
the surgical end effector 3200 components. Still other modi-
fications which are considered to be within the spirit and
scope of the various forms of the present invention may
employ one or more of the mechanical motions fromthe tool
holder portion 1270 (as described hereinabove) to power/
actuate one or more of the surgical end effector components
while also employing one or more motors within the tool
mounting portion to power one or more other components of
the surgical endeffector.
[0232] In various embodiments, the tool mounting plate
3302 is configured to support a first firing motor 3310 for
supplying firing and retraction motions to the transmission
arrangement 3305 to drive a knile bar 3335 that is coupled to
a cutting instrument 3332 ofthe type described above. As can
be seen in FIG. 54, the tool mounting plate 3212 has an array
of electrical connecting pins 3014 whichare configured to
interface with the slots 1258 (FIG. 21) in the adapter 1240".
Such arrangement permits the controller 1001 of the robotic
system 1000 to provide control signals to the electronic con-
trol circuits 3320, 3340 of the surgical tool 3200. While the
interface is described hercin with reference to mechanical,
electrical, and magnetic coupling elements, it should be
understood that a wide variety of telemetry modalities might
be used, including infrared, inductive coupling,or thelike.
[0233] In one form or embodiment,thefirst control circuit
3320 includesa first power supplyinthe formofafirst battery
3322 that is coupledto a first on-off solenoid powered switch
3324. The first firing control circuit 3320 further includes a
first on/off firing solenoid 3326 that is coupled to a first
double pole switch 3328 for controlling the rotational direc-
tion of the first firing motor 3310. Thus, when the robotic
controller 1001 supplics an appropriate control signal, the
first switch 3324 will permit the first battery 3322 to supply
powerto thefirst double pole switch 3328. The rabotic can-
troller 1001 will also supply an appropriate signal tothefirst
double pole switch 3328 to supply powerto the first firing
motor 3310. Whenit is desiredto fire the surgical end effector
(.e., drive the cutting instrument 3232 distally through tissue
clamped in the surgical end effector 3212, the first switch
3328 will be positioned in a first position by the robotic
controller 1001. When it is desired to retract the cutting
instrument 3232to the starting position, the robotic controller
1001 will send the appropriate control signal to movethe first
switch 3328 to the second position.
[0234] Various embodiments ofthe surgical tool 3200 also
employa first gear box 3330 that is sized, in cooperation with
a firing drive gear 3332 coupled thereto that operably inter-
faces witha firing gear train 3333. [n at least one non-limiting
embodiment, the firing gear train 333 comprises a firing
driven gear 3334 that is in meshing engagement with drive
gear 3332, for generating a desired amount of driving force
necessary to drive the cutting instrument 3232 throughtissue
and to drive and form staples in the various manners described
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herein. In the embodiment depicted in FIG. 54, the driven
gear 3334 is coupled to a drive shaft 3335 that has a second
driven gear 3336 coupled thereto. The second driven gear
3336 is supported in meshing engagementwitha third driven
gear 3337that is in meshing engagementwith a fourth driven
gear 3338. The fourth driven gear 3338 is in meshing engage-
ment with a threaded proximal portion 3339 ofthe knife bar
3235 that is constrained to moveaxially. Thus, by rotating the
drive shaft 3335 in a first direction, the cutting instrument
3232 is driven in the distal direction “DD”and rotating the
drive shaft 3335 in an opposite second direction, the cutting
instrument 3232 maybe retracted in the proximal direction
“PD”,

[0235] Asindicated above, the opening and closing ofthe
anvil 3224 is controlled by axially moving the elongated
channel 3222 relative to the elongated shaft assembly 3208.
The axial movement of the elongated channel 3222 is con-
trolled by a closure control system 3339. In various embodi-
ments, the closure control system 3339 includes a closure
shaft 3340 which has a hollow threaded end portion 3341 that
threadably engagesa threaded closure rod 3342. The threaded
end portion 3341 is rotatably supported in a spine shaft 3343
that operably interfaces with the tool mounting portion 3300
and extends through a portion of the shafl assembly 3208 as
shown. ‘The closure system 3339 further comprises a closure
control circuit 3350 that includes a second power supply in
the formofa second battery 3352 that is coupled to a second
on-off solenoid powered switch 3354. Closure controlcircuit
3350 further includes a second on/off firing solenoid 3356
that is coupled to a second double pole switch 3358 for
controlling the rotation ofa second closure motor 3360. Thus,
when the robotic controller 1001 supplics an appropriate
control signal, the second switch 3354 will permit the second
battery 3352 to supply power to the second double pole
switch 3354. ‘The robotic controller 1001 will also supply an
appropriate signal to the second double pole switch 3358 to
supply powerto the second motor 3360. Whenit is desired to
close the anvil 3224, the second switch 3348 will be ina first
position. Whenit is desired to openthe anvil 3224, the second
switch 3348 will be moved to a secondposition.
[0236] Various embodiments of tool mounting portion
3300 also employa second gear box 3362 that is coupled toa
clasure drive gear 3364. The closure drive gear 3364 is in
meshing engagement with a closure geartrain 3363. In vari-
ous non-limiting forms, the closure gear train 3363 includes a
closure driven gear 3365 that is allached to a closure drive
shalt 3366. Also attached to the closure drive shalt 3366 is a

closure drive gear 3367 that is in meshing engagement with a
closure shaft gear 3360 attached to the closure shaft 3340.
FIG. 54 depicts the end effector 3212 in the openposition. As
indicated above, whenthe threaded closure rod 3342is in the
position depicted in FIG. 54, a spring (not shown) biases the
anvil 3224 to the open position. Whenit is desired to close the
anvil 3224, the robotic controller 1001 will activate the sec-
ond motor 3360 to rotate the closure shaft 3340 to draw the

threaded closure rod. 3342 and the channel 3222 in the proxi-
maldirection ‘PI’. As the anvil 3224 contacts the distal end

portion 3209 ofthe shalt 3208,the anvil 3224is pivoted to the
closed position.
[0237] A method of operating the surgical too! 3200 will
now be described. Once the tool mounting portion 3302 has
be operably coupled to the tool holder 1270 of the robotic
system 1000, the robotic system 1000 can orient the end
effector 3212 in position adjacent the target tissue to be cut
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and stapled. Il the anvil 3224 is not already in the open
position, the robotic controller 1001 mayactivate the second
closure motor 3360 to drive the channel 3222 in the distal

directionto the position depicted in FIG. 54. Oncethe robotic
controller 1001 determinesthat the surgical end effector 3212
is in the open position by sensor(s) in the and effector and/or
the tool mounting portion 3300, the robotic controller 1001
mayprovide the surgeon with a signal to inform the surgeon
that the anvil 3224 maythen be closed. Oncethe targettissue
is positioned. between the open anvil 3224 and the surgical
staple cartridge 3234, the surgeon may then commence the
closure process by activating the robotic controller 1001 to
apply a closure control signal to the second closure motor
3360. The second closure motor 3360 applies a rotary motion
to the closure shaft 3340 to draw the channel 3222 in the

proximaldirection “PD”until the anvil 3224 has beenpivoted
to the closed position. Oncethe robotic controller 1001 deter-
mines that the anvil 3224 has been moved to the closed

position by sensor(s) in the surgical end effector 3212 and/or
in the tool mounting portion 3300 that are in communication
with the robotic control system, the motor 3360 may be
deactivated. Thereafter, the firing process may be com-
mencedeither manually by the surgeonactivating a trigger,
button,etc. on the controller 1001 or the controler 1001 may
automatically commencethe firing process.

[0238] To commencethefiring process, the robotic control-
ler 1001 activates the firing motor 3310to drivethe firing bar
3235 and the cutting instrument 3232 in the distal direction
“DD”. Once robotic controller 1001 has determined thatthe

culling instrument 3232 has moved to the ending position
within the surgical staple cartridge 3234 by means of sensors
in the surgical end effector 3212 and/or the motor drive por-
tion 3300, the robotic controller 1001 may provide the sur-
geon with an indication signal. Thereafter the surgeon may
manually activate the first motor 3310 to retract the cutting
instrument 3232 to the starting position or the robotic con-
troller 1001 mayautomatically activate the first motor 3310 to
retract the cutting, element 3232.

[0239] The embodiment depicted in FIG. 54 does not
include an articulation joint. TIGS. 55 and 56illustrate sur-
gical tools 3200' and 3200" that have end effectors 3212’,
3212", respectively that may be employed with an elongated
shaft embodimentthat has an articulation joint of the various
types disclosed herein. For example, as can be seen in FIG.
55, a threaded closure shaft 3342 is coupled to the proximal
end 3223 of the elongated channel 3222 by a flexible cable or
other flexible member 3345. ‘The location ofan articulation

joint (not shown) within the elongated shaft assembly 3208
will coincide with the flexible member 3345 to enable the
flexible member 3345 to accommodate sucharticulation. In
addition, in the above-described embodiment, the flexible
member3345is rotatablyaffixed to the proximal end portion
3223 of the elongated channel 3222 to enable the flexible
member3345 to rotate relative thereto to prevent the flexible
member 3229 from “winding up” relative to the channel
3222. Although not shown, the cutting element may be driven
in one of the above described manners by a knife bar that can
also accommodate articulation of the elongated shall assem-
bly. FIG. 56 depicts a surgical end effector 3212" that is
substantially identical to the surgical end effector 3212
described above, exceptthat the threaded closure rod 3342 is
attached to aclosure nut 3347thatis constrained to only move
axially within the elongated shaft assembly 3208. Theflex-
ible member 3345 is attached to the closure nut 3347. Such
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arrangementalso prevents the threaded closure rod 3342 [rom
winding-up the flexible member 3345. A flexible knife bar
3235' may be employed to facilitate articulation of the surgi-
cal end effector 3212".

[0240] Thesurgical tools 3200, 3200', and 3200" described
above may also employ anyone of the cutting instrument
embodiments described herein. As described above,the anvil
ofeachofthe end effectors ofthese tools is closed by drawing
the elongated channel into contact with the distal end of the
elongated shaft assembly. Thus, once the target tissue has
been located between the staple cartridge 3234 and the anvil
3224, the robotic controller 1001 canstart to draw the channel
3222 inward into the shaft assembly 3208. In various embodi-
ments, however, to prevent the end effector 3212, 3212',
3212" from moving the target tissue with the end effector
during this closing process, the controller 1001 maysimulta-
neously move the tool] holder and uluumately the tool such to
compensate for the movementofthe elongated channel 3222
so that, in effect, the target tissuc is clamped between the anvil
and the elongated channel without being otherwise moved.

[0241] FIGS. 57-59 depict another surgical tool embodi-
ment 3201 that is substantially identical to surgical toal 3200"
described above, except for the differences discussed below.
In this embodiment, the threaded closure rod 3342' has vari-
able pitched grooves. More specifically, as can be seen in FIG.
58, the closure rod 3342'hasa distal groove section 3380 and
a proximal groove section 3382. The distal and proximal
groove sections 3380, 3382 are configured for engagement
with a lug 3390 supported within the hollow threaded end
portion 3341', As can be seen in FIG. 58, the distal groove
section 3380 hasa finer pitch than the groove section 3382.
Thus, such variable pitch arrangement permits the elongated
channel 3222 to be drawn into the shaft 3208at a first speed
or rate by virtue of the engagement between the lug 3390 and
the proximal groove segment 3382. When the lug 3390
engages the distal groove segment, the channel 3222 will be
drawninto the shaft 3208 at a second speed or rate. Because
the proximal groove segment 3382 is coarser than the distal
groove segment 3380, the first speed will be greater than the
second speed. Such arrangement serves to speed up the initial
closing of the end effector for tissue manipulation and then
after the tissue has been properly positioned therein, generate
the amountofclosure forces to properly clampthetissue for
cutting and sealing. Thus, the anvil 3234 initially closes fast
with a lower force and then applies a higher closing force as
the anvil closes more slowly.

[0242] The surgical end effector opening and closing
motions are employed to enable the userto use the end effec-
tor to grasp and manipulate tissue prior to fully clampingit in
the desired location for cutting and sealing. The user may, for
example, open and close the surgical end effector numerous
times during this process to orient the end effectorin a proper
position which enables the tissue to be held in a desired
location. Thus, in at least some embodiments, to produce the
high loadingforfiring, the fine thread may require as manyas
5-10 full rotations to generate the necessary load. In some
cases, for example, this action could take as long as 2-5
seconds.If it also took an equallylong time to openand close
the end effector each time during the positioning/tissue
manipulation process, just positioning the end effector may
take an undesirably long time. If that happens,it is possible
that a user may abandonsuchuseofthe endeffectorfor use of
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a conventional grasper device. Use ofgraspers, elc. may
undesirablyincrease the costs associated with completing the
surgical procedure.
[0243] The above-described embodiments employ a bat-
tery or batteries to power the motors used to drive the end
effector components. Activation of the motors is controlled
by the robotic system 1000. In allernalive embodiments, the
power supply may comprisealternating current “AC”that is
supplied to the motors by the robotic system 1000. Thatis, the
AC power would be supplied from the system powering the
robotic system 1000 through the tool holder and adapter. In
still other embodiments, a power cord or tether may be
attached to the tool mounting portion 3300 to supply the
requisite power from a scparate source ofalternatingor direct
current.

[0244] In use, the controller 1001 may apply aninitial
rotary motion to the closure shaft 3340 (1G. 54) to drawthe
elongated channel 3222 axially inwardly into the elongated
shaft assembly 3208 and movethe anvil from a first position
to an intermediate positionata first rate that corresponds with
the point wherein the distal groove section 3380 transitions to
the proximal groove section 3382. Further application of
rotary motionto the closure shaft 3340 will cause the anvil to
move [rom the intermediate position to the closed position
relative to the surgical staple cartridge. Whenin the closed
position, the tissue to be cut and stapled is properly clamped
betweenthe anvil and the surgical staple cartridge.
[0245] FIGS. 60-64illustrate another surgical tool embodi-
ment 3400 of the present invention. This embodiment
includes an elongated shalt assembly 3408 that extends from
a tool mounting portion 3500. The elongated shaft assembly
3408 includes a rotatable proximal closure tube segment
3410 that is rotatably journaled on a proximal spine member
3420 thatis rigidly coupled to a tool mounting plate 3502 of
the tool mounting portion 3500. The proximal spine member
3420 has a distal end 3422 that is coupled to an elongated
channel portion 3522 of a surgical end effector 3412. For
example, in at least one embodiment, the elongated channel
portion 3522 has a distal end portion 3523 that “hookingly
engages” the distal end 3422 ofthe spine member 3420. The
elongated channel 3522 is configured to support a surgical
staple cartridge 3534 therein. ‘This embodiment may employ
one of the various cutting instrument embodiments disclosed
herein to sever tissue that is clamped in the surgical end
effector 3412 andfire the staples in the staple cartridge 3534
into the severed tissue.

[0246] Surgical end effector 3412 has an anvil 3524 thatis
pivotally coupled to the elongated channel 3522 by a pair of
trunnions 3525 that are received in corresponding openings
3529 inthe elongated channel 3522. ‘The anvil 3524 is moved
between the open (FIG. 60) and closed positions (FIGS.
61-63) by a distal closure tube segment 3430. A distal end
portion 3432 ofthe distal closure tube segment 3430 includes
an opening 3445 into which a tab 3527 onthe anvil 3524 is
insertedin order to open andclose the anvil 3524 as the distal
closure tube segment 3430 movesaxiallyrelative thereto. In
various cmbodiments, the opening 3445 is shaped suchthat as
the closure tube segment 3430 is moved. in the proximal
direction, the closure tube segment 3430 causes the anvil
3524 to pivot to an open position. In additionor in the alter-
native, a spring (nol shown) may be employedto bias the anvil
3524 to the openposition.
[0247] As can be seen in FIGS. 60-63, the distal closure
tube segment 3430 includes a lug 3442 that extends from its
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distal end 3440 into threaded engagement with a variable
pitch groove/thread 3414 formed inthe distal end 3412 ofthe
rotatable proximal closure tube segment 3410. The variable
pitch groove/thread 3414 has a distal section 3416 and a
proximal section 3418. The pitch of the distal groove/thread
section 3416 is finer than the pitch of the proximal groove/
thread section 3418. As can also be seen in 'IGS. 60-63, the
distal closure tube segment 3430 is constrained for axial
movement relative to the spine member 3420 byan axial
retainer pin 3450 that is received in an axial slot 3424 in the
distal end ofthe spine member 3420.
[0248] As indicated above, the anvil 2524 is open and
closed byrotating the proximal closure tube segment 3410.
Thevariable pitchthread arrangement permits the distal clo-
sure tube segment 3430 to be driven in the distal direction
“DD”at a first speed or rate by virtue of the engagement
between the lug 3442 and the proximal groove/thread section
3418. When the lug 3442 engages the distal groove/thread
section 3416, the distal closure tube segment 3430 will be
driven in the distal direction at a second speed orrate.
Because the proximal groove/thread section 3418 is coarser
than the distal groove/thread segment 3416, the first speed
will be greater than the second speed.
[0249] Inat least one embodiment, the tool mounting por-
tion 3500 is configured to receive a correspondingfirst rotary
motion fromthe robotic controller 1001 and convert that first

rotary motion to a primary rotary motion for rotating the
rotatable proximal closure tube segment 3410 abouta longi-
tudinal tool axis LT-LT. As can be seen in FIG.64, a proximal
end 3460 of the proximal closure tube segment 3410is rotat-
ably supported within a cradle arrangement3504 attached to
a toal mounting plate 3502 ofthe tool mounting portion 3500.
Arotation gear 3462 is formed onor attached to the proximal
end 3460 of the closure tube segment 3410 for meshing
engagement with a rotation drive assembly 3470 that is oper-
ably supported onthe tool mounting plate 3502. In at least one
embodiment, a rotation drive gear 3472 is coupled to a cor-
respondingfirst one of the driven discs or elements 1304 on
the adapter side ofthe tool mounting plate 3502 whenthe tool
mounting portion 3500 is coupled to the tool holder 1270. See
FIGS. 22 and 64. The rotation drive assembly 3470 further
comprises a rotary driven gear 3474 that is rotatably sup-
ported on the tool mounting plate 3502 in meshing engage-
ment with the rotation gear 3462 and the rotation drive gear
3472. Application of a first rotary control motion from the
robotic controller 1001 throughthe tool holder 1270 and the
adapter 1240 to the corresponding driven element 1304 will
thereby cause rotation of the rotation drive gear 3472 by
virtue of being operably coupled thereto. Rotation of the
rotation drive gear 3472 ultimately results in the rotation of
the closure tube segment 3410 to open and close the anvil
3524 as described above.

[0250] Asindicated above, the surgical end effector 3412
employs a cutting instrument of the type and constructions
described above. FIG. 64 illustrates one form of knife drive

assembly 3480 for axially advancing a knife bar 3492thatis
attached to such cutting instrument. One form of the knife
drive assembly 3480 comprises a rotary drive gear 3482 that
is coupled to a corresponding third one ofthe driven discs or
elements 1304 onthe adapter side of the tool mounting plate
3502 whenthe tool drive portion 3500 is coupled to the tool
holder 1270. See FIGS. 22 and 64. The knife drive assembly
3480 further comprises a first rotary driven gear assembly
3484 that is rotatably supported on the tool mounting plate
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5200. The first rotary driven gear assembly 3484 is in mesh-
ing engagement with a third rotary driven gear assembly3486
that is rotatably supported on the tool mounting plate 3502
and which is in meshing engagement with a fourth rotary
driven gear assembly 3488 that is in meshing engagement
with a threaded portion 3494 of drive shaft assembly 3490
that is coupled to the knife bar 3492. Rotation of the rotary
drive gear 3482 in a secondrotarydirection will result in the
axial advancementofthe drive shaft assembly 3490 and knife
bar 3492 in the distal direction “DD”. Conversely, rotation of
the rotary drive gear 3482 in a secondary rotary direction
(opposite to the second rotary direction) will cause the drive
shaft assembly 3490 and the knife bar 3492 to move in the
proximal direction.
[0251] TIGS. 65-74 illustrate another surgical tool 3600
embodimentofthe present invention that may be employed in
connectionwith a robotic system 1000. As can be seen in FIG.
65, the tool 3600 includes an end effector in the form of a
disposable loading unit 3612. Various forms of disposable
loading units that may be employed in connection with tool
3600 are disclosed, lor example, in U.S. Patent Application
Publication No. US 2009/0206131 Al, entitled END EFFEC-
TOR ARRANGEMENTS FOR A SURGICAL CUTTING

AND STAPLING INSTRUMENT,which published onAug.
20, 2009, the disclosure of which is herein incorporated by
reference in its entirety.
[0252] In at least one form, the disposable loading unit
3612 includes an anvil assembly 3620 that is supported. for
pivolal travelrelative lo a carrier 3630 thal operably supports
a slaple cartridge 3640 therein. A mounting assembly 3650 is
pivotally coupled to the cartridge carrier 3630 to enable the
carrier 3630 to pivot about an articulation axis AA-AA rela-
tive to a longitudinal tool axis LT-LT. Referring to FIG. 70,
mounting assembly 3650 includes upper and lower mounting
portions 3652 and 3654. Each mounting portion includes a
threaded bore 3656 on each side thereof dimensioned to

receive threaded bolts (not shown) for securing the proximal
end ofcarrier 3630 thereto. A pair of centrally located. pivot
members 3658 extends between upper and lower mounting
portions via a pair of coupling members 3660 which engage
a distal end of a housing portion 3662. Coupling members
3660 each include an interlocking proximal portion 3664
configured to be received in grooves 3666 formed in the
proximal end of housing portion 3662 to retain mounting
assembly 3650 and housing portion 3662 in a longitudinally
fixed position in relation thereto.
[0253] In various forms, housing portion 3662 of dispos-
able loading unit 3614 includes an upper housing half 3670
and a lower housing half 3672 contained within an outer
casing 3674. The proximal end ofhousing half 3670 includes
engagement nubs 3676 for releasably engaging an elongated
shaft 3700 and an insertion tip 3678. Nubs 3676 form a
bayonet-type coupling with the distal end of the elongated
shaft 3700 which will be discussed in further detail below.

Ilousing halves 3670, 3672 define a channel 3674 for slidably
receiving axial drive assembly 3680. A secondarticulation
link 3690 is dimensionedto be slidably positioned within a
slot 3679 formed. between housing halves 3670, 3672. A pair
ofblow out plates 3691 are positioned adjacent the distal end
ofhousing portion 3662 adjacent the distal end ofaxial drive
assembly 3680 to prevent outward bulging ofdrive assembly
3680 during articulation of carrier 3630.
[0254] In various embodiments, the second articulation
link 3690 includesat least one elongated metallic plate. Pref-
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erably, (wo or more metallic plates are stacked to form link
3690. ‘The proximal end ofarticulation link 3690 includes a
hook portion 3692 configured to engagefirst articulationlink
3710 extending through the elongated shaft 3700. The distal
end of the secondarticulation link 3690 includes a loop 3694
dimensioned to engage a projection formed on mounting
assembly 3650. The projectionis laterally offset from pivot
pin 3658 such that linear movement of second articulation
link 3690 causes mounting assembly 3650 to pivot about
pivot pins 3658 to articulate the carricr 3630.
[9255] In various forms, axial drive assembly 3680
includes an elongated drive beam 3682 including a distal
working head 3684 and a proximal engagementsection 3685.
Drive beam 3682 may be constructed froma single sheet of
materialor, preferably, multiple stacked sheets. Engagement
section 3685 includesa pair of engagement fingers which are
dimensioned and configured to mountingly engage a pair of
corresponding retention slots formed in drive member 3686.
Drive member 3686 includes a proximal porthole 3687 con-
figured to receive the distal end 3722 ofcontrol rod 2720 (See
FIG. 74) whenthe proximal end of disposable loading, unit
3614 is engaged with elongated shaft 3700 of surgical tool
3600.

[0256] Referring to FIGS. 65 and 72-74,to use the surgical
tool 3600, a disposable loading unit 3612 is first secured to the
distal end of elongated shaft 3700.It will be appreciated that
the surgical tool 3600 mayinclude anarticulating or a non-
articulating disposable loading unit. To secure the disposable
loading unit 3612 to the elongated shaft 3700, the distal end
3722 ofcontrol rod 3720 is inserted into insertion tip 3678 of
disposable loading unit 3612, and inscrtion tip 3678is slid
longitudinally into the distal end of the clongated shaft 3700
in the direction indicated by arrow “A” in FIG. 72 such that
hook portion 3692 of second articulation link 3690 slides
within a channel 3702in the elongated shali 3700. Nubs 3676
will each be aligned in a respective channel (not shown) in
elongated shaft 3700. When hook portion 3692 engages the
proximal wall 3704 of channel 3702, disposable loading unit
3612 is rotated in the direction indicated by arrow “B” in
FIGS. 71 and 74 to move hookportion 3692 ofsecond articu-
lation link 3690 into engagement with finger 3712 offirst
articulation link 3710. Nubs 3676 also forma “bayonet-type”
coupling within annular channel 3703 in the clongated shaft
3700. During rotation of loading unit 3612, nubs 3676 cngage
cam surface 3732 (FIG. 72) of block plate 3730 to initially
move plate 3730 in the direction indicated by arrow “C” in
FIG. 72 to lock engagement member 3734 in recess 3721 of
control rod 3720 to prevent longitudinal movement ofcontrol
rod 3720 during attachment of disposable loading unit 3612.
During the final degree ofrotation, nubs 3676 disengage from
camsurface 3732 to allow blocking plate 3730 to movein the
direction indicated by arrow “D” in FIGS. 71 and 74 from
behind engagement member 3734 to once again permit lon-
gitudinal movement of control rod 3720. While the above-
described attachment method. reflects that the disposable
loading unit 3612 is manipulated relative to the elongated
shaft 3700, the person ofordinaryskill in the art will appre-
ciate that the disposable loading unit 3612 maybe supported
in a stalionary position and the robotic system 1000 may
manipulate the elongated shaft portion 3700 relative to the
disposable loading unit 3612 to accomplish the above-de-
scribed coupling procedure.
[0257] TIG. 75 illustrates another disposable loading unit
3612' that is attachable in a bayonet-type arrangement with
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the elongated shalt 3700' thatis substantiallyidentical to shalt
3700 except for the differences discussed below. As can be
seen in FIG. 75, the elongated shaft 3700' has slots 3705 that
extendfor at least a portion thereof and whichare configured
to receive nubs 3676 therein. In various embodiments, the
disposable loading unit 3612' includes arms 3677 extending
therefrom which, prior to the rotation of disposable loading
unit 3612', can be aligned, or at least substantially aligned,
with nubs 3676 extending from housing portion 3662. In at
least one embodiment, arms 3677 and nubs 3676 can be
inserted into slots 3705 in elongated shaft 3700', for example,
when disposable loading unit 3612'is inserted into elongated
shaft 3700', Whendisposable loading unit 3612' is rotated,
arms 3677 canbe sufficiently confined withinslots 3705 such
that slots 3705 can hold themin position, whereas nubs 3676
can be positioned suchthat they are not confined withinslots
3705 and can be rotated relative to arms 3677. Whenrotated,
the hook portion 3692 ofthe articulation link 3690 is engaged
with the first articulation link 3710 extending through the
elongated shaft 3700".

[0258] Other methods of coupling the disposable loading
units to the end of the elongated shaft may be employed. For
example, as shown in FIGS, 76 and 77, disposable loading
unit 3612" can include connector portion 3613 which can be
configured to be engaged with connector portion 3740 of the
clongated shaft 3700". In at least onc cmbadiment, connector
portion 3613 can includeat least one projection and/or groove
which can be mated with at least one projection and/or groove
of connector portion 3740. In at least one such embodiment,
the connector portions can include co-operating dovetail por-
tions. In various embodiments, the connector portions can be
configured to interlock with one another and prevent, or at
least inhibit, distal and/or proximal movementofdisposable
loading unit 3612" along axis 3741. In at least one embodi-
ment, the distal end of the axial drive assembly 3680' can
include aperture 3681 which can be configured to receive
projection 3721 extending from control rod 3720". In various
embodiments, such an arrangement can allow disposable
loading unit 3612"to be assembled to elongated shaft 3700 in
a direction whichis not collinear with or parallel to axis 3741.
Althoughnotillustrated, axial drive assembly 3680' and con-
trol rod 3720 can include any other suitable arrangement of
projections and apertures to operably connect themto each
other. Also in this embodiment, the first articulation link 3710
whichcan be operably engaged with secondarticulation link
3690.

[0259] As can be seen in FIGS.65 and 78, the surgical tool
3600 includes a tool mounting portion 3750. ‘The tool mount-
ing portion 3750 includes a tool mounting plate 3751 thatis
configured for attachment to the tool drive assembly 1010.
The tool mounting portion operably supported a transmission
arrangement 3752 thereon. In use, it may be desirable to
rotate the disposable loading unit 3612 aboutthe longitudinal
tool axis defined by the elongated shaft 3700. In at least one
embodiment, the transmission arrangement 3752 includes a
rotational transmission assembly 3753 that is configured to
receive a corresponding rotary output motion from the tool
drive assembly 1010 ofthe robotic system 1000 and convert
that rotary output motionto a rotary control motion for rotat-
ing the elongated shaft 3700 (and the disposable loading unit
3612) about the longitudinal tool axis LI-LT. As can be seen
in FIG, 78, a proximal end 3701 of the elongated shaft 3700
is rotatably supported within a cradle arrangement 3754 that
is attachedto the tool mounting plate 3751 ofthe tool mount-
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ing portion 3750. A rotation gear 3755 is formed on or
attached to the proximal end 3701ofthe elongated shaft 3700
for meshing, engagement witha rotation gear assembly 3756
operably supported on the tool mounting plate 3751. In at
least one embodiment, a rotation drive gear 3757 drivingly
coupled to a corresponding first one of the driven discs or
elements 1304 on the adapter side of the tool mounting plate
3751 whenthe tool mounting portion 3750 is coupled to the
tool drive assembly 1010. The rotation transmission assem-
bly 3753 further comprisesa rotary driven gear 3758 that is
rotatably supported on the tool mounting plate 3751 in mesh-
ing engagementwith the rotation gear 3755 and the rotation
drive gear 3757. Application ofa first rotary output motion
fromthe robotic system 1000 through the tool drive assembly
1010 to the corresponding driven element 1304 will thereby
cause rotation of the rotation drive gear 3757 by virtue of
being operably coupled thereto. Rotation ofthe rotationdrive
gear 3757 ultimatelyresults in the rotation of the elongated
shaft 3700 (and the disposable loading unit 3612) about the
longitudinal tool axis LT-LT (primary rotary motion).

[0260] As canbe seen in FIG. 78, a drive shaft assembly
3760 is coupledto a proximal endofthe control rod 2720. In
various embodiments, the control rod 2720 is axially
advanced in the distal and proximal directions by a knife/
closure drive transmission 3762. One form of the knife/clo-

sure drive assembly 3762 compriscs a rotary drive gear 3763
that is coupled to a corresponding second one of the driven
rotatable bodyportions, discs or elements 1304 on the adapter
side ofthe too] mounting plate 3751 whenthe tool mounting
portion 3750 is coupled to the tool holder 1270. ‘The rotary
driven gear 3763 is in meshing driving engagement with a
gear train, generally depicted as 3764. Inat least one form,the
gear train 3764 further comprises a first rotary driven gear
assembly 3765 that is rotatably supported on the tool mount-
ing plate 3751. The first rotary driven gear assembly 3765 is
in meshing engagement with a second rotary driven gear
assembly 3766thatis rotatably supported on the tool mount-
ing plate 3751 and which is in meshing engagement with a
third rotary driven gear assembly 3767 that is in meshing
engagement with a threaded portion 3768 ofthe drive shalt
assembly 3760. Rotation of the rotary drive gear 3763 in a
secondrotarydirection will result in the axial advancement of
the drive shaft assembly 3760 and control rod 2720 in the
distal direction “DD”. Conversely, rotation ofthe rotary drive
gear 3763 in a secondaryrotary direction whichis opposite to
the second rotary direction will causethe drive shaft assembly
3760 and the control rod 2720 to movein the proximaldirec-
tion. Whenthe control rod 2720 movesin the distal direction,
it drives the drive beam 3682 and the working head 3684
thereofdistally through the surgical staple cartridge 3640. As
the working head 3684is driven distally, it operably engages
the anvil 3620 to pivotil to a closed position.

[0261] Thecartridge carrier 3630 maybe selectivelyarticu-
lated about articulation axis AA-AA byapplying axial articu-
lation contro] motionsto thefirst and second articulation links

3710 and 3690. In various embodiments, the transmission
arrangement 3752 further includes anarticulation drive 3770
that is operably supported on the tool mounting plate 3751.
Morespecifically and with reference to FIG. 78, itcan be seen
that a proximal end portion 3772ofanarticulationdrive shaft
3771 configured to operably engage withthe first articulation
link 3710 extends throughthe rotation gear 3755 andis rotat-
ably coupled to a shifter rack gear 3774 that is slidably affixed
to the tool mounting plate 3751 through slots 3775. The
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articulation drive 3770 lurther comprises a shilter drive gear
3776 that is coupled to a corresponding third one ofthe driven
discs or elements 1304 on the adapterside ofthe too] mount-
ing plate 3751 when the tool mounting portion 3750 is
coupled to the tool holder 1270. The articulation drive assem-
bly 3770 further comprises a shifter driven gear 3778 thatis
rotatably supported on the tool mounting plate 3751 in mesh-
ing engagement with the shifter drive gear 3776 and the
shifter rack gear 3774. Application of a third rotary output
motion from the robatic system 1000 through the tool drive
assembly 1010 to the corresponding driven element 1304 will
thereby cause rotation ofthe shilter drive gear 3776 byvirtue
of being operably coupled thereto. Rotation of the shifter
drive gear 3776 ultimately results in the axial movement of
the shifter gear rack 3774 and the articulation drive shaft
3771. The direction of axial travel of the articulation drive

shaft 3771 depends upon the direction in which the shifter
drive gear 3776 is rotated by the robotic system 1000. Thus,
rotation ofthe shifter drive gear 3776 inafirst rotary direction
will result in the axial movementofthe articulation drive shaft

3771 in the proximal direction “PD” and cause the cartridge
carrier 3630 to pivot ina first direction aboutarticulation axis
AA-AA. Conversely,rotation ofthe shifter drive gear 3776 in
a second rolary direction (opposite to the first rotary direc-
tion) will result in the axial movementofthe articulation drive
shaft 3771 in the distal direction “DD”to thereby cause the
cartridge carrier 3630 to pivot about articulation axis AA-AA
in an opposite direction.

[0262] FIG. 79 illustrates yet another surgical tool 3800
embodimentofthe present invention thal may be employed
with a robotic system 1000. As can be seen in FIG. 79, the
surgical tool 3800 includes a surgical end effector 3812 in the
form ofan endocutter 3814 that employs various cable-driven
components. Various forms of cable driven endocutters are
disclosed, for example, in U.S. Pat. No. 7,726,537, entitled
SURGICAL STAPLER WITH UNIVERSAL ARTICULA-

TION AND TISSUE PRE-CLAMP, which issued on Jun. 1,
2010, and U.S. Patent Application Publication No. US 2008/
0308603A1, entitled CABLE DRIVEN SURGICAL STA-
PLING AND CUTTING INSTRUMENT WITH
IMPROVED CABLE AVLACHMENT ARRANGEMEN''S,
which published on Dec. 18, 2008,the disclosures ofeach are
hereinincorporated by referencein their respectiveentireties.
Such endocutters 3814 maybe referred to as a “disposable
loading unit” because they are designed to be disposed of
after a single use. Ilowever, the various unique and novel
arrangements of various embodiments of the present inven-
tion mayalso be employed in connection with cable driven
end effectors that are reusable.

[0263] As can be seenin FIG.79, inat least one form, the
endocutter 3814 includes an elongated channel 3822 that
operably supports a surgical staple cartridge 3834 therein. An
anvil 3824is pivotally supported for movementrelative to the
surgical staple cartridge 3834. The anvil 3824 has a cam
surface 3825 that is configured for interaction with a pro-
clamping collar 3840 that is supported for axial movement
relative thereto. The end effector 3814 is coupled to an elon-
gated shalt assembly 3808 thatis allached to a tool mounting
portion 3900. In various embodiments, a closure cable 3850 is
employed to move pre-clampingcollar 3840 distally onto and
over cam surface 3825 to close the anvil 3824relative to the

surgical staple cartridge 3834 and compress the tissue ther-
ebetween. Preferably, closure cable 3850 attaches to the pre-
clamping collar 3840 at or near point 3841 and is fed through
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a passageway in anvil 3824 (or under a proximal portion of
anvil 3824) and fed proximally throughshaft 3808. Actuation
of closure cable 3850 in the proximal direction “PD”forces
pre-clampingcollar 3840 distally against cam surface 3825 to
close anvil 3824relative to staple cartridge assembly 3834. A
returnmechanism,e.g., aspring, cable system or the like, may
be employed to return pre-clamping collar 3840 to a pre-
clamping orientation which re-opensthe anvil 3824.
[0264] The clongated shaft assembly 3808 maybe cylin-
drical in shape and. define a channel 3811 which may be
dimensionedto receive a tube adapter 3870. See FIG. 80. In
various embodiments, the tube adapter 3870 maybeslidingly
received in Iriclion-fit engagement with the internal channel
ofelongated shaft 3808. The outer surface ofthe tube adapter
3870 mayfurther include at least one mechanical interface,
e.g., a cutout or notch 3871, oriented to mate with a corre-
sponding mechanical interface, e.g., a radially inwardly
extending protrusion or detent (not shown), disposed on the
inner periphery of internal channel 3811 to lock the tube
adapter 3870 to the elongated shaft 3808. In various embodi-
ments, the distal end of tube adapter 3870 may include a pair
of opposing, flanges 3872@ and 38724 which define a cavity
for pivotably receiving a pivot block 3873 therein. Fach
flange 3872a@ and 38726 may include an aperture 3874a@ and
38746 that is oriented to receive a pivot pin 3875 that extends
through an aperture in pivot block 3873 to allow pivotable
movement of pivot block 3873 about an axis that is perpen-
dicular to longitudinal tool axis “LT-LT’”’. The channel 3822
may be formed with two upwardlyextending flanges 3823a,
38236 that have apertures therein, which are dimensioned to
receive a pivot pin 3827. In turn, pivot pin 3875 mounts
through apertures in pivot block 3873 to permit rotation ofthe
surgical end effector 3814 about the ““Y” axis as needed
during a given surgical procedure. Rotation of pivot block
3873 aboul pin 3875 along “Z”axis rotates the surgical end
ellector 3814 about the “Z”axis. See FIG. 80. Other methods

of fastening the elongated channel 3822 to the pivet block
3873 may be effectively employed without departing from
the spirit and scope of the present invention.
[0265] The surgicalstaple cartridge 3834 can be assembled
and mounted within the elongated channel 3822 during the
manufacturing or assembly process and sold as part of the
surgical end cffector 3812, or the surgical staple cartridge
3834 may be designed for selective mounting within the
elongated channel 3822 as needed. and sold separately, e.g., as
a single use replacement, replaceable or disposable staple
cartridge assembly. It is within the scope ofthis disclosure
that the surgical end effector 3812 may be pivotally, opera-
tively, or integrally attached, for example, to distal end 3809
ofthe elongated shaft assembly 3808 of a disposable surgical
stapler. As is known, a used or spent disposable loading unit
3814 can be removedfromthe elongated shaft assembly 3808
and replaced with an unused disposable unit. The endocutter
3814 mayalso preferably include an actuator, preferably a
dynamic clamping member 3860, a sled. 3862, as well as
staple pushers (not shown) and staples (not shown) ance an
unspent or unusedcartridge 3834 is mounted in the elongated
channel 3822. See FIG. 80.

[0266] In various embodiments, the dynamic clamping
member 3860 is associated with, e.g., mounted on andrides
on, or with or is connected to or integral with and/or rides
behind sled 3862. It is envisioned that dynamic clamping
member 3860 can have cam wedgesor cam surfaces attached
or integrally formed or be pushedby a leading distal surface
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thereo!’ In various embodiments, dynamic clamping member
3860 may include an upperportion 3863 having a transverse
aperture 3864 with a pin 3865 mountable or mountedthercin,
a central support or upward extension 3866 and substantially
T-shaped bottom flange 3867 which cooperate to slidingly
retain dynamic clamping member3860 along anideal cutting
path during longitudinal, distal movement of sled 3862. The
leading cutting edge 3868, here, knife blade 3869, is dimen-
sioned to ride within slot 3835 of staple cartridge assembly
3834 and separate tissue once stapled. As used herein, the
term “knife assembly” may include the aforementioned
dynamic clamping member 3860, knife 3869, and sled 3862
or other knife/beam/sled drive arrangements and cutting
instrument arrangements. In addition, the various embodi-
ments of the present invention may be employed with knife
assembly/cutting instrument arrangements that may be
entirely supported in the staple cartridge 3834 or partially
supported in the staple cartridge 3834 and elongated channel
3822 or entirely supported within the elongated channel
3822.

[0267] In various embodiments, the dynamic clamping
member 3860 maybe driven in the proximal anddistal direc-
tions by a cable drive assembly 3870. In one non-limiting
form, the cable drive assembly comprises a pair of advance
cables 3880, 3882 andafiring cable 3884. FIGS. 81 and 82
illustrate the cables 3880, 3882, 3884 in diagrammatic form.
Ascan be seenin those Figures, a first advance cable 3880 is
operably supported on a first distal cable transition support
3885 which may comprise, for example, a pulley, rod, cap-
stan, etc. that is attached to the distal end of the elongated
channel 3822 and a first proximal cable transition support
3886 which may comprise, for example, a pulley, rod, cap-
stan, etc. that is operably supported by the elongated channel
3822. A distal end 3881 of thefirst advance cable 3880 is

affixed to the dynamic clamping assembly 3860. The second
advance cable 3882 is operably supported on a second distal
cable transition support 3887 which may, for example, com-
prise a pulley, rod, capstan ctc. that is mounted to the distal
end ofthe elongated channel 3822 and a second proximal
cable transition support 3888 which may, for example, com-
prise a pulley, rod, capstan, etc. mounted to the proximal end
of the elongated channel 3822. The proximal end 3883 of the
second advance cable 3882 may be attached to the dynamic
clamping assembly 3860. Also in these embodiments, an
endless firing cable 3884 is employed and journaled on a
support 3889 that may comprise a pulley, rod, capstan, etc.
mounted within the elongated shaft 3808. In one embodi-
ment, the retract cable 3884 may be formed in a loop and
coupled to a connector 3889"thatis fixedlyattached to thefirst
and second advance cables 3880, 3882.

[0268] Various non-limiting embodiments of the present
invention include a cable drive transmission 3920 that is

operably supported on a tool mounting plate 3902 of the tool
mounting portion 3900. The tool mounting portion 3900 has
an array ofelectrical connecting pins 3904 which are config-
ured to interface with the slots 1258 (FIG. 21) in the adapter
1240’. Such arrangement permils the robotic system 1000 to
provide control signals to a control circuit 3910 of the tool
3800. While the interface is describedherein with reference to

mechanical, electrical, and magnetic coupling elements, it
should be understoodthat a wide variety oftelemetry modali-
ties might be used, including infrared, inductive coupling, or
the like.
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[0269] Control circuit 3910 is shown in schematic form in
FIG. 79. In one formor embodiment, the control circuit 3910
includes a power supplyin the form of a battery 3912 thatis
coupled to an on-off solenoid powered switch 3914.In other
embodiments, however, the power supply may comprise a
source of alternating current. Control circuit 3910 further
includes an on/off solenoid 3916 that is coupled to a double
pole switch 3918 for controlling motor rotation direction.
Thus, when the robotic system 1000 supplics an appropriate
control signal, switch 3914 will permit battery 3912 to supply
power to the double pole switch 3918. The robotic system
1000 will also supply an appropriatesignal to the double pole
switch 3918 to supply powerto a shifter motor 3922.
[0270] Turning to FIGS. 83-88,at least one embodiment of
the cable drive transmission 3920 comprises a drive pulley
3930 that is operably mounted to a drive shaft 3932 that is
attachedto a driven element 1304 ofthe type and construction
described above that is designed to interface with a corre-
sponding drive element 1250 of the adapter 1240. See FIGS.
18 and 84. Thus, when the tool mounting portion 3900 is
operably coupled to the tool holder 1270, the robot system
1000 can apply rotary motion to the drive pulley 3930 in a
desired direction. A first drive memberor belt 3934 drivingly
engages the drive pulley 3930 and a seconddrive shalt 3936
that is rotatably supported on a shifter yoke 3940. he shifter
yoke 3940 is operably coupled to the shifter motor 3922 such
that rotation of the shaft 3923 of the shifter motor 3922 ina

first direction will shift the shifter yoke in a first direction
“T'D”androtation ofthe shifter motor shaft 3923 in a second

direction will shift the shifter yoke 3940 in a seconddirection
“SD”. Other embodiments of the present invention may
employa shifter solenoid arrangementfor shifting the shifter
yokein said first and seconddirections.
[9271] As can he seen in FIGS. 83-86, a closure drive gear
3950 mountedto a second drive shalt 3936 and is configured
to selectively mesh with a closure drive assembly, generally
designated as 3951. Likewise a firing drive gear 3960 is also
mounted to the second drive shaft 3936 and is configured to
selectively mesh with a firing drive assembly generally des-
ignated as 3961. Rotation of the second drive shaft 3936
causes the closure drive gear 3950 and thefiring drive gear
3960 to rotate. In one non-limiting embodiment, the closure
drive assembly 3951 comprises a closure driven gear 3952
that is coupled ta a first closure pulley 3954 that is rotatably
supported on a third drive shaft 3956. The closure cable 3850
is drivingly received onthe first closure pulley 3954 such that
rotation ofthe closure driven gear 3952 will drive the closure
cable 3850. Likewise, the firing drive assembly 3961 com-
prisesa firing driven gear 3962 that is coupled to a first firing
pulley 3964that is rotatably supported onthe third drive shaft
3956. The first and seconddriving pulleys 3954 and 3964 are
independently rotatable on the third drive shaft 3956. The
firing cable 3884 is drivinglyreceived onthefirstfiring pulley
3964 such that rotation of the firing driven gear 3962 will
drive the firing cable 3884.
[9272] Also in various embodiments, the cable drive trans-
mission 3920 further includes a braking assembly 3970. Tn at
least one embodiment, for example, the braking assembly
3970 includes a closure brake 3972 that comprises a spring
arm 3973 that is attached to a portion of the transmission
housing 3971. The closure brake 3972hasa gear lug 3974 that
is sized to engagethe teeth of the closure driven gear 3952 as
will be discussed in further detail below. The braking assem-
bly 3970further includesa firing brake 3976 that comprises a
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spring arm 3977 that is allached to another portion ofthe
transmission housing 3971. The firing brake 3976 has a gear
lug 3978that is sized to engage the tecth ofthe firing driven
gear 3962.

[0273] At least one embodimentof the surgical tool 3800
maybe used as follows. The tool mounting portion 3900 is
operably coupled to the interface 1240 of the robotic system
1000. The controller or control unit of the robotic system is
operated to locate the tissuc ta be cut and stapled between the
open anvil 3824 and the staple cartridge 3834. When in that
initial position, the braking assembly 3970 has locked the
closure driven gear 3952 and the firing driven gear 3962 such
that they cannot rotate. That is, as shownin FIG, 84, the gear
lug 3974 is in locking engagement with the closure driven
gear 3952 and the gear lug 3978is in locking engagement
withthe firing driven gear 3962. Once the surgical end effec-
tor 3814 has beenproperly located, the controller 1001 of the
robotic system 1000 will provide a controlsignalto the shifter
motor 3922 (or shifter solenoid) to move the shifter yoke
3940in the first direction. As the shifter yoke 3940 is moved
in the first direction, the closure drive gear 3950 moves the
gear lug 3974 out af engagement with the closure driven gear
3952 as il moves into meshing engagement with the closure
driven gear 3952. As can be seen in FIG. 83, when in that
position, the gear lug 3978 remains in locking engagement
with the firing driven gear 3962 to prevent actuation of the
firing system. Thereafter,the robotic controller 1001 provides
a first rotary actuation motionto the drive pulley 3930 through
the interface between the driven element 1304 and the corre-

sponding components of the tool holder 1240. As the drive
pulley 3930 is rotated in the first direction, the closure cable
3850 is rotated to drive the preclamping collar 3840 into
clasing engagement with the cam surface 3825 of the anvil
3824 to moveit to the closed position thereby clamping the
largel lissue between the anvil 3824 and thestaple cartridge
3834. See FIG. 79. Once the anvil 3824 has been movedto the

closed position, the robotic controller 1001 stops the appli-
cation of the first rotary motion to the drive pulley 3930.
Thereafter, the robotic controller 1001 may commence the
firing process by sending another control signalto the shifter
motor 3922 (or shifter solenoid) to cause the shifter yoke to
move in the second direction “SD” as shownin FIG. 94. As

the shifter yoke 3940 is moved in the second direction, the
firing drive gear 3960 movesthe gear lug 3978 out ofengage-
mentwith the firing driven gear 3962 as it moves into meshing
engagement with the firing driven gear 3962. As can be seen
in FIG. 85, whenin that position, the gear lug 3974 remains in
locking engagement with the closure driven gear 3952 to
prevent actuation of the closure system. Thereafter, the
robotic controller 1001 is activated to providethe first rotary
actuation motion to the drive pulley 3930 through the inter-
face between the driven element 1304 andthe corresponding
componentsofthe tool holder 1240. As the drive pulley 3930
is rotated in thefirst direction, the firing cable 3884is rotated
to drive the dynamic clamping member 3860 in the distal
direction “DD”therebyfiring the stapes and cutting the tissue
clamped in the end effector 3814. Once the robotic system
1000 determines thal the dynamic clamping member 3860
has reachedits distal most position—either through sensors
or through monitoring the amount of rotary input applied to
the drive pulley 3930, the controller 1001 may then apply a
second rotary motion to the drive pulley 3930 to rotate the
closure cable 3850 in an opposite direction to cause the
dynamic clamping member 3860 to be retracted in the proxi-
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mal direction “PD”. Once the dynamic clamping memberhas
been retracted to the starting position, the application of the
second rotary motionto the drive pulley 3930 is discontinued.
Thereafter, the shifter motor 3922 (or shifter solenoid) is
powered to movethe shifter yoke 3940 to the closure position
(TIG. 83). Once the closure drive gear 3950 is in meshing
engagement with the closure driven gear 3952, the robotic
controller 1001 may once again apply the second rotary
motionto the drive pulley 3930. Rotation of the drive pulley
3930 in the second direction causes the clasure cable 3850 to

retract the preclamping collar 3840 out of engagement with
the cam surlace 3825 ofthe anvil 3824 to permit the anvil
3824 to moveto an openposition(by a spring or other means)
to release the stapled tissue from the surgical end effector
3814.

[0274] FIG. 89 illustrates a surgical tool 4000 that employs
a geardriven firing bar 4092 as shown in FIGS. 90-92. This
embodimentincludes an elongated shalt assembly 4008 that
extends froma tool mounting portion 4100. The tool mount-
ing portion 4100 includes a tool mounting plate 4102 that
operable supports a transmission arrangement 4103 thereon.
The elongated shaft assembly 4008 includes a rotatable
proximal closure tube 4010 that is rotatably journaled on a
proximal spine member 4020 thatis rigidly coupled to the
tool mounting plate 4102. The proximal spine member 4020
has a distal end that is coupledto an clongated channelportion
4022 of a surgical end effector 4012. The surgical effector
4012 may be substantially similar to surgical end effector
3412 described above. In addition, the anvil 4024 of the
surgical end eflector 4012 may be opened and closed by a
distal closure tube 4030 that operably interfaces with the
proximal closure tube 4010. Distal closure tube 4030is iden-
tical to distal closure tube 3430 described above. Similarly,
proximal closure tube 4010 is identical to proximal closure
tube segment 3410 described above.

[0275] Anvil 4024 is opened and closed by rotating the
proximal closure tube 4010 in manner described above with
respect to distal closure tube 3410. In at least one embodi-
ment, the transmission arrangement comprises a closure
transmission, generally designated as 4011. As will be further
discussed below, the closure transmission 4011 is configured
to receive a correspondingfirst rotary motion from the robotic
system 1000 and convert thatfirst rotary motion to a primary
rotary motion for rotating the rotatable proximalclosure tube
4010 about the longitudinaltool axis T--T. As can be seen in
FIG, 92, a proximal end 4060 ofthe proximal closure tube
4010 is rotatably supported within a cradle arrangement 4104
that is attached to a tool mounting plate 4102 ofthe tool
mounting portion 4100. A rotation gear 4062 is formed on or
attachedto the proximal end 4060 ofthe closure tube segment
4010 for meshing engagementwith a rotation drive assembly
4070 that is operably supported on the tool mounting plate
4102. In at least one embodiment, a rotation drive gear 4072
is coupled to a correspondingfirst one of the driven discs or
elements 1304 on the adapter side of the tool mounting plate
4102 whenthe tool mounting portion 4100 is coupled to the
tool holder 1270. See FIGS. 22 and 92. The rotation drive

assembly 4070 further comprises a rotary driven gear 4074
that is rotatably supported onthe tool mounting plate 4102 in
meshing engagement with the rotation gear 4062 and the
rotation drive gear 4072. Application ofa first rotary control
motion fromthe robotic system 1000 throughthe tool holder
1270 and the adapter 1240 to the corresponding driven ele-
ment 1304 will thereby cause rotation of the rotation drive
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gear 4072 byvirtue ofbeing operably coupled thereto. Rota-
tion of the rotation drive gear 4072 ultimately results in the
rotation of the closure tube segment 4010 to open and close
the anvil 4024 as described above.

[0276] Asindicated above, the end effector 4012 employs a
cutting element 3860 as shown in FIGS. 90 and 91. In at least
one non-limiting embodiment,the transmission arrangement
4103 further comprises a knife drive transmission that
includes a knife drive assembly 4080. FIG. 92 illustrates one
form of knife drive assembly 4080 for axially advancing the
knife bar 4092 thatis attached to such cutting element using
cables as described above with respect lo surgical tool 3800.
In particular, the knife bar 4092 replacesthe firing cable 3884
employed in an embodimentof surgical tool 3800. One form
ofthe knife drive assembly 4080 comprisesa rotary drive gear
4082 that is coupled to a corresponding second one of the
driven discs or elements 1304 on the adapterside ofthe tool
mounting plate 4102 when the tool mounting portion 4100is
coupled to the tool holder 1270. See FIGS. 22 and 92. The
knife drive assembly 4080 further comprises a first rotary
driven gear assembly 4084 that is rotatably supported on the
tool mounting plate 4102. Thefirst rotary driven gear assem-
bly 4084 is in meshing engagementwith a third rotary driven
gear assembly 4086 that is rotatably supported on the tool
mounting plate 4102 and which is in meshing engagement
with a fourth rotary driven gear assembly 4088 that is in
meshing engagement with a threaded portion 4094 of drive
shaft assembly 4090 that is coupled to the knife bar 4092.
Rotation of the rotary drive gear 4082 in a second rotary
direction will result in the axial advancement of the drive

shaft assembly 4090 and knife bar 4092in the distal direction
“DD”. Conversely, rotation of the rotary drive gear 4082 ina
secondaryrotary direction (opposite to the second rotary
direction) will cause the drive shaft assembly 4090 and the
knile bar 4092 to move in the proximal direction. Movement
of the firing bar 4092 in the proximal direction “PD” will
drive the cutting element 3860 in the distal direction “DD”.
Conversely, movement of the firing bar 4092 in the distal
direction “DD” will result in the movement of the cutting
element 3860 in the proximal direction “PD”.
[0277] TI'IGS. 93-99 illustrate yet another surgical tool 5000
that maybe effectively employed in connection with a robotic
system 1000. In various forms, the surgical tool 5000 includes
a surgical end effector 5012 in the form ofa surgical stapling
instrument that includes an elongated channel 5020 and a
pivolally translatable clamping member, such as an anvil
5070, which are maintainedat a spacing that assures elective
stapling and severing, of tissue clamped in the surgical end
effector 5012. As can be seenin FIG. 95, the elongated chan-
nel 5020 maybe substantially U-shaped in cross-section and
be fabricated from, for example,titanium, 203 stainlesssteel,
304 stainless steel, 416 stainless steel, 17-4 stainless steel,
17-7 stainless steel, 6061 or 7075 aluminum, chromiumsteel,
ceramic, etc. A substantially U-shaped metal channel pan
5022 may be supportedin the bottomofthe clongated. channel
5020 as shown.

[0278] Various embodiments include an actuation member
in the form ofa sled assembly 5030 thal is operably supported
within the surgical end effector 5012 and axially movable
therein betweena starting position and an ending position in
response to control motions applied thereto. In some forms,
the metal channel pan 5022 hasa centrally-disposedslot 5024
therein to movably accommodatea base portion 5032 of the
sled assembly 5030. The base portion 5032 includes a foot
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portion 5034thatis sized to be slidably received in a slot 5021
in the elongated channel 5020. See FIG. 95. As can be seenin
FIGS. 94, 95, 98, and 99, the base portion 5032 of sled
assembly 5030 includes an axially extending threaded bore
5036 that is configured to be threadedly received on a
threaded drive shaft 5130 as will be discussed in further detail

below. In addition, the sled assembly 5030 includes an
upstanding support portion 5038 that supports a tissue cutting
blade ortissuc cutting instrument 5040. The upstanding sup-
port portion 5038 terminates in a top portion 5042 that has a
pair oflaterally extending retaining fins 5044 protruding
therefrom. As shownin FIG.95, the fins 5044 are positioned
to be received within corresponding slots 5072 in anvil 5070.
Thefins 5044 and the foot 5034serve to retain the anvil 5070

in a desired spaced closed position as the sled assembly 5030
is driven distally through the tissue clamped within the sur-
gical end effector 5014. As canalso be seen in FIGS. 97 and
99. the sled assembly 5030 further includes a reciprocatably
or sequentially activatable drive assembly 5050 for driving
staple pushers toward the closed anvil 5070.

[0279] More specifically and with reference to FIGS. 95
and 96, the elongated channel 5020 is configured to operably
support a surgical staple cartridge 5080 therein.In at least one
form, the surgical staple cartridge 5080 comprises a body
portion 5082 that may be fabricated from, for example, Vec-
tra, Nylon (6/6 or 6/12) and include a centrally disposed slot
5084 for accommodating the upstanding support portion
5038 ofthe sled assembly 5030. See FIG. 95. These materials
could also be filled with glass, carbon, or mineral fill of
10%-40%, The surgical staple cartridge 5080 further includes
a plurality of cavities 5086 for movably supporting lines or
rows of staple-supporting pushers 5088 therein. The cavities
5086 may be arranged in spaced longitudinally extending
lines or rows 5090, 5092, 5094, 5096. For example, the rows
5090 maybe referred to herein as first outboard rows. The
rows 5092 maybereferred to herein asfirst inboard rows. The
rows 5094 maybe referred to as second inboard rows and the
rows 5096 may bereferred to as second. outboard rows. The
first inboard row 5090 and the first outboard row 5092 are

located onafirst lateral side of the longitudinal slot 5084 and
the second inboard row 5094 and the second oulboard row

5096 are located on a secondlateral side ofthe longitudinal
slot 5084. The first staple pushers 5088inthe first inboard row
5092 are staggeredin relationship to thefirst staple pushers
5088 in the first outboard row 5090. Similarly, the second
staple pushers 5088 in the second outboard row 5096 are
staggered in relationship to the second pushers 5088 in the
second inboard row 5094. Each pusher 5088 operably sup-
ports a surgical staple 5098 thereon.

[0280] In various embodiments, the sequentially-activat-
able or reciprocatably-activatable drive assembly 5050
includesa pair of outboard drivers 5052 and a pair of inboard
drivers 5054 that are each attached to a commonshaft 5056

that is rotatably mounted within the base 5032 of the sled
assembly 5030. The outboard drivers 5052 are oriented to
sequentially or reciprocatingly engage a corresponding plu-
rality of outboard activation cavities 5026 provided in the
channel pan 5022. Likewise, the inboard drivers 5054 are
oriented to sequentially or reciprocatingly engage a corre-
sponding plurality of inboard activation cavities 5028 pro-
vided in the channel pan 5022. The inboard activation cavities
5028 are arranged in a staggered relationship relative to the
adjacent outboard activation cavities 5026. See I'IG. 96. As
can also be seen in TIGS. 96 and 98, in at least one embodi-
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ment, the sled assembly 5030 further includes distal wedge
segments 5060 and intermediate wedge segments 5062
located on eachside of the bore 5036 to engage the pushers
5088as the sled assembly 5030 is drivendistally in the distal
direction “DD”. As indicated above, the sled assembly 5030
is threadedly received on a threaded portion 5132 of a drive
shaft 5130 that is rotatably supported within the end effector
5012. In various embodiments, for example, the drive shaft
5130 has a distal end 5134thatis supported ina distal bearing
5136 mountedin the surgical end effector 5012. Sec FIGS. 95
and 96.

[0281] In various embodiments, the surgical end elector
5012 is coupled to a tool mounting portion 5200 byan elon-
gated shaft assembly 5108. In at least one embodiment, the
tool mounting portion 5200 operably supports a transmission
arrangement generally designated as 5204 that is configured
to receive rotary output motions from the robotic system. The
elongated shaft assembly 5108 includes an outer closure tube
5110 that is rotatable and axially movable on a spine member
5120that is rigidly coupled to a tool mounting plate 5201 of
the tool mounting portion 5200. The spine member 5120 also
hasa distal end 5122 that is coupled to the elongated channel
portion 5020 of the surgical end effector 5012.
[0282] Inuse,it may be desirable to rotate the surgical end
effector 5012 about a longitudinal tool axis LT-LT defined by
the elongated shaft assembly 5008. In various embodiments,
the outer closure tube 5110 has a proximal end 5112 thatis
rotatably supported on the tool mounting plate 5201 of the
tool drive portion 5200 bya forward support cradle 5203. The
proximal end 5112 of the outer closure tube 5110 is config-
ured to operably interface with a rotation transmission por-
tion 5206 of the transmission arrangement 5204. In various
embodiments, the proximal end 5112 ofthe outer closure tube
5110 is also supported on a closure sled 5140 that is also
movably supported on the too] mounting plate 5201. A clo-
sure tube gear segment 5114 is formed on the proximal end
5112 ofthe outer closure tube 5110 for meshing engagement
witha rotation drive assembly 5150 ofthe rotation transmis-
sion 5206. As can be seen in FIG. 93, the rotation drive
assembly 5150, in at least one embodiment, comprises a
rotation drive gear 5152 that is coupled to a corresponding
first one of the driven discs or elements 1304 on the adapter
side 1307 ofthe tool mounting plate 5201 whenthe tool drive
portion 5200 is coupled to the tool holder 1270. The rotation
drive assembly 5150 further comprises a rotary driven gear
5154 that is rotatably supported on the tool mounting plate
5201 in meshing engagement withthe closure tube gear seg-
ment 5114 andthe rotation drive gear 5152. Application of a
first rotary control motion from the robotic system 1000
through the tool holder 1270 and the adapter 1240 to the
corresponding driven element 1304 will thereby cause rota-
tion of the rotation drive gear 5152. Rotation of the rotation
drive gear 5152 ultimately results in the rotation of the elon-
gated shaft assembly 5108 (andthe end effector 5012) about
the longitudinal tool axis LT-LT (represented by arrow “R”in
FIG. 93).
[0283] Closure of the anvil 5070 relative to the surgical
staple cartridge 5080 is accomplished by axially moving the
outer closure tube 5110 in the distal direction “DD”. Such

axial movementofthe outer closure tube 5110 maybe accom-
plished by a closure transmission portion 5144 ofthe trans-
mission arrangement 5204. As indicated above, in various
embodiments, the proximal end 5112 ofthe outer closure tube
5110 is supported by the closure sled 5140 which enables the
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proximal end 5112 to rolate relative thereto,yet travel axially
with the closure sled 5140. In particular, as can be seen in FIG.
93, the closure sled 5140 has an upstanding tab 5141 that
extends into a radial groove 5115 inthe proximalend portion
§112 of the outer closure tube 5110. In addition, as was
described above, the closure sled 5140is slidably mountedto
the tool mounting plate 5201. In various embodiments, the
closure sled 5140 has an upstanding portion 5142 that has a
clasure rack gear 5143 formed thercon. The closure rack gear
5143 is configured for driving engagement with the closure
transmission 5144.

[0284] In various forms, the closure transmission 5144
includes a closure spur gear 5145 that is coupled to a corre-
sponding second oneofthe driven discs or elements 1304 on
the adapter side 1307 of the toal mounting plate 5201. Thus,
application ofa second rotary control motion from the robotic
system 1000 through the tool holder 1270 and the adapter
1240 to the corresponding second driven element 1304 will
cause rotation of the closure spur gear 5145 whenthe inter-
face 1230 is coupledto the tool mounting portion 5200. The
closure transmission 5144 further includes a driven closure

gear set 5146 that is supported in meshing engagement with
the closure spur gear 5145 and the closure rack gear 5143.
Thus, application of a second rotary control motion from the
robotic system 1000 through the tool holder 1270 and the
adapter 1240 to the corresponding second driven clement
1304 will cause rotation of the closure spur gear 5145 and
ultimately drive the closure sled 5140 and the outer closure
tube 5110 axially. The axial direction in which the closure
tube 3110 moves ultimately depends upon the direction in
which the second driven element 1304 is rotated. For

example, in response to one rotary closure motion received
from the robotic system 1000, the closure sled 5140 will be
driven in the distal direction “DD”and ultimately the outer
closure tube 5110 will be driven in the distal direction as well.

Theouter closure tube 5110 has an opening 5117 inthe distal
end 5116 that is configured for engagement witha tab 5071 on
the anvil 5070 in the manners described above. As the outer

clasure tube 5110is driven distally, the proximal end. 5116 of
the closure tube 5110 will contact the anvil 5070 andpivot it
closed. Upon application ofan “opening”rotary motion rom
the robotic system 1000, the closure sled 5140 and outer
closure tube 5110 will be driven in the proximal direction
“PD” and pivot the anvil 5070 to the open position in the
manners described above.

[0285] Inatleast one embodiment,the drive shali 5130 has
a proximal end 3137 that has a proximal shalt gear 5138
attached thereto,he proximalshaft gear 5138 is supported in
meshing engagementwitha distal drive gear 5162 attached to
a rotary drive bar 5160 that is rotatably supported with spine
member 5120. Rotation of the rotary drive bar 5160 and
ultimately rotary drive shaft 5130 is controlled by a rotary
knife transmission 5207 which comprises a portion of the
transmission arrangement 5204 supported on the tool mount-
ing plate 5210. In various embodiments, the rotary knife
transmission 5207 comprises a rotary knife drive system 5170
that is operably supported on the tool mounting plate 5201. In
various embodiments, the knile drive system 5170 includes a
rotarydrive gear 5172 that is coupled to a corresponding third
one ofthe drivendiscs or elements 1304 on the adapterside of
the tool mounting plate 5201 whenthetooldrive portion 5200
is coupled to the tool holder 1270. The knife drive system
5170 further comprisesa first rotary driven gear 5174 thatis
rotatably supported on the tool mounting plate 5201 in mesh-
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ing engagementwith a secondrotary driven gear 5176 and the
rotary drive gear 5172. ‘The second rotary driven gear 5176is
coupled to a proximal end portion 5164 ofthe rotarydrive bar
5160.

[0286] Rotation ofthe rotary drive gear 5172 ina first rotary
direction will result in the rotation ofthe rotary drive bar 5160
and rotary drive shaft 5130 in a first direction. Conversely,
rotation of the rotary drive gear 5172 in a second rotary
direction (opposite to the first rotary direction) will cause the
rotary drive bar 5160 and rotary drive shaft 5130 to rotate in
a second direction. 2400. Thus, rotation of the drive shaft
2440 results in rotation ofthe drive sleeve 2400.

[0287] One methodofoperating the surgical tool 5000 will
now be described. The tool drive 5200 is operably coupled to
the interface 1240 of the robotic system 1000. The controller
1001 of the robotic system 1000 is operated to locate the
tissue to be cut and stapled between the open anvil 5070 and
the surgical staple cartridge 5080. Once the surgical end
effector 5012 has been positioned by the robot system 1000
such that the target tissue is located betweenthe anvil 5070
and the surgical staple cartridge 5080, the controller 1001 of
the robotic system 1000 maybeactivated to applythe second
rotary output motion to the second driven element 1304
coupled to the closure spur gear 5145to drive the closure sled
5140 and the outer closure tube 5110 axially in the distal
direction to pivot the anvil 5070 closed in the manner
described above. Once the robotic controller 1001 determines

that the anvil 5070 has been closed by, for example, sensors in
the surgical end effector 5012 and/or the tool drive portion
5200, the robotic controller 1001 system may provide the
surgeon with an indication that significs the closure of the
anvil. Such indication may be, for example, in the form of a
light and/or audible sound, tactile feedback on the control
members, etc. Then the surgeon mayinitiate the firing pro-
cess. In alternative embodiments, however, the robolic con-
troller 1001 may automatically commencethe firing process.
[0288] To commencethefiring process, the robotic control-
ler applies a third rotary output motionto the third drivendisc
or element 1304 coupledto the rotary drive gear 5172. Rota-
tion ofthe rotary drive gear 5172 results in the rotation of the
rotary drive bar 5160 and rotarydrive shaft 5130 in the man-
ner described above. Firing and formation of the surgical
staples 5098 can be best understood from reference to FIGS.
94, 96, and 97. As the sled assembly 5030 is driven in the
distal direction “DD” through the surgical staple cartridge
5080, the distal wedge segments 5060 first contact the staple
pushers 5088 and start to move them toward the closed anvil
5070. As the sled assembly 5030 continues to movedistally,
the outboard drivers 5052 will drop into the corresponding
activation cavity 5026 in the channel pan 5022. The opposite
end of each outboard driver 5052 will then contact the corre-

sponding outboard pusher 5088 that has moved up the distal
and intermediate wedge segments 5060, 5062. Further distal
movement of the sled assembly 5030 causes the outboard
drivers 5052 to rotate and drive the corresponding, pushers
5088 toward the anvil 5070 to cause the staples 5098 sup-
ported thereon to be formed as theyare driven into the anvil
5070. It will be understood that as the sled assembly 5030
moves distally, the knife blade 5040 cuts throughthe tissue
that is clamped between the anvil and the staple cartridge.
Because the inboard drivers 5054 and outboard drivers 5052
are attached to the same shaft 5056 and the inboard drivers

5054areradially offset fromthe outboard drivers 5052 on the
shaft 5056, as the outboard drivers 5052 are driving their
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corresponding pushers 5088 toward the anvil 5070, the
inboard drivers 5054 drop into their next correspondingacti-
vation cavity 5028 to cause them to rotatablyor reciprocat-
ingly drive the corresponding inboard pushers 5088 towards
the closed anvil 5070 in the same manner. Thus,the laterally
corresponding outboard staples 5098 on each side of the
centrally disposed slot 5084 are simullaneously formed
togetherandthelaterally corresponding inboard staples 5098
on cach side of the slot 5084 are simultancously formed
together as the sled assembly 5030 is driven distally. Once the
robotic controller 1001 determines that the sled assembly
5030 has reached its distal most position—either through
sensors or through monitoring the amount of rotary imput
applied to the drive shalt 5130 and/or the rotary drive bar
5160, the controller 1001 maythen applya third rotary output
motionto the drive shaft 5130 to rotate the drive shaft 5130 in

an opposite direction to retract the sled assembly 5030 back to
its starting position. Once the sled assembly 5030 has been
retracted to the starting position (as signaled bysensors in the
end effector 5012 and/or the tool drive portion 5200), the
application ofthe secondrotary motion to the drive shaft 5130
is discontinued. Thereafter, the surgeon may manuallyacti-
vate the anvil opening process or it may be automatically
commenced bythe robotic controller 1001. To open the anvil
5070, the second rotary output motion is applicd to the clo-
sure spur gear 5145 to drive the closure sled 5140 and the
outer closure tube 5110 axially in the proximal direction. As
the closure tuhe 5110 moves proximally, the opening 5117 in
the distal end 5116 ofthe closure tube 5110 contacts the tab

5071 on the anvil 5070 to pivot the anvil 5070 to the open
position. A spring may also be employed to bias the anvil
5070 to the open position whenthe closure tube 5116 has
been returned to the starting position. Again, sensors in the
surgical end effector 5012 and/or the tool mounting portion
5200 mayprovide the robotic controller 1001 with a signal
indicating that the anvil 5070 is now open. Thereafter, the
surgical end effector 5012 may be withdrawn from the surgi-
cal site.

[0289] TIGS. 100-105 diagrammatically depict the sequen-
tial firing of staples in a surgical tool assembly 5000' thatis
substantially similar to the surgical tool assembly 5000
described above. In this embodiment, the inboard and out-
board drivers 5052', 5054' have a cam-like shape with a cam
surface 5053 and an actuator protrusion 5055 as shown in
FIGS. 100-106. The drivers 5052", 5054are journaled on the
same shali5056' thalis rotatably supported by the sled assem-
bly 5030". In this embodiment, the sled assembly 5030" has
distal wedge segments 5060' for engaging the pushers 5088.
FIG. 100 illustrates an initial position of two inboard or
outboard drivers 5052', 5054' as the sled assembly 5030' is
driven in the distal direction “DD”. As can be seen in that

Figure, the pusher 5088a has advanced up the wedge segment
5060' and has contacted the driver 5052', 5054'. Further travel
of the sled assembly 5030' in the distal direction causes the
driver 5052', 5054' to pivot in the “P” direction (FIG. 101)
until the actuator portion 5055 contacts the end wall 5029a of
the activation cavily 5026, 5028 as shown in FIG. 102. Con-
tinued advancement ofthe sled assembly 5030"inthe distal
direction “DD”causes the driver 5052', 5054'to rotate in the
“D”direction as shownin FIG. 103. Asthe driver 5052’, 5054’
rotates, the pusher 50884 rides up the cam surface 5053 to the
final vertical position shown in FIG. 104. When the pusher
5088a reaches the final vertical position shownin FIGS. 104
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and 105, the staple (not shown) supported thereon has been
driven into the staple forming surface of the anvil to form the
staple.
[0290] FIGS. 107-112 illustrate a surgical end effector
5312 that may be employed for example, in connection with
the tool mounting portion 1300 and shaft 2008 described in
detail above. In various forms,the surgical end effector 5312
includes an elongated channel 5322 that is constructed as
described above for supporting a surgical staple cartridge
5330 therein. The surgical staple cartridge 5330 camprises a
bodyportion 5332 that includes a centrally disposed slot 5334
for accommodating an upstanding support portion 5386 ofa
sled assembly 5380. See FIGS. 107-109. ‘The surgical staple
cartridge body portion 5332 further includes a plurality of
cavities 5336 formovably supporting staple-supporting push-
ers 5350 therein. The cavities 5336 may be arranged in spaced
longitudinally extending rows 5340, 5342, 5344, 5346. The
rows 5340, 5342 are located onone lateral side of the longi-
tudinal slot 5334 and the rows 5344, 5346 are located on the
other side of longitudinal slot 5334. In at least one embodi-
ment, the pushers 5350 are configured. to support twa surgical
staples 5352 thereon. In particular, each pusher 5350 located
on one side of the elongated slot 5334 supports one staple
5352 in row 5340 and one staple 5352 in row 5342 in a
staggered orientation. Likewise, each pusher 5350 located on
the other side ofthe elongated slot 5334 supports one surgical
staple 5352 in row 5344 and another surgical staple 5352 in
row5346 in a staggered orientation. Thus, every pusher 5350
supports two surgical staples 5352.
[0291] As can be further seen in FIGS. 107, 108, the surgi-
cal staple cartridge 5330 includes a plurality of rotary drivers
5360. Morcparticularly, the rotary drivers 5360 on one side of
the clongated slot 5334 are arranged in a single linc 5370 and
correspondto the pushers 5350 in lines 5340, 5342. In addi-
tion, the rotarydrivers 5360 on the other side of the elongated
slot 5334 are arranged ina single line 5372 and correspond to
the pushers 5350 in lines 5344, 5346. As can be seen in FIG.
107, each rotary driver 5360 is rotatably supported within the
staple cartridge body 5332. More particularly, each rotary
driver 5360 is rotatably received on a corresponding driver
shaft 5362. Each driver 5360 has an arcuate ramp portion
5364 formed thereon that is configured to engage an arcuate
lower surface 5354 formed on cach pusher 5350. See FIG.
112. In addition, cach driver 5360 has a lower support portion
5366 extend therefrom to slidably support the pusher 5360 on
the channel 5322. Fach driver 5360 has a downwardly extend-
ing actuation rod 5368 thatis contigured lor engagement with
a sled assembly 5380.
[0292] As canbe seenin FIG. 109,in at least one embodi-
ment, the sled assembly 5380 includes a base portion 5382
that has a foot portion 5384 that is sized to be slidably
receivedin a slot 5333 in the channel 5322. See F'IG. 107. The

sled assembly 5380 includes an upstanding support portion
5386 that supports a tissue cutting blade or tissue cutting
instrument 5388. The upstanding support portion 5386 ter-
minates in a top portion 5390 that has a pair of laterally
extending retaining fins 5392 protruding therefrom. Thefins
5392 are positioned to be received within corresponding slots
(not shown) in the anvil (not shown). As with the above-
described embodiments, the fins 5392 and the foot portion
5384 serve to retain the anvil (not shown) in a desired spaced
closed position as the sled assembly 5380 is drivendistally
through the tissue clamped within the surgical end effector
5312. The upstanding support portion 5386 is configured for
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allachment to a knile bar 2200 (FIG. 28). The sled assembly
5380 further has a horizontally-extending actuator plate 5394
that is shaped for actuating engagement with each of the
actuation rods 5368 on the pushers 5360.
[0293] Operationofthe surgical end effector 5312 will now
be explained with reference to FIGS. 107 and 108. Asthe sled
assembly 5380is drivenin thedistal direction “DD”through
the staple cartridge 5330, the actuator plate 5394 sequentially
contacts the actuation rods 5368 on the pushers 5360. As the
sled assembly 5380 continues to movedistally, the actuator
plate 5394 sequentially contacts the actuator rods 5368 ofthe
drivers 5360 on each side ofthe elongated slot 5334. Such
action causes the drivers 5360 to rotate from a first unactuated

position to an actuated portion wherein the pushers 5350 are
driven towards the closed anvil. As the pushers 5350 are
driven toward the anvil, the surgical staples 5352 thereon are
driven into forming contact with the underside of the anvil.
Oncethe robotic system 1000 determines that the sled assem-
bly 5080 has reachedits distal most position through sensors
or other means, the control system ofthe robotic system 1000
maythen retract the knife bar and sled. assembly 5380 backto
the starting position. Thereafter, the robotic control system
maythen activate the procedure for returning the anvil to the
open position to release the stapledtissue.
[0294] FIGS. 113-117 depict one form of an automated
reloading system embodimentof the present invention, gen-
erally designated as 5500. In one form, the automated reload-
ing system 5500 is configured to replace a “spent” surgical
end effector component in a manipulatable surgical tool por-
tion of a robotic surgical system with a “new” surgical end
effector component. As used herein, the term “surgical end
effector component” may comprise, for cxample, a surgical
staple cartridge, a disposable loading unit or other end effec-
tor components that, when used, are spent and must be
replaced wilh a new component. Furthermore, the term
“spent” means that the end effector component has been
activated and is no longer useable for its intended purpose in
its present state. For example, in the context of a surgical
staple cartridge or disposable loading unit, the term “spent”
means that at least some of the unformedstaples that were
previously supported therein have been “fired” therefrom. As
used herein, the term “new”surgical end effector component
refers to an end effector componentthatis in condition forits
intended use. In the context of a surgical staple cartridge or
disposable loading unit, for example, the term “new”refers to
such a component that has unformed staples therein and
which is otherwise ready lor use.
[0295] In various embodiments, the automated reloading
system 5500 includes a base portion 5502 that may be stra-
tegically located within a work envelope 1109 of a robotic
arm cart 1100 (FIG. 14) of a robotic system 1000. As used
herein, the term “manipulatable surgical tool portion”collec-
tively refers to a surgical tool of the various types disclosed
herein and other formsof surgical robotically-actuated tools
that are operably attached to, for example, a robotic arm cart
1100 or similar device that is configured to automatically
manipulate and actuate the surgical tool. The term “work
envelope” as used herein relers to the range of movement of
the manipulatable surgical tool portion of the robotic system.
FIG. 14 generally depicts an area that may comprise a work
envelope ofthe robotic arm cart 1100. Those of ordinaryskill
in the art will understand that the shape and size of the work
envelope depicted therein is merely illustrative. The ultimate
size, shape and location of a work envelope will ultimately
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depend uponthe construction,range oftravel limitations, and
location of the manipulatable surgical tool portion. Thus, the
term “work envelope” as used herein is intended to cover a
variety of different sizes and shapes of work envelopes and
should not be limited to the specific size and shape of the
sample work envelope depicted in FIG. 14.

[0296] As can be seen in FIG. 113, the base portion 5502
includes a new component support section or arrangement
5510 that is configured to operably support at least one new
surgical end effector component in a “loading orientation”.
Asused herein, the term “loading orientation” meansthat the
new end effector component is supported in such away so as
to permit the corresponding componentsupport portion ofthe
manipulatable surgical tool portion to be brought into loading
engagement with (i.e., operably seated or operably attached
to) the newend effector component(or the newend effector
component to be brought into loading engagement with the
corresponding component support portion of the manipulat-
able surgical tool portion) without buman intervention
beyond that which may be necessary to actuate the robotic
system. As will be further appreciated as the present Detailed
Description proceeds, in at least one embodiment, the prepa-
ration nurse will load the new component support section
before the surgery with the appropriate length and color car-
tridges (some surgical staple cartridges may support certain
sizes of staples the size ofwhich may be indicated by the color
ofthe cartridge body) required for completing the surgical
procedure. However, no direct humaninteraction is necessary
during the surgery to reload the robotic endocutter. In one
form, the surgical end effector component comprisesa staple
cartridge 2034that is configured to be operably seated within
a component support portion (elongated channel) of any of
the various other end effector arrangements described above.
Tor explanation purposes, new (unused) cartridges will be
designated as “2034a”and spent cartridges will be designated
as “20346”. The Figures depict cartridges 2034a, 20346
designed for use with a surgical end cffector 2012 that
includes a channel 2022 and an anvil 2024, the construction
and operation of which were discussed in detail above. Car-
tridges 2034a, 2034h are identical to cartridges 2034
described above. In various embodiments, the cartridges
2034a, 20346 are configured to be snappinglyretained (i.e.,
loading engagement) within the channel 2022 of a surgical
end effector 2012. As the present Detailed Description pro-
ceeds, however, those of ordinaryskill in the art will appre-
ciate that the unique and novel features of the automated
cartridge reloading system 5500 maybeeffectively employed
in connection with the automated removal andinstallation of

other cartridge arrangements without departing from the
spirit and scope ofthe present invention.

[0297] In the depicted embodiment,the term “loading ori-
entation” meansthatthe distal tip portion 20352 of the a new
surgical staple cartridge 2034ais inserted into a correspond-
ing support cavity 5512 in the new cartridge support scction
5510 such that the proximal end portion 2037a of the new
surgical staple cartridge 2034a is located in a convenient
orientation [or enabling the arm cart 1100 to manipulate the
surgical end effector 2012 into a position wherein the new
cartridge 2034a maybe automatically loaded into the channel
2022 of the surgical end effector 2012. In various embodi-
ments, the base 5502 includesat least one sensor 5504 which
communicates with the control system 1003 of the robotic
controller 1001 to provide the control system 1003 with the
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location ofthe base 5502 and/or the reload length and color
doe each staged or newcartridge 2034a.

[0298] As canalso be seen in the Figures, the base 5502
further includes a collection receptacle 5520 that is config-
ured to collect spent cartridges 20344 that have been removed
or disengaged from the surgical end cffector 2012 that is
operably attached to the robotic system 1000. In addition, in
one form, the automated reloading system 5500 includes an
extraction system 5530 for automatically removing the spent
end effector component fromthe corresponding support por-
tion ofthe end effector or manipulatable surgical tool portion
without specific humanintervention beyond that which may
be necessary to activate the robotic system. In various
embodiments, the extraction system 5530 includes an extrac-
tion hook member 5532.In one form, for example,the extrac-
tion hook member 5532 is rigidly supported on the hase
portion 5502. In one embodiment, the extraction hook mem-
ber hasat least one hook 5534 formed thereonthat is config-
ured to hookingly engage the distal end 2035 of a spent
cartridge 2034whenit is supported in the elongated channel
2022 of the surgical end effector 2012. In various forms, the
extraction hook member 5532 is conveniently located within
a portion ofthe collection receptacle 5520 such that when the
spent end effector component (cartridge 20345) is brought
into extractive cngagementwith the extraction hook member
5532, the spent end effector component (cartridge 20344)is
dislodged from the corresponding component support por-
tion (elongated channel 2022), and falls into the collection
receptacle 5020. ‘hus, to use this embodiment, the manipu-
latable surgical tool portion manipulates the end effector
attached thereto to bring the distal end 2035 of the spent
cartridge 20346 therein into hooking engagement with the
hook 5534 and then moves the end effector in such a wayto
dislodge the spent cartridge 20344 from the elongated chan-
nel 2022.

[0299] In other arrangements,the extraction hook member
5532 comprises a rotatable wheel configurationthathas a pair
of diametrically-opposed hooks 5334 protruding therefrom.
See FIGS. 113 and 116. The extraction hook member 5532 is

rotatably supported within the collection receptacle 5520 and
is coupled to an extraction motor 5540 that is controlled by
the controller 1001 of the robotic system. This form of the
automated reloading system 5500 maybe used as follows.
FIG. 115 illustrates the introduction ofthe surgical end effec-
tor 2012 that is operably attached to the manipulatable surgi-
cal tool portion 1200. As can be seen in that Figure, the arm
cart 1100 of the robotic system 1000 locates the surgical end
effector 2012 in the shownposition wherein the hook end
5534 of the extraction member 5532 hookingly engages the
distal end 2035 of the spent cartridge 20346 in the surgical
end effector 2012. The anvil 2024 ofthe surgical end effector
2012is in the open position. After the distal end 2035 of the
spent cartridge 20345 is engaged with the hook end 5532, the
extraction motor 5540 is actuated to rotate the extraction

wheel 5532 to disengagethe spent cartridge 20344 from the
channel 2022. To assist with the disengagementofthe spent
cartridge 20346 [rom the channel 2022 (or ifthe extraction
member 5530 is stationary), the robotic system 1000 may
move the surgical end effector 2012 in an upward direction
(arrow “U”in FIG. 116). As the spent cartridge 2034is
dislodged from the channel 2022, the spent cartridge 20346
falls into the collection receptacle 5520. Once the spentcar-
tridge 20346 has been removedfrom the surgical end effector
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2012, the robotic system 1000 movesthe surgical endeffector
2012 to the position shown in FIG. 117.
[0300] Invarious embodiments, a sensor arrangement 5533
is located adjacent to the extraction member 5532 that is in
communicationwith the controller 1001 ofthe robotic system
1000. The sensor arrangement 5533 may comprise a sensor
that is configured to sense the presence of the surgical end
effector 2012 and, more particularly the tip 20355 ofthe spent
surgical staple cartridge 20344 thereofasthe distal tip portion
2035b is brought into engagement with the extraction mem-
ber 5532. In some embodiments, the sensor arrangement
5533 may connprise, lor example,a light curtain arrangement.
However, other forms ofproximily sensors may be employed.
In such arrangement, when the surgical end effector 2012
withthe spent surgical staple cartridge 20346 is brought into
extractive engagement with the extraction member 5532, the
sensor senses thedistal tip 20355 of the surgical staple car-
tridge 20346 (e.g., the light curtain is broken). When the
extraction member 5532 spins and pops the surgical staple
cartridge 20344loose andit falls into the collection receptacle
5520, the light curtain is again unbroken. Becausethe surgical
end effector 2012 was not moved during this procedure, the
robotic controller 1001 is assured that the spent surgical
staple cartridge 20346 has been removed therelrom. Other
sensor arrangements may also be successfully employed to
provide the robotic controller 1001 with an indicationthat the
spent surgical staple cartridge 2034 has been removed from
the surgical end effector 2012.
[0301] Ascan be seen in ‘IG. 117,the surgical end effector
2012 is positioned to grasp a new surgical staple cartridge
2034a between the channel 2022 and the anvil 2024. More

specifically, as shown in FIGS. 114 and 117, cach cavity 5512
has a corresponding upstanding pressure pad 5514 associated
with it. The surgical end effector 2012 is located such that the
pressure pad 5514 is locatedbetween the newcartridge 2034a
and the anvil 2024. Once inthat position, the robotic system
1000 closes the anvil 2024 onto the pressure pad 5514 which
serves to push the newcartridge 2034into snapping engage-
ment with the channel 2022ofthe surgical end effector 2012.
Once the newcartridge 2034a has been snappedinto position
within the elongated channel 2022, the robotic system 1000
then withdrawsthe surgical end effector 2012 from the auto-
mated cartridge reloading system 5500 for use in connection
with performing another surgical procedure.
[0302] FIGS. 118-122 depict another automated reloading
system 5600 thal may be used to remove a spent disposable
loading unit 3612 [rom a manipulatable surgical lool arrange-
ment 3600 (FIGS. 65-78) that is operably attached to an arm
cart 1100 or other portion ofa robotic system 1000 and reload
anew disposable loading unit 3612 therein. As can be seenin
FIGS. 118 and 119, one form of the automated reloading
system 5600 includes a housing 5610 that has a movable
support assemblyin the form of a rotary carrousel top plate
5620 supported thereon which cooperates with the housing
5610 to form a hollow enclosed arca 5612. The automated

reloading system 5600is configured to be operably supported
within the work envelop of the manipulatable surgical tool
portion ofa robotic system as was described above. In various
embodiments, the rotary carrousel plate 5620 has a plurality
of holes 5622 for supporting a plurality of orientation tubes
5660 therein. As can be seen in FIGS. 119 and 120, the rotary
carrousel plate 5620 is affixed to a spindle shaft 5624. The
spindle shaft 5624 is centrally disposed within the enclosed
area 5612 and has a spindle gear 5626 attached thereto. The
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spindle gear 5626 is in meshing engagement with a carrousel
drive gear 5628 that is coupled to a carrousel drive motor
5630 that is in operative communication with the robotic
controller 1001 of the robotic system 1000.
[0303] Various embodiments of the automated reloading
system 5600 mayalso include a carrousel locking assembly,
generally designated as 5640. In various forms, the carrousel
locking assembly 5640 includes a cam disc 5642 that is
affixed to the spindle shaft 5624. The spindle gcar 5626 may
be attached to the underside ofthe cam disc 5642 and the cam

disc 5642 may be keyed onto the spindle shaft 5624. In
allernalive arrangements, the spindle gear 5626 and the cam
disc 5642 maybe independently non-rotatablyaffixed to the
spindle shaft 5624, As can be seen in FIGS. 119 and 120, a
plurality of notches 5644 are spaced around the perimeter of
the camdisc 5642. A locking arm 5648is pivotally mounted
within the housing 5610 and is biased into engagement with
the perimeter of the cam disc 5642 bya locking spring 5649.
Ascan be seen in FIG. 118, the outer perimeterofthe cam disc
5642 is rounded to facilitate rotation of the cam disc 5642

relative to the locking arm 5648. The edges of each notch
5644 are also rounded such that when the cam disc 5642 is

rotated, the locking arm 5648 is cammedout of engagement
with the notches 3644 by the perimeter of the cam disc 5642.
[0304] Various forms of the automated reloading system
5600 are configured to support a portable/replaceable tray
assembly 5650 that is configured to support a plurality of
disposable loading units 3612 in individual orientation tubes
5660. Morespecifically and with reference to TIGS. 119 and
120, the replaceable tray assembly 5650 comprises a tray
5652 that has a centrally-disposed locator spindle 5654 pro-
truding from the underside thereof. The locator spindle 5654
is sized to be received within a hallow end 5625 of spindle
shaft 5624. The tray 5652 hasa plurality ofholes 5656 therein
that are configured to support an orientation tube 5660
therein. Each orientation tube 5660 is oriented within a cor-

responding hole 5656 in the replaceable tray assembly 5650
in a desired orientation by a locating fin 5666 onthe orienta-
tion tube 5660 thatis designed to be received within a corre-
sponding locating slot 5658 in the tray assembly 5650.In at
least one embodiment, the locating fin 5666 has a substan-
tially V-shaped cross-sectional shapethat is sized to fit within
a V-shaped. locating slot 5658. Such arrangement serves to
orient the orientation tube 5660 in a desired starting position
while enabling it to rotate within the hole 5656 when a rotary
motion is applied thereto. That is, when a rotary motion is
applied to the orientation (ube 5660 the V-shaped locating fin
5666 will pop out of its corresponding locating slot enabling
the tube 5660 to rotate relative to the tray 5652 as will be
discussed in further detail below. As can also be seen in FIGS.

118-120, the replaceable tray 5652 maybe provided with one
or more handle portions 5653to facilitate transport ofthe tray
assembly 5652 when loaded with orientation tubes 5660.
[0305] As can be seen in FIG. 122, each orientation tube
5660 comprises a bodyportion 5662 that has a flanged open
end 5664. The body portion 5662 defines a cavity 5668thatis
sized to receive a portion of a disposable loading unit 3612
therein. ‘lo properly orient the disposable loading unit 3612
within the orientation tube 5660, the cavity 5668 has a flat
locating surface 5670 formed therein. As can be seen in FIG.
122, the flat locating surface 5670 is configured to facilitate
the insertion of the disposable loading unit into the cavity
5668 inadesired or predetermined non-rotatable orientation.
In addition, the end 5669 of the cavity 5668 may include a
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foam or cushion material 5672 that is designed to cushion the
distal end of the disposable loading unit 3612 within the
cavity 5668. Also, the length of the locating surface may
cooperate with a sliding support member 3689 of the axial
drive assembly 3680 of the disposable loading unit 3612 to
further locate the disposable loading unit 3612 at a desired
position within the orientation tube 5660.

[0306] Theoricntation tubes 5660 may be fabricated from
Nylon, polycarbonate, polycthylenc, liquid crystal polymer,
6061 or 7075 aluminum,titanium, 300 or 400 series stainless
steel, coated or painted steel, plated steel, etc. and, when
loaded in the replaceable tray 5662 and the locator spindle
5654 is inserted into the hollow end 5625 of spindle shatt
5624, the orientation tubes 5660 extend through correspond-
ing holes 5662 in the carrousel top plate 5620. Eachreplace-
able tray 5662 is equipped with a location sensor 5663 that
communicates with the control system 1003 of the controller
1001 of the robotic system 1000. The sensor 5663 serves to
identify the location of the reload system, and the number,
length, color and fired status ofcach reload housed in thetray.
In addition, an optical sensor or sensors 5665 that communi-
cate with the robotic controller 1001 may be employed to
sense the type/size/length ofdisposable loading units that are
loaded within the tray 5662.

[0307] Various embodiments of the automated reloading
system 5600 further include a drive assembly 5680 for apply-
ing a rotary motionto the orientation tube 5660 holding the
disposable loading unit 3612 to be attached to the shaft 3700
of the surgical tool 3600 (collectively the “manipulatable
surgical tool portion”) that is operably coupled to the robotic
system. The drive assembly 5680 includes a support yoke
5682 that is attached to the locking arm 5648. Thus, the
support yoke 5682 pivots with the locking arm 5648. The
support yoke 5682 rotatably supports a tube idler wheel 5684
and a tube drive wheel 5686 that is driven by a tube motor
5688 attached thereto. ‘lube motor 5688 communicates with

the control system 1003 andis controlled thereby. The tube
idler wheel 5684 and tube drive wheel 5686 are fabricated

from, for example, natural rubber, sanoprene, isoplast, etc.
such that the outer surfaces thereofcreate sufficient amount of
friction to result in the rotation of an orientation tube 5660 in

contact therewith upon activation ofthe tube motor 5688. The
idler wheel 5684 and tube drive wheel 5686 are oriented
relative to cach other to create a cradle area 5687 therebe-

tween for receiving an orientation tube 5060 in driving
engagementtherein.

[0308] In use, one or more ofthe orientation tubes 5660
loadedinthe automated reloading system 5600are left empty,
while the other orientation tubes 5660 may operably support
a corresponding new disposable loading unit 3612 therein. As
will be discussed in further detail below, the empty orienta-
tion tubes 5660 are employed to receive a spent disposable
loading unit 3612 therein.

[0309] The automated reloading system 5600 may be
employed as followsafter the system 5600 is located within
the work envelope of the manipulatable surgical tool portion
ofa robotic system.If the manipulatable surgical tool portion
has a spent disposable loading unit 3612 operably coupled
thereto, one of the orientation tubes 5660 that are supported
on the replaceable tray 5662 is left emptyto receive the spent
disposable loading unit 3612 therein. If, however, the
manipulatable surgical tool portion does not have a dispos-
able loading unit 3612 operably coupled thereto, each of the
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orientation tubes 5660 may be provided with a properlyori-
ented new disposable loading unit 3612.

[0310] As described hereinabove, the disposable loading
unit 3612 employs a rotary “bayonet-type” coupling arrange-
ment for operably coupling the disposable loading unit 3612
to a corresponding portionof the manipulatable surgical tool
portion.Thatis, to attach a disposable loading unit 3612 to the
corresponding portion ofthe manipulatable surgical tool por-
tion (3700—see FIG. 71, 72), a rotary installation motion
must be appliedto the disposable loading unit 3612 and/or the
corresponding portion of the manipulatable surgical tool por-
tion when those components have been moved into loading
engagement with cach other. Such installation motions are
collectively referred to herein as “loading motions”. Like-
wise, to decouple a spent disposable loading unit 3612 from
the corresponding portion of the manipulatable surgical tool,
a rolary decoupling motion must be applied to the spent
disposable loading unit 3612 and/or the corresponding por-
tion of the manipulatable surgical tool portion while simul-
taneously moving the spent disposable loading unit and the
corresponding portion of the manipulatable surgical tool
away from each other. Such decoupling motions are collec-
tively referred to herein as “extraction motions”.

[0311] To commencethe loading, process, the robotic sys-
tem 1000 is activated to manipulate the manipulatable surgi-
cal tool portion and/or the automated reloading system 5600
to bring the manipulatahble surgical tool portion into loading
engagement with the new disposable loading unit 3612 that is
supported in the orientation tube 5660 that is in driving
engagement with the drive assembly 5680. Once the robotic
controller 1001 (FIG. 13) of the robotic control system 1000
has located the manipulatable surgical tool portion in loading
engagement with the newdisposable loading unit 3612, the
robotic controller 1001 activates the drive assembly 5680 to
applya rotary loading motionto the orientation tube 5660 in
which the new disposable loading unit 3612 is supported
and/or applies another rotary loading motion to the corre-
sponding portion of the manipulatable surgical tool portion.
Upon application of such rotary loading motions(s), the
robotic controller 1001 also causes the corresponding portion
of the manipulatable surgical tool portion to be moved
towards the new disposable loading unit 3612 into loading
engagement therewith. Once the disposable loading unit 3612
is in loading engagement with the corresponding portion of
the manipulatable tool portion, the loading motionsare dis-
continued and the manipulatable surgical tool portion may be
moved away from the automated reloading system 5600 car-
rying with it the newdisposable loading unit 3612 that has
been operably coupledthereto.

[0312] To decouple a spent disposable loading unit 3612
from a corresponding manipulatable surgical tool portion, the
robotic controller 1001 of the robotic system manipulates the
manipulatable surgical tool portion so as to insert the distal
end of the spent disposable loading unit 3612 into the empty
orientation tube 5660 that remains in driving engagement
with the drive assembly 5680. Therealter, the robotic control-
ler 1001 activates the drive assembly 5680 to apply a rotary
extraction motion to the orientation tube 5660 in which the

spent disposable loading unit 3612 is supported and/or
applies a rotary extraction motionto the corresponding por-
tion of the manipulatable surgical tool portion. The robotic
controller 1001 also causes the manipulatable surgical tool
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portion to withdraw away from the spent rotary disposable
loading unit 3612. Thereafter the rotary extraction motion(s)
are discontinued.

[0313] After the spent disposable loading unit 3612 has
been removed from the manipulatable surgical tool portion,
the robotic controller 1001 mayactivate the carrousel drive
motor 5630 to index the carrousel top plate 5620 to bring
another orientation tube 5660 that supports a new disposable
loading unit 3612 thercin into driving engagement with the
drive assembly 5680. Thereafter, the loading process may be
repeated to attach the new disposable loading unit 3612
therein to the portion ofthe manipulatable surgical tool por-
tion. The robotic controller 1001 may record the number of
disposable loading units that have been used fromaparticular
replaceable tray 5652. Once the controller 1001 determines
that all of the new disposable loading units 3612 have been
used from that tray, the controller 1001 may provide the
surgeon with a signal (visual and/or audible) indicating that
the tray 5652 supporting all of the spent disposable loading
units 3612 must be replaced with a newtray 5652 containing
new disposable loading units 3612.
[0314] FIGS. 123-128 depict another non-limiting embodi-
ment ofa surgical tool 6000 ofthe present invention that is
well-adaptedforuse witha robotic system 1000 that has a tool
drive assembly 1010 (FIG. 18) that is operatively coupled to
a master controller 1001 that is operable by inputs from an
operator(i.e., a surgeon). As can be seen in FIG, 123, the
surgical tool 6000 includes a surgical end effector 6012 that
comprises an endocutter. In at least one form,the surgical tool
6000 generally includes an elongated shaft assembly 6008
that has a proximal closure tube 6040 and a distal closure tube
6042 that are coupled together by an articulation joint 6100.
Thesurgical tool 6000 is operably coupled. to the manipulator
by a tool mounting portion, generally designated as 6200. The
surgical tool 6000 further includes an interface 6030 which
may mechanically and electrically couple the tool mounting
portion 6200 to the manipulator in the various manners
described in detail above.

[0315] In at least one embodiment, the surgical tool 6000
includes a surgical end effector 6012 that comprises, among
otherthings, at least one component 6024 that is selectively
movable betweenfirst and secondpositionsrelative to at least
one other component 6022 in response to various control
motions applied to component 6024 as will be discussed in
further detail belowto perform a surgical procedure. In vari-
ous embodiments, component 6022 comprises an elongated
channel 6022 configured to operably support a surgical staple
cartridge 6034 therein and component 6024 comprises a piv-
otally translatable clamping member, suchas an anvil 6024.
Various embodiments of the surgical end effector 6012 are
configured to maintain the anvil 6024 and elongated channel
6022 at a spacing that assures effective stapling and severing
of tissue clampedin the surgical end effector 6012. Unless
otherwise stated, the end effector 6012 is similar to the sur-
gical end effector 2012 described above and includes a cut-
ting instrument (not shown) and a sled (not shown). The anvil
6024 mayinclude a tab 6027at its proximal endthat interacts
with a component of the mechanical closure system (de-
scribed further below) to facilitate the opening of the anvil
6024. The elongated channel 6022 and the anvil 6024 may be
made ofanelectrically conductive material (such as metal) so
that they may serve as part of an antenna that communicates
with sensor(s) in the end effector, as described above. The
surgical staple cartridge 6034 could be made ofa nonconduc-
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live material (such as plastic) and the sensor may be con-
nected to or disposedin the surgical staple cartridge 6034, as
wasalso described above.

[0316] Ascanbeseen inI'IG. 123, the surgical end effector
6012 is attached to the tool mounting portion 6200 by the
clongated shaft assembly 6008 according to various embodi-
ments. As shownin the illustrated embodiment, the elangated
shaft assembly 6008 includes an articulation joint generally
designated as 6100 that enablesthe surgical end effector 6012
to be selectively articulated abouta first tool articulation axis
AAI-AAIthat is substantially transverse to a longitudinal
tool axis LT-LT and a secondtoolarticulation axisAA2-AA2

that is substantially transverse to the longitudinal tool axis
LI-LT as well as thefirst articulation axis AA1-AAI1. See

FIG. 124. In various embodiments. the elongated shaft
assembly 6008 includes a closure tube assembly 6009 that
comprises a proximal closure tube 6040 and a distal closure
tube 6042 thatarc pivotablylinked by a pivot links 6044 and
6046. The closure tube assembly 6009 is movably supported
on a spine assembly generally designated as 6102.
[0317] As can be seen in FIG. 125, the proximal closure
tube 6040is pivotally linked to an intermediate closure tube
joint 6043 byanupperpivot link 6044U anda lowerpivot link
6044L such that the intermediate closure tube joint 6043 is
pivotable relative to the proximal closure tube 6040 about a
first closure axis CA1-CA1 and a second closure axis CA2-

CA2. In various embodiments, the first closure axis CA1-
CAIis substantially parallel to the second. closure axis CA2-
CA2 and both closure axes CAI-CA1, CA2-CA2 are
substantially transverse to the longitudinal tool axis LI-LI.
As can be further seen in FIG. 134, the intermediate closure
tube joint 6043 is pivotally linked to the distal closure tube
6042 bya left pivot link 6046L anda rightpivot link 6046R
suchthat the intermediate closure tube joint 6043is pivotable
relative to the distal closure tube 6042 abouta third closure
axis CA3-CA3 and a fourth closure axis CA4-CA4. In vari-
ous embodiments, the third closure axis CA3-CA3is substan-
tially parallel to the fourth closure axis CA4-CA4and both
clasure axes CA3-CA3, CA4-CA4are substantially trans-
verse to the first and second closure axes CA1-CA1, CA2-
CA2as well as to longitudinal tool axis LI-LI.
[0318] The closure tube assembly 6009 is configured to
axiallyslide onthe spine assembly 6102 in responseto actua-
tion motions applied thereto. The distal closure tube 6042
includes an opening 6045 whichinterfaces with the tab 6027
onthe anvil 6024 to facilitate opening ofthe anvil 6024 as the
distal closure tube 6042 is moved axially in the proximal
direction “PID”. The closure tubes 6040, 6042 maybe made of
electrically conductive material (such as metal) so that they
mayserve as part of the antenna, as described above, Com-
ponents of the spine assembly 6102 may be made of a non-
conductive material (suchas plastic).
[0319] Asindicated above, the surgical tool 6000 includes
a tool mounting portion 6200 that is configured for operable
attachmentto the tool mounting assembly 1010 ofthe robotic
system 1000 in the various mannersdescribed in detail above.
As can he seen in FIG. 127, the tool mounting portion 6200
comprises a loo] mounting plate 6202 that operably supports
a transmission arrangement 6204 thereon. In various embodi-
ments, the transmission arrangement 6204 includes anarticu-
lationtransmission 6142 that comprises a portion ofanarticu-
lation system 6140 for articulating the surgical end effector
6012 abouta first tool articulation axis TA1-TAI anda second
tool articulation axis TA2-TA2. Thefirst tool articulation axis
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TA1-TA1is substantially transverse to the second tool articu-
lation axis ‘VA2-TA2 and both of the first and second tool

articulation axes are substantially transverse to the longitudi-
nal tool axis LT-LT. See FIG. 124.

[0320] Tofacilitate selective articulation ofthe surgical end
effector 6012 aboutthe first and secondtool articulation axes

TAI-TA1, TA2-TA2, the spine assembly 6102 comprises a
proximal spine portion 6110 that is pivotally coupled to a
distal spine portion 6120 by pivot pins 6122 for sclective
pivotal travel about TA1-TAL1. Similarly, the distal spine por-
tion 6120is pivotally attached to the elongated channel 6022
ofthe surgical end effector 6012 bypivot pins 6124 to enable
the surgical end effector 6012 to selectively pivot about the
second tool axis TA2-TA2relative to the distal spine portion
6120.

[0321] In various embodiments, the articulation system
6140 further includesa plurality of articulation elements that
operably interface with the surgical end effector 6012 and an
articulation control arrangement 6160 that is operably sup-
ported in the tool mounting member 6200 aswill described in
further detail below. In at least one embadiment, the articu-
lation elements comprisea first pairoffirst articulation cables
6144 and 6146. The first articulation cables are located on a

first or right side of the longitudinal tool axis. ‘hus, the first
articulation cables are referred to hereinas a right upper cable
6144 andaright lower cable 6146. The right upper cable 6144
and theright lower cable 6146 extend through corresponding
passages 6147, 6148, respectively along the right side of the
proximal spine portion 6110. See [IG. 128. Thearticulation
system 6140 further includes a second pair of secondarticu-
lation cables 6150, 6152. The secondarticulation cables are
located on a second orleft side of the longitudinal tool axis.
Thus, the secondarticulation cablesare referred to herein as
a left upper articulation cable 6150 and a left articulation
cable 6152. Theleft upperarticulation cable 6150 andthe lelt
lowerarticulation cable 6152 extend through passages 6153,
6154, respectively in the proximal! spine portion 6110.
[0322] As can be seen in FIG. 124, the right upper cable
6144 extends around an upperpivot joint 6123 and is attached
to aleft upperside ofthe elongated channel 6022ata left pivot
joint 6125. The right lower cable 6146 extends arounda lower
pivot joint 6126 and is attached to a left lower side of the
elongated channel 6022atleft pivot joint 6125. The left upper
cable 6150 extends around the upper pivot joint 6123 and is
attachedto a right upperside ofthe elongated channel 6022 at
a right pivot jomt 6127. ‘The lefi lower cable 6152 extends
around the lower pivot joint 6126 and is allached to a right
lowerside of the elongated channel 6022 at right pivot joint
6127. Thus, to pivot the surgical end effector 6012 about the
first tool articulation axis TA1-TA1to theleft (arrow “L”), the
right upper cable 6144 andthe right lower cable 6146 must be
pulled in the proximal direction “PD”. To articulate the sur-
gical end effector 6012 to the right (arrow “R”) aboutthe first
tool articulation axis TA1-TA1, the left upper cable 6150 and
the left lower cable 6152 must be pulled in the proximal
direction “PD”. To articulate the surgical end effector 6012
about the second tool articulation axis TA2-TA2, in an
upward direction (arrow “U”), the right upper cable 6144 and
the left upper cable 6150 must be pulled in the proximal
direction “PD”.To articulate the surgical end effector 6012 in
the downward direction (arrow “DW”) about the second tool
articulation axis TA2-TA2, the right lower cable 6146 and the
left lower cable 6152 must be pulled in the proximaldirection
“PD”.
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[0323] The proximal ends ofthe articulation cables 6144,
6146, 6150, 6152 are coupled to the articulation control
arrangement 6160 which comprisesa ball joint assemblythat
is a part of the articulation transmission 6142. More specifi-
cally and with reference to FIG. 128, the ball joint assembly
6160 includesa ball-shaped member 6162 that is formed ona
proximalportion of the proximal spine 6110. Movably sup-
ported on the ball-shaped member 6162 is an articulation
control ring, 6164. As can be further scen in FIG. 128, the
proximal endsofthe articulation cables 6144, 6146, 6150,
6152 are coupled to the articulation control ring 6164 by
corresponding ball joint arrangements 6166. The articulation
control ring 6164is controlled byan articulation drive assem-
bly 6170. As can be most particularly seen in FIG. 128, the
proximal endsofthe first articulation cables 6144, 6146 are
attached to the articulation control ring 6164 at corresponding
spacedfirst points 6149, 6151 that are located onplane 6159.
Likewise, the proximal endsofthe secondarticulation cables
6150, 6152 are attached to the articulation control ring 6164
at corresponding spaced second points 6153, 6155 that are
also located along plane 6159. As the present Detailed
Description proceeds, those of ordinary skill in the art will
appreciate that such cable attachment configuration on the
articulation control ring 6164 facilitates the desired range of
articulation motions as the articulation control ring 6164 is
manipulated by the articulation drive assembly 6170.
[0324] In various forms, the articulation drive assembly
6170 comprises a horizontal articulation assemblygenerally
designated as 6171. Inat least one form, the horizontal articu-
lation assembly 6171 comprises a horizontal push cable 6172
that is attached to a horizontal gear arrangement 6180. The
articulation drive assembly 6170 further comprises a verti-
callyarticulation assembly generally designated as 6173. In
at least one form, the vertical articulation assembly 6173
comprises a vertical push cable 6174 that is atlached to a
vertical gear arrangement 6190. As can be seen in FIGS. 127
and 128, the horizontal push cable 6172 extends through a
support plate 6167 that is attached to the proximal spine
portion 6110. Thedistal endofthe horizontal push cable 6174
is attached to the articulation control ring 6164 bya corre-
spondingball/pivot joint 6168. The vertical push cable 6174
extends through the support plate 6167 and the distal end
thereof is attached to the articulation control ring 6164 by a
corresponding ball/pivot joint 6169.
[0325] The horizontal gear arrangement 6180 includes a
horivontal driven gear 6182 that is pivotally mounted on a
horizontal shaft 6181 that is attached to a proximalportion of
the proximal spine portion 6110. The proximal end of the
horizontal push cable 6172 is pivotally attached to the hor-
zontal driven gear 6182 such that, as the horizontal driven
gear 6172 is rotated about horizontal pivot axis HA, the
horizontal push cable 6172 appliesa first pivot motion to the
articulation control ring 6164. Likewise, the vertical gear
arrangement 6190 includes a vertical driven gear 6192 that is
pivotally supported on a vertical shaft 6191 attached to the
proximal portion of the proximal spine portion 6110 for piv-
otal travel ahout a vertical pivot axis VA. The proximal end of
the vertical push cable 6174is pivotally attached to the ver-
tical driven gear 6192 such that as the vertical driven gear
6192is rotated about vertical pivot axis VA, the vertical push
cable 6174 applies a second pivot motionto the articulation
control ring 6164.
[0326] The horizontal driven gear 6182 and the vertical
driven gear 6192 are driven byanarticulation gear train 6300
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that operably interfaces with an articulation shifter assembly
6320. In at least one form, the articulation shifter assembly
comprises anarticulation drive gear 6322 that is coupled to a
corresponding oneofthe drivendiscs or elements 1304 onthe
adapter side 1307 of the tool mounting plate 6202. See FIG.
22. Thus, application ofa rotaryinput motion from the robotic
system 1000 through the tool drive assembly 1010 to the
corresponding driven element 1304 will cause rotation of the
articulation drive gear 6322 when the interface 1230 is
coupled to the tool holder 1270. An articulation driven gear
6324 is attachedto a splinedshifter shaft 6330 thatis rotatably
supported on the tool mounting plate 6202. The articulation
driven gear 6324 is in meshing engagement withthe articu-
lation drive gear 6322 as shown. Thus,rotationofthe articu-
lation drive gear 6322 will result in the rotation of the shaft
6330. In various forms, a shifter driven gear assembly 6340 is
movably supported on the splined portion 6332 ofthe shifter
shaft 6330.

[0327] In various embodiments, the shifter driven gear
assembly 6340 includes a driven shifter gear 6342 that is
attached to a shifter plate 6344. The shifter plate 6344 oper-
ably interfaces with a shifter solenoid assembly 6350. The
shifter solenoid assembly 6350 is coupled to corresponding
pins 6352 by conductors 6352. See FIG, 127. Pins 6352 are
oriented to electrically communicate with slots 1258 (FIG.
21) on the too! side 1244 of the adaptor 1240. Such arrange-
ment servesto electrically couple the shifter solenoid assem-
bly 6350 to the robotic controller 1001. Thus, activationofthe
shifter solenoid 6350 will shift the shifter driven gear assem-
bly 6340 on the splined portion 6332 ofthe shifter shaft 6330
as represented by arrow “S” in FIGS. 136 and 137. Various
embodiments of the articulation gear train 6300 further
include a horizontal gear assembly 6360 that includesa first
horizontaldrive gear 6362 that is mounted ona shaft 6361 that
is rolalably attached to the tool mountingplate 6202. ‘The first
horizontal drive gear 6362 is supported in meshing engage-
ment with a second horizontal drive gear 6364. As can be seen
in FIG. 128, the horizontal driven gear 6182 is in meshing
engagement with the distal face portion 6365 of the second
horizontal driven gear 6364.
[0328] Various embodiments ofthe articulation geartrain
6300 further include a vertical gear assembly 6370 that
includesa first vertical drive gear 6372 that is mounted on a
shaft 6371 that is rotatably supported on the taol mounting
plate 6202. The first vertical drive gear 6372 is supported in
meshing engagement with a second vertical drive gear 6374
that is concentrically supported with the second horizontal
drive gear 6364. The second vertical drive gear 6374is rotat-
ably supported on the proximal spine portion 6110 for travel
therearound. The second horizontal drive gear 6364 is rotat-
ably supported ona portionof said secondvertical drive gear
6374 for independentrotatable travel thereon. As can be seen
in FIG. 128, the vertical driven gear 6192 is in meshing
engagement with the distal face portion 6375 of the second
vertical driven gear 6374.
[0329] In various forms,the first horizontal drive gear 6362
hasa first diameter andthefirst vertical drive gear 6372 has a
second diameter. As can be seen in FIGS. 127 and 128, the
shaft 6361 is not on a common axis with shatt 6371. ‘hat is,
the first horizontal driven gear 6362 and the first vertical
driven gear 6372 do not rotate about a common axis. Thus,
whenthe shifter gear 6342 is positioned in a center “locking”
position such that the shifter gear 6342 is in meshing engage-
ment with both the first horizontal driven gear 6362 and the
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first vertical drive gear 6372, the components ofthe articula-
tion system 6140 are locked in position. Thus, the shiftable
shifter gear 6342 and the arrangementoffirst horizontal and
vertical drive gears 6362, 6372 as well as the articulation
shifter assembly 6320 collectively may be referred to as an
articulation locking system, generally designated as 6380.

[0330] In use, the robotic controller 1001 of the robotic
system 1000 may control the articulation system 6140 as
follows. To articulate the end effector 6012 to the left about

the first tool articulation axis TA1-TALI, the robotic controller
1001 activates the shifter solenoid assembly 6350 to bring the
shifter gear 6342 into meshing cngagement with the first
horizontal drive gear 6362. Thereafter, the controller 1001
causes a first rotary output motion to be appliedto the articu-
lation drive gear 6322 to drive the shifter gear in a first
direction to ultimately drive the horizontal driven gear 6182
in anotherfirst direction. The horizontal driven gear 6182 is
driven to pivot the articulation ring 6164 on the ball-shaped
portion 6162 to therebypull right upper cable 6144 and the
right lower cable 6146 in the proximal direction “PD”. To
articulate the end effector 6012to the right about the first tool
articulation axis TA1-TAI], the robotic controller 1001 acti-
vales the shifter solenoid assembly 6350 to bring the shifter
gear 6342 into meshing engagementwith thefirst horizontal
drive gear 6362. Thereafter, the controller 1001 causes the
first rotary output motion in an opposite direction to be
applied to the articulation drive gear 6322 to drive the shifter
gear 6342 in a seconddirectionto ultimately drive the hori-
zontal driven gear 6182 in another second direction. Such
actions result in the articulation control ring 6164 moving in
such a mannerasto pull the left upper cable 6150 andthe left
lower cable 6152 in the proximal direction “PD”. In various
embodiments the gear ratios and frictional forces generated
between the gearsofthe vertical gear assembly 6370 serve to
prevent rotation of the vertical driven gear 6192 as the hori-
zontal gear assembly 6360 is actuated.

[0331] To articulate the end effector 6012 in the upper
direction about the secondtool articulation axis TA2-TA2, the
robotic controller 1001 activates the shifter solenoid assem-

bly 6350 to bring the shifter gear 6342 into meshing engage-
ment with thefirst vertical drive gear 6372. Thereafter, the
controller 1001 causes the first rotary output motion ta be
applied to the articulation drive gear 6322 to drive the shifter
gear 6342 ina first direction to ullimately drive the vertical
driven gear 6192 in anotherfirst direction.‘The vertical driven
gear 6192 is drivento pivotthe articulation ring 6164 on the
ball-shaped portion 6162 of the proximal spine portion 6110
to thereby pull right upper cable 6144 and the left upper cable
6150 in the proximal direction “PD”. To articulate the end
effector 6012 in the downward direction about the second tool
articulation axis TA2-TA2, the robotic controller 1001 acti-
vates the shifter solenoid assembly 6350 to bring the shifter
gear 6342 into meshing engagement with the first vertical
drive gear 6372. Thereafter, the controller 1001 causes the
first rotary output motion to be applied in an opposite direc-
tion to the articulation drive gear 6322lo drive the shiller gear
6342 in a second direction to ultimately drive the vertical
driven gear 6192 in another second direction. Such actions
thereby cause the articulation control ring 6164 to pull the
right lower cable 6146 andthe left lower cable 6152 in the
proximal direction “PD”. In various embodiments, the gear
ratios andfrictional forces generated between the gears ofthe
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horizontal gear assembly 6360 serve to preventrotation of the
horizontal driven gear 6182 as the vertical gear assembly
6370 is actuated.

[0332] In various embodiments, a varicty of sensors may
communicate with the robotic controller 1001 to determine

the articulated position ofthe end elfector 6012. Such sensors
mayinterlace with, for example, the articulationjoint 6100 or
be located within the tool mounting portion 6200. For
example, sensors may be employed to detect the position of
the articulation control ring 6164 onthe ball-shaped portion
6162 ofthe proximalspine portion 6110. Such feedback from
the sensors to the controller 1001 permits the controller 1001
to adjust the amountofrotation andthe direction ofthe rotary
output to the articulation drive gear 6322. Further, as indi-
cated above, when the shifter drive gear 6342 is centrally
positioned in meshing engagement with the first horizontal
drive gear 6362 andthefirst vertical drive gear 6372, the end
efllector 6012 is locked in the articulated position. Thus, aller
the desired amountofarticulation has beenattained, the con-
troller 1001 may activate the shifter solenoid assembly 6350
to bring the shifter gear 6342 into meshing engagement with
the first horizontal drive gear 6362 andthefirst vertical drive
gear 6372. In alternative embodiments, the shifter solenoid
assembly 6350 maybe spring activated to the central locked
position.

[0333] Inuse,it maybe desirableto rotate the surgical end
effector 6012 about the longitudinal tool axis LT-LT. In at
least one embodiment,the transmission arrangement 6204 on
the tool mounting portion includesa rotational transmission
assembly 6400 that is configured to receive a corresponding
rotary output motion from the tool drive assembly 1010 ofthe
robotic system 1000 and. convert that rotary output motion to
a rotary control motion for rotating the elongated. shaft assem-
bly 6008 (and surgical end effector 6012) about the longitu-
dinal tool axis LI-LI. In various embodiments, for example,
a proximal end portion 6041 of the proximal closure tube
6040is rotatably supported on the tool mounting plate 6202
ofthe tool mounting portion 6200 by a forward support cradle
6205 and a closure sled 6510 that is also movably supported
on the tool mounting plate 6202. In at least one form, the
rotational transmission assembly 6400 includes a tube gear
segment 6402 that is formed on (orattached to) the proximal
end 6041 of the proximal closure tube 6040 for operable
engagementbya rotational gear assembly 6410 that is oper-
ably supported on the tool mounting plate 6202. As can be
seen in FIG, 136, the rotational gear assembly6410,inal least
one embodiment, comprisesa rolation drive gear 6412 that is
coupled to a corresponding secondone ofthe drivendiscs or
elements 1304 onthe adapter side 1307 of the tool mounting
plate 6202 whenthe tool mounting portion 6200 is coupled to
the tool drive assembly 1010. See FIG. 22. Therotational gear
assembly 6410 further comprises a first rotary driven gear
6414 that is rotatably supported on the tool mounting plate
6202 in meshing engagement with the rotation drive gear
6412. Thefirst rotary driven gear 6414 is attached to a drive
shaft 6416 that is rotatably supported on the tool mounting
plate 6202. A second rotary driven gear 6418 is attached to the
drive shalt 6416 and is in meshing engagementwith tube gear
segment 6402 on the proximal closure tube 6040. Application
ofa second rotary output motion from the tool drive assembly
1010 of the robotic system 1000 to the corresponding driven
element 1304 will therebycause rotation ofthe rotation drive
gear 6412. Rotation ofthe rotation drive gear 6412 ultimately
results in the rotation of the elongated shaft assembly 6008
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(and the surgical end elfector 6012) about the longitudinal
tool axis LI-LI. It will be appreciated that the application of
a rotary output motion from the tool drive assembly 1010 in
one direction will result in the rotationof the elongated shaft
assembly 6008 and surgical end effector 6012 about the lon-
gitudinal tool axis LT-LT ina first direction and an application
ofthe rotary output motion in an opposite direction will result
in the rotation of the elongated shaft assembly 6008 and
surgical end effector 6012 in a second direction that is oppo-
site to the first direction.

[0334] Inat least one embodiment,the closure of the anvil
2024relative to the staple cartridge 2034 is accomplished by
axially movingaclosure portion ofthe elongated shaft assem-
bly 2008 in the distal direction “DD”onthe spine assembly
2049. As indicated above,in various embodiments,the proxi-
mal end portion 6041 of the proximal closure tube 6040 is
supported by the closure sled 6510 which comprises a portion
ofa closure transmission, generally depicted as 6512. As can
be seen in FIG. 127, the proximal end portion 6041 of the
proximal closure tube portion 6040 has a collar 6048 formed
thereon. The closure sled 6510 is coupledto the collar 6048
by a yoke 6514 that engages an annular groove 6049 in the
collar 6048. Such arrangement serves to enable the collar
6048 to rotate about the longitudinal tool axis LI-LT while
still being coupled to the closure transmission 6512. In vari-
ous cmbadiments, the closure sled 6510 has an upstanding
portion 6516 that has a closure rack gear 6518 formed
thereon. The closure rack gear 6518 is configured for driving
engagement with a closure gear assembly 6520. See FIG.
127.

[0335] In various forms, the closure gear assembly 6520
includes a closure spur gear 6522 that is coupled to a corre-
sponding second oneofthe driven discs or elements 1304 on
the adapter side 1307 of the tool mounting plate 6202. See
FIG. 22. Thus, application of a third rotary oulpul motion
fromthe tool drive assembly 1010 of the robotic system 1000
to the corresponding second driven element 1304 will cause
rotation ofthe closure spur gear 6522 whenthe tool mounting
portion 6202 is coupled to the tool drive assembly 1010. The
closure gear assembly 6520 further includes a closure reduc-
tion gear set 6524 that is supported in meshing engagement
with the closure spur gear 6522 and the closure rack gear
2106. Thus, application of a third rotary output motion from
the tool drive assembly 1010 ofthe robotic system 1000 to the
corresponding second driven element 1304 will cause rota-
tion ofthe closure spur gear 6522 and the closure transmis-
sion 6512 and ultimately drive the closure sled 6310 and the
proximal closure tube 6040 axially on the proximal spine
portion 6110. The axial direction in which the proximalclo-
sure tube 6040 moves ultimately depends uponthe direction
in which the third driven element 1304 is rotated. Tor

example, in response to one rotary output motion received
from the tool drive assembly 1010 ofthe robotic system 1000,
the closure sled 6510 will be driven in the distal direction

“DD”and ultimately drive the proximal closure tube 6040 in
the distal direction “DD”. As the proximal closure tube 6040
is driven distally, the distal closure tube 6042 is also driven
distally byvirtue of it connection with the proximal closure
tube 6040. As the distal closure tube 6042 is drivendistally,
the end of the closure tube 6042 will engagea portion of the
anvil 6024 and cause the anvil 6024 to pivot to a closed
position. Upon application of an “opening” out put motion
from the tool drive assembly 1010 ofthe robotic system 1000,
the closure sled 6510 and the proximalclosure tube 6040 will
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be driven in the proximal direction “PD” on the proximal
spine portion 6110. As the proximal closure tube 6040 is
driven in the proximal! direction “PD”, the distal closure tube
6042 will also be driven in the proximal direction “PD”. As
the distal closure tube 6042is driven in the proximaldirection
“PD”, the opening 6045 therein interacts with the tab 6027 on
the anvil 6024 to facilitate the opening thereof. In various
embodiments, a spring (not shown) may be employedto bias
the anvil 6024 to the open position when the distal closure
tube 6042 has been movedto its starting position. In various
embodiments, the various gears ofthe closure gear assembly
6520 are sized to generate the necessary closure [orces
neededto satisfactorily close the anvil 6024 onto the tissue to
be cut and stapled by the surgical end effector 6012. For
example, the gears of the closure transmission 6520 may be
sized to generate approximately 70-120 pounds of closure
forces.

[0336] In various embodiments, the culling instrument is
driven throughthe surgical end effector 6012 by a knife bar
6530. See FIG. 127.In at least one form, the knife bar 6530 is
fabricated with a joint arrangement (not shown) and/or is
fabricated from material that can accommodatethe articula-

tion of the surgical end effector 6102 about the first and
second tool articulation axes while remaining sufficiently
rigid so as to push the cutting instrument through tissue
clampedin the surgical end effector 6012. The knife bar 6530
extends through a hollow passage 6532 in the proximal spine
portion 6110.

[0337] In various embodiments,a proximal end 6534 ofthe
knife bar 6530 is rotatably affixed to a knife rack gear 6540
such that the knife bar 6530 is free to rotate relative to the

knife rack gear 6540. The distal end of the knife bar 6530 is
attached to the cutting instrument in the various manners
described above. As can be seen in FIG. 127, the knife rack
gear 6540 is slidably supported within a rack housing 6542
that is allached to the tool mounting plate 6202 such that the
knife rack gear 6540is retained in meshing engagement with
a knife drive transmission portion 6550 of the transmission
arrangement 6204. In various embodiments, the knife drive
transmission portion 6550 comprises a knife gear assembly
6560. Morespecifically and with reference to FIG. 127, in at
least one embodiment, the knife gear assembly 6560 includes
a knife spur gear 6562 that is coupled to a corresponding
fourth oneofthe driven discs or elements 1304 on the adapter
side 1307 ofthe tool mounting plate 6202. See FIG. 22. Thus,
application of another rotary output motion [rom the robotic
system 1000 through the tool drive assembly 1010 to the
corresponding fourth driven element 1304 will cause rotation
of the knife spur gear 6562. The knife gear assembly 6560
further includes a knife gear reduction set 6564 that includes
a first knife driven gear 6566 and a second knife drive gear
6568. The knife gear reduction set 6564 is rotatably mounted
to the tool mounting plate 6202 such thatthe firs knife driven
gear 6566 is in meshing engagement with the knife spur gear
6562. Likewise, the second knife drive gear 6568 is in mesh-
ing engagementwith a third knife drive gear assembly 6570.
As shownin FIG. 127, the second knife driven gear 6568is in
meshing engagement with a fourth knile driven gear 6572 of
the third knife drive gear assembly 6570. ‘Vhe fourth knife
driven gear 6572 is in meshing engagementwitha fifth knife
driven gear assembly 6574 that is in meshing engagement
with the knife rack gear 6540. In various embodiments, the
gearsofthe knife gear assembly 6560 are sized to generate the
forces needed to drive the cutting instrument through the
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tissue clamped in the surgical end ellector 6012 and actuate
the staples therein. For example, the gears of the knife gear
assembly 6560 maybe sized to generate approximately 40 to
100 pounds of driving force. It will be appreciated that the
application of a rotary output motion from the tool drive
assembly 1010 in one direction will result in the axial move-
ment ofthe cutting instrumentin a distal direction and appli-
cation ofthe rotary output motion in an opposite directionwill
result inthe axial travel ofthe cutting instrument in a proximal
direction.

[0338] As can be appreciated from the foregoing descrip-
tion, the surgical tool 6000 represents a vast improvement
over prior robotic tool arrangements. ‘The unique and novel
transmission arrangement employed by the surgicaltool 6000
enables the tool to be operably coupled to a tool holder por-
tion 1010 ofa robotic systemthat only has four rotary output
bodies, yet obtain the rotary output motions therefrom to: (i)
articulate the end effector about two different articulation

axes that are substantially transverse to each other as well as
the longitudinal tool axis; (ii) rotate the end effector 6012
about the longitudinal tool axis; (iii) close the anvil 6024
relative to the surgical staple cartridge 6034 to varying
degrees to enable the end effector 6012 to be used to manipu-
late issue and then clamp it into position for culling and
stapling; and (iv) firing the cutting instrument to cut through
the tissue clamped within the end effector 6012. The unique
and novel shifter arrangements ofvarious embodiments ofthe
presentinvention described above enable twodifferent articu-
lation actions to be powered from a single rotatable body
portion of the robotic system.
[0339] The various embodiments of the present invention
have been described above in connection with cutting-type
surgical instruments. It should be noted, however, that in
other embodiments, the inventive surgical instrument dis-
closed herein need not be a culling-lype surgical instrument,
but rather could be used in any type ofsurgical instrument
including remote sensor transponders. For example, it could
be a non-cutting endoscopic instrument, a grasper, a stapler, a
clip applier, an access device, a drug/gene therapy delivery
device, an energy device using ultrasound, RF, laser, etc. In
addition, the present invention maybe in laparoscopic instru-
ments, for example. The present invention also has applica-
tion in conventional endoscopic and open surgical instrumen-
tation as well as robatic-assisted surgery.
[0340] FIG. 129 depicts use of various aspects of certain
embodiments ofthe present invention in connection with a
surgical tool 7000 that has an ultrasonically powered end
effector 7012. ‘lhe end effector 7012 is operably attached to a
tool mounting portion 7100 by an elongated shaft assembly
7008. The tool mounting portion 7100 may be substantially
similar to the various tool mounting portions described here-
inabove. In one embodiment, the end effector 7012 includes
an ultrasonically powered jaw portion 7014 that is powered
by alternating current or direct current in a known manner.
Such ultrasonically-powered devices are disclosed, for
example, in U.S. Pat. No. 6,783,524, entitled ROBOTIC
SURGICAT, TOOL WITH ULTRASOUND CAUTERIZ-

INGAND CUTTING INSTRUMEN', which issued onAug.
31, 2004, the entire disclosure ofwhichis herein incorporated
by reference. Inthe illustrated embodiment, a separate power
cord 7020 is shown.It will be understood, however, that the
power may be supplied thereto from the robotic controller
1001 through the tool mounting portion 7100. The surgical
end effector 7012 further includes a movable jaw 7016 that
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maybe used to clamp tissue onto the ultrasonic jaw portion
7014. ‘The movable jaw portion 7016 may be selectively
actuated by the robotic controller 1001 through the tool
mounting portion 7100 in anyone of the various manners
herein described.

[0341] T'IG. 130 illustrates use ofvarious aspects ofcertain
embodiments of the present invention in connection with a
surgical tool 8000 that has an end effector 8012 that com-
prisesa linear stapling device. The end effector 8012is oper-
ablyattachedto a tool mounting portion 8100 by an elongated
shaft assembly 3700 of the type and construction describe
above. However, the end elector 8012 may be allachedto the
tool mounting portion 8100 by a variely of other elongated
shaft assemblies described herein. In one embodiment, the
tool mounting portion 8100 may be substantially similar to
tool mounting portion 3750. However, various other tool
mounting portions andtheir respective transmission arrange-
ments describe in detail herein mayalso be employed. Such
linear stapling head portions are also disclosed, for example,
in U.S.Pat. No. 7,673,781, entitled SURGICAL STAPLING
DEVICE WITH STAPLE DRIVER THAT SUPPORTS

MULTIPLE WIRE DIAMETER STAPLES,which issued on
Mar. 9, 2010, the entire disclosure of which is herein incor-
porated byreference.
[0342] Various sensor embodiments described in U.S.
Patent Publication No. 2011/0062212 AJ, entitled SURGI-
CAL INSTRUMENT HAVING RECORDING CAPABILI-

TIES, now U.S.Pat. No. 8,167,185, which issued on May1,
2012, the disclosure of which is herein incorporated by ref-
erence in its entirety, may be employed with manyof the
surgical tool embodimentsdisclosed herein. As was indicated
above, the master controller 1001 generally includes master
controllers (generally represented by 1003) which are
grasped by the surgeon and manipulated in space while the
surgeon views the procedure via a slereo display 1002. See
FIG. 13. The master controllers 1001 are manual input
devices whichpreferably move with multiple degrees of free-
dom, and which often further have an actuatable handle for
actuating the surgical tools. Someofthe surgical tool embodi-
ments disclosed herein employa motoror motors in their tool
drive portion to supply various control motionsto the tool’s
end effector. Such embodiments may also obtain additional
control motion(s) from the motor arrangement employed in
the robotic system components. Other embodiments dis-
closed herein obtain all of the control motions from motor

arrangements within the robotic system.
[0343] Such motor powered arrangements may employ
various sensor arrangements that are disclosed in the pub-
lished US patent application cited above to provide the sur-
geon with a variety of forms of feedback without departing
from the spirit and scope of the present invention. Tor
example, those master controller arrangements 1003 that
employ a manually actuatable firing trigger can employ run
motorsensor(s) to provide the surgeon with feedbackrelating
to the amountof force applied to or being experienced bythe
cutting member. The run motorsensor(s) maybe configured
for communication with the firing trigger portion to detect
when the firing trigger portion has been actuated to com-
mence the cutting/stapling operation by the end effector.he
run motor sensor may be a proportional sensor suchas, for
example, a rheostat or variable resistor. When the firing trig-
ger is drawnin, the sensor detects the movement, and sends an
electrical signal indicative of the voltage (or power) to be
supplied to the corresponding motor. When the sensor is a
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variable resistor or the like, the rotation ofthe motor may be
generally proportional to the amount of movement of the
firing trigger. That is, if the operator only drawsor closes the
firing trigger in a small amount, the rotation of the motor is
relatively low. Whenthefiring trigger is fully drawn in (or in
the fully closed position), the rotation of the motoris at its
maximum.In other words, the harder the surgeon pulls on the
firing trigger, the more voltageis applied to the motor causing
greater rates of rotation. Other arrangements mayprovide the
surgeon with a feed back metcr 1005 that may be viewed
through the display 1002 and provide the surgeon with a
visual indication of the amount offorce being applied to the
cutting instrument or dynamic clamping member. Other sen-
sor arrangements may be employed to provide the master
controller 1001 with an indication as to whether a staple
cartridge has been loaded into the end effector, whether the
anvil has been movedto a closed positionpriorto firing,etc.
[0344] In alternative embodiments, a motor-controlled
interface may be employed in connection with the controller
1001 that limit the maximum triggerpull based on the amount
ofloading (e.g., clamping force, culling force, etc.) experi-
enced bythe surgical end effector. For example,the harder it
is to drive the cutting instrument throughthe tissue clamped
within the end effector, the harder it would be to pull/actuate
the activationtrigger. Instill other embodiments, the trigger
onthe controller 1001 is arranged such that the trigger pull
location is proportionate to the end effector-location/condi-
tion. For example,the trigger is only fully depressed when the
end effector is fullyfired.
[0345] ‘The devices disclosed herein can be designed to be
disposed of after a single use, or they can be designed to be
used multiple times. In either case, however, the device can be
reconditionedfor reuse after at least one use. Reconditioning
can include any combination of the steps of disassembly of
the device, followed bycleaning or replacementofparticular
pieces, and subsequent reassembly. In particular, the device
can be disassembled, and any numberoftheparticular pieces
or parts of the device can be selectively replaced or removed
in any combination. Upon cleaning and/or replacement of
parlicularparts, the device can be reassembled for subsequent
use either al a reconditioning [acilily, or by a surgical team
immediately prior to a surgical procedure. Those skilled in the
art will appreciate that reconditioning of a device canutilize
a variety of techniques for disassembly, cleaning/replace-
ment, and reassembly. Use of such techniques,and theresult-
ing reconditioned device, are all within the scope of the
present application.
[0346] Although the present invention has been described
herein in connection with certain disclosed embodiments,
many modifications and variations to those embodiments
may be implemented. For example, different types of end
effectors may be employed. Also, where materials are dis-
closed for certain components, other materials may be used.
The foregoing description and following claims are intended
to cover all such modification and variations.

[0347] Anypatent, publication, or other disclosure mate-
rial, in whole or in part, that is said to be incorporated by
reference herein is incorporated herein only to the extent that
the incorporated materials does not conflict with existing
definitions, statements, or other disclosure material set forth
in this disclosure. As such, and to the extent necessary, the
disclosure as explicitly set forth herein supersedes any con-
flicting material incorporated herein by reference. Any mate-
rial, or portion thereof, that is said to be incorporated by
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reference herein, but which conflicts with existing defini-
tions, statements, or other disclosure material set forth herein
will only be incorporated to the extent that no conflict arises
between that incorporated material and the existing disclo-
sure material.

1-20. (canceled)
21. A disposable loading unit configured to be operably

attachedto a surgical instrument whichis configuredto selec-
tively generate at least one control motion forthe operation of
said disposable loading unit, said disposable loading unit
comprising:

acarricr operably supporting a cartridge assemblytherein;
an anvil supported relative to said carricr and being mov-

able from an open position to closed positions upon
application ofat least one control motion thereto;

a housing coupled to said carrier, said housing including
means for removably attaching said housing to the sur-
gical instrument;

arotary drive at least partially supported within said hous-
ing,

a motor supported within said housing and operablyinter-
facing with said rotary drive to selectively applya rotary
motion thereto, whercin said motor is configured to
reecive power from a powersource suchthat said motor
can only selectively receive power from said power
source when said means for removablyattaching said
housingto the surgical instrumentis operably coupled to
the surgical instrument; and

a linear member coupled with said rotary drive which
moves axially upon the application of a rotary motion
thereto fromsaid motor.

22. The disposable loading unit ofclaim 21, wherein said
cartridge assembly comprises a plurality of staples removably
stored therein.

23. Lhe disposable loading unit of claim 22, wherein said
linear member comprises a sled movable between a start
position and an end position to eject said staples from said
cartridge assembly.

24. The disposable loading unit of claim 23, wherein said
linear memberfurther comprises a knife configured to incise
tissue captured betweensaid anvil and said cartridge assem-
bly.

25. The disposable loading unit of claim 21, wherein said
cartridge assembly is configured to be removed from said
carrier and replaced with a different cartridge assembly.

26. A stapling sub-system configured to be operably
engaged with a surgical instrument system,said stapling sub-
system comprising:

a staple cartridge carrier;
a staple cartridge assembly supported bysaid staple car-

tridge carrier;
an anvil supportedrelative to said staple cartridge carrier

and movable from an open positionto a closed position;
a housing, wherein said staple cartridge carrier extends

fromsaid housing, and wherein said housing comprises
a housing connector removably attachable to the surgi-
cal instrument system; and

arolary drive system, comprising
a rotary shaft;
a translatable drive memberoperably engaged with said

rotary shaft, wherein said. translatable drive member
is selectively translatable through said staple car-
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tridge assembly [rom a start position to an end posi-
tion whena rotary motion is applied to said rotary
shaft; and

an electric motor operably interlacing with said rotary
shaft to selectively apply said rotary motion to said
rotary shaft, wherein said electric motor is operably
disconnected from its power source when said hous-
ing is not attached to the surgical instrument system,
and wherein said electric motor is operably connected
lo ils power source when said housing 1s allached to
the surgical instrument system.

27. The stapling sub-system of claim 26, whercin said
staple cartridge assembly comprises a plurality of staples
removablystored therein.

28. The stapling sub-system of claim 27, wherein said
translatable drive member comprises a sled movable between
said start position and said end position to eject said staples
from said staple cartridge assembly.

29. The stapling sub-system of claim 28, wherein said
translatable drive member further comprises a knife config-
ured to incise tissue captured between said anvil and said
cartridge assembly.

30. The stapling sub-system of claim 26, wherein said
staple cartridge assemblyis configured to be removed from
said staple cartridge carrier and replaced with a different
staple cartridge assembly.

31. A stapling attachment configured ta be operably
attached to a surgical instrument system, said stapling attach-
ment comprising:

a slaple cartridge carrier:
a staple cartridge body supported by said staple cartridge

carrier, Wherein said staple cartridge body comprises a
proximal end anda distal end;

a plurality of staples removably stored in said staple car-
tridge body;

an anvil supported relative to said staple cartridge carrier
and movable from an openpositionto a closed position;

a housing, wherein said staple cartridge carrier extends
from said housing, and wherein said housing is remov-
ably attachable to the surgical instrument system;

an electric motor system configured to produce rotational
motion; and

drive means [or converting the rotational motion produced
by said electric motor to translational motion to eject
said staples fromsaid staple cartridge body.

32. The stapling attachment of claim 31, wherein said drive
means comprises a sled movable betweenaproximalposition
and a distal position to eject said staples from said staple
cartridge body.

33. The stapling attachmentof claim 32, wherein said drive
means further comprises a knife configured to incise tissue
captured between said anvil and said staple cartridge body.

34. The stapling allachment of claim 31, wherein said
staple cartridge body is configured to be removed [rom said
staple cartridge carrier and replaced with a different staple
cartridge body.

35. The stapling attachment of claim 31, wherein said
electric motor is configured to receive power from a power
supply only when said housing is attached to the surgical
instrument system.

36. Thestapling attachmentofclaim 31, wherein the trans-
lational motion is directed toward said distal end.
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