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15 '1' :- ABSTRACT

A self contained motor-powered disposable loading unit for
use with a robotic system configured to generate control
systems therefor. The disposable loading unit may contain a
battery that is retained in a discomiected position when the
disposable loading unit is not in use and is moved to a con—
nected position when the disposable loading unit is coupled to
the robotic system to permit the motor to be selectively pow-
ered thereby. indicators may be supported on the disposable
loading unit to indicate when the axial drive assembly thereof
is in a starting. position and an ending position. Another indi-
cator may be provided to indicate when the anvil assembly is
in a closed position.

17 Claims, 95 Drawing Sheets
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ROBOTICALLY—CONTROLLED DISPOSABIE

MOTOR-DRIVEN LOADING UNIT

C'ROSS~REFERENCE TO RELATED
APPUCKI‘IONS

This non-provisional application for patent is a continua-
tion-impart patent application oi'Ll.S. patent application Ser.
No. 13356.09). filed Aug. 13. 2010. U.S. Patent Publication
No. US 2010l03tt1096 Al. now US. Pat. No. 8.196.795

which is a continuation patent application of US. patent
application Ser. No. 121031.628. tiled Feb. 14. 2008. now
U.S. Pat. No. 7.793.812. the disclosures ofwhich are herein

incorporated by reference in their respective entireties.

F lE-LD OF THE INVENTION

The present invention relates in general to endoscopic sur-
gical instruments including. but not limited to. surgical cut-
ting and stapling apparatuses that ltave disposable loading
units that are capable of applying lines of staples to tissue
while cutting the tissue hem-cell those staple lilies and. more
particularly. to improvements relating to sttch disposable
loading units.

BACKGROUND

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 ol'cndoscopic surgical instruments that are suitable
for precise placement of a distal end cllbctor at ti desired
surgical site through a cannula of a trocar. These distal end
efliectors engage the tissue in a number of ways to achieve a
diagnostic or therapeutic effect leg. endocutter. grasper. cu [-
ter. staplers. clip applier. accch device. dmgr’gene therapy
delivery device. and energy device using ultrasound. RF.
laser. etc).

Known surgical staplers include an end effector t'ltal simul-
taneously makes a longitudinal incision in tissue and applies
lines of staples on opposing sides of the incision. The end
efl'cctor 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 pus-
sageway. One ofthcjaw members supports a staple cartridge
that has at least two laterally spaced rows ofstaple s. The other
jaw member defines an anvil having staple- fanning pockets
aligned with the rows of staples in the cartridge. The instru—
ment commonly includes a plurality ofreciprocating wedges
which. when driven distally. pass through openings in the
staple cartridge and engage drivers supporting the staples to
effect the firing ofthe staples toward the anvil.

One type of surgical stapling apparatus is configured to
operate with disposable loading units (1)]; Us) that are con—
structed 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 ucconnno-
date IJLU‘s purport to offer the advantage ofa “fresh" knife
blade for each firing of the instrument. Examples of such
surgical stapling apparatuses and DI.“ 's are disclosed in U .3.
Pat. No. 5.865.361 to Milliman et al., the disclosure ofwhich
is herein incorporated by reference in its entirety.

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
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apparatus configured for use with a disposable loading unit
that is driven by a motor contained in the disposable loading
unit.

SUMMARY

In one general aspect of various embodiments of the
present invention. there is provided a disposable loading ttnit
for attachment to a surgical cutting and stapling apparatus. In
various embodiments. the disposable loading unit may corn~
pri se a carrierthat supports a staple cartridge therein. An anvil
assembly may he movably coupled to the carrier lbr 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 front 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.

in still another general aspect of various embodiments of
the present invention. there is provided a disposable loading
unit for attachment to a surgical cutting and stapling appara-
tus. 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 ['or removable operable attach-
tuent to the surgical staplingappamtus. 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 carrierand 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 wilhin 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 ol‘the
surgical stapling apparatus.

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
may include a handle assembly that operably supports a drive
assembly therein that is constructed to impart drive motions
and u retraction motion. A movable handle portion may be
operably supported on the handle assembly and contigtu'ed to
interface with the drive system such that manipulation of the
movable handle causes the drive system to impan the drive
motions. An elongated body may protrude front the handle
assembly and ltave a distal end that is couplable to a dispos-
able loading unjt. In various embodiments. the disposable
loading unit may comprise a carrier that has a staple cartridge
supported therein. An anvil assembly may be tnovably
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
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within the carrier and configured to interface with the axial
drive assembly to drive the axial drive assrrmbly 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.

In accordance with other general aspects of various
embodiments ol' the present invention. there is provided a
disposable loading unit liar use with a remotely controllable
system. ht various embodiments. the disposable loading unit
comprittes a cartridge assem bly that has an elongated housing
coupled thereto that is configured for operable attachment to
an elongated shaft assembly for transmitting control motions
[rom a control portion ot'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 ol‘a rotary control motion thereto from the
elongated shalt 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 disconnectcd
position wherein the potser source is disconnected from the
motor to at least one connected position wherein the power
source provides power to said motor.

In accordance with yet other general aspects 01‘ various
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 Ilterelrottt. An elongated
shalt is coupled to the tool drive portion. An axially movable
control member is operably supported within the elongated
shall and is axially movable in response to actuation motions
applied thereto from the robotic system. The surgical instru-
ment further includes a disposable loading ttnit that has a
housing that is coupled to the elongated shall. A staple car-
tridge is supponed 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 ot‘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 sourceis axially movable within the housing
From a disconnected position wherein the power source is
disuinnectcd from the motor to a first connected position
wherein the power source provides power to the motor upon
attachment to the control member.

In accordance with still other general aspects of various
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
shall 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 shall. 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 stip-
ported within the housing and operably interfaces with the
axial drive assembly to selectively apply the rotary motion
thereto. A movable battery holder is couplcablc to the control
member and is axially movable within the housing in
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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.

These and other objects and advantages of the present
invention shall be made apparent from the accompanying
drawings and the description thereof.

BRIEF DESCRIPTION OF TI-Il-I FIGURES

The accompanying drawings, which are incorporated in
and constitute a part of this specification. iIIIJstrate embodi-
ments of the invention. and, together with the general descrip-
tion of various embodiments of the invention given above.
and the detailed description of the embodiments given below.
serve to explain various principles ol’lhe present invention.

FIG. I is a perspective view ola disposable loading unil
embodiment of the present invention coupled to a conven-
tional surgical cutting and stapling apparatus:

FIG. 2 is a cross-sectional view of the disposable loading
unit ofFIG. 1 with several components shown in full view for
clarity:

FIG. 3 is a cross-sectional view ol‘a proximal end of the
disposable loading unit embodiment of FIGS. 1 and 2 with
various components shown in full view for clarity:

FIG. 4 is a schematic of a circuit embodiment of the dis—

posable loading unit of FIGS. 1~3:
FIG. 5 is a cross-sectional view ol‘ the disposable loading

unit ol'I’IGS. 1-3 when the disposable loading unit has been
attached to the elongated body of the surgical instrument:

FIG. 6 is a schematic view ol' the circuit illustrating the
position ol'varioua components o l' the disposable loading unit
after it has been attached to the surgical instrument;

FIG. 7 is a cross—sectional view of the disposable loading
unit of FIGS. [-6 when the drive beam has been moved to the

anvil closed position:
FIG. 8 is a schematic view of the circuit illustrating the

position ofvarious components oi'tlie disposable loading unit
alter the drive beam has been moved to the anvil closed

position:
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:
FIG. 10 is a schematic view of the circuit illustrating the

position ot‘various components ofthe disposable loading unit
alter the drive beam has been moved to its distal-most fired

position;
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;

FIG. 12 is a schematic view of the circuit illustrating the
position o l’various components ofthe disposable loadingunit
as the drive beam is being; returned to a start position:

FIG. 13 is a perspective view of one robotic controller
embodiment;

FIG. 14 is a perspective view of one robotic surgical arm
can/manipulator ol‘a robotic system Operably supporting a
plurality of surgical tool embodiments of the present inven-
lion;

FIG. 15 is a side view of the robotic surgical arm cart!
manipulator depicted in FIG. 14;

FIG. 16 is a perspective view ol‘an exemplary cart structure
with positioning linkages for operably supporting robotic
manipulators that may be used with various surgical tool
embodiments ol‘the present invention:
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FIG . I7 is a perspective view ofa surgical tool embodiment
of the present invention:

FIG. 18 is an exploded assembly view of an adapter and
tool holder arrangement tor attaching various surgical tool
embodiments to a robotic system:

FIG. 19 is a side view of the adapter shown in FIG. 18;
FIG. 20 is a bottom view of the adapter shown in FIG. 18;
FIG. 21 is a top view ofthe adapter ot‘FIGS. 18 and 19:
FIG. 22 is a partial bottom perspective view ofthe surgical

tool embodiment of FIG. 17:

FIG. 23 is a partial exploded view ofa portion ofan articu-
latable surgical end offno tor embodiment o fthe present inven-
tron:

FIG. 24 is a perspective view ofthe surgical tool embodi—
ment of FIO. 22 with the tool mounting housing removed;

FIG. 25 is a rear perspective view of Lhe surgical tool
embodiment of FIG. 22 with the tool mormting housing
removed;

FIG. 26 is a front perspective view of the surgical tool
embodiment of FIG. 22 with the loot mounting housing
removed;

FIG. 27 is a partial exploded perspective view of the sur—
gical tool embodiment of FIG. 26:

F1G. 28 is a partial cross-sectional side view ofthe surgical
tool embodiment of FIG. 22:

FIG. 29 is an enlarged cross-sectional view ofa portion of
the surgical tool depicted in FIG. 28:

FIG. 30 is an exploded perspective view ofa portion of the
too] mounting portion of the surgical tool embodiment
depicted in FIG. 22;

FIG. 31 is an enlarged exploded perspective view of a
portion of the tool mounting portion of FIG. 30;

FIG. 32 is a partial cross-sectional view nl‘a portion ofthc
elongated shaft assembly of the surgical tool of FIG. 22:

FIG. 33 is a side view of a half portion of a closure nut
embodiment of a surgical tool embodiment of the present
invention:

FIG. 34 is u perspective view of another surgical tool
embodiment of the present invention;

FIG. 35 is a cross-sectional side view of a portion of the
surgical end elfcctor and elongated shaft assembly of the
surgical tool embodiment ofFIG. 34 wi th the anv il in the open
position and the closure clutch assemblyr in a neutral position;

FIG. 36 is another cross-sectional side view ofthe surgical
end effector and elongated shaft assembly shown in FIG. 35
with the clutch assembly engaged in a closure position;

FIG. 37 is another cross—sectional side view ofthe surgical
end effector and elongated shail assembly shown in FIG. 35
with the clutch assembly engaged in a firing position:

FIG. 38 is a top view ofa portion ofa too] mounting portion
embodiment of the present invention:

FlG. 39 is a perspective view of another surgical tool
embodiment of the present invention:

FIG. 40 is a cross-sectional side view ofa portion of the
surgical end effector and elongated shaft assembly of the
surgical to o] embodiment ofFIG. 39 with the anvil in the open
position;

FIG. 41 is another cross—sectional side view ofa portion of
the surgical end ellector and elongated shaft assembly of the
surgical tool embodimmtt of FIG. 39 with the anvil in the
closed position:

FIG. 42 is a perspective view ofa closure drive nut and
portion ofa knife bar embodiment of the present invention;

FIG. 43 is a top view of another tool mounting. portion
embodiment of the present invention:

FIG. 44 is a perspective view of another surgical tool
embodiment of the present invention;
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FIG. 45 is a cross-sectional side view of a portion of the
stu‘gicnl end effector and elongated shaft assembly of the
surgical tool embodiment ofFIG. 44 with the anvil inthe open
position;

F 1G. 46 is another cross-sectional side view of a portion of
the surgical end ell‘ector and elongated shall assombly of the
surgical tool embodiment of FIG. 45 with lhe anvil in the
closed position;

F[G 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 ofthe
closure drive shaft:

FIG. 48 is a cross—sectional view of the mounting collar
embodiment of FIG. 47:

FIG. 49 is a top view of another tool mounting portion
embodiment of another surgical tool embodiment of the
present invention;

FIG . 49A is an exploded perspective view ot'a portion ofa
gear arrangement ofanother surgical tool embodiment ofthe
present invention:

FIG. 49B is a cross—sectional perspective view ofthe gear
arrangement shown in FIG. 49A:

FIG. 50 is a cross-sectional side view of a portion of a
surgical and effector and elongated shall assembly ofanother
surgical tool etnbodi ment ol‘the present invention employing
a pressure sensor arrangement with the anvil in the open
position:

FIG. 51 is another cross—sectional side view ol‘a portion of
the surgical end etfector and elongated shaft assembly of the
surgical tool embodiment of FIG. 50 with the anvil in the
closed position:

FIG. 52 is a side view of a portion ol‘another sumical tool
embodiment of the present invention in relation to a tool
holder portion ofa robotic system with some of the compo-
nents thereof shown in cross-section:

FIG. 53 is a side view ofa portion ofanother 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:

FIG. 54 is a side view ofa portion ofanother surgical tool
embodiment of the present invention with some of the coni—
ponents thereof shown in cross-section:

FIG. 55 is a side view of a portion ofanother surgical end
effector embodiment of a portion of a surgical tool embodi-
ment of the present invention with some components thereof
shown in cross-section:

FIG. 56 is a side view ofa portion ofanot'her surgical end
etfector embodiment of a portion of a surgical tool embodi—
tnent of the present invention with some cotnponents thereof
shown in cross-section;

FIG. 57 is a side view ol‘a portion of another surgical end
ell'ector embodiment of a portion of a surgical too] embodi-
ment of the present invention with some components thereof
shown in cross—section:

FIG. 58 is an enlarged cross—sectional view ofu portion of
the end effector oi'FlG. 57:

FIG. 59 is another cross-sectional view of a portion of the
end etfector of FIGS. 57 and 58;

FIG. 60 is a cmss-sectional side view ofa portion ofa
surgical end effector and elongated shaft assembly oi'another
surgical tool embodiment of the present invention with the
anvil in the open position:

F[G 61 is an enlarged cross-sectional side view of a por—
tion ot'the surgical end effector and elongated shaft assembly
ofthe surgical tool entbodirncnt of FIG. 60;
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FIG. 62 is another cross-sectional side view oI'a portion of
the surgical end eII‘ector and elongated shaft assembly of
FIGS. 60 and 6] with the anvil thereof in the closed position:

FIG. 63 is an enlarged cross-sectional side view of a por-
tion o ftlte surgical end elfcctor and elongated sha ft assembly
of the surgical tool embodiment ofFIGS. 60-62;

FIG. 64 is a top view of a tool mounting portion embodi-
ntent ol'tt surgical tool embodiment oftlte present invention:

FIG. 65 is a perspective assembly view ol'anotlier surgical
too] embodiment of the present invention:

FIG. 66 is a front perspective view ofa disposable loading
unit arrangement that may be employed with various surgical
tool embodiments of the present invention;

FIG. 67 is a rear perspective view ofthe disposable loading
unit of FIG. 66;

FIG. 68 is a bottom perspective view of the disposable
loading unit oI’F IGS. 66 and 67;

FIG. 69 is a bottom perspective view ofanother disposable
loading unit embodiment that may be employed with various
surgical tool embodiments of the present invenLion;

FIG. '70 is an exploded perspective view of a mounting
portion of a disposable loading unit depicted in FIGS. 66—68:

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:

FIG. 72 is another perspective view of a portion of the
disposable loading unit and elongated shah assembly ofFIG.
71 with the disposable loading tmit in a second position;

FIG. 73 is a cross-sectional view of a portion of the dis-
posable loading unit and elongated shaft assembly embodi-
ment depicted in FIGS. 71 and 72:

FIG. 74 is another cross-sectional view of the disposable
loading unit and elongated shaft assembly embodiment
depicted in FIGS. 71—73;

FIG. 75 is a partial exploded perspective view ol'a portion
ofanother disposable loading unit embodiment and an clott-
gated shaft assembly embodiment of a surgical tool embodi-
ment of the present invention:

FIG. 76 is a partial exploded perspective view ol'a portion
ofanother disposable loading unit embodiment and an elon-
gated shaft assembly embodiment ofa surgical tool embodi—
ment of the present invention;

FIG. 77 is another partial exploded perspective view of the
disposable loading unit embodiment and an elongated shaft
assembly embodiment of FIG. 76:

FIG. 78 is a top view of another tool mounting portion
embodiment of a surgical tool embodiment of the present
invention;

FIG. '79 is a side view ofanother surgical tool embodiment
oftlte present invention with some of the components thereof
shown in cross-section and in relation to a robotic tool holder

ofa robotic system:
FIG. 80 is an exploded assembly view of a surgical end

elTeetor embodiment that may be used in connection with
various surgical tool embodiments ofthe present invention;

FIG. 81 is a side view ofa portion ofa cable~driven system
for driving a cutting instrtunent employed in various surgical
end effector embodiments of the present invention:

FIG. 82 is a top view ofthe cable-driven system and cutting
instrument of FIG. 8]:

FIG. 83 is a top view ofa cable drive transmission elnbodi -
ment of the present invention in a closure position;

FIG. 84 is another top view ofthe cable drive transmission
embodiment of FIG. 83 in a neutral position;

FIG. 85 is another top view ofthe cable drive transmission
embodiment of FIGS. 83 and 84 in a fLri ng position:
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FIG. 86 is a perspective view of the cable drive transmis-
sion embodiment in the position depicted in FIG. 83:

FIG. 87 is u pcrspeetive view of the cable drive transmis-
sion embodiment in the position depicted in FIG. 84;

FIG. 88 is a perspective view of the cable drive transmis-
sion embodiment in the position depicted in FIG. 85:

FIG. 89 is a perspective view of another surgical tool
embodiment of the present invention;

FIG. 90 is a side view of a portion ol'anotlter cable-driven
system embodiment for driving a cutting instrument
employed in various surgical end ellbctorembodiments ofthe
present invention:

FIG. 91 is a top view of the cable—driven system embodi-
ment ofI’IG. 90:

FIG. 92 is s top view of a tool mounting portion embodi-
ment of another surgical tool embodiment of the present
invention;

FIG. 93 is a top cross-sectional view ol‘another surgical
too] embodiment ot'tlte present inventiou‘1

FIG. 94 is a cross—sectional view of a portion ofn surgical
end effector etnbndi ment ofa surgical too] embodiment ol'the
present invention:

FIG. 95 is a cross-sectional end view of the surgical end
effector of FIG. I03 taken along line 95-95 in FIG. 94;

FIG. 96 is a perspective view ofthe surgical end effector of
FIGS. 94 and 95 with portions thereofshown in cross-section:

FIG. 97 is a side view of a portion of the surgical end
efl'ector ot'I-‘IGS. 94—96;

FIG. 98 is a perspective view of a sled assembly embodi-
ment of various surgical tool embodiments of the present
invention:

FIG. 99 is a emits-sectional view of the sled assembly
embodiment of FIG. 98 and a portion of the elongated chari-
nel of FIG. 97;

FIGS. 100—105 diagrammatically depict the sequential lir-
ing of staples in a surgical tool embodiment of the present
invention“.

FIG. 106 is a partial perspective view ofa portion of a
surgical and effector embodiment ofthe present invention:

FIG. 10? is a partial cross-sectional perspective view of a
portion of a surgical end effector embodiment of a surgical
tool embodiment of the present invention:

FIG. 108 is another partial crossnseetional perspective
view of the surgical and effector embodiment of FIG. 107
with a sled assembly axially advancing tlterethrough:

FIG. 109 is a perspective view of another sled assembly
embodiment of another surgical tool embodiment of the
present invention;

FIG. 110 is a partial top view ofa portion ofthe surgical end
effector embodiment depicted in FIGS. 10’? and 108 with the
sled assembly axially advancing therethmugh;

FIG. 11] is another partial top view of the surgical end
effector embodiment of FIG. 110 with the top surface o l' the
surgical staple cartridge omitted for clarity:

FIG. 112 is a partial cross—sectional side view of a rotary
driver embodiment and staple pusher embodiment of the sur—
gical end efi’ector depicted in FIGS. 10'? and 108:

FIG. 11.1 is a perspective view of an automated reloading
system embodiment of the present invention with a surgical
end efl'ector in extractive engagement with the extraction
system thereo f;

FIG. 114 is another perspective view of the automated
reloading system embodiment depicted in FIG. 113:

FIG. 115 is a cross«sectional elevational view ofthe auto-

mated reloading system embodiment depicted in FIGS. 113
and 114;
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FIG . 116 is another cross—sectional elevational view of the

automated reloading system embodiment depicted in FIGS.
113-115 with the extraction system thereof removing a spent
surgical staple cartridge from the surgical end efl'ector:

FIG. 117 is another cross-sectional elevational view of the

automated reloading system embodiment depicted in 1"IGS.
113—116 illustrating the loading of a rtew surgical staple car—
tridge into a surgical end effector.

FIG. 118 is a perspective view of another autontated
reloading system embodiment of the present invention with
some components shown in cross-section:

1"1G. 1 19 is an exploded perspective view ofa portion of the
automated reloading system embodiment of FIG. 118:

FIG. 1le is another exploded perspective view ofthe por—
tiott ofthe automated reloading system embodiment depicted
in FIG. 119:

FIG. 121 is a cross-sectional elevation-a1 view ot‘the auto-

mated reloading system embodiment of FIGS. 118-1211:
FIG. 122 is a cross-sectional view of an orientation tube

embodiment supporting a disposable loading unit therein;
FIG. 123 is a perspective view of another surgical tool

embodiment of the present invention:
FIG. 124 is a partial perspective view of an articulation

joint embodiment of a surgical tool embodiment of the
present invention:

FIG. 125 is a perspective view of a closure tube embodi-
ment of a surgical tool embodiment of the present invention;

FIG. 126 is a perspective view ofthe closure tube embodi—
ment off 1G. 125 assembled on the articulationjoiut embodi-
ment of FIG. 124:

FIG. 121Ir is a top view of a portion ofa tool mounting
portion embodiment of a surgical tool embodiment of the
present invention:

FIG. 128 is a perspective view of an articulation drive
assembly embodiment employed in the tool mounting portion
embodiment of FIG. 127:

FIG. 129 is a perspective view of another surgical tool
embodiment of the present invention: and

HG. 130 is a perspective view of another surgical tool
embodiment of the present invention.

DETAILED DESCRIPTION

Applicant ofthe present application also owns the follow-
ing patent applications that have been filed on even date
herewith and which are each herein incorporated by reference
in their respective entireties:

U.S. patent application Ser. No. 131118.259. entitled "Sur-
gical Instrument With Wireless Communication Between a
Control Unit of a Robotic System and Remote Sensor", US.
Patent Application Publication No. US 2011—0295270 Al;

U.S. patent application Ser. No. 131118.194. entitled
"Robotically-Contmlled Endoscopic Accessory Channel".
U.S. Patent Application Publication No. US 20] 141295242
Al:

U.S. patent application Ser. No. 1331 18.253. entitled
“Robotically—Controlled Motorized Stugical Instrument“.
U.S. Patent Application Pubiicalion No. US 2011—0295269
At:

U.S. patent application Ser. No. 131118.278. entitled
“R0botically-C‘ontmlled Surgical Stapling Devices That Pro-
duce Formed Staples [-Iaving [Jill'erent l .engths“. U.S. Patent
Application Publication No. US 2011-0290851 A1:

U.S. patent application Ser. No. 131118.190. entitled
uRobotical[yr-Controlled Motorized Cutting and Fastening
[nail-tiniest". U.S. Patent Applicmion Publication No. US
2011-0288573 A];
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US patent application Ser. No. 131118.223. entitled
“Robotic-ally-Controlled Shaft Based Rotary Drive Systems
For Surgical lnsuuruents“. U.S. Patent Application Publica-
tion No. US 20110290854 Al:

U.S. patent application Ser. No. 131118.263. entitled
“Robolically-Controllcd Surgical Instrument Having
Recording Capabilities". U.S. PatenrApplic-ation Publication
No. US 2011-0295295 A1:

U.S. patent application Ser. No. 131118.272- entitled
“Robotically-C‘ontrolled Surgical Instrument Will] Force
Feedback Capabilities”. U.S. Patent Application Publication
No. US 201 1—0290856 A l;

U.S. patent application Ser. No. 132118.246. entitled
“Robotically-l)riven Surgical Instrument With li-l-ieam
Driver“1 U.S. Patent Application Publication No. US 2011-
0290853 A1:

U.S. patent application Ser. No. 131118241. entitled "Sur-
gical Stapling Instrtunents With Rotatttble Staple Deploy-
ment .thgetltents”. U.S. Patent Application Publication
No. US 2012—0298719A1.

Certain exemplary embodiments will now be described to
provide an overall rmderstanding of the principles of the
structure. function. manufacture. and use of the devices and

methods disclosed herein. One or ntore examples of these
embodiments are illustrated in the accompanying drawings.
Those of ordinary skill in the art will understand tltnt the
devices and methods specifically described herein and illus—
trated in the accompanying drawings are non—limiting exem»
plary embodiments and that the Scope oflhe various embodi-
ments of the present invention is defined solely by the claims.
The features illustrated or described in connection with one

exemplary embodiment may be combined with the features of
other embodiments. Such modifications artd variations are

intended to be included within the scope ol'tlte present inven~
tion.

Uses of the phrases "in various embodiments." “in some
embodiments." “in one embodiment“. or “in an embodi-

ment". or the like. throughout the spec] ficat ion are not nec-
essarily all referring to the sonic embodiment. Furtliennorc.
the particular features. structures. or characteristics clone or
more embodiments may be combined in any suitable manner
in one or more other embodiments. Such modifications and

variations are intended to be included within the scope ofthe
present invention.

Turning to the Drawings. wherein like numerals denote
like components throughout the several vimvs. FIG. 1 depicts
a disposable loading unit 16 of the present invention that is
coupled to a conventional surgical cutting and stapling appa~
rates 10. The construction and general operation ofa cutting
and stapling apparatus 10 is described in U.S. Pat. No. 5.865.
3-61, the disclosure ofwhich has been herein incorponrted by
reference. Thus. the present Detailed Description will not
discuss the various components of the apparatus 111 and their

_ operation herein beyond what is necessary to describe the
operation of the disposable loading tinit 16 of the present
invention.

As the present Detailed Description proceeds. it will be
appreciated that the terms “proximal" and “distal" are used
herein with reference to a clinician gripping a handle assem-
bly 12 of the 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". “dt‘IWH". "right". and “lefi” are used
herein with respect to the drawings. However. surgical instru-
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meals are used itr tnany orientations atrd positions, and these
terms are not intended to be limiting and absolute.

As can be seen in FIG. 1. the disposable loading unit 16
may generally comprise a too] assembly 17' for perlorming
surgical procedures such as cutting tissue 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 in a carrier 216. An anvil assem-
bly 20 may be pivotally coupled to the carrier 216 in a known
manner for selective pivotal navel between open and closed
positions. The anvil assembly 20 includes an anvil portion
204 that has a plurality of staple delimiting concavities { not
shown] titrated in the undersurlhce thereof. The staple car-
tridge 220 houses a plurality ofpushers or drivers (not shown)
that each [rave a staple or staples (not shown) supported
thereon. An actuation sled 234 is supported within the tool
assembly 17 and is configured to 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 liom the
proximal end ot‘thc too] assembly I 7 to the di stal end 220. See
FIG. 2.

The disposable loadingunit 16 may thither include an atrial
drive assembly 212 that comprises a drive beam 266 that may
be constructed from a single street of material or. prelerably.
from multiple stacked sheets. However. the drive beam 266
may be constructed from other suitable material configura-
tions. The distal end ofdrive beam 266 may include a vertical
support strut 271 which supports :1 km lie blade 280 and an
abutment surface 283 which engages the central portion of
actuation sled 234 during a stapling procedure. Knife blade
28!} may be generally positioned to translate slightly behind
actuation sled 234 through a central longitudinal slot in staple
cartridge 220 to Form an incision between rows of stapled
body tissue. A retention flange 284 may project distally from
vertical strut 271 and support a cumming pitr orpins 286 at its
distal end. Camming pin 286 may be dimensioned and con—
figured to engage cumming surlace 209 an anvil portion 204
to clamp anvil portion 204 against body tissue. See FIGS. 5
and 7. hr addition. a lealspri ng (not shown) may be provided
between the proximal end of the anvil portion 204 and the
distal end portion of the housing 200 to bias the anvil assem-
bly 20 to a normally open position. The carrier 216 may also
have an elongated bottom slot theretlrrough through which a
portion ofthe vertical support strut 271 extends to have a
support member 287 attached thereto

As can also be seen in FIG. I, the disposable loading unit
16 may also lravc a housing portion 200 that is adapted to snap
onto or otherwise be attached to the carrier 216. The proximal
end 500 ol’housing 200 may include engagement hubs 254 for
releasably engaging elongated body 14 ofa surgical stapling
apparatus. Nubs 254 limit a bayonet type coupling with the
distal end of the elongated body portion 14 of the surgical
stapling apparatus as described in U.S. Pat. No. 5.865.315 l.

The housing 200 may further include a switch portion 520
that ntovably houses a battery 526 therein. More specifically
and with reference to FIG. 3. the switch portion 520 of the
[rousing 200 defines a battery cavity 522 that movably sup«
ports a battery holder 524 that houses a battery 526 therein. As
can be seen in FIG. 3. a first battery contact 528 is supported
in electrical contact with the battery 526 and protrudes out
through the battery holder 524 for sliding engagement with
the inside wall 523 of the battery cavity 522. Similarly, a
second battery contact 530 is mounted in electrical contact
with the battery 526 and also protrudes ottt of the 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 ol‘control
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rod 52 w hen the proximal end o t'disposable loading unit 16 is
coupled to the elongated body 14 of surgical stapling appa-
ratus 10. As can also be seen in FIG. 3. a series of contacts

540. 542. 544 may be oriented within the wall 523 liar contact
with the battery contacts 530. The purpose of the contacts
540. 542. and 544 will be discussed in further detail below. As

can also be seen in FIG. 3. a biasing member or switch spring
550 is positioned within the 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 F IG. 3. When retained in that "pre-use" or
“disconnected" position by spring 550, the battery contacts
528 and 530 do not contact any ofthe contacts 549. 542. 544
within the battery cavity 522 to prevent the battery 526 from
being drained during non-use.

As can also be seen in FIG. 3. the housing 20!} may further
have a orator cavity 560 therein that houses a motor 562 and
a gear box 564. The gear box 564 has tut output shaft 566 that
protrudes through a hole 572 in a proximal bulkhead 570
formed in the housing 200. See FIG. 5. The output shalt 566
is keyed onto or otherwise non-rotatably coupled to a thntst
disc 580. As can be seen in FIG. 5. the thrust disc 580 is

rotatably supported within a thmst disc cavity 582 formed
between the proximal bulkhead 570 and a distal bulkhead 590
limited in the [rousing 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 589 may be formed on a proxima 1 end
ol‘a drive screw 600 that threadedly engages a drive not 610
that is supported within an engagement section 2'?!) formed
on the distal end of the drive beam 266. [n various embodi-

ments. the engagement section 270 may include a pair of
engagement lingers 270a and 276!) that are dimensioned and

_. configured to be received within a slot in the drive out 610 to
non-rotatabiy aflirt the drive nut 610 to the drive beam 266.
Thus. rotation ol'tlrc drive screw 600 within the drive out 610
will drive the drive beam 266 in the distal direction “DD“ or

in the proximal direction “I’D" depending ttpon the direction
of rotation of the drive screw 600.

The disposable loading unit 1 6 may l'urthcr include a return
switch 630 that is mounted in the housing 200 and is adapted
to be actuated by the knife out 6lfl.As can also be seen itr FIG.
5. a switch 640 is motmted in the housing 200 and is also
oriented to be actuated by the knife rrnt 610 to indicate when
the anvil assembly 20 has been closed. A switch 650 is
mounted in the housing 200 and is also adapted to be actuated
by the knife not 610 to indicate that the axial drive assembly
212 has moved to is finished position. The specific operations
of switches 630. 640. 650 will be discussed in further detail
below.

FIG. 4 illustrates a circuit embodiment 700 of the present
invention that illustrates the positions of various components
of the disposable loading unit 16 ol‘ the present invention

_ when in a “pro-use" condition. For example. the various com-
ponents of the disposable loading unit 16 may be in this
pre~use orientation when the unit 16 is being stored or
shipped. As can be seen in that Figure. when in this orienta-
tion. the battery contacts 528 and 5.11] do not contact any ol‘the
contacts 546. 542. 544 in the housing 200 which prevents the
battery 526 iron) being drained during non-use.

FIGS. 5 and 6 illustrate the positions of various compo-
nents of the disposable loading unit 16 after it has been
coupled to the elongated body 14 of the surgical cutting and
stapling instrument 10. In particular. as cart be seen in FIG. 5.
the distal end 276 oldie control rod 52 has been coupled to the
battery holder 524. When the control rod 52 is attached to the
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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
retunt contacts 540 in the housing 200. Also. when in that
position. the knife out 610 acluutcs the return switch 638 into
an open orientation. 11 will be appreciated that the return
switclt 630 is a normally closed switch that is actuated to the
open position by the knife out 610. As shown in FIG. 6. when
the return switch 630 is open. the motor 562 is not powered.

FIG-S. 7 run] 8 illustrate the positions of various compo-
nents of the disposable loading unit 16 alter the clinician has
actuated the movable handle 24 {shown in II‘lCi. I) of the
surgical cutting and stapling instrument 10. As discussed in
U.S. Pat. No. 5.865.361. wlten the movable handle 24 is

initially moved toward the stationary handle member 22. the
control rod 52 is caused to move in the distal direction “DD".

As can be seen in FIG. 7. as the control rod 52 is initially
moved in the distal direction during the anvil close stroke. the
battery holder 524 moves the battery 526 to a position
wherein the battery contacts 528. 530 contact the anvil close
contacts 542. Power is now permitted to flow [rent the battery
526 to the motor 562 which rotates the drive screw 600 and

causes the drive beam 266 to move distally. As the drive beam
266 moves distally in the “DD" direction. the canuning pin
286 engages cam portion 209 o'fttnvil portion 204 and causes
the anvil assembly 20 to pivot to a closed position its illus-
trated in FIG. 7. As the drive beam 266 moves distally to the
anvil closed position. the knife out 610 moves otlt ol‘cont‘act
with the return switch 630 which permits tlte return switch to
resume its normally open position. the knife not 610 then
act'uutes the anvil closed switch 640 and moves it to an open
position. See FIG. 8. In various embodiments one or more
anvil closed lights 660 may be mounted in the housing 200 for
providing a visual indication to the clinician that the anvil
assembly 20 has been moved to the closed position.

When the clinician desires to fire the instrument It} (i.e..
actuate the instrument 10 to cause it to cut and staple tissue).
the clinician first depresses the plunger 82 ol‘ the firing lock-
out assembly 80 (FIG. 1) as discussed in U.S. Pat. No. 5.865.
36]. 'l‘herealier. movable handle 24 may be actuated. As the
movable handle 24 is depressed. the control rod 52 moves the
battery holder 524 and battery 526 to the position illustrated
in FIGS. 9 and It}. As can be seen in those Figures. when the
battery 526 is moved into that position. the battery contacts
528. 530 are brought into contact with the the contacts 544.
The switch 650 is nonnally closed until it is actuated by the
knili: ttut 610. Thus. when the battery contacts 528. 530
contact the firing contacts 544. power [lows from the battery
526 to the motor 562 which drives the drive screw 600. As the
drive screw 660 is rotated. the drive beam 266 and knife not
610 are driven in the distal direction “DD” to advance actua-

tion sled 234 through staple cartridge 220 to effect ejeet ion of
staples zmd cutting of tissue. Once the drive beam 266 reaches
the end of the firing stroke (ie. all ol‘ the staples in the staple
cartridge 220 have been tired}. knife not 610 is positioned to
actuate the normally closed switch 650 attd move it to an open
position (illustrated in FIG. 10) which stops the flow ofpower
from the battery 526 to the motor 562. In various etnbodi—
merits. a distal indication light or lights 6'70 may be mounted
on the housing 200 to provide an indication to the clinician
that the drive beam 266 has reached its distal-roost fired

position.
To retract the drive beam 266. the clinician grasps the

retract knobs 32 (shown in FIG. I too the handle assembly 12
and pttlls them in the proximal direction “PD". The operation
and construction of the retract knobs 32 is discussed in U .3.
Pat. No. 5.865.361. Once the clinician moves the drive beam
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266 a sufficient distance in the proximal direction “PD“ so as
to move the battery to contacts 540 (FIG. 11). power will be
supplied through switch 63!} to reverse the motor 562. Knife
not 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 flow to the motor 562 and rotate the drive
screw 610 in an opposite direction to drive the drive beam 266
in the proximal direction “I’D". Once the knife not 610 actu-
ates the knife return switch 63 (I. the knife return switch 630 is

moved to an open position thereby stopping flow of power
limit the battery 526 to the motor 562. [a various embodi-
meats1 a starting 1 ight 700 may be mounted in the housing 200
to provide an indication that the drive beam 266 is in the
starting position.

FIGS. 11 and 12 illustrate the positions ol‘ various compo-
nents of the disposable loading unit 16 of the present inven-
tion when the distal end ol'the drive beam 266 and blade 280

inadvertently becomesjantmcd during the firing stroke (in.
when the blade 280 is being distally advanced through the
tissue clamped in the tool assembly 17). To address such
occurrence. :4 current limiter 680 may be provided as shown in
l'I'IG. 12. The current limiter 68!! serves to tttm oil the motor

562 when the amount of current that it is drawing exceeds a
predetermined threshold. It will be understood that the
amount ol‘ current that the motor 562 draws during a jam
would increase over the mucunt of current drawn during
normal tiring operations. Once the current lintiter 686 shuts
down the motor 562. the clinician can retract the drive beant

266 by grasping the retract knobs 32 [shown in FIG. 1 l on the
handle assembly [2 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 series to stop the motor 562 when the axial 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 draw under normal operating circumstances. This
l'cature also saves the battery power so the drive beam 266 can
be retracted.

Thus. the disposable loading unit 16 of the present inven-
tion comprises a sel l—conta ined motor driven disposable load
ing unit that may be used in connection with conventional
surgical cutting and stapling instruments that traditionally
required the clinician to manually advance and reu-act the
drive assembly and cutting blade ot‘a disposable loading unit
coupled thereto. Various embodiments ofthe disposable load-
ing unit 16 may be constructed to facilitate the automatic
retraction of the axial drive assembly should the blade
encounter a predetermined amotmt ofresistance.

While several embodiments of the invention have been

described. it should be apparent. however. that various modi-
fications. alterations and adaptations to those embodiments
may occur to persons skilled in the art with the attainment of
some or all of the advantages of the invention. For example.
according to various embodiments. a single component may
be replaced by ntttltiple components. attd multiple contpo~
nents may be replaced by a single component. to perform a
given function or liinctions. This application is therefore
intended to coverall such modifications. alterations and adap-
tations without departing from the scope and spirit of the
disclosed invention as defined by the appended claims.

Any patent. publication. or other disclosure material. in
whole or in part. that is said to be incorporated by reference
herein is incorporated herein only to the extent that the incor—
porated materials does not conflict with existing definitions.
statements. or other disclosure material set forth in this dis-
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closure. As such. and to the extent necessary. the disclosure as
esplicitly set forth herein supersedes any conflicting material
incorporated herein by reference. Any material. or portion
thereof. that is said to be incorporated by reference herein. but
which con [licts with existing definitions. 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 disclosure material.

The invention which is intended to be protected is not to be
construed as limited to the particular embodiments disciosed.
The embodiments are therefore to be regarded as illustrative
rather than restrictive. Variations and changes may be made
by others without departing liom the spirit of the present
invention. Accordingly. it is expressly intended that all such
equivalents. variations and changes which fall within tltc
spirit and scope of the present invention as defined in the
claims be embraced thereby.

Over the years a variety of minimally invasive robotic (or
“lelesnrgical"1 systems have been developed to inemse sur-
gical dexterity as well as to permit a surgeon to operate on a
patient in an intuitive manner. Many of such systems are
disclosed in the following U.S. patents which are each herein
incorporated by reference in their rcSpective entirety: U.S.
’at. No. 5392.135. entitled “Articulated Surgical Instrument
For Performing Minimally Invasive Surgery With Enhanced
Dexterity and Sensitivity". 11.3. Pat. No. (1.231.565, entitled
“Robotic Arm DI..US For l’erfoonirtg‘ Surgical "l'asks". 11.3.
Pat. No. 6.783.524. entitled “Robotic Surgical Tool With
Ultrasound Cauterizing and Cutting Instrument". U .8. Pat.
No. 6.364.888. entitled “Alignment ofMaster and Slave In a
Mi nitna lly Invasive Surgical Apparatus". U.S. Pat. No. 7.524.
320. entitled “Mechanical Actuator Interface System For
Robotic Surgical Tools". US. Pat. No. 1.691.098. entitled
Platform Link Wrist Mechanism“. 11.8. Pat. No. 7.806.891.

entitled “Repositioning and Reorientation of Mastert’Slave
Relationship in Minimally Invasive Telesurgery". and U.S.
Pat. No. 7.824.401. entitled “Surgical Tool With Writcd
Monopolar Iiilectrosurgical l'ind lilfectors”. Many of stlch
systems. however. have in the past been unable to generate the
magnitude of lbrces required to eti'cctively cut and fasten
tissue.

FIG. 13 depicts one versiott ofa master controller 1001 that
may be used itt connection with a robotic arm slave cart 1100
of the type depicted in FIG. 14. Master controller 1001 and
robotic arm slave cart 1100. as well as their respective corn-
ponents and control systems are collectively referred to
herein as a robotic system 1000. Examples of such systems
and devices are disclosed in 11.3. 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 F16. 13 1 which
are grasped by the surgeon and manipulated in space while
the surgeon views the procedure via a stereo display 1.002.
The tnaster controllers 1001 generally comprisetnanual input
devices which preferably move with multiple degrees offree—
dont. and which o ften further have an actuatable handle for

actuating tools (for example. for closing grasping saWs.
applying an electrical potential to an electrode. or the like].

As can be seen itt FIG. 141 in one lorm. the robotic arm cart

1100 is configured to actuate a plurality of surgical tools.
generally designated as 1200. Various robotic surgery sys—
tems and methods employing. master controller and robotic
arm can arrangements are disclosed in 11.5. Pat. No. 6.132.
363. entitled "Mold-Component 'I‘elepresence System and
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Method". the full disclosure ol'which is incorporated herein
by reference. In various forms. the robotic arm cart 1100
includes a base 1002 from which. in the illustrated embodi-

mettt. three surgical tools 1200 are supported. In various
forms. the surgical tools 1200 are each supported by a series
of manually articulalable linkages. generally referred to as
set»up joints 1104, and a robotic manipulator 1106. These
structures are herein illustrated with protective covers extend—
ing over much o l' the robotic linkage. These protective covet-s
may be optional. and may be limited in size or entirely e1 inti-
nated in some embodiments to minimise the inertia that is

encountered by the servo mechanisms Used to manipulate
such devices. to limit the volume ol‘moving components so as
to avoid collisions. and to limit the overall weight of the cart
1100. Cart 1100 will generally have dimensions suitable for
transporting the cart 1 100 between operating rooms. The cart
1100 may be configured to typically fit through standard
operating room doors 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.

Referring now to MG. 15. in at least one form. robotic
manipulators 1106 may include a linkage 1108 that con-
strains 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 US. Pat. No. 5.817.
08-4. the full disclosure of which is herein incorporated by
reference. The parallelogram arrangement constrains rotation
to pivoting about tut axis 1112a. sometimes called the pitch
axis. The links supporting the parallelogram linkage are piv-
otally mounted to set-up joints 1104 (FIG. 14} so that lite
surgical tool 1200 further rotates about an axis 11 12b. some
times called the yaw axis. The pitch and yaw axes 1112c.
1112!: intersect at the remote center 1114. which is aligned
alonga shalt 1208 ofthe surgical tool 1200. ‘Ihc surgical too]
1200 may have funher degrees of driven li'etxlotn as sup-
ported by manipttlator 1106. including sliding motion ol‘tlte
surgical tool 1200 along the longitudinal tool axis “LT-1T".
As the surgical too] 1200 slides along the tool axis LT~LT
relative to manipulator 1106 (arrow 1112c). remote center
1114 remains fixed relativeto base 1116 o'l'ntanipulator 1106.
Hence. the entire ntmiipulator is generally moved to re-posi-
tion remote center 1114. Linkage 1108 o fmanipulntor 1 1 06 is
driven by a series of motors 1120. These motors actively
move It ukage 1108 in response to commands from a proces-
sor ofa control systctn. As will be discussed in litrther detail
below. motors 1120 are also employed to manipulate the
surgical tool 1200.

An alternative set-up joint structure is illustrated in I-‘IG.
16. In this ctnbodimenLa surgical too] 1200 is supported by
an alternative manipulator structure 1106' between two tissue
manipulation tools. Those of ordinary skill in the art will
appreciate that various embodiments ol'the present invention
may incorporate a wide variety of altentative robotic struc-
tures. including those described in US. Pat. No. 5.8?8.193.
entitled "Automattal Endoscope System For Optimal Posi-
tioning“. the full disclosure of which is incorporated herein
by reference. Additionally. while the data communication
between a robotic component and the processor of the robotic
surgical system is primarily described herein with reference
to communication between the surgical tool 1200 and the
master controller 1001. it should be understood that similar

communication may take place betwwn circuitry of a
manipulator. a set-up joint. an endoscope or other image
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capture device. or the like. and the processor of tlte robotic
surgical system for component compatibility verification,
component-type identification. component calibration (such
as oil-set or the like) commtuticalion. confinnation ol'eou-
pling ofthe component to the robotic surgical system. or the
like.

An exemplary non-limiting surgical tool 1200 that is well«
adapted for use with a robotic system 1000 that has a tool
drive assembly [010 til-"JG. 18} that is operatively coupled to
a master controller 1001 that is operable by inputs from an
operator (i .e.. a surgeon] is depicted in F1G. 17. As can be seen
in that Figure. the surgical tool 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 assetnbly 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 meclumically and electri-
cally couples the tool mounting portion 1300 to the manipu—
lator. One form ol’interl'ace 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 ofttour are shown in FIG. 22) rotatable body por-
tions. driven discs or elements 1304. that each include a pair
ofpins 1306 that extend from a surface a l‘ 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 adaptor portion 1240 that is configured to mourn-
iugly engage the mounting plate 1302 as will be further dis-
cussed below. The adaptor portion 1240 may include an array
ol‘electrical cotutecting pins 1242 (FIG. 20) which may be
coupled to a memory structure 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
w idc varier ol'telcmetry modalities might be used, including
infrared. inductive coupling. or the like.

As can be seen in FIGS. 18—21. the adapter portion 1240
generally includes a tool side 1244 anda holder side 1246. In
various forms. a plurality of rotatable bodies 1250 are
mounted to a floating plate 1248 which has a limited range of
movement relative to the surrounding adaptor structure nor-
mal to the major surfaces oldie adaptor 1240. Axial move-
ment ol'the floating plate I248 helps decouple the rotatable
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
too] mounting portion 1300 to the adaptor 1240. In at least
one lbrm. rotatable bodies 1250 are resiliently mourned to
floating plate 1248 by resilient radial members which extend
into a circumferential indentation about the rotatable bodies

1250. The rotatable bodies 1250 can move axially relative to
plate 1248 by deflection oi'these resilient structures. When
disposed in a first axial position (toward tool side 1244) the
rotatable bodies 1250 are free to rotate without angular limi-
tation. However. as the rotatable bodies 1250 move axially
toward tool side 1244. tabs 1252(exteuding radially from the
rotatable bodies 1250) laterally engage detents on the 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 ofa corresponding tool holder portion 1270 ofthe
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robotic system 1000. as the drive pins 1272 will push the
mtatable bodies 1250 into the limited rotation position until
the pins 1234 arealignedwith {and slide intutopenjngs 1256'.
Openings 1256 on the tool side 1244 and openings 1256' on
the holder side 1246 ofrotatablc bodies 1250 are configured
to accurately align the driven elements 1304 ( FIG. 22) ol'tlre
tool mounting portion 1300 with the drive elements 1271 of
the tool holder 1270. As described above regarding inner and
outer pins 1306 ofdriven elements 1304. the openings 1256.
1256' are at differing distances from the axis o'l'rotatiou on
their respective rotatable bodies 1250 so as to ensure that the
alignment is not 180 degrees from its intended position. Addi-
tionally. each of the openings 1256 is slightly radially elon-
gated so as to fitt'ingly receive the pins 1306 in the circumfer—
ential orientation. This allows the pins 1306 to slide radially
within the openings 1256. 1256' and accommodate some
axial misalignment between the tool 1200 and tool holder
1270. while minimizing arty angular misalignment and back-
lash botween the drive and driven elements. Openings 1256
on the tool side 1244 are oil‘sct by about 90 degrees item the
openings 1256' (shown in broken lines) on the holder side
1246. as can be seen most clearly in FIG. 21.

Various embodiments may further include an array ofelce-
trical cotutector pins 1242 located on holder side 1246 of
adaptor 1240. and the tool side 1244 of the adaptor 1240 may
include slots 1258 (FIG. 21} for receiving a pin array {not
shown) [tom the tool mounting portion [300. In addition to
transmitting electrical signals between the surgical too] 1200
and the tool holder 1270. at least some of these electrical

connections may be coupled to an adaptor memory device
1260 (F1G. 20) by a circuit board o l' the adaptor 1240.

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 of the robotic system 1000. at least encompasses
various embodiments of the adapter 1240 and tool holder
1270 and which has been generally designated as 1010 in
FIG. 18. For example. as can be seen in FIG. 18. the tool
holder 1270 may include a first latch pin arrangement 1274
that is sized to be received in corresponding clevis slots 1241
provided in the adaptor 1240. In addition. the tool holder [270
may further have second latch pins 1276 that are sized to be
retained in corresponding latch devises 1243 in the adaptor
1240. See FIG. 20. In at least one form. a latch assembly 1245
is movably supported on the adapter 1240 and is binsable
between a first latched position wherein the latch pins 1276
are retained within their respective latch clcvis 1243 and au
unlatclted position wherein the second latch pins 1276 may be
into or removed front the latch devises 1243. A spring or
springs (not shown) are employed to bias the latch assembly
into the latched position. A lip on the tool side 1244 ofadaptor
1240 may slidably receive laterally extending tabs of tool
mounting housing 1301.

Turning next to FIGS. 22-29. in at least one embodiment,
the surgical tool 1200 includes a surgical end elTector 2012
that comprises in this cxzunplc. 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 response to various control motions applied thereto as
will be discussed in further detail below. In various embodi-

ments. component 2022 comprises an elongated channel
2022 configured to operably support a surgical staple {rar-
tridge 2034 therein and component 2024 comprises a pivot-
aily translatable clamping member. such as an anvil 2024.
Various embodiments of the surgical end effector 2012 are
configured to maintain the anvil 2024 and elongated channel
2022 at a spacing that assures effective stapling and severing
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oftissue clamped in the surgical end effector 2012. As can be
seen in FIG. 28. the surgical end elTector 2012 further
includes a cutting instrument 2032 and a sled 2033. The
cutting instrument 2032 may be, for example. a knife. The
surgical staple cartridge 2034 operably houses a plurality of
surgical staples (not show) therein that 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 surgical staple cartridge 2034, it forces the sled
2033 distally as well. As the sled 2033 is driven distally, 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 may be part of the surgical staple car-
tridge 2034. such that when the cutting instrument 2032 is
retracted following the cutting operation. lite sled 2033 does
not retract. The anvil 2024 may be pivotalily opened and
closed at a pivot point 2025 located at the proximal end ofthe
elongated channel 2022. The anvil 2024 may also include a
tab 2027 at its proximal end that interacts with a component of
the mechanical closure system Idescribed further below) to
Facilitate the opening ofthe anvil 2024. The elongated chan-
nel 2022 and the anvil 2024 may be made of an electrically
conductive material [such as metal) so that they may serve as
part of an antenna that communicates with sonsofls) in the
end ellbctor. as described above. The surgical staple cartridge
2034 could be made of a uonconductive material (such as
plastic} and the sensor may be connected to or disposed in the
Surgical staple canridgc 2034, as was also described above.

As cart be seen in FIGS. 22-29. the surgical end cfibctor
2012 is attached to the tool mourning portion 1300 by an
elongated shalt assembly 2008 according to various embodi-
ments. As shown in the illustrated embodiment, the shaft

assembly 2008 includes an articulation joint generally iridi-
cated as 2011 that enables the surgical end effector 201 2 to be
selectively articulated about an articulation axis Alli-AA that
is substantially transverse to a longitudinal tool axis LIT-1.51".
See 1" Ki. 23. In other embodiments. the articulation joint is
omitted. In various embodiments. the shalt assembly 2008
may include a closure tube assembly 2009 that comprises a
proximal closure tube 2040 and a distal closure tube 2042 that
are pivotably linked by a pivot links 2044 and operably stip—
ported on a spine assembly generally 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 and is pivotally coupled to the proximal 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 closure tube
2042 includes an opening2045 into which the tab 202'? on the
anvil 2024 is inserted in order to facilitate opening o fthc anvil
2024 as the distal closure tube 2042 is moved axially in the
proximal direction “PD“. "the closure tubes 2040, 2042 may
be made o felectrically conductive material (such as metal) so
that they may serve as part ofthe antenna. as described above.
Components of the main drive sha fi assembly (e.g. . the drive
shafls 2048. 2050] may be made ol’a nonconductive material
[ such as plastic}.

In use. it may be desirable to rotate the surgical end effector
2012 about the longitudinal tool axis l.If-[T. In at least one
embodiment, the tool mounting. portion 1300 includes a rota-
tional transmission assembly 2069 that is configured 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 rotat-
ing the elongated shaft assembly 2008 {curd stu'gical end
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effector 2012) about the longitudinal tool axis LT-LT. In vari-
ous embodiments. for example, the proximal end 2060 ofthc
proximal closure tube 2040 is rot'atably supported on the tool
mounting plate 1302 of the tool mourning portion 1300 by a
forward support cradle 1309 and a closure sled 2100 that is
also movahly supported on the tool mounting plate 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. 25Y the rotational gear
assembly 20701 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 [on] mounting plate 1302 when the tool
mourning portion 1300 is coupled to the terol 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 ol'a first rotary output ruotion from the
tool drive assembly 1010 of the robotic system 1000 to the
corresponding driven element 1304 will thereby cause rota-
tion ofthe rotation drive geta' 2072. Rotation of the rotation
drive gear 2072 ultimately results in the rotation ofthe elon-
gated shafl assembly 2008 (and the surgical end cll'ectol'
2012) about the longitudinal tool axis LT—LT ( represented by
arrow “R“ in FIG. 25). 11 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 ell'ector 2012
about the longitudinal tool axis l..-'l‘-l_.T in u lirst direction and
an application of the rotary output motion in an opposite
direction will result in the rotation of the elongated shaft
assembly 2008 and surgical end effector 2012 in a second
direction that is opposite to the first direction.

in at least one embodiment, the closure of the anvil 2024
relative to the staple canridge 2034 is accomplished by axi-
ally 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 transnussion.
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
lube 2040 can rotate relative to the closure sled 2100. yet
travel axially with the closure sled 2100. In particular. as cart
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 of the proximal closure tube 2040. In addi-
tion. as can be seen in FIGS. 27 and 30. the closure sled 2100

has a tab portion 2102 that'extends through a slot 1305 in the
tool mounting plate I302. The tab portion 2102 is configured
to retain the closure sled 2100 in sliding engagement with the
tool mounting plate 1302. 1.11 various embodiments. the clo—
sure sled 2100 has an upstanding portion 2104 that has a
closure rack gear 21 06 formed thereon. The closure rack gear
2 106 is configured for driving engagement with a closure gear
assembly 2110. See 1:10.27.

In various forms, the closure gear assembly 21 10 includes
a closure spur gear 2112 that is coupled to a corresponding
second one ofthe driven discs or elements 1304 on the adapter
side 1307 ofthe tool mounting plate 1302. See FIG. 22. Thus,
application of a second rotary output motion from the tool
drive assembly 1010 of the robotic system 1000 to the corre-
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sponding second drchn element 1304 w'ill cause rotation of
the closure spur gear 2112 when the tool mounting portion
13 00 is coupled to the tool drive asseiiibly 1010. The closure
gear assembly 2110 further includes a closure reduction gear
set 2114 that is supported in meshing engagement with the
closure Spur gear 21 12. As can be seen in FIGS. 26 and 27. the
closure reduction gear set 2114 includes a driven gear 2116
that is mtatably supported in meshing engagement with the
closure spur gear 2112. The closure reduction gear set 2114
further includes a first closure drive gear 2110 that is in
meshing engagement with a second closure drive gear 2120
that is rtitat'ably supported on the tool mounting plate [302 in
meshing engagement with the closure rack gear 2106. Thus.
application of a second rotary output motion from the tool
drive assembly 1010 01' the robotic system 1000 to the corre—
sponding second driven element 1304 will cause rotation of
the closure spttr gnarl] 12 and the 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 moves ultimately depends upon the
direction in which the second driven element 1304 is rotated.

For example. in response to one rotary output motion received
from the tool drive assembly I 010 of the 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 driver]

distally. the end ofthe closure tube segment 2042 will engage
a portion of the anvil 2024 and cause the anvil 2024 to pivot to
a closed position. Upon application ofan “opening“ out put
motion from the tool drive assembly 1010 of the robotic
system 1000. the closure sled 2100 and shall assembly 2008
will be driven in the proximal direction “PD“. As the distal
closure tube 2042 is driven in the proximal direction. the
opening 2045 therein interacts with the Lab 2027 on the anvil
2024 to facilitate the opening thereof. In various embodi-
ments. a spring (not shown} may be employed to bias the anvil
to the open position when the distal closure tube 2042 has
been moved to its staning position. in various embodiments.
the various gears of the closure gear assembly 2110 are sized
to generate the necessary closure lbrces needed to satisfacto-
rily close the anvil 2024 onto the tissue to 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.

Ln various embodiments. the cutting instrtuuent 2032 is
driven through the surgical end ellector 2012 by a knife bar
2200. See FIGS. 28 and 30. In at least one form, the krii fc bar
2200 may be fabricated from. for example. stainless steel or
other similar material and has a substantially rectangular
cross—sectional shape. Such knife bar configuration is suffi—
ciently rigid to push the cutting instrument 2032 through
tissue clamped in the surgical end effector 2012. while still
being flexible enough to enable the surgical end effector 2012
to articulate relative to the proximal l closure tube 2040 and the
proximal spine portion 2052 about the articulation axis AA-
AA as will 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 therethmugh to
provide support to the knife bar 2200 as it is axially pushed
therethrough. ‘lhe proximal 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 move axially. within the proximal
closure tube 2040.

As shown in FIG. 28. the distal end 2202 of the knife bar

2200 is attached to the cutting instrtunent 2032. The proximal
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end 2204 of the knife bar 2200 is rotatably affixed to a knife
rack gear 2206 such that the knife bar 2200 is free to mtate
relative to the knife rack gear 2206. See F [CL 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
too] mounting plate 1302 such that the knife rack gear 2206 is
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 corresponding third
one of the 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 from the robotic
system 1000 through the tool drive assembly 1010 to the
corresponding third driven clement 1304 will cause rotation
of the knife spur gear 2222. ‘lhe knife gear assembly 2220
further includes a knife gear reduction set 2224 that includes
a first knife driven gear 2226 and a second knife drive gear
2228. The knife gear reduction set 2224 is rotatably mounted
to the tool mounting plate [302 such that the first 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 knite 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 ol‘tlie knife gear assembly 2220 are
sized to generate the forces needed to drive the cutting ele-
ment 2032 through the tissue clamped in the surgical end
efl'ector 2012 and actuate the staples therein. For example. the
gears ol‘tltc knife drive assembly 2230 may be sized to gen-
erate approximately 40 to 100 pounds. It will be appreciated
that the application ot'a rotary output motion from the tool
drive assembly 1010 in one direction will result in the axial
movement oftlie cutting instrument 2032 in a distal direction

_ and application of the rotary output motion in an opposite
direction will result in the axial travel of the cutting instru-
tnent 2032 in a proximal direction.

in various embodiments, the surgical too] 1200 employs
and articulation system 2007 that includes an articulation
joint 2011 that enables the surgical end effector 2012 to be
articulated about an articulation axis AA-AA that is substan-

tially transverse to the longitudinal too] axis LT—LT. In at least
one embodiment. the surgical tool 1200 includes first and
second articulation bars 2250a. 2250!) that are slidably sup—
ported within corresponding passages 2053 prov idcd through
the proximal spine portion 2052. See FIGS. 30 and 32. In at
least one turn]. the first and second articulation bars 2250a.

2250!: 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 22500.
22501211219 a proximal end 2252 that has a guide rod protrud-
ing therefrom which extend laterally through a corresponding
slot in the proximal end portion ofthe proximal spine portion
2052 and into a corresponding arcuate slot in an articulation
out 2260 which comprises a portion oftlie uniculation traits-
mission. FIG. 40 illustrates articulation bar 2250a. It will be

understood that articulation bar 2250!) is similarly con-
structed. As can be seen in FIG. 31. for example. the articu-
lation bar 2250a has a guide rod 2254 which extends laterally
through a corresponding slot 2058 in the proximal end por-
tion 2056 of the distal spine portion 2050 and into a corre-
sponding arcuatc slot 2262 in the articulation mtt 2260. In
addition. the articulation bar 2250;: has a distal end 22510 that

is pivotally coupled to the distal spine portion 2050 by. for
example. a pin 2253a and articulation bar 22501; has a distal
end 2251b that is pivotally coupled to the distal spine portion
2050 by. for example. a pin 2253b. In particular. the articu-
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lation bar 2250a is laterally oiTset in a first lateral direction
from the longitudinal tool axis [fl-LT and the articulation bar
2250!: is laterally offset in a second lateral direction front the
longitudinal tool axis LT-LT. Tints. axial movement of the
articulation liars 2250a and 2250b in opposing directions will
result in the articulation of the distal spine portion 2050 as
well as the surgical end ellbctor 2012 attached thereto about
the articulation axis AA-AA as will be discussed in further
detail below.

Articulation of the surgical end effector 2012 is controlled
by rotating the articulation out 2260 about the longitudinal
tool axis [ff-L'l‘. The articulation nut 2260 is rotatablyjour-
nalod on the proximal end portion 2056 of the distal spine
portion 2050 and is rotatably driven thereon by an articulation
gear assembly 2270. More specifically and with reference to
FlG. 25. in at least one embodiment, the articulation gear
assembly 2270 includes an articulation sptLr gear 2272 that is
coupled to a corresponding fourth one of the driven discs or
elements 1304 on the adapter side 1307 ofthe tool mounting
plate 1302. Steel-16.22. Thus. application ofanother rotary
inpttt motion from the robotic system 1000 through the tool
drive assembly 1010 to the corresponding fourth driven ele—
ment 1304 will cause rotation of the articulation spur gear
2272 when the interface 1230 is coupled to the tool holder
1270. An articulation drive gear 2274 is rotatably supported
on the tool mounting plate 1302 iii meshing engagement with
the articulation spur gear 2272 and a gear portion 2264 of the
articulation nut 2260 as shown. As can be seen in FIGS. 30
and 31. the articulation out 2260 has a shoulder 2266 formed

thereon that defines an annular groove 226? for receiving
retaining posts 2268 therein. Retaining posts 2268 are
attached to the tool mounting plate [302 and serve to prevent
the articulation not 2260 from moving axially on the proximal
spine portion 2052 while maintaining the ability to be rotated
relative thereto. Thus. rotation of the articulation not 2260 in
a first direction. will result in the axial movement of the
articulation bar 2250a in a distal direction “DD“ and the axial

movement of the articulation bar 2250b in a proximal direc-
tion “I‘D" because of the interaction of the guide rods 2254
with the spiral slots 2262 in the articulation gear 2260. Simi-
larly. rotation ol'the articulation not 2260 in a second direc-
tion that is opposite to the first direction will result in the axial
movement ofthe articulation bar 2250a in the proximal direc-
tion “PD“ as well as cause articulation bar 2250!: to axially
move in the distal direction “DD". Thus. the surgical end
elTeclor 2012 may be selectively articulated about articula-
tion axis "AA- A" in a first direction “FD" by simulta-
neously moving the articulation bar 2250a it] the distal direc-
tion “DD" and the articulation bar 22501: in the proximal
direction "PD“. Likewise. the surgical end efl'ector 2012 may
be selectively articulated about the articulation axis “AA-
AA“ in a second direction “SD“ by simultaneously moving
the articulation bar 2250s in the proximal direction “I’D" and
the articulation bar 2250!) in the distal direction “DD." See
FIG. 23.

The tool embodiment described above employs an inter~
face arrangement that is particularly well—suited tor mounting
the robotically controllable medical tool onto at least one
form of robotic arm arrangement that generates at least [our
different rotary control motions. Those ofordinary skill in the
art will appreciate that such rotary output motions may be
selectively cottttollcd through llte programmable control sys-
tems employed by the robotic systcmfcontroller. 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 [nay be described in detail in various patents incorpo-
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rated herein by reference. The unique and novel aspects of
various embodiments of the present invention serve to utilize
the rotary output motions supplied by the robotic system to
generate specific control motions having sulficient magni-
tudes that enable end cllcetors to cut and staple tissue. Thus.
Illc unique arrangements and principles of various embodi-
tnents of the present invention may enable a variety ofdill'er—
out forms ofthe tool systems disclosed and claimed herein to
be effectively employed in connection with other types and
forms of robotic systems that supply programmed rotary or
other output motions. ln addition. as will become further
apparent as the present lktttilod [Inscription proceeds. vari-
ous end ellcctor embodiments of the present invention that
require other forms of actuation motions may also be effec—
tively actuated utilizing one or more of the control motions
generated by the robotic system.

FIGS. 34-38 illustrate yet another surgical tool 2300 that
may be effectively employed in connection with the robotic
system 1000 that has a tool drive assembly that is operably
coupled to a controller of the robotic system that is operable
by inpttts from art operator and which is configured to provide
at least one rotary output ntotiou to at least one rotatable body
portion supported on the tool drive assembly. In various
forms. the surgical tool 2300 includes a surgical end ell'ector
2312 that includes an elongated channel 2322 and n pivotally
translatable clamping member, such as an anvil 2324. which
are maintained at a spacing. that assures ctlective stapling and
severing of tissue clamped in the surgical end efl'ector 2312.
As shown in the illustrated embodiment. the surgical end
e'll'cctor 2312 may include. in addition to the previously-
menlioncd elongated channel 2322 and anvil 2324. a cutting
instrument 2332 that has a sled portion 2333 formed thereon.
a surgical staple cartridge 2334 that is scaled iii the elongated
channel 2322, and a rotary end ell‘cctor drive shall 2336 that

. has a helical screw thread formed thereon. The cuuittginstru—
meat 2332 may be. for example. a knife. As will be discussed
in further detail below. rotation ofthe end ell'ector drive shaft

2336 will cause the cutting instrument 2332 and sled portion
2333 to axially travel through the surgical staple cartridge
2334 to move between a starting position and an ending
position. The direction of axial travel of the cutting instru-
ment 2332 depends upon the di rect ion in whichthe end cfl’ec~
tor drive shaft 2336 is rotated. The anvil 2324 may be pivot—
ably opened and closed at a pivot poittt 2325 connected to the
proximate and of the elongated channel 2322. The anvil 2324
may also include a tab 2327 at its proximate end that operably
interfaces with a component of the mechanical closure sys-
tem [described further below} to open and close the anvil
2324. When the end effector drive shall 2336 is rotated. the

cutting instrument 2332 and sled 2333 will travel longitudi—
nally through the surgical staple cartridge 2334 from the
starting position to the ending position. thereby cutting tissue
clamped within the surgical end elTector 2312. The move-
ment of the sled 2333 through the stagical staple cartridge
2334 causes the staples therein to he drchn through the sev-
ered tissue and against the closed anvil 2324. which turns the
staples to fasten the severed tissue. In one form, the elongated
channel 2322 and the anvil 2324 may he made ot'nn electri—
cally conductive material (such as metal] so that they may
serve as part ol‘the antenna that communicates with sensor(s]
in the end cll'octor. as described above. The surgical staple
cartridge 2334 could he made of a nonconductive material
(such as plastic) and the sensor may be connected to or dis-
posed in the surgical staple cartridge 2334. as described
above.

It should be noted that although the citrbodiments of the
surgical tool 2300 described hemin employ a surgical end
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effector 2312 that staples the severed tissue, in other embodi-
ments difl'erent techniques for fastening or sealing the sev-
ered tisstre may be used. For example. end eftectors that use
RIi energy or adhesives to fasten the severed tissue may also
be used. US. Pat. No. 5.709.680. entitled “lilectrosurgical
l-Iontostatic [Jr-Nice" to Yates et 31.. and US. Pat. No. 5,688,

270, entitled “Electrosurgical Hemostatic Device With
Recessed AndJOr Offset E lcctrodes" to Yates et' a] .. which are

incorporated herein by reference. discloses cutting instru-
ments that use RF energy to fasten the severed tissue. U.S.
patent application Ser. No. 1 “267.81 1 to Morgan et a1.. now
US. Pat. No. 7,673,783 and US. patent application Ser. No.
113267.383 lo Shelton ct al.. now U.S. Pat. No. 7.607557,
which are also incorporated herein by reference. disclose
cutting instruments that use adhesives to fasten the severed
tissue. Accordingly. although the description herein refers to
cultingfstapling operations and the like, it should be recog-
nized that this is an exemplary embodiment and is not meant
to be limiting. Other tissue-fastening techniques may also be
used.

111 the illustrated embodiment. the surgical end effector
2312 is coupled to an elongated shaft assembly 2308 that is
coupled to a tool momtting portion 2460 and defines a longi-
tudinal tool axis [ff-LT. In this embodiment. the elongated
shaft assembly 2308 does not include an articulation joint.
Those of ordinary skill irt the art will understand that other
embodiments may have an articulation joint therein. In at
least one embodiment. the elongated shaft assembly 2308
comprises a hollow outer tube 2340 that is rotat'a‘oiy sup
ported on a tool mounting plate 2462 ol'a tool mounting
portion 2460 as will be discussed in further detail below. In
various embodiments. the elongated shaft assembly 2308
litrther includes a distal spine shah 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 that is non—movably coupled to the channel
2322. See FIGS. 35-37.

As shown in FIG. 35. the distal spine shaft 2350 has a
proximal end portion 2351 that is 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 further seen in FlGS. 35 and
36. the surgical too] 2300 includes a closure tube 2370 that is
constrained to only move axially relative to the distal station—
ary base portion 2360. The closure tube 2370 has a proximal
end 2372 that has an internal thread 2374 formed therein that

is in threaded engagement with 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
shaft 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 not 2382 ofa closure clutch assembly generally
designated as 2380. More specifically. the closure drive out
2382 has a proximal end portion 2384 that is 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 tineadably
attached to a retention ring 2386. Retention ring 2386. in
cooperation with an end 2387 of the closure drive not 2382.
defines an annular slot 2388 into which a shoulder 2392 ol'a

locking collar 2390 extends. Tbe locking collar 2390 is non—
movably attached (cg, welded, glued, etc.) to the end of the
outer tube 2340. Such arrangement serves to a flix the closure
drive not 2382 to the outer tube 2340 while enabling the
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closure drive not 2382 to rotate relative to the outer tube 2340.
The closure drive not 2382 further has a distal end 2383 that

has a threaded portion 2385 that threadably engages the inter-
nal thread 2374 o fthe closure tube 2370. Titus, rotation of the
closure drive out 2382 will cause the closure tube 2370 to

move axially as represented by arrow “D" in FIG. 36.
Closure of the anvil 2324 and actuation of the cutting

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 hollow drive sleeve 2400 is rotatably and
slidably received on the distal spine shall 2350. The drive
sleeve 2400 has a proximal end portion 2401 that is rotatably
mounted to the proximal spine shall 2353 that protrudes from
the [on] mounting [cannon 2460 such that the drive sleeve
2400 may rotate relative thereto. See FIG. 35. As can also be
seen in HUS. 35-37. the drive sleeve 2400 is rotated about the

longitudinal tool axis “IJf-Iil'" by a drive shaft 2440. The
drive shall 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.

The drive sleeve 2400 further has a distal end portion 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 of
proximal teeth 2416 formed thereon that are adapted for
selective engagement with corresponding proximal teeth
cavities 2418 formed in the proximal end portion 2384 ofthe
closure drive mrt 2382. "l'hus. when the proximal teeth 2416
are in meshing engagement with the proximal teeth cavities
2418 in the closure drive nut 2382. rotation ofthe drive sleeve
2400 will result in rotation ofthe closure drive not 2382 and

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

As can be most particularly seen in FIGS. 35 and 36. the
distal face 2414 ofthe drive clutch portion 2410 has a series
ofdistal teeth 2415 formed thereon that are adapted for selec-
tive engagement with corresponding distal teeth cavi lies 2426
formed in a face plate portion 2424 of a knife drive shaft
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 shall 2350 that is attached to or protrudes from the
stationary base 2360. When the distal teeth 2415 of the clo-
sure clutch portion 2410 are in meshing engagement wi Ih the
distal teeth cavities 2426 in the face plate portion 2424. rota-
tion 0 fthe drive sleeve 2400 will result in rotation o I‘lhc drive

shalt segment 2430 about the stationary shall 2350.!“ cart be
seen in FIGS. 35-37. a knife drive gear 2432 is attached to the
drive shaft 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 ofthe 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 endeli'ector 2312. The sled
2333 may be made of, liar example. plastic, and may have a
s [oped distal surface. As the sled 2333 traverses the elongated
channel 2322. the sloped forward surface of the sled 2333
pushes up or“drive“ the staples in the surgical staple cartridge
2334 through the clamped tissue and against the anvil 2324.
The anvil 23 24 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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In use. it may be desirable to rotate the surgical end effector
2312 about the longitudinal tool axis l_‘f-l.‘l‘. In at least one
embodiment. the transmission turrangement 2375 includes a
rotational transmission assembly 2465 that is configured 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 rotat—
ing the elongated shaft assembly 2308 (and surgical end
effector 2312) about the longitudinal too] axis 1.31‘-I.T.As can
be seen in [’lG. 38, a proximal end 2341 ol'the outer tube 2340
is rotatably supported within a cradle arrangement 2343
attached to the tool mounting plate 2462 ofthe tool mounting
portion 2460. A rotation gear 2345 is harmed on or attached to
the proximal end 2341 ofthe outer tube 2340 ofthe elongated
shaft assembly 2308 liar meshing engagement with a rotation
gear assembly 2470 operably supported on the tool mounting
plate 2462. In at least one embodiment. a rotation drive gear
2472 is coupled to a corresponding first one ol'the driven discs
or elements 1304 on the adapter side of the tool mounting
plate 2462 when the tool 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 and the rotation drive gear 2472. Application
of a first rotary output motion from the robotic system 1000
through the tool drive assembly 1010 to the corresponding
driven element 1304 will thereby cause rotation of the rot. —
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
I_,'.t"-l..T (primary rotary motion).

Closure of the tmvil 2324 relative to the staple cartridge
2034 is accomplished by axially moving the closure tube
2370 in the distal direction "DD". Axial movement of the
closure tube 2370 in the distal direction “DD" is accom-

plished by applying a rotary control motion to the closure
drive not 2382. To apply the rotary control motion to the
closure drive nut 2382, the closure clutch 2410 must first be

brought into meshing engagement with the proximal end
portion 2384 ofthe closure drive out 2382. In various cmbodi —
ments. the transmission arrangement 2375 further includes a
shifter drive assembly 2480 that is operably supported on the
tool mourning plate 2462. More Specifically and with refer-
ence to FIG. 38, it can be seen that a proximal end portion
2359 oflhc proximal spine portion 2353 extends tluough the
rotation gear 2345 and is 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 shitier drive gear 2483 that is coupled to
a corresponding second one. of the driven discs or elements
13 04 on the adapter side ol‘the tool mounting plate 2462 when
the tool mounting portion 2460 is coupled to the tool holder
1270. See 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 shifter drive gear 2483 and the shifter
rack gear 2482. Application ofa second rotary output motion
from the robotic system 1000 tlnough the tool drive assembly
[010 to the corresponding driven clement 1304 will thereby
cause rotation of the shifter drive gear 2483 by virtue ol'beiug
operably coupled thereto. Rotation of the shifter drive gear
2483 ultimately results in the axial movement of the shifter
gear rack 2482 and the proximal spine 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
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2410 depends upon the direction in which the shifter drive
gear 2483 is rotated by the robotic system 1000. Thus, rota-
tion ofthe sbifierdrive gear 2483 ina first rotary direction will
result in the axial movement of the closure clutch 2410 in the

proximal direction “PD“to bringtheproximal teeth 2416 into
meshing engagement with the proximal teeth cavities 2418 in
the closure drive not 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 movement of the
closure clutch 2410 in the distal direction “DD" to bring the
distal teeth 2415 into meshing engagement with correspond
ing distal teeth cavities 2426 formed in the face plate portion
2424 o f the knife drive shaft assembly 2420.

Once the closure clutch 2410 has been brought into mesh-
ing engagement with the closure drive out 2382. the closure
drive not 2382 is rotated by rotating the closure clutch 2410.
Rotation ofthe closure clutch 24] 0 is controlled by applying
rotary output motions to a rotary drive transmission portion
2490 of transmission arrangement 2375 that is operably sup-
ported on the tool mounting plate 2462 as shown in FIG. 38.
In at least one embodiment. the rotary drive transmission
2490 includes a rotary drive assembly 2490' that includes a
gear 2491 that is coupled to a corresponding third one of the
driven discs or elements 1304 on the adapter side of the tool
mounting plate 2462 when the tool mounting portion 2460 is
coupled to the tool holder 1270. See FIGS. 22 and 38. The
rotary drive transmission 2490 further comprises a first rotary
driven gear 2492 that is rotatably supported on the tool
mourning plate 2462 in meshing engagement with a second
rotary driven gear 2493 and the rotary drive gear 249]. The
second rotary driven gear 2493 is coupled to a proximal end
portion 2443 of the drive shaft 2440.

Rotation of the rotary drive gear 2491 in a first rotary
direction will result in the rotation o ftlie driva shaft 2440 in a

first direction. Conversely, rotation of the rotary drive gear
2491 in a second rotary direction {opposite to the first rotary
direction) will cause the drive shaft 2440 to rotate in a second
direction. As indicated above. 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 slaeve 2400. Thus. rotation of the drive sha ft 2440
results in rotation of the drive sleeve 2400.

A method of operating the surgical too] 2300 will now be
described. Once the tool mounting portion 2462 has been
operably coupled to the tool holder 1270 of the robotic system
1000 and oriented into position adjacent the target tissue to be
cut and stapled. ifthe anvil 2334 is not already in the open
position (FIG. 35 ). the robotic system 1000 may apply the
first rotary output motion to the shifter drive gear 2483 which
results in the axial movement of the closure clutch 2410 into

meshing engagement with the closure drive not 2382 (ifit is
not already in meshing engagement therewith). Sec FIG. 36.
Once the controller 1001 of the robotic system 1000 has
confirmed that the closure clutch 2410 is meshing engage-
ment with the closure drive not 2382 (cg. by means of
sensor{s)) in the surgical end effector 2312 that are in com~
munication with the robotic control system), the robotic con~
troller 1001 may then apply a second rotary output motion to
the rotary drive gear 2492 which. as was. described above.
ultimately results in the rotation ofthe rotary drive not 2382
in the first direction which results in the axial travel ofthc
closure tube 2370 in the distal direction “DD“. As the closure

tube 2370 moved in the distal direction, it contacts a portion
of the anvil 2323 and causes the anvil 2324 to pivot to the
closed position to clamp the target tissue between the anvil
2324 and the surgical staple cartridge 2334. Once the robotic
controller 1001 determines that the anvil 2334 has been piv-
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otcd to the closed position by corresponding sensort’s) in the
surgical end effector 2312 in communication therewith. the
robotic system 1000 discontinues the application of the sec-
ond rotary output motion to the rotary drive gear 2491. The
robotic controller 1001 may also provide the surgeon willt an
indication that Lite anvil 2334 has been fully closed. 'I'l‘te
surgeon may then initiate the firing procedure. In alternative
embodiments. the firing procedure may be automatically ini-
tinted by the robotic controller 1001. The robotic controller
1001 then applies the primary rotary control motion 2483 to
the shifter drive gear 2483 which results 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. Once the controller 1001 ol'the
robotic system 1000 has confirmed that the closure clutch
2410 is meshing engagement with the face plate portion 2424
[by means of sensor(s)j in the end effector 2312 that are in
communication with the robotic controller 1001 t, the robotic
controller 100] may then apply the second rotary output
motion to the rotary drive gear 2492 which. as was described
above. ultimately results in the axial movement of the cutting
instrument 2332 and sled portion 2333 in the distal direction
"DD" through the surgical staple cartridge 233-1. As the cut-
ting instrument 2332 moves distally through the surgical
staple cartridge 2334. the tissue clamped therein is severed.
As the sled portion 2333 is driven distally. 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 has determined that the cutting
instrument 2324 has reached the end position within the sur-
gical staple cartridge 2334 [by 111118.115 ofsensor(s]} in the end
efl‘ector 2312 that are in coimnunication with the robotic

controller 100! l. the robotic controller 1001 disconl'inues 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 o f the
cutting instrument 2332 and sled portion 2333 in the proximal
direction "PD“ to the staming position. Once the robotic con-
troller'1001 has determined that the cutting instrument 2324
has reached the starting position by means ol‘sensortst in the
surgical end effector 2312 that are in communication with the
robotic controller 1001, the robotic controller 100] discon—

tinttes the application of the secondary rotary output motion
to the rotary drive geeu- 2491. 'l'lierealter. 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 not 2382. Once
the closure clutch 2410 has been moved into meshing engage-
ment with the rotary drive out 2382. the robotic controller
1001 then applies the secondary output motion to the rotary
drive gear 2491 which ultimately results in the rotation ofthe
rotary drive not 2382 in the second direction to cause the
closure tube 2370 to ruove in 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 on the anvil
23 24 to cause the anvil 2324 to pivot to the open position. In
alternative embodiments. a spring may also be employed to
pivot the anvil 2324 to the open position when the closure
tube 2370 has been retumed to the starting position (FIG. 35 ].

FIGS. 39-43 illustrate yet another surgical tool 2500 that
may be effectively employed in connection with the robotic
system 1000. In various forms. the surgical tool 2500 includes
a surgical end effector 2512 that includes a “first portion" in
the form 0 fan elongated channel 2522 and a “second movable
portion" in the form of a pivotally translatable clamping
member. such as an anvil 2524. which are maintained at a
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spacing that assures effective stapling and severing of tissue
clamped in the surgical end effector 2512. As shown in the
illustrated embodiment. the surgical end effector 2512 may
include. in addition to the previously-mentioned elongated
channel 2522 and anvil 2524. a “third movable portion" in the
form of a cutting hisuumcni 2532, a sled (not shown). and a
surgical staple cartridge 2534 that is removably seated in the
elongated channel 2522. The cutting inst niment 2532 may be.
[or cxrmtple. a knife. ‘lhe anvil 2524 may be 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 end that is configured to
operably interface with a component of the mechanical clo-
sure system (described 'further below) to open and close the
anvil 2524. When actuated the knife 2532 and sled travel

longitudinally along the elongated chrome] 2522. thereby cut-
ting tissue clamped within the surgical end efl'ector 251 231111.:
movement of the sled along the elongated channel 2522
causes the staples of the surgical staple cartridge 2534 to be
driven ll'irough the 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 ofan electrically conductive material [such as metal]
so that they may serve as part ofthc antenna that communi-
cates with sensor-(s) in the surgical end efi‘ector. as described
above. The surgical staple cartridge 2534 could be made of a
nonconductivc material (such as plastic) and the sensor may
be connected to or disposed in the surgical staple cartridge
2534. as described above.

it should be noted that although the embodiments ofthe
surgical tool 2500 described herein employ a surgical end
effector 251 2 that staples the severed tissue. in other embodi-
ments different techniques for fastening or sealing the sev-
ered tissue may be used. I -‘or example, end effectors that use
RF energy or adhesives to fasten the severed tissue may also
be used. US. Pat. No. 5.709.680. entitled “Electrosurgjcul
Hemostatic Device" to Yates et al.._ and US. Pat. No. 5.688.

270. entitled “Electrosuxgical l-lemostatic Device With
Recessed And/Or Offset Electrodes" to 1Yates et al .. which are

incorporated herein by reference, discloses cutting instru-
ments that use RF energy to fasten the severed tissue. US.
patent application Ser. No. [1867.811 to Morgan et 31.. now
U.S. Pat. No. 7.673.783 and U.S. patent application Ser. No.
11367383 to Shelton et of. now U.S. Pat. No. 7.607.557.

which are also incorporated herein by reference. disclose
cutting instruments that use adhesives to fasten the severed
tissue. Accordingly. although the description herein refers to
cuttiugi’stapling operations and the like. it should be recog-
nized that this is an exemplary embodiment and is not meant
to be limiting. Other tissue—fastening techniques may also be
used.

In the illustrated embodiment. the elongated channel 2522
of the surgical end effector 2512 is coupled to an elongated
shall assembly 2503 that is coupled to a tool mounting portion
2600. In at least one embodiment. the elongated shalt assem-
bly 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 com-
prises a hollow tubular structure configured to be attached to
the distal end 2541 of the spine tube 2540. In one embodi-
ment. for example, the proximal end 2523 of the elongated
channel 2522 is welded or glued to the distal end of the spine
tube 2540.

As can be further seen in FIGS. 40 and 41. in at least one

non-limiting embodiment. the surgical too] 2500 further
includes an axially movable actuation member in the form of
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a closure tube 2550 that is constrained to move axially relative
to the elongated channel 2522 and the spine tube 1540. The
closure tube 2550 has a proximal end 2552 that has an internal
thread 2554 formed therein that is in threaded engagement
with a rotatably movable portion in the form ofa closure drive
out 2560. More specifically. the closure drive not 2560 has a
proximal end portion 2562 that is rotata bly supported relative
to the elongated channel 2522 and the spine tube 2540. For
assembly purposes. the proximal end portion 2562 is thread-
ably attached to a retention ring 2570. The retention ring 2570
is received in a groove 2529 formed between a shoulder 2527
on the proximal end 2523 of the elongated channel 2522 and
the distal end 2541 ofthe spine tube 1540. Such arrangement
serves to rotatably support the closure drive nttt 2560 within
the elongated chaotic] 2522. Rotation o fthe closure drive out
2560 will cause the closure tube 2550 to move axially as
represented by arrow “1)" in Ii 10‘. 40.

Extending through the spine tube 2540 and the closure
drive out 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 may rotate relative to
the cutting instrument 2582 . As can be seen in FIG. 40-42. the
closure drive out 2560 has a 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 out 2560. I-lowever. rotation of the knife bar

2580 about the longitudinal tool axis LT—LT will also result in
the rotation of the closure drive out 2560. The axial direction

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

distally. the distal end thereof will contact the anvil 2524 and
cause the anvil 2524 to pivot to a closed position. Upon
application of an opening rotary output motion lion! 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.

In use. it may be desirable to rotate the surgical end effector
2512 about the longitudinal tool axis I.T-l.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
motion to a rotary control motion for pointing the elongated
shall assembly 2508 about the longitudinal tool axis l.'l‘-I_T.
As can be seen in FIG. 38. a proximal end 2542 of the hollow
spine tube 2540 is rotatably supported within a cradle
arrangement 2603 attached to a tool mounting plate 2602 of
the tool mounting portion 2600. Various embodiments of the
surgical tool 2500 liinher include a transmission arrange
ment. generally depicted as 2605. that is operably supported
on the tool mounting plate 2602. In various fomts the trans-
mission errangement 2605 include a rotation gear 2544 that is
fonued on or attached to the proximal end 2542 ol‘the spine
tube 2540 for meshing engagement with a rotation drive
assembly 2610 that is operably supported on the tool mount—
ing plate 2602. In at least one embodiment. a rotation drive
gear 2612 is coupled to a corresponding first one of the
rotational bodies. 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
l-‘lCiS. 22 and 43. The rotation drive assembly 2610 Timber
comprises a rotary driven gear 2614 that is rotatably sup—
ported ou the tool mounting plate 2602 in meshing engage—
ment with the rotation gear 2544 and the rotation drive gear
2612. Application of a first rotary output motion from the
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robotic system 1000 lhmuglt the tool drive assembly 1010 to
the corresponding driven rotational body 1304 will thereby
cause rotation of the rotation drive gear 2612 by virtue of
being operably coupled thereto. Rotation ol'the rotation drive
gear 2612 ultimately results in the rotation nl‘tlic elongated
shaft assembly 2508 [and the end elliector 2512'} about the
longitudinal tool axis LT—LT.

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 “Di)i'. Axial movement of the
closure tube 2550 in the distal direction “DD" is accom-

plished by applying a rotary control motion to the closure
drive not 2382. In various embodiments, the closure drive nut
2560 is rotated by applying a rotary output motion to the knife
bar 2580. Rotation of the knife bar 2580 is controlled by
applying rotary output motions to a rotary closure system
2620 that” is operably sopported on the tool mounting plate
2602 as shown in FIG. 43. In at least one embodiment. the

rotary closure system 2620 includes a closure drive gear 2622
that is coupled to a corresponding second one of the driven
rotatable body portions discs or elements 1304 on the adapter
side oi'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 embodi-
ment. is in meshing driving engagement with a closure gear
train. generally depicted as 2623. The closure gear drive rain
2623 comprises a first driven closure gear 2624 that is rotat-
ably supported on the tool motmting plate 2602. The first
closure driven gear 2624 is attached to a second closure
driven gear 2626 by a 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 of the 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 rotary direc-
tion) will cause the third closure driven gear 2630 to rotate in
a secondary direction.

As can be seen in FIG. 43. a drive shaft assembly 2640 is
coupled to a proximal end ol’lhe knife bar 2580. In various
embodiments. the drive shaft assembly 2640 includes a proxi~
ma] 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 gear
263 0. Such arrangement results in the rotation of the drive
shall assembly 2640 (and knife bar 2580] when the 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 of the driven rotatable
body portions. discs 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 rotary driven gear 2652 is in meshing driving engagc~
ment with a gear train. generally depicted as 2653. In at least
one form. the gear train 2653 further comprises a first rotary
driven gear assembly 2654 that is rotatably supported on the
tool mounting plate 2602. The first rotary driven gear assem-
bly 2654 is in meshing engagement with a third rotary driver:
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 shall assembly 2640. Rotation of the rotary drive gear
2652 in a third rotary direction will result in the axial
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advancement of the drive shall assembly 2640 and knife bar
2580 in the distal direction "DD“. (."onvcrsely1 rotation of the
rotary drive gear 2652 in a tertiary rotary direction (opposite
to the third rotary direction) will cause the drive shall asserti-
bly 2640 and the knife bar 2580 to move in the proximal
direction.

A method of operating the surgical too] 2500 will now be
described. Once the tool mounting portion 2600 has been
operably coupled to the tool holder 1 270 of the robotic system
1000. the robotic system 1000 can orient the surgical end
efl'ector 2512 in position adjacent the target tissue to be cttt
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
which results in the rotation ofthe kni fc 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 out 2560 in a
second direction. As the closure drive out 2560 rotates in the

second direction. the closure tube 2550 moves in the proximal
direction “PD". As the closure tube 250 moves in the proxi-
mal direction “I’D“, the tab 2527 on the anvil 2524 interfaces
with the opening 2555 in the closure tttbe 2550 and causes the
anvil 2524 to pivot to the open position. In addition or in
alternative embodiments. a spring (not 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 ell‘ector 2512 may
then be manipulated by the robotic system 1000 to position
the target tissue between the open anvil 2524 and the surgical
staple cartridge 2534. ’Ihercat‘ter, the surgeon may initiate the
closure process by activating the robotic conutol system 1000
to apply the second rotary output motion to the closure drive
gear 2622 which. as was described above. ultimately results
in the rotation of the closure drive not 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 pivot to 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
that are in communication therewith. the robotic controller

1001 discontinues the application of the second rotary output
ruotion to the closure drive gear 2622. The robotic controller
1001 may also 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 by the robotic
controller 1001.

Alier the robotic controller 1001 has determined that the

anvil 2524 is in the closed position. the robotic controller
1001 then applies the Ihird rotary output motion to the rotary
drive gear 2652 which results in the axial movement of the
drive shaft assembly 2640 and knife bar 2580 in the distal .
direction “DD“. As the cutting instrument 2532 moves dis—
tally through the surgical staple cartridge 2534, the tissue
clamped therein 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 tissue 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 means ofsensor(s) in the surgical end effector
2512 that are in corruuunication with the robotic controller

1001. the robotic controller 1001 discontinucs the application
ofthe second rotary output motion to the rotary drive gear
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2652. Therettller, the robotic controller 1001 applies 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 starting position. Once the robotic controller
1001 has detennined that the cutting instrument 2524 has
reached the starting position by means ofsensort's} in the end
effector 2512 that are in communication with the robotic
controller 1001. the robotic controller 100] discontinnes the

application of the sccondau'y rotary output motion to the
rotary drive gear 2652. Thereafter. the robotic controller 1001
may apply the secondary rotary output motion to the closure
drive gear 2622 which results in the rotation of the knife bar
2580 in a secondary direction. Rotation ofthe knife bar 2580
in the secondary direction results in the rotation ofthe closure
drive not 2560 in a secondary direction. As the closure drive
not 2560 rotates in the secondary direction. the closure tube
2550 moves in the proximal direction “PD“ to the open posi-
tion.

FIG-S. 44-4913 illustrate yet another surgical tool 2700 that
may be effectively employed in connection with the robotic
system 1000. In various forms. the surgical too] 2700 includes
a surgical end effector 2712 that includes a “first portion" in
the form ofan elongated channel 2722 and a “second movable
portion" in on form comprising a pivotally translatable
clamping member. such as an anvil 2724, which are main-
tained at a spacing that assures effect ive stapling and severing
oftissue clamped in the surgical end effector 2712. As shown
in the illustrated embodiment. the surgical end efi'ector 2712
may include. in addition to the previonsly-mcntioned 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 that is removably seated in the clott-
gated channel 2722. The cutting instrument 2732 may be1 for
example, a knife. The anvil 2724 may be pivotably opened
and closed at a pivot point 2725 connected to the proximal end
of the elongated channel 2722. The anvil 2724 may also
include a lab 2727 at its proximal end that interfaces with a
component of the mechanical closure system (described for-
liter below) to open and close the anvil 2724. When actuated.
the knife 2732 and sled to travel longitudinally along the
elongated channel 2722. thereby cutting tissue clamped
within the surgical end eli'ector 2712. The movement o'fthe
sled along the elongated channel 2722 causes the staples of
the surgical staple cartridge 2734 to be driven through the
severed tissue and against the closed anvil 2724. which tums
the staples to fasten the severed tissue. In one form. the
elongated channel 272 2 and the anvil 2724 may be made ofan
electrically conductive material [such as metal) so that they
may serve as part of the antenna that couuuunicates with
sensortsl in the surgical end effector. as described above. The
surgical staple cartridge 2734 could be made ofa nonconduc-
live material (such as plastic) and the sensor may be con-
nected to or disposed in the surgical staple cartridge 2734, as
described above.

it should be noted that although the embodiments of the
surgical tool 2500 described herein employ a surgical end
effector 2712 that staples the severed tissue. in other embodi-
merits 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 may also
be used. US. Pal. No. 5,709,680? entitled "l'ilectrosurgical
l-lemostatic Device“ to Yates et al.. and U.S. Pat. No. 5.688.

270. entitled “Electrosurgical [-Iemostatic Device With
Recessed AndfOr Offset Electrodes” to Yates ct al which are

incorporated herein by reference. discloses cutting instru-
ments that use RF energy to fasten the severed tissue. U.S.
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patent application Ser. No. 117267.811. now US. Pat. No.
7.673.783 to Morgan et a1. and [1.5. patent application Ser.
No. l 1726738303Sheltonetal.. now 11.8. Pat. No. 7.607.557.

which are also incorporated herein by reference, disclose
cutting instruments that use adhesives to fasten the severed
tissue. Accordingly. although the description herein refers to
cutting/stapling operations and the like. it should be recog~
nized that this is an exemplary embodiment and is not meant
to be limiting. Other tissue-fastening techniques may also be
trsed.

in the illustrated embodiment. the elongated channel 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 elongated shaft assembly
2708 may inclttde an articulation joint to permit the surgical
end effector 2712 to be selectively articulated about an axis
that is substantially transverse to the tool axis LT-L'I'. hr at
least one embodiment. the elongated shaft assembly 2708
comprises a hollow spine lube 2740 that is non-movably
coupled to a tool mounting plate 2902 ol’the tool mourning
portion 2900. As cart be seen in FIGS. 45 and 46. the proximal
end 2723 ofthc elongated channel 2722 comprises a hollow
tubular structure that is attached to the spine tube 2740 by
means ol'a mounting collar 2790. A cross-sectional view of
the mounting collar 2790 is shown in FIG. 47. in various
embodiments. tlte mounting collar 2790 has a proximal
flanged end 2791 that is configured for attacl'uncnt to the
distal end of the spine tube 2740. In at least one embodiment.
for example. the proximal flanged end 2791 ol'the mounting
collar 2790 is welded or glued to the distal end of the spine
tube 2740. As cart be further seen in FIGS. 45 and 46. the

mounting collar 2790 further has a mounting htlb portion
2792 that is sized to receive the proximal end 2723 of the
elongated channel 2722 thereon. The proximal end 2723 of
the elongated channel 2722 is non—ntovably attached to the
mounting hub portion 2792 by. for example. welding, adhe—
sive. etc.

As can be further seen in FIGS. 45 and 46, the surgical tool
2700 further includes an axially movable actuation member
in the form o fa closure tube 2750 that is constrained 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 ol'a closure drive out
2760. More specifically. the closure drive not 2760 has a
proximal end portion 2762 that is rotatably supported relative
to tlte elongated channel 2722 and the spine tube 2740. For
assembly purposes, the proximal end portion 2762 is. thread-
ably attached to a retention ring 2770. The retention ring 2770
is received in a groove 2729 formed between a shoulder 2727
on the proximal end 2723 of the channel 2722 and the mount-
ing hrtb 2729 o fthe mounting collar 2790. Such arrangement
serves to rotatably support the closure drive out 2760 within
the channel 2722. Rotation ol'the closure dl'ive111112760 will

cause the closure tube 2750 to move axially as represented by
arrow ”D" in Flti. 45.

Extending through the spine tube 2740. the mounting col~
lar 2790. and the closure drive not 2760 is a drive member.

which in at least one embodiment. comprises a kni fe bar 2780
that has a distal end portion 2782 that is coupled to the cutting
instrument 2732. As cart be seen in FIGS. 45 and 46. the

mounting collar 2790 has a passage 2793 therethrough for
permitting the knife bar 2780 to slidably pass therethrough.
Similarly. the closure drive out 2760 has a slot 2764 therein
through which the knife bar 2780 can slidably extend. Such
arrangement permits the knife bar 2780 to mow axially rela-
tive to the closure drive ntrt 2760.
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Actuation of the anvil 2724 is controlled by a rotary driven
closure shaft 2800. As can be seen in FIGS. 45 and 46, a distal

end portion 2802 of the closure drive shaft 2800 extends
tlmntgh a passage 2794 in the mounting collar 2790 and a
closure gear 2804 is attached thereto. The closure gear 2804
is configured for driving engagement with the inner surface
2761 of the closure drive out 2760. Thus. rotation of the
closure shaft 2800 will also result in the rotation ofthc closure
drive not 2760. The axial direction in which the closure tube

2750 moves ultimately depends upon the direction irt which
the closure shalt 2800 and the closure drive not 2760 are

rotated. For example. in response to one rotary closure motion
received 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“ and pivot the
anvil 2724 to the open position. In various embodiments. a
spring (not shown) may be employed to bias the anvil 2724 to
the open position (FIG. 45).

In use. it may be desirable to rotate the surgical end effector
2712 about the longitudinal tool axis I.'I‘-l.'l‘. hr at least one
embodiment. the tool mounting portion 2900 is configured to
receive a corresponding first mtary output motion from the
robotic system 1000 for rotating the elongated shall assembly
2708 about the tool axis L'f—LT. As can be seen in FIG. 49. a

proximal end 2742 ofthe hollow spine tube 2740 is rotatably
supported within a cradle arrangement 2903 and a bearing
assembly 2904 that are attached to a tool mounting plate 2902
of the tool mounting portion 2900. A rotation gear 2744 is
formed on or attached to the proximal end 2742 of the spine
tube 2740 for meshing engagement with a rotation drive

_ assembly 2910 that is operably supported on the tool mount—
ing plate 2902. in at least one embodiment. a rotation drive
gear29l 2 is coupled to a corresponding first one ofthe driven
discs or elements 1304 on the adapter side ofthc tool mount-
ing plate 2602 when the tool mounting portion 2600 is
coupled to the tool holder 1270. See FIGS. 22 and 49. The
rotation drive assembly 2910 lin‘ther comprises a rotary
driven gear 2914 that is rotatably supported on the tool
motutting plate 2902 in meshing engagement with the rota~
tion gear 2744 and the rotation drive gear 2912. Application
ofu first rotary control motion from the robotic system 1000
through the tool holder 1270 mid the adapter 1240 to the
corresponding driven element 1304 will thereby cause rota-
tion o l‘the rotation drive gear 2912 by virtue ol'hcing operably
coupled thereto. Rotation of the rotation drive gear 2912
ultimately results in the rotation ofthe elongated shaft assem—
bly 2708 {and the end ell'ector 2712']: about the longitudinal
tool axis [ff-LT {primary rotary motion).

Closure of th‘ :utvi] 2724 relative to the staple cartridge
2734 is accomplished by axially moving the closure tube
2750 in the distal direction "DD". Axial movement of the
closure tube 2750 in the distal direction “DD" is accom-

plished by applying a rotary control motion to the closure
drive not 2760. In variotts embodiments. the closure drive 11111

2760 is rotated by applying a rotary output motion to the
closure drive shall 2800. As czm be seen in [" If i. 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
closure drive assembly 2920. In various embodiments. the
closure drive system 2920 irtcludes a closure drive gear 2922
that is coupled to a corresponding second one of the driven
rotational bodies or elements 1304 on the adapter side of the
too] mounting plate 2462 when the tool mounting portion
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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. [n
at least one form. the closure gear rain 2923 comprises a 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 secottd closure driven gear 2926 by a drive
shaft 2928. The second closure driven gear 2926 is in meshing
engagement with a planetary gear assembly 2930. hi various
embodiments. the planetary gear assetnbly 2930 includes a
driven planetary closure gear 2932 that is mtatably supported
within the bearing assembly 2904 that is mounted on tool
mounting plate 2902. As can be seen in FIGS. 49 and 4913, 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 engagement with central gear teeth 2934 formed on
the planetary gear2932. As can also be seen in FIG. 49A, two
additional support gears 2936 are attached to or rolatably
supported relative to the proximal end portion 2742 of the
spine tube 2740 to provide bearing support thereto. Such
arrangement with the planetary gear assembly 2930 serves to
accommodate rotation ofthe spine shaft 2740 by the rotation
drive assembly 2910 while permitting the closure driven gear
2808 to remain in meshing engagement wi Ih the closure drive
system 2920. In addition. rotation of the closure drive gear
2922 in a first direction will ultimately result in the rotation of
the closure drive sba it 2800 and closure drive not 2760 which

will ultimately result in the closure of the anvil 2724 as
described above. Conversely, rotation of the closure drive
gear2922 his second opposite direction will ultimately result
in the rotation of the closure drive mtt 2760 in an opposite
direction which results in the opening of the anvil 2724.

As can be seen in FIG. 49. the proximal end 2784 of the
knife bar 2780 has a threaded shalt 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 nitrate and move
axially relative to the tool mounting plate 2902. 'llte knife bar
2780 is axially advanced in the distal and proximal directions
by the knife drive assetnbly 2940. One form ofthe knife drive
assembly 2940 comprises a rotary drive gear 2942 that is
coupled to a corresponding third one of the rotatable bodies.
driven discs or elements 1304 on the adapter side of the tool
mounting plate 2902 when the tool mounting portion 2900 is
coupled to the tool holder 1270. See FIGS. 22 and 49. The
rotary drive gear 2942 is in meshing engagement with a knife
gear train. generally depicted as 2943. In various embodi—
ments. the knife gear train 2943 comprises a first rotary driven
gear assembly 2944 that is rotatably supported on the tool
motmting plate 2902. The first rotary driven gear assembly
2944 is in meshing engagement with a third rotary driven gear
assembly 2946 that 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 advancement of the knife bar 2780 in

the distal direction “13D“. Conversely. rotation of the rotary
drive gear 2942 in an opposite direction will cause the knife
bar 2780 to move in the proximal direction. 'l‘ool 2700 may
otherwise be used as described above.

FIGS. 50 and 51 illustrate a surgical tool embodiment
2700' that is substantially identical to too] 2700 that was
described in detail above. However tool 2700' includes a
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pressure sensor 2950 that is configured to provide teedback to
the robotic controller 1001 concerning the amount ot'clamp-
ing pressure experienced by the anvil 2724. In various
embodiments. for examplo the pressure sensor may comprise
a spring biased contact switch. For a continuous signal. it
would use either a cantilever beam with a strain gage on it or
a dome button top with a strain gage on the inside. Another
version may comprise an off switch that contacts only at a
known desired load. Such arrangement would include a dome
on the based wherein the dome is one electrical pole and the
base is the other elec Lrical pole. Such arrangement permits the
robotic controller 100] to adjust the amount of clamping
pressure being applied to the tissue within the surgical end
elfector 2712 by adjusting the amount of closing pressure
applied to the anvil 2724. Those ofordinary skill 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.

FIG. 52 illustrates a portion of another surgical too] 3000
that may be effectively used in connection with a robotic
system 1000. The surgical tool 3003 employs on-board
motorts} for powering various components of a surgical end
elfeetor cutting instrument. In at least one non-limiting
embodiment for example. the surgical tool 3000 includes a
surgical end effector in the form ofan endocuttet' (not shown]
that has an anvil [not shown) and surgical staple cartridge
arrangement (not shown) of the types and constructions
described above. The surgical too] 3000 also includes an
elongated shaft ( not shown) and anvil closure arrangement
[not shown) of the types described above. thus. this portion
ofthe Detailed Description will not repeat the description of
those components beyond that which is necessary to appre-
ciate the unique and novel attributes of the various embodi-

_ rnents of surgical tool 3000.
la the depicted embodiment. the end eli'ector includes a

cutting instrument 3002 that is coupled to a knife bar 3003. As
can be seen in FIG. 52. the surgical tool 3000 includes a tool
mounting portion 3010 that includes a tool mounting plate
3012 that is configured to mountingly interface with the adap-
tor portion 1240' which is coupled to the robotic system 1000
in the various rnamters described above. The tool mourning
portion 3010 is configured to operably support a transmission
arrangement 3013 thereon. In at least one embodiment. the
adaptor portion 1240' may be identical to the adaptor portion
1240 described in detail above without the powered rotation
bodies and disc members employed by adapter ] 240. in other
embodiments. the adaptor portion [240' may be identical to
adaptor portion 1240. Still other tuodifications which are
considered to be within the spirit and scope of the various
terms ofthe present invention may employ one or more ofthe
mechanical motions (LU-s rotary motiontsn from the too]
holder portion 1270 (as described ltereinabove) 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 components of the
surgical end effector. In addition. while the end reflector ofthe
depicted embodiment cotnprises an endoctttter. those ofordi—
nary skill in the art will understand that the Lmique and novel
atuibutes of the depicted embodiment may be effectively
employed in connection with other types of surgical end
elfectors without departing from the spirit and scope of vari-
ous forms of the present invention.

In various embodiments. the tool mounting plate 3012 is
configured to at least house a 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
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cutting instrument 3002. The tool mounting plate 3012 has an
array ofelectrical connecting pins 30] 4 which are configured
to interface with the slots 12586416. 21 l in die adapter 1240'.
Such arrangement permits the controller [001 of the robotic
system 1000 to provide control signals to the electronic con-
trol circuit 3020 of the surgical too] 3000. While the interface
is described herein with reference to mechanical, electrical.

and magnetic coupling elements. it should be understood that
a wide variety of telemetry modalities might be used. includ-
ing infrared, inductive coupling. or the like.

Control circuit 3020 is shown in schematic form in FIG. 52.

In one form or embodiment, the control circuit 3020 includes

a power supply in the forth ofa battery 3022 that is coupled to
an on—offsolenoid powered switch 3024. Control circuit 3020
further includes an onfoff firing solenoid 3026 that is coupled
to a double pole switch 3028 for controlling the rotational
direction of the motor 3011. ‘l'ltus. when the controller 1001

of the robotic system 1000 supplies an appropriate control
signal. switch 3024 will permit battery 3022 to supply power
to the double pole switch 3028. The controller 1001 of the
robotic system 1000 will also supply an appropriate signal to
the double pole switch 3028 to supply power to the motor
301 I. When it is desired to fire the surgical end eiTector (in.
drive the cutting instrutnenl 3002 distally through tiSsuc
clamped in the stugical cud eflector. the double pole switch
3028 will be in a first position. When it is desired to retract the
cutting instrument 3002 to the starting position. the double
pole switch 3028 will be moved to the second position by the
controller 1001.

Various embodiments of‘llie surgical too] 3000 also employ
a gear box 3030 that is sized. in cooperation with a firing gear
train 3031 that. in at least one non-limiting embodiment.
comprises a tiring drive gear 303 2 that is in meshing engage-
ment with a firing driven gear 3034 for generating a desired
amount of driving force necessary to drive the cutting instru-
tncnt 3002 through tissue and to drive and form staples in the
various manners described herein. In the embodiment

depicted in 1“ lti. 52. the driven gear3034 is coupled to a screw
shaft 3036 that is in threaded engagement with a screw nut
arrangement 3038 that is constrained to move axially (repre-
sented by arrow ”13"). The screw nut arrangement 3038 is
attached to the firing bar 3003. Thus. by rotating the screw
shafi 3036 in a first direction. the cutting instrument 3002 is
driven in the distal direction "DD" and rotating the screw
shaft in an opposite second direction, the cutting instrument
3002 may be retracted in the proximal direction "l’D".

FIG. 53 illustrates a portion ofanotlter surgical tool 3000'
that is substantially identical to tool 3000 described above.
except that the driven gear 3034 is attached to a drive shaft
3040. The drive shaft 3040 is attached 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.

FIG. 54 illustrates another surgical too] 3200 that may be
clTeelivcly used in coimectiou 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 between first
and second positions relative to at least one other end effector
component portion. As will be discussed in further detail
below. the surgical too] 3200 employs on-board motors fbr
powering various components ofa transmission arrangement
3305. The surgical end effector 3212 includes an elongated
channel 3222 that operably supports a surgical staple car—
tridge 3234. The elongated channel 3222 has a proximal end
3223 that slidably extends into a hollow elongated slltifl
assembly 3208 that is coupled to a tool mounting ponion
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3300. 111 addition. the surgical end effector 3212 includes an
anvil 3224 that is pivotally coupled to the elongated channel
322 by a pair of t'runnions 3225 that are received within
corresponding openings 3229 in the elongated channel 322 2.
A distal end portion 3209 o t‘lhc shaft assembly 3208 includes
an opening 3245 into which a tab 3227 on the anvil 3224 is
inserted in order to open the anvil 3224 as the elongated
channel 3222 is moved axially in 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.

As indicated above1 the surgical too] 3200 includes a tool
mounting portion 3300 that includes a tool mounting plate
3302 that is configured to operably support the transmission
arrangement 3305 and to mountingly interface with the adap-
tor portion 1240* which is coupled to the robotic system 1000
in the various manners described above. In at least title

enilioditnent, the adaptorportion 1 240‘ may be identical to the
adaptor portion 1240 described in detail above without the
powered disc members employed by adapter 1240. in other
embodiments. the adaptor ponion 1240' may be identical to
adaptor portion 1240. However. in such embodiments.
because the various components of the surgical end effector
3212 are all powered by nuitorlsi in the tool mounting portion
3300. the surgical too] 3200 will not employ or require any of
the mechanical {i.e.. non-electrical) actuation motions from
the tool holder portion 1270 to power the surgical end effector
3200 components. Still other modifications which are con—
sidered to be within the spirit and scope o t' the various forms
of the present invention may employ one or more of the
mechanical motions from the tool holder portion 1270 (as
described hereinabove] to poweri‘actuate one or more of the
surgical end effector componcnts while also employing one
or more motors within the tool mounting portion to power one

_ or more other components of the surgical end effector.
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 knife bar 3335 that is coupled to a cutting
instrument 3332 of the type described above. As can be seen
in FIG. 54. the tool mounting plate 3212 has an array of
electrical connecting pins 3014 which are configured to intcr~
face 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 cir-
cuits 3320. 3340 ol'the surgical tool 3200. While the interface
is described herein with reference to mechanical. electrical.

and magnetic coupling elements. it should be understood that
a wide variety ofteletnetry modalities might be used. includ~
ing udi'ared. inductive coupling. or the like.

In one form or embodiment, the first control circuit 3320

inc1udes a first power supply in the form ofa first battery 3322
that is coupled to a first on-offsolenoid powered switch 3324.
The first tiring control circuit 3320 filrllter includes a first
our’ofl‘ tiring solenoid 3326 that is coupled to a first double
pole switch 3328 for control ling the rotational direction ofthe
first firing motor 3310. Thus. when the robotic controller
1001 supplies an appropriate control signal. the first switch
3324 will permit the first battery 3322 to supply power to the
first double pole switch 3328. "the robotic controller 1001
will also supply an appropriate signal to the first double pole
switch 3328 to supply power to the first firing motor 3310.
When it is desired to fire the surgical end effector {i.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 100].
When it is desired to retract the cutting instrument 3232 to the
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starting position, the robotic controller 1001 will send the
appropriate control signal to move the first switch 3328 to the
second position.

Various embodiments ofthe surgical too] 3200 also employ
a first gear box 3330 that is sized. in cooperation with :1 firing
drive gear 3332 coopled thereto that operably interfaces with
a firing gear train 3333. In at least one non—limiting embodi-
ment. 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 instrtunent 3232 through tissue and to drive
and form staples in the various manners described 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 sup-
ported in meshing engagement with a third driven gear333?
that is in Ittcshing engagement with a fourth driven gear 3338.
The 11311th driven gear 3338 is in meshing engagement with a
threaded proximal portion 3339 of the knife bar 3235 that is
constrained to move axially. 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 shalt 3335
in an opposite second direction. the cutting instrument 3232
may be retracted in the proximal direction “PD“.

As indicated above. the opening turd closing of the anvil
3224 is controlled by axially moving the elongated channel
3222 relatiVe to the elongated shalt assembly 3208. The axial
movement of the elongated channel 3222 is controlled by a
closure control system 3339. in various embodiments, the
closure control system 3339 includes a closure shaft 3340
which has a hollow threaded end portion 334] that direadably
engages a threaded closure red 3342. The threaded end por-
tion 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 shalt assembly 3208 as
shown. The closure system 3339 fitrther comprises a closure
control circuit 3350 that includes a second power supply in
the form ot'a second battery 3352 that is coupled to a second
on-ofl" solenoid powered switch 3354. Closure control circuit
3350 further includes a second ontoll' firing solenoid 3356
that is coupled to a second double pole switch 3358 for
controlling the rotation ofa second closure motor 3360. Tints.
when the robotic controller 1001 supplies 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 100] will also supply an
appropriate signal to the second double pole switch 3358 to
supply power to the second motor 3360. When it is desired to
close the anvil 3224, the second switch 3348 will be in a first

position. When it is desired to open the anvil 3224, the second
switch 3348 will be moved to a second position.

Various embodiments of tool mounting portion 3300 also
employ a second gear box 3362 that is coupled to a closure
drive gear 336-1. The closure drive gear 3364 is in meshing
engagement with a closure gear train 3363. In various nort-
limiting forms. the closure gear train 3363 includes a closure
driven gear 3365 that is attached to a closure drive shaft 3366.
Also attached to the closure drive shall 3366 is a closure drive

gear 33 67 that is in meshing engagement with a closure shaft
gear 3360 attached to the closure shaft 3340. F IO. 5-! depicts
the end effector 3212 in the open position. As indicated above.
when the threaded closure rod 33-12 is in the pos itiou depicted
in FIG. 54, a spring (not shown} biases the anvil 3224 to the
open position. When it is desired to close the anvil 3224. the
robotic controller 1001 will activate the second motor 3360 to
rotate the closure shalt 3340 to draw the threaded closure rod

3342 and the cltaruiel 3222 in the proximal direction ‘l’D‘. As
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the anvil 3224 contacts the dista I end portion 3209 ol'the shaft
3208. the anvil 3224 is pivoted to the closed position.

A method of operating the surgical tool 3200 will now he
described. Once the tool mounting portion 3302 has be oper-
ably 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 and
stapled. If the anvil 3224 is not already in the open position.
the robotic controller 100] may activate the second closure
motor33 60 to drive the channel 3222 in the distal direction to

the position depicted in F1C}. 54. Once the robotic controller
100] determines that the surgical end etl'ector 3212 is in the
open position by scnsortsl in the and effector andfor the tool
mounting portion 3300. the robotic controller 1001 may pro—
vide the surgeon with a signal to inform the surgeon that the
anvil 3224 may then be closed. Once the target tissue 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 shalt 3340 to draw the channel 3222 in the

proximal direction "PD" until the a nvil 3224 has been pivoted
to the closed position. Once the robotic controller 1001 deter-
mines that tiie anvil 3224 has been moved to the closed

position by sensor-(s)- in the surgical end eltector 3212 audfor
in the tool mounting portion 3300 that are in conuttunication
with the robotic control system. the motor 3360 may be
deactivated. Thereafter. the firing process may be com»
menced either manually by the surgeon activating a trigger,
button. etc. on the controller 1001 or the controller 1001 may
automatically ctu'nmence the firing process.

To continence the firing process. the robotic controller
100] activates the firing. motor 3310 to drive the firing bar

_ 3235 and the cutting instrument 3232 in the distal direction
"DD". Once robotic controller 1001 has determined that the

cutting instrument 3232 has moved to the ending position
within the surgical staple cartridge 3234 by means ofsensors
in the surgical end effector 3212 tmdfor the motor drive por-
tion 3300. the robotic controller 100] may provide the sur-
geott 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 may automatically activate the first motor 33 10 to
retract the cutting element 3232.

The embodiment depicted in FIG. 54 does not include an
articulation joint. FIGS. 55 and 56 illustrate surgical tools
3200' and 3200" that have end elfectors 3212', 3212". respec-
tively that may be employed with an elongated shalt embodi—
ment that has an articulation joint of the various types dis—
closed lterein. For example, as can be seen in FIG. 55. a
threaded closure sha ft 3342 is coupled to the proximal end
3223 of the elongated channel 3222 by a flexible cable or
other flexible member 3345. The location of an 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 such articulation. In

addition. in the above—described embodiment, the flexible
member 33345 is rotatably affixed to the proximal end por-
tion 3223 of the elongated channel 3222 to enable the flexible
member 3345 to rotate relative thereto to prevent the flexible
member 3229 from “winding up" relative to the channel
3222. Althougt not shown. the cutting element may be driven
in one ofthe above described manners by a knife bar that can
also accommodate articulation ofthe elongated shall asserti-
bly. FIG. 56 depicts a surgical end clTeclor 3212" that is
substantially identical to the surgical end effector 3212
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described above. except that the threaded closure rod 3342 is
attached to a closure nttt 3347 that is constrained to only move
axially within the elongated shaft assembly 3208. The flex-
ible member 3345 is attached to the closure out 3347. Such

arrangement also preVents the threaded closure rod 3342 from
winding-up the flexible member 3345. A flexible knife bar
3235' may be employed to facilitate articulation of the surgi-
cal end effector 3212".

The surgical tools 3 200. 3200'. and 3200" described above
may also employ anyone of the cutting instrument embodi-
ments described herein. As described above. the anvil ofeach

of the end efi'cctors of fliese 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
32241 the robotic controller 1001 can start to draw the channel
3222 inward ittto the shalt assembly 3208. In various embodi -

merits. howaver. to prevent the end effector 3212. 3212'.
3212" from moving the target tisttUe with the end effector
during this closing process. the controller 100] may shuttlin—
neously move the tool holder and ultimately the tool such to
compensate for the movement of the elongated channel 3222
so that. in ethanol. the target tissue is clamped between the anvil
and the elongated channel without being otherwise moved.

FIGS. 57-59 depict another surgical too] embodiment 3201
that is substantially identical to surgical tool 3200" described
above. except for the differences discussed below. In this
embodiment. the threaded closure rod 3342' has variable

pitched grooves. More specifically. as can be seen in FIG. 58.
the closure rod 3342' has a distal groove section 3380 and a
proximal groove section 3382. The distal and proximal
groove sections 3380. 3382 are configured For engagement
with :1 lug 3390 supported within the hollow threaded end
portion 3341'. As can be seen in FIG. 58. the distal groove
section 3380 has a liner pitch than the groove section 3382.
Thus. such variable pitch arrangement permits the elongated
cliaimel 3222 to be drawn into the shaft 3208 at 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
drawn into the shalt 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 ofthe end efl'ector for tissue manipulation and then
after tltc tissue has been properly positioned therein. generate
the amount of closure forces to properly clamp the tissue 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 tnore slowly.

The surgical end etl'ector opening and closing motions are
employed to enable the user to use the end effector to grasp
and manipulate tissue prior to hilly clamping it in the desired
location for cutting attd scaling. The user may, For example.
open and close the surgical end eli’ect'or numerous times
during this process to orient the end effector in a proper
position which enables the tissue to be held in a desired
location. Thus. in at least some embodiments. to produce the
high loading for tiring. the fine thread may require as many as
S-IO litll rotations to generate the necessary load. in some
cases. for example, this action could take as long as 2-5
seconds. lfit also took an equally long time to open and close
the end effector each time during the positioningftissue
manipulation processjttst positioning the end effector may
take- nn undesirably longtime. If that happens. it is possible
that a user may abandon sttch use is fthe end effector for use of
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a conventional grasper device. Use of graspers. etc. may
undesirably increase the costs associated with completing the
surgical procedure.

The above-described embodiments employ a battery or
batteries to power the motors used to drive the end ell'ector
components. Activation of the motors is controlled by the
robotic system 1000. In altemative embodiments, the power
supply may comprise alternating current “AC" that is stip—
plied to the motors by the robotic system 1000. That is. the AC
power would be supplied from the system powering the
robotic system 1000 through the tool holder and adapter. [11
still other embodiments. a povver cord or tether may be
attached to the tool mounting portion 3300 to supply the
requisite power from a separate source 0 fall ternat'ing or direct
current.

in use. the controller 100] may apply an initial rotary
motion to the closure shaft 3340 (FIG. 54) to draw the elon-
gated channel 3222 axially inwardly into the elongated shalt
assembly 3208 and move the anvil from a lirsl position to an
intermediate position at a first rate that corresponds with the
point wherein the distal groove section 3380 transitions to the
proximal groove section 3382. Further application of rotary
motion to the closure shall 3340 will cause the anvil to move

from the intennediate position to the closed position relative
to the surgical staple cartridge. When in the closed position.
the tissue to be cut and stapled is properly clamped between
the anvil and the surgical staple cartridge.

FIGS. 60—64 illustrate another surgical tool embodiment
3400 of the present invention. This embodiment includes an
elongated shaft 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 rotatablyjoumalcd on a proximal spine member 3420 that
is rigidly Coupled to a tool mounting plate 3502 of the tool
motmting portion 3500. The proximal spine member 3420
has a distal end 3422 that is coupled to an elongated chamiel
portion 3522 ol'a surgical end effector 341 2. For example. in
at least one embodiment. llte elongated channel portion 3522
has a distal end portion 3523 that “hookingly engages" the
distal end 3422 of the spine member 3420. The elongated
channel 3522 is configured to support a surgical staple car-
tridge 3534 therein. This embodiment may employ one ofthe
various cutting instrument embodiments disclosed herein to
sever tissue that is clamped in the surgical end effector 3412
and fire the staples in the staple cartridge 3534 into the sev-
ered tissue.

Surgical end elfector 3412 has an anvil 3524 that is pivot-
ally coupled to the elongated channel 3522 by a pair oftrun-
nions 3525 that are received in corresponding openings 3529
in the elongated chatmel 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 on the anvil 3524 is
inserted in order to open and close the anvil 3524 as the distal
closure tube segment 3430 moves axially relative thereto. In
'arious embodiments. the opening 3445 is shaped such that as

the closure tube segment 3430 is tuoved iii the proximal
direction. the closure tube segment 3430 causes the anvil
3524 to pivot to an open position. In addition or in the alter-
native. a spring (not shown] may be employed to bias the anvil
3524 to the open position.

As can be seen in FIGS. 60-63. the distal closure tube
segment 3430 includes a lug 3442 that extends from its distal
end 3440 into threaded engagement with a variable pitch
gmovdthread .3414 formed in the distal end 3412 of the
rotatable proximal closure tube segment 3410. The variable
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pitch groovei‘thread 3414 has a distal section 3416 and a
proximal section 3418. The pitch ot‘the distal groovetthread
section 3416 is liner titan the pitch of the proxi ma] groove:J
thread section 3418. As can also be seen in [5108. 60-63. the

distal closure tube segment 3430 is constrained for axial
movement relative to the spine member 3420 by an axial
retainer pin 3450 that is received in an axial slot 3424 in the
distal end oft'he spine member 3420.

As indicated above. the anvil 2524 is open and closed by
rotating the proximal closure tube segment 3410. "l’he vari-
able pitch thread arrangement permits the distal closure tube
segment 3430 to be driven in the distal direction "DD" at a
first speed or rate by virtue ot‘the engagement between the lug
3442 and the proximal groovefthread section 3418. When the
lug 3442 engages the distal grooveftluead section 3416- the
distal closure tube segment 3430 will be driven in the distal
direction at a second speed or rate. Because the proximal
groovefthread section 3418 is coarserthan the distal groove!
thread segment 3416. the first speed will be greater than the
second speed.

in at least one embodiment. the too] motuuing portion 3500
is configured to receive a corresponding first rotary motion
front the robotic controller 1001 and convert that first rotary
motion to a primary rotary motion for rotating the rotatable
proximal closure lube segment 3410 about a longitudinal tool
axis [ff-II. As can be seen in F IG. 64. a proximal end 3460 of
the proximal closure lube segment 3410 is rotatably sup-
ported within a cradle arrangement 3504 attached to a tool
mounting. plate 3502 of the tool mounting portion 3500. A
rotation gear 3462 is formed on or attached to the proximal
end 3460 of the closure tube segment 3410 for meshing
engagement with a rotation chive assembly 3470 that is oper-
ably supported on the tool mounting plate 3502. [n at least one
embodiment, a rotation drive gear 3472 is coupled to a cor-
responding first one of the driven discs or elements 1304 on
the adapter side ofthe too] mounting plate 3502 when the 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 stip-
ported on the tool mounting plate 3502 in meshing engage-
ment with the rolat ion gear 3462 and the rotation drive gear
3472. Application of a first rotary control motion from the
robotic controller 1001 through the 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.

As indicated 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 3492 that is attached to
such cutting instrument. One form ot‘thekui le drive assembly
3480 comprises a rotary drive gear 3482 that is coupled to a
corresponding third one of the driven discs or elements 1304
on the adapter side of the too] mounting plate 3502 when the
too] driveportion 3500 is coupled to the tool holder 1270. See
FIGS. 22 and 64. The knife drive assembly 3480 further
comprises a lion rotary driven gear assembly 3484 that is
rotat'ably supported on the tool mounting plate 5200.]he first
rotary driven gear assembly 3484 is in meshing engagement
with a third rotary driven gear assembly 3486 that is rotatably
supported on the tool mounting plate 3502 and which is in
meshing engagement with a fourth rotary driven gear assem—
bly 3488 that is in meshing engagement with a threaded
portion 3494 of drive shaft assembly 3490 that is coupled to
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the knile bar3492. Rotation ol'the rotary drive gear 3482 in a
second rotary direction will result in the axial advancement of
the drive sha fl assembly 3490 and l-tni l'e 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.
FIGS. 65-74 illustrate another surgical too] 3600 embodi-

tneut ol’tlte present invention that may be employed in cott-
nection with a robotic system 1000.45 can be seen in Fifi. 65.
the too] 3600 includes 2m end effector in the form of a dis—

posable loading unit 3612. Various lorms of disposable load—
ing units that may be employed in connection with too] 3600
are disclosed. for example, in U.S. Patent Application Publi-
cation No. US 20090206131 A l. entitled “hind lilTe-ctor

Arrangements For a Surgical Cutting and Stapling Instnl-
ment“. the disclosure of which is herein incorporated by
relerence in its entirety.

In at least one than. the disposable loading unit 3612
includes an anvil assembly 3620 that is supported for pivotal
travel relative to a carrier 3630 that operably supports a staple
cartridge 3640 therein. A motmting assembly 3650 is pivot-
ally coupled to the cartridge carrier 3630 to enable the carrier
3630 to pivot about an articulation axis AA-AA relative to a
longitudinal tool axis [.T-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 of
carrier 3630 thereto. A pair of centrally located pivot mem-
bers 3658 extends between upper and lower mounting por-
tions via a pair ofcoupling members 3660 which engage a
distal end o'l'a housing portion 3662. Coupling members 3 660

_ each include an interlocking proximal portion 3664 config~
tired 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 pesi-
tion in relation thereto.

In various font! 5. housing portion 3662 ol’disposable load-
ing ttnit 3614 includes an upperhousing 11a] f3670 and a lower
housing hall'3672 contained within an miter casing 3674. The
proximal end ol'housing half3670 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 sltal't 3700 which will be
discussed in Further detail below. Housing halves 3670. 3672
define a channel 3674 for slidably receiving axial drive
assembly 3680. A second articulation link 3690 is dinieu~
sioned to be siidably positioned within a slot 3679 formed
between housing halves 3670. 3672. A pair ofblow out plates
3691 are positioned adjacent the distal end ot'housing portion
3662 adjacent the distal end of axial drive assembly 3680 to
prevent outward bulging of drive assembly 3680 during
articulation ol’carrier 3630.

in various embodiments. the second articulation link. 3690

includes at least one elongated metallic plate. Preferably. two
or more metallic plates are stacked to form link 3690. The
proximal end of articulation link 3690 includes a hook por-
tion 3692 configured to engage first articulation link 3710
cxtendi ng through the elongated shaft 3700. The distal end of
the second articulation link 3690 includes a loop 3694 dimen-
sioned to engage a projection formed on mounting assembly
3650. The projection is laterally offset front 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 carrier 3630.
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In various forms. axial drive assembly 3680 includes an
elongated drive beam 3682 including a distal working head
3684 and a proximal engagement section 3685. Drive beam
3682 may be constructed from a single sheet ol'material or.
preferably. multiple stacked sheets. Engagement section
3685 includes a pair o l'engagement fingers which are dimen-
sioned and configured to mountingly engage a pair of corre—
sponding retention slots formed in drive member 3 686. Drive
member 3686 includes a proximal porthole 3687 configured
to receive the distal end 3722 of control rod 2720 [See FIG.
74) when the proximal end ol'disposable loading unit 3614 is
engaged with elongated shall 3700 o l' surgical tool 3600.

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 o i' elongated shall 3700. It will be appreciated that
the surgical tool 3600 may include an articulating or a non-
articulating disposable loading unit. To secure the disposable
loading unit 3612 to the elongated shaft 3700. the distal end
3722 ot‘control rod 3720 is inserted into insertion tip 3678 of
disposable loading unit 3612. and insertion tip 3678 is slid
longitudinally into the distal end of the elongated shall 3700
in the direction indicated by arrow "‘A’ in FIG. 72 such that
hook portion 3692 of second articulation link 3690 slides
within a climate] 3702 in the elongated shall 3700. Nubs 3676
will each be aligned in a respective channel (not shown) in
elongated shall 3700. When hook portion 3692 engages the
proximal wall 3704 ofcbanncl 3702. disposable loading unit
3612 is rotated in the direction indicated by arrow “B" in
FIGS. 71 and 74 to move hook portion 3692 ofsecond articu—
lation link 3690 into engagement with finger 3712 of first
articulation link 3710. Nubs 3676 also form a “bayonet-type"
coupling within annular channel 3703 in the elongated shaft
3700. Duringrotation ol‘loadingunit 3612. nubs 3676engage
cam surface .3732 (FIG. 72) ol‘hlock 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. nuhs 3676 disengage from
corn surface 3732 to allow blocking plate 3730 to move in the
direction indicated by arrow “1)" in FIGS. 7] and 74 from
behind engagement member 3734 to once again pcnujt Ion—
gitudinal movement ol'oontrol rod 3720. While the above—
described attachment method reflects that the disposable
loading tmit 3612 is manipulated relative to the elongated
shall 3700. the person of ordinary skill in the art will appre-
ciate that the disposable loading unit 3612 may he supported
in a stationary position and the robotic system 1000 may
manipulate the elongated shall portion 3700 relative to the
disposable loading unit 3612 to accomplish the above—de—
scribed coupling procedure.

FIG. 75 illustrates another disposable loading unit 3612'
that is attachable in a bayonet-type arrangement with the
elongated shaft 3700' that is substantially identical to shaft
3700 except for the dichrences discussed below. As can be
seen in FIG. 75. the elongated shall 3700' has slots 3705 that
extend for at least a portion thereoI'and which are configured
to receive nuhs 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 nuhs 3676 extending from housing portion 3662. in at
least one embodiment. arms 3677 and nubs 3676 can be

inserted into slots 3705 inclongat‘ed shall 3700'. for example.
when disposable loading unit 3612‘ is inserted into elongated
shall 3700'. When disposable loading unit 3612' is rotated.
arms 3 6'77 can he so tliciently confined wilhi rt slots 3705 such
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that slots 3705 can hold them in position. whereas nubs 3676
can be positioned such that they are not contined within slots
3705 and can be rotated relative to arms 3677. When rotated.

the hook portion 3692 ol'thc articulation link 3690 is engaged
with the first articulation link 3710 extending through the
elongated shall 3700'.

Other methods of coupling the disposable loading units to
the end olithe elongated sha it may be employed. For example.
as shown in FIGS. 76 and 77. disposable loading unit 3612"
can include coimector portion 3613 which can be configured
to be engaged with connector portion 3740 of the elongated
shall 3700". in at least one embodiment, connector portion
3613 can include at least one projection andr‘or groove which
can be mated with at least one projection andt'or groove of
connector portion 3740. In at least one such embodiment. the
coimectot' portions can include co-opcraling dovetail pol"-
lions. in various embodiments. the connector portions can be
configured to interlock with one another and prevent. or at
least inhibit. distal andfor proximal movement of disposable
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 shall 3700 in
a direction which is not collinear with or parallel to axis 374].
Although not illustrated. axial drive assembly 3680‘ and con-
trol rod 3720 can include any other suitable arrangement of
projections and apertures to operably connect them to each
other. Also in this embodiment. the first reticulation link 3710

which can be operably engaged with second articulation link
3690.

As can be seen in FIGS. 65 and 78. the surgical tool 3600
includes a tool mounting portion 3750. The tool mounting
portion 3750 includes a tool mounting plate 375] that is
configured for attachment to the tool drive assembly 1010.
The tool mounting portion operably supported a transmission
ammgemcnt 3752 thereon. In use. it may be desirable to
rotate the disposable loading unit 3612 about the longitudinal
tool axis defined by the elongated shall 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 oi't'he robotic system 1000 and convert
that rotary output motion to a rotary control motion for rotat-
ing the elongated shaft 3700 {and the disposable loading unit
3612] about the longitudinal tool axis LT—LT. As can be seen
in FIG. 78. a proximal end 3701 of the elongated shall 3700
is rotatably supported within a cradle arrangement 3754 that
is attached to the tool mounting plate 3751 ol'the tool mount—
ing portion 3750. A rotation gear 3755 is formed on or
attached to the proximate-11d 3701 of the elongated Shall 3700
for meshing engagement with a 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 correspondmg first one of the driven discs or
elements 1304 on the adapter side of the tool mounting plate
3751 when the tool mounting portion 3750 is coupled to the
tool drive assembly 1010. The rotation transmission assem-
bly 3753 further comprises a rotary driven gear 3758 that is
rotatably supported on the tool mounting plate 375.] in mesh-
ing engagement with the rotation gear 3755 and the rotation
drive gear 3757. Application ol'a first rotary output motion
from the robotic system 1000 through the tool drive assembly
1010 to the corresponding driven element 1304 will thereby
cause rotation of the rotation drive gear 375'? by virtue of
being operably coupled thereto. Rotation of the rotation drive
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gear 3757 ultimately results in the rotation of the elongated
shall 3700 (and the disposable loading unit 36H} about the
longitudinal tool axis L'l'-I_'l’ tprimary rotary motion].

As can be seen in FIG. 78. a drive shall assembly 3760 is
coupled to a proximal end ol‘tl'tc control rod 2720. 111 various
embodin'tents. the control rod 2720 is axially advanced in the
distal and proximal directions by a knifefclosure drive trans
mission 3762. One form ofthe knifefclosttre drive assembly
3762 comprises a rotary drive gear 3763 that is coupled to a
corresponding second one of the driven rotatable body por- tn
tions. discs or elements 1304 on the adapter side of the tool
mounting plate 375] when the tool mounting portion 3750 is
coupled to the too] holder 1270. The rotary driven gear 3763
is in meshing driving engagement with a gear train. generally
depicted as 3764. In at least one form. the gear train 3764 15
further comprises a first rotary driven gear assembly 3765 that
is rotatably supported on the tool mounting plate 3751. The
first rotary driven gear assembly 3765 is in meshing engage-
ment with a second rotary driven gear assembly 3766 that is
t'L‘Ilal'tlely supported on the tool mounting plate 375] and 2::
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. Rota -
tion ofthe rotary drive gear 3763 in a second rotary direction
will result in the axial advancement ofthe drive shaft assem- :5

bly 3760 and control rod 2720 in the distal direction “1)1)“.
Conversely. rotation of the rotary drive gear 3763 in a sec-
ondary rotary direction which is opposite to the second rotary
direction will cause the drive shall assembly 3760 and the
control rod 2720 to move in the proximal direction. When the so
control rod 2720 moves in the distal direction. it drives the

drive beam 3682 and the working head 3684 thereol'distally
through the surgical staple cartridge 3640. As the working
lit-rad 3684 is driven distally, it operably engages the anvil
3620 to pivot it to a closed position. 35

The cartridge carrier 3630 may be selectively articulated
about animtlation axis Art—AA by applying axial articulation
control motions to the first and second articulation links 3710

and 3690. In various embodiments. the trrmsmission arrange-
n1ent3752 further includes an articulation drive 3770 that is 4n

operably supported on the tool mounting plate 3751. More
specifically and with reference to FIG. 78. it can be seen that
a proximal end portion 3772 of an articulation drive shaft
3771 configured to operably engage with the first articulation
link 3710 extends through the rotation gear 3 755 and is rot'at- 43
ably coupled to a shifter rack gear 3774 that is slidably aflixed
to the tool mounting plate 3751 through slots 3775. The
articulation drive 3770 further comprises a shifter drive gear
3776 that is coupled to a corresponding third one ofthe driven
discs or elements 1304 on the adapter side ofthe tool mouut— 5o
ing plate 3751 when the tool mounting portion 3750 is
coupled to the tool holder 1 270. The articulation drive assem-
bly 3770 further comprises a shifter driven gear 3778 that is
rotatably supported on the tool mounting plate 3751 in mesh-
ing engagement with the shifter drive gear 3776 and the in
shifter rack gear 3774. Application of a third rotary output
motion from the robotic system 1000 through the tool drive
assembly .1010 to the corresponding driven element 1304 will
thereby cause rotation ofthe shi tier drive gear 3776 by virtue
of being operably coupled thereto. Rotation of the shifter an
drive gear 3776 ultimately results in the axial movement of
the shilier gear rack 3774 and the articulation drive shalt
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. as
rotation ofthe shi tier drive gear 3776 in a first rotary direction
will result in the axial movement ofthe articulation drive shalt
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3771 in the proximal direction “PD" and cause the cartridge
carrier 3630 to pivot in a first direction about articulation axis
AA-AA. Conversely. rotation of the shifter drive gear 3776 in
a second rotary direction (opposite to the first rotary direc-
tion) will result in the axial movement of the articulation drive
shaft 377] in the distal direction “DD" to thereby cause the
cartridge carrier 3630 to pivot about articulation axis ILA-AA
in an opposite direction.

FIG. 79 illustrates yet another surgical too] 3800 embodi-
ment of the present invention that may be employed with a
robotic system 1000. As can be seen in FIG. 79. the surgical
too] 3800 includes a surgical end effector 3812 in the form of
an cndoctttter 3814 that employs various cable-driven cont-
portents. Various lbrms of cable driven endocutters are dis—
closed. for example, in U.8. Pat. No. 7.726.537, entitled “Sur-
gica] Stapler With Universal Articulation and Tissue Pre-
Clamp" and U.S. Patent Application Publication No. US
200870308603A1, entitled "Cable Driven Surgical Stupling
and Cutting instrument With Improved Cable Attachment
Arrangements“. the disclosures to t' each are herein incorpo-
rated by reference in their respective entireties. Such endocut~
ters 3814 may be referred to as a “disposable loading unit"
because they are designed to be disposed ofafter a single use.
l-lowever. the various unique and novel arrangements ofvari-
ous embodiments of the present invention may also be
employed in connection with cable driven end cliiectors that
are reusable.

As can be seen in FlG. 79. in at least one form. the endocttt—

ter 3814 includes an elongated channel 3822 that operably
supports a surgical staple cartridge 3834 therein. An anvil
3824 is pivotally supported for movement relative to the
surgical staple cartridge 3834. The anvil 3824 has a cam
surface 3825 that is configured for interaction with a pre-
clumping collar 3840 that is supported for axial movement
relative thereto. The end effector 3814 is coupled to an elon-
gated shah assembly 3808 that is attached to a tool mounting
portion 3900. In various embodiments a closure cable 3850 is
employed to move pro-clamping collar 3840 distally onto and
over cam surface 3825 to close the anvil 3824 relative to the

surgical staple cartridge 3834 and compress the tissue ther-
ebctween. Preferably. closure cable 3850 attaches to the pre-
clamping collar 3840 at ornear point 384] and is fed through
a passageway in anvil 3824 (or under a proximal portion of
anvil 3824) and fed proximally through shaft 3808. Actuation
of closure cable 3850 in the proximal direction “PD" forces
pre-c lumping collar 3840 distally against cam surface 3825 to
close anvil 3824 relative to staple cartridge assembly 3834. A
return mechanism. eg. a spring, cable system or the like. may
be employed to return pro—clamping collar 3840 to a pre—
clamping orientation which reopens the anvil 3824.

The elongated strait assembly 3808 may be cylindrical in
shape and define a channel 381 l which may be dimensioned
to receive a tube adapter 3870. See FIG. 80. In various
embodiments, the tube adapter 3870 may be slidingly
received in friction-[it engagement with the internal channel
ofelongated shalt 3808. The outer surface of the to he adapter
3870 may further include at least one mechanical interface.
e.g.. a cutout or notch 3871. oriented to mate with a corre—
sponding mechanical inlet-lace, e.g.. a radially inwardly
extending pmtrusion or detent (not shown), disposed on the
inner periphery of internal channel 381.] to lock the tube
adapter 3870 to the elongated shalt 3808. in various cathodi-
ments. the distal end ol'tube adapter 3870 may include a pair
of opposing flanges 3872a and 3872b which define a cavity
tor pivotably receiving a pivot block 3873 therein. Each
flange 38720 and 3872b may include an aperture 3874a and
38746 that is oriented to receive a pivot pin 3875 that extends
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through an aperture in pivot block 3873 to allowr pivotable
movement of pivot block 3873 about an axis that is perpen-
dicular to longitudinal tool axis “[.'l‘-LT”. The channel 3822
may be formed with two upwardly extending llauges 3823a.
3823!: that have apertures therein. which are dimensioned to
receive :3 pivot pin 3821. In turn. pivot pin 3875 mounts
through apertures in pivot block 3873 to permit rotation ofthe
surgical end etfector 3814 about the “Y“ axis as needed
during a given surgical procedure. Rotation of pivot block
3873 about pin 3875 along “Z‘ axis rotates the surgical end
efl'ector 3814 about the “Z" axis. See FIG. 80. Other methods

of fastening the elongated channel 3822 to the pivot block
3873 may be eflectively employed without departing from
the spirit and scope of the present invention.

The surgical staple cartridge 3834 can be assembled and
mounted within the elongated channel 3822 during the manu-
facturing or assembly process and sold as part of the surgical
end effector 3812. or the surgical staple cartridge 3834 may
be designed for selective mounting within the elongated
channel 3822 as needed and sold separately. c.g.. as a single
ttse replacement. replaceable or disposable staple cartridge
assembly. It is within the scope of tltis disclosure that the
surgical end effector 3812 may be pivotally. operativcly. or
integrally attached. for example, to distal end 3809 of the
elongated shaft assem bly 3808 of a disposable surgical sta-
pler. As is known. a used or spent disposable loading unit
3814 can be removed from the elongated sha ll assembly 3808
and replaced with an unused disposable unit. The endoculter
3814 may also preferably include an actuator. preferably a
dynamic clamping member 3860. a sled 3862. as well as
staple pushers (not shown} and staples (not shown) once an
unspent or unused cartridge 3834 is mounted in the elongated
channel 3822. See FIG. 80.

In various embodiments. the dynamic clamping member
3860 is associated with. e.g.. tnotmted on and rides on. orwith
or is connected to or integral with audtor rides behind sled
3862. It is envisioned that dynamic clamping member 3860
can have cam wedges or ceun surfaces attached or integrally
formed or be pushed by a leading distal surface thereof. In
various embodiments, dynamic clamping member 3860 may
include an upper portion 3863 having a transverse aperture
3864 with a pin 3865 mountable or mounted therein. a central
support or trpward extension 3866 and substantially T-shaped
bottom flange 3867 which cooperate to slidingly retain
dynamic clamping member 3860 along an ideal cutting path
during longitudinal. distal movement ofsled 3862. The lead-
ing cutting edge 3868. here. knife blade 3869, is dimensioned
to ride within slot 3835 ol'staple cartridge assembly 3834 and
separate tissue once stapled. As used herein. the term “knife
assembly" may include the aforementioned dynamic clamp—
ing member 3860. knife 3869. and sled 3862 or other knife;J
beamlsled drive arrangements and cutting instrument
arrimgements. In addition. the various embodiments of the
present invention may be employed with knife assembly!
cutting instrument arrangements that may be entirely sup-
ported 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.

In various embodiments. the dynamic clamping member
3860 may be driven in the proximal and distal directions by a
cable drive assembly 3870. In one non-limiting than. the
cable drive assembly comprises a pair of advance cables
3880. 3882 and a firing cable 3884. F16$. 81 {did 82 illustrate
the cables 3880. 3882. 3884 in diagrammatic form. As can be
seen in those Figures. 21 first advance cable 3880 is operably
supported on a first distal cable transition support 3885 which
may comprise. for example. a pulley. rod. capstan. etc. that is

'Jl

In

15

3o

40

43

5o

.2: J:

(all

65

52

attached to the distal end of the elongated channel 3822 and a
first proximal cable transition support 3886 which may corn-
prise. for example. a pulley. rod. capstan. etc. that is operably
supported by the elongated channel 3822. A distal end 3881
of the first advance cable 3880 is allixed 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. comprise a pulley. rod. capstan
etc. that is mounted to the distal end ofthe elongated channel
3822 and a second proximal cable transition support 3888
which may. liar example. comprise 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 andjoumaled on a support 3889 that may comprise
a pulley. rod. capstan. etc. mounted within the elongated shaft
3808. In one embodiment. the retract cable 3884 may be
formed in a loop and coupled to a connector 3889' that is
fixedly attached to the first and second advance cables 3880.
3882.

Viirious non-limiting embodiments of the present inven-
tion 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 of
electrical comic-cling pins 3904 which are configured to inter-
face with the slots 1258 (FIG. 21) in the adapter 1240'. Such
arrangement permits the robotic system 1000 to provide con-
trol signals to a control circuit 3910 of the tool 3800. While
the interface is described herein 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. indoctive coupling. or the like.

Control circuit 391 0 is shown in schematic harm in FIG. 79.
In one form or embodiment. the control circuit 3910 includes

a power supply in the fortn ol'a battery 3912 that is coupled to
an (In-off solenoid powered switch 3914. In other embodi-
ments. however. the power supply may comprise a source of
altemating current. Control circuit 3910 further includes an
onlolf solenoid 3916 that is coupled to a double pole switch
3918 for controlling motor rotation direction. Thus. when the
robotic system 1000 supplies an appropriate control signal.
switch 3914 will permit battery 3912 to supply powerto the
double pole switch 3918. The robotic system 1000 will also
supply mt appropriate signal to the double pole switch 3918 to
supply power to u shifter motor 3922.

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 shafl' 3932 that is attached
to a driven element 1304 of the type and construction
described above that is designed to interface with a cum:-
spondi 11g 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 member or belt 3934 drivingly
engages the drive pulley 3930 and a second drive shaft 3936
that is rotatably supported on a shi her yoke 3940. The shifter
yoke 3940 is operably coupled to the shifter motor 3922 such
that rotation ofthe shaft 3923 ofthe shifter motor 3922 in a

lh'st direction will shill the shifter yoke in a first direction
“FD“ and rotation ofthe shifter motor shaft 3923 in a second

direction will shi ft the shifter yoke 3940 in a second direction
“SD“. Other embodiments of the present invention may
employ a shifter solenoid arrangement for shifting the shifter
yoke in said first and second directions.
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As can be seen in FIGS. 83—86. a closure drive gear 3950
mounted to a second drive shaft 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 shall 3936 and is configured to
selectively mesh with a firing drive assembly generally des-
ignated as 3961. Rotation of the second drive shati 3936
causes the closure drive gear 3950 and the firing drive gear
3960 to rotate. In one non-limiting embodiment. the closure
drive assembly 3951 comprises a closure driven gear 3952
that is coupled to a first closure pulley 3954 that is rotatably
supported on a third drive shalt 3956. The closure cable 3850
is drivingly received on the 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«
prises a firing driven gear 3962 that is coupled to a first tiring
pulley 3964 that is rutal'ably supported on the third drive shaft
3956. The first and second driving pulleys 3954 and 3964 are
independently rotatable on the third drive shaft 3956. The
firing cable 3884 is drivingly received on the first fit-i rig policy
3964 suclt that rotation of the firing driven gear 3962 will
drive the firing cable 3884.

Also in various embodiments. the cable drive tmmtmission

3920 further includes a braking assembly 3970. In at least one
embodiment. for example. the brakhig assembly 3970
includes a closure brake 3972 that comprises a spring arm
3973 that is attached to a portion ofthe transmission [musing
3971. The closure brake 3972 has a gear lug 3974 that is sized
to engage the teeth of the closure driven gear 3952 as will be
discussed in further detail below. The braking assembly 3970
furlher includes a firing brake 3976 that comprises a spring
arm 3977 that is attached to another portion of tlte transmis-
sion housing 397]. The liring brake 3976 has a gear lttg 3978
that is sized to engage the teeth of the firing driven gear 3962.

At least one embodiment ofthe surgical tool 3800 may be
used as follows. The tool mounting portion 3900 is operably
coupled to the interface 1240 ofthe robotic system 1000. The
controller or control unit of the robotic system is operated to
locate the tissue to be cut and stapled between the open anvil
3824 and the staple cartridge 3834. When in that initial posi-
tion. 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 shown in FIG. 84, the gear lttg 3974
is in locking engagement with the closure driven gear 3952
and the gearing 3978 is in locking engagement with the firing
driven gear 3962. Once the surgical end effector 3814 has
been properly located. the controller .1001 of the robotic
system I 000 will provide a control signal to the shifter motor
3922 (or shilier solenoid) to move the shi tier yoke 3940 in the
first direction. As the shifter yoke 3940 is moved iii the first
direction. the closure drive gear3950 moves the gear lug 3974
out of engagement with the closure driven gear 3952 as it
ntovcs into meshing engagement with the closure driven gear
3952. As can be seen in HS. 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 motion to the drive pulley 3930 through the litter—
face between the driven element ]304 and the corresponding
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 closing
engagement with the cam surface 3825 of the anvil 3824 to
move it to the closed position thereby clamping the target
tissue between the anvil 3824 and the staple cartridge 3834.
Sec 1316. 79. Once the anvil 3824 has been moved to the

closed position. the robotic controller 1001 stops the appli-
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cation of the first rotary motion to the drive pulley 3930.
lhcrestter. the robotic controller 1001 may commence the
firing process by sending another control signal to the shifter
motor 3922 [or shifter solenoid) to cause the shilier yoke to
move iii the second direction “SD" as shown in FIG. 94. As

the slii tier yoke 3940 is moved in the second direction. the
firing drive gear 3960 moves the gear lttg 3978 ottt ol'engage—
[heat with the firing driven gear 3962 as it moves into meshing
engagement with the firing driven gear 3962. As can be seen
in FIG. 85. when lit that position. the gear lug 3974 remains in
locking engagement with the closure driven gear 3952 to
prevent actuation of the closure system. 'l‘liereafler, the
robotic controller 1001 is activated to provide the first rotary
actuation motion to the drive pulley 3930 through the inter—
face between the driven element 1304 and the corresponding
components of the tool holder 1240. .-’-\s the drive pulley 3930
is rotated in the first direction. the firing cable 3884 is rotated
to drive the dynamic clamping member 3860 in the distal
direct ion "DD" thereby tiring the stapes and cutting the tissue
clamped in the end effector 3814. Once the robotic system
1000 determines that the dynamic clamping member 3860
has reached its distal most position either through sensors
or through monitoring the amount of rotary input applied to
the drive pulley 3930. the controller 100] may then apply a
second rotary motion to the drive pulley 3930 to rotate the
closure cable 3850 in an opposite direction to cause tltc
dynamic clamping member 3860 to be retracted in the proxi-
mal direction “PD". Once the dynamic clamping incmberhas
been retracted to the starting position. the application ofthe
second rotary motion to the drive pulley 3930 is discontinued.
‘l‘herea tier. the shifter motor 3922 (or shilier solenoid) is
powered to move the shifteryoke 3940 to the closure position
(FIG. 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
motion to the drive pulley 3930. Rotation of the drive pulley
3930 in the second direction causes the closure cable 3850 to

retract the preclumping collar 3840 out of engagement with
the cam surface 3825 of the anvil 3824 to permit the anvil
3824 to move to an open position (by a spring or other means]
to release the stapled tissue from the surgical end effector
3814.

FIG. 89 illustrates a surgical tool 4000 that employs a gear
driven firing bar 4092 as shown in FIGS. 90—92. This embodi—
ment includes an elongated shaft assembly 4008 that extends
front a tool mounting portion 4100. The tool mounting por-
tion 4100 includes a tool mounting plate 4102 that operable
supports a transmission awmtgetuent 4103 thereon. The elon-
gated shalt assembly 4008 includes a rotatable proximal clo—
sure tube 4010 that is rotatablyjourrtaled on a proximal spine
member 4020 that is rigidly coupled to the tool mounting
plate 41 02. The proximal spine member 4020 has a distal end
that is coupled to an elongated channel portion 4022 of a
surgical endell'ector 4012. The surgical effector-4012 may be
substantially similar to surgical end el‘fcctor 3412 described
above. In addition. the anvil 4024 ofthe surgical end effector
4012 may be opened and closed by a distal closure tube 4030
that operably interfaces with the proximal closure tube 4010.
Distal closure tube 4030 is identical to distal closure tube

343 0 described above. Similarly. proximal closure tube 4010
is identical to proximal closure tube segment 3410 described
above.

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 embodiment. the
transmission arrangement comprises a closure transmission.
generally designated as 4011. As will be further discussed
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below_. the closure transmission 4011 is configured to receive
a corresponding first rotary motion from the robotic system
1000 and convert that first rotary motion to a prinuu'y rotary
motion for rotating the rotatable proximal closure tube 4010
about the longitudinal tool axis I T—lfl‘. As can be seen in FIG.
92. a proximal end 4060 of the proximal closure tube 4010 is
rotatably supported within a cradle arrangement 4104 that is
attached to a tool mounting plate 4102 of the tool mounting
portion 4100. A rotation gear 4062 is fonncd on or attached to
the proximal end 4060 of the closure tube segment 4010 for
meshing engagement with 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 corresponding first one ofthe driven discs or elements 1304
on the adapter side ol'the too] mounting plate 4102 when the
tool mounting portion 4100 is coupled to the tool holder 1270.
See FIGS. 22 and 92. The rotation drive assembly 4070 fur-
ther comprises a rotary driven gear 4074 that is rotatably
supported on the tool mounting plate 4102 in meshing
engagement with the rotation gear 4062 and the rotation drive
gear 4072. Application ofa first rotary control motion from
the robotic system 1000 through the tool holder 1270 and the
adapter [240 to the corresponding driven elcntent 1304 will
thereby cause rotation of the rotation drive gear 4072 by
virtue of being operably coupled thereto. Rotation of the
rotation drive gear 4072 ultimately results in the rotation o l‘
the closure tube segment 4010 to open and close the anvil
4024 as described above.

As indicated above. the end effector 4012 employs a cut—
ting 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 tramsmission that
includes a knile drive assembly 4080. FICi. 92 illustrates one
form of knife drive assembly 4080 for axially advancing the
knife bar 4092 that is attached to such cutting element using
cables as described above with respect to surgical too] 3800.
[n particular. the knife bar 4092 replaces the firing cable 3884
employed in an embodiment ofsurgical too] 3800. One form
ol’the knifedrive assembly 4080 comprises a rotary drive gear
4082 that is coupled to a corresponding second one of the
driven discs or elements 1304 on the adapter side ol‘tl‘tc tool
mounting plate 4102 when the tool mounting portion 4100 is
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. The first rotary driven gear assem-
bly 4084 is in meshing engagement with 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 bar4092 in the distal direction
“DD". Conversely. rotation of the rotary drive gear 4082 in a
secondary rotary direction (opposite to the second rotary
direction) will cause the drive shaft assembly 4090 and the
knife bar 4092 to move in the proximal direction. Movement
of the firing bar 4092 in the proximal direction “PD“ will
drive the cutting clement 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".

FIGS. 93—99 illustrate yet another surgical tool 5000 that
may be effectively employed in connection with a robotic
system 1000. lo various forms. the surgical tool 5000 includes

'JI

NJ

15

3o

35

4|}

45

50

fit]

65

56

a surgical end effector 5012 in the form 013 surgical stapling
instrument that includes an elongated channel 5020 and a
pivotally translatable clamping member. such as an anvil
5070. which are maintained at a spacing that assures ellectivc
stapling and severing of tissue clamped in the surgical end
effector 5012. As can be seen in HQ. 95. the elongated chatt-
nel 5020 may be substantially U—shaped in eross~section and
be fabricated from. for example. titanium. 203 stainless steel.
304 stainless steel. 416 stairdess steel. 17-4 stainless steel.
17-? stainless steel. 6061 or 7075 aluminum. chromium steel.

ceramic. etc. A substantially U-shaped metal channel pan
5022 may be supported in the bottom ofthe elongated channel
5020 as shown.

Various embodiments include an actuation member in the

harm of a sled assembly 5030 that is operably supported
within the surgical end effector 5012 and axially movable
therein between a starting position and ttn ending position in
response to control motions applied thereto. ln some forms.
the metal channel pan 5022 has a central ly-disposed slot 5024
therein to movably accommodate a base portion 5032 of the
sled assembly 5030. The base portion 5032 includes a foot
portion 5034 that is sized to be slidably received in a slot 5021
in the elongated channel 5020. See FIG. 95. As can be seen in
F108. 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 tlireadcdly received on a
threaded drive site 0 5130 as will be discussed in lirrther detail

below. in addition. the sled assembly 5030 includes an
upstanding support portion 5038 that supports a tissue cutting
blade or tissue cutting instrument 5040. The upstanding sup-
port portion 5038 terminates in a top portion 5042 that has a
pair of laterally extending retaining tins 5044 protruding
thcrcli'om. As shown in FIG. 95. the fins 5044 are positioned
to he received within corresponding slots 5072 in anvil 5070.
The fins 5044 and the foot 5034 serve to retaitt 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 can also be seen in FIGS. 97 and
99. the sled assembly 5030 further inclttdes a reciprocatably
or sequentially activatable drive assembly 5050 for driving
staple pushers toward the closed anvil 5070.

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. V’ectra. Nylon
(62% or 6312] and include a centrally disposcd slot 5084 for
accommodating the upstanding support portion 5038 of the
sled assembly 5030. See FlG. 95. These materials could also
be filled with glass. carbon. or mineral fill of MFA—40134:. The
surgical staple cartridge 5080 filrther 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 may be
referred to herein as first outboard rows. The rows 5092 may
be referred to herein as first inboard rows. The rows 5094 may
be referred to as second inboard rows and the rows 5096 may
be referred to as second outboard niws. The first inboard row
S090 and the first outboard now 5092 are located on a first

lateral side of the longitudinal slot 5084 and the second
inboard row 5094 attd the second outboard row 5096 are

located on a second lateral side of the longitudinal slot 5084.
The first staple pushers 5088 in the first inboard row 5092 are
staggered in relationship to the first staple pushers 5088 in the
first outboard row 5090. Similarly. the second staple pushcrs
5088 in the second outboard row 5096 are staggered in rela-
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tionship to the second puslters 5088 in the second inboard row
5094. Iiacii pusher 5088 operably supports a surgical staple
5098 thereon.

In various embodiments. the sequentially-aet'ivatab1e or
reciprocatably- activatablc drive assembly 5050 includes a
pair of outboard drivers 5052 and a pair of inboard drivers
5054 that are each attached to a common shall 5056 that is

rotatably mounted within the base 5032 ol'thc sled assembly
5030. The outboard drivers 5052 are oriented to sequentially
or reciprocatineg engage a corresponding plurality of out-
board activation cavities 5026 provided in the channel pan
5022. Likewise. the inboard drivers 5054 are oriented to

sequentially or rcciprocatiugly engage a corresponding plu-
rality of inboard activation cavities 5028 provided 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 F [Ci 96. As can also be

seen in FIGS. 96 and 98, in at least one embodiment. the sled

assembly 5030 litrlher includes distal wedge segments 5060
and intermediate wedge segments 5062 located on each side
of the bore 5036 to engage the pushers 5088 as the sled
assembly 5030 is driven distally in the distal direction "DD".
As indicated above. the sled assembly 5030 is threadedly
received on a threaded portion 5132 ol‘a drive shalt 5130 that
is rotat'ably supported within the end efi'ector 5012. In various
embodiments. For example, the drive shall 5130 has a distal
end 5134 that is supported in a distal bearing 5136 mounted in
the surgical end effector 5012. See FIGS. 95 and 96.

In various embodiments. the surgical end effector 5012 is
coupled to a tool mounting portion 5200 by an elongated shaft
assembly 5108. [n at least one embodiment. the tool mount-
ing portion 5200 operably supports a transmission arrange-
ment generally designated as 5204 that is configured to
receive rotary output motions from the robotic system. The
elongated shalt assembly 5108 includes an outer closure tube
5110 that is rotatable and axially movable on a spine member
5120 that is rigidly cottpled to a too] mounting plate 5201 of
the tool mounting portion 5200. The spine member 5120 also
has a distal end 5122 that is coupled to the elongated channel
portion 5020 of the surgical end effector 5012.

In use. it may be dcsirablcto rotate the surgical end elTector
5012 about a longitudinal tool axis LT—I.7T defined by the
elongated shalt assembly 5008. In various embodiments. the
outer closure tube 5110 has a proximal end 5112 that .is
rotatably supported on the tool mounting plate 5201 of the
tool drive portion 5200 by a forward support cradle 5203. The
proximal end 5112 ofthc outer closure tube 5110 is config-
ured to operany interface with a rotation transmission por-
tion 5206 of the transmission arrangement 5204. la various
embodiments. theproximal end 51 12 ol'the ottter closure tube
5110 is also supported on a closure sled 5140 that is also
rltovably supported on the tool mounting plate 5201. A clo-
sure tube gear segment 5114 is formed on the proximal end
5112 of the otttcr closure tube 5110 for meshing engagement-
with a rotation drive assembly 5150 o l' the rotation transmis-
sion 5206. As can be seen in F16. 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 oldie tool mounting plate 520] when the 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 with the closure tube gear seg—
ment 5114 and the rotation drive gear 5152. Application of a
first rotary control motion from the robotic system 1000
tlu‘ough the tool holder 1270 and the adapter 1240 to the
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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 ot‘the elon-
gated shaft assembly 5108 (raid the end effector 5012} about
the longitudinal tool axis I.T-l_.T (represented by arrow “R“ in
MG. 93}.

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

movement of the outer closure tube 5110 may be accom-
plished by a closure transmission portion 5144 of the trans-
mission arrangement 5204. As indicated above. in various
embodiments. the proximal end 5112 o [the outerclosurc lube
5110 is supported by the closure sled 5140 which enables the
proximal end 5112 to rotate relative thereto. yet travel axially
with the closure sled 5140. In particular. as can be seen in F [(1.
93. the closure sled 5140 has an upstanding tab 5141 that
extends into a radial groove 51 15 in the proximal end portion
5112 ol‘ the outer closure lube 5110. In addition. as was

described above. the closure sled 5140 is slidably mounted to
the tool mounting plate 5201. In various embodiments. the
closure sled 5140 has an upstanding portion 5142 that has a
closure rack gear 5143 formed thereon. The closure rack gear
5143 is configured for driving engagement with the closure
transmission 5144.

In various forms. the closure transmission 5144 includes a

closure spur gear 5145 that is coupled to a corresponding
second one ofthe driven discs or elements 1304 on the adapter
side 1307 of the tool mounting plate 5201. Thus. application
ol'a second rotary control motion from the robotic system
1000111roughthetoo] holder 1270 and the adapter 1240 to the
corresponding second driven element 1304 will cause rota-
tion ofthc closure spur gear 5145 when the interface 1230 is
coupled to the tool mounting portion 5200. 'I 'he closure trans-
mission 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. 'lhus. appli—
cation 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 element 1304 will
cause rotation of the closure spur gear 5145 and ultimately
drive the closure sled 5140 and the ottter closure tube 5110

axially. The axial direction in which the closure tube 5110
moves ultimately depends upon the direction in which the
second driven clement 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. The

outer closure tube 5110 has an opening 5117 in the distal end
51 16 that is configured for engagement with a tab 5071 on the
anvil 5070 in the manners described above. As the outer

closure tube 5] 10 is driven distally. the proximal end 511 6 of
the closure tube 5110 will contact the anvil 5070 and pivot it
closed. Upon application ol‘an "opening" rotary motion li'orn
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.

In at least one embodiment. the drive shaft 5130 has a

proximal end 5137 that has a proximal shalt gear 5138
attached thereto. The proximal shaft gear 5133 is supported in
meshing engagement with a distal drive gear 51 62 attached to
a rotary drive bar 5160 that is rot'atably supported with spine
member 5120. Rotation of the rotary drive bar 5160 and
ultimately rotary drive Shaft 5130 is controlled by a notary
knile transmission 5207r which comprises a portion of the
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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 knife drive system 5.170 includes a
rotary drive gear 5172 that is coupled to a corresponding third
one of the driven discs or elements 1304 on the adapter side of
the tool mounting plate 5201 when the tool drive portion 5200
is coupled to the loo] holder 1270. The knife drive system
5170 further comprises a tirst rotary driven gear 5174 that is
rotatably supponed on the tool mounting plate 520] in mesh-
ing engagement with a second rotary driven gear 5176 and the
rotary drive gear 5172. 'lhe second rotary driven gear 5176 is
coupled to a proximal end portion 5164 ofthe rotary drive but
5160.

Rotation of the rotary drive gear 5172 in a first rotary
direction will result in the rotation ofthe rotary drive bar 5160
and rotary drive shaft 5130 in a [irst 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 ofthe drive shaft 2440
results in rotation ofthc drive sleeve 2400.

One method ofoperating the surgical too] 5000 will now be
described. The tool drive 5200 is operably coupled to the
intcrfaCe 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 between the autvil 5070
mid the surgical staple cartridge 5080. the controller 100] of
the robotic system 1000 may be activated to apply the second
rotary output motion to the second driven element 1304
coupled to the closure spur gear 5145 to 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 1 00] determines

that the anvil 5070 has been closed by. liar example. sensors in
the surgical end ell‘ector 5012 and/or the tool drive portion
5200. the robotic controller 100] system may provide the
surgeon with an indication that signifies the closure of the
anvil. Such indication may be. for example. in the form of a
light auditor audible sound. tactile feedback on the control
members. etc. Then the surgeon may initiate the firing pro-
cess. in alternative embodiments. however. the robotic con-

troller 1001 may automatically conunence the tiring process.
To commence the firing process. the robotic controller

applies a third rotary output motion to the third driven disc or
element 1304 coupled to the rotary drive gear 5172. Rotation
of the rotary drive gear 5172 results in the rotation of the
rotary drive bar 5160 and rotary drive shalt 5130 in the man-
ner described above. Firing and formation of the surgical
staples 5098 can be best understood l'i‘om 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 move distally.
the outboard drivers 5052 will drop into the corresponding
activation cavity 5026 in the channel pan 5022. The opposite
end ofeach outboard driver 5052 will then Contact the corre-

sponding outboard pusher 5088 that has moved tip 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-
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ported thereon to be formed as they are driven into the anvil
5070. It will be understood that as the sled assembly 5030
moves distally. the knife blade 5040 cuts through the 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

5054 are radially ofl'set from the outboard drivers 5052 on the
shall 5056. as the outboard drivers 5052 are driving their
correSponding pushers 5088 toward the anvil 5070. the
inboard drivers 5054 drop into their next corresponding acti-
vation cavity 5028 to cause them to rot'atably or 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 sitnultaneously formed
together and the laterally corresponding inboard staples 5098
on each side of the slot 5084 are simultaneously formed
together as the sled assembly 5030 is driven distally. Once the
robotic controller 100] determines that the sled assembly
5030 has reached its distal most position either through
sensors or through monitoring the amount of rotary input
applied to the drive shaft 5130 anda‘or the rotary drive bar
5160. the control [er 1 001 may then apply a third rotzu'y output
motion to 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 by sensors in the
end effector 5012 auditor the tool drive portion 5200]. the
application ofthe second rotarymotion to the drive shaft 5130
is discontinued. 'l‘hcrealter. the surgeon may t‘nanually acti-
vate the anvil opening process or it may be automatically
conunenced by the robotic controller [001. To open the anvil
5070. the second rotary output motion is applied to the clo-
sure sptn' gear 5145 to (11'ch the closure sled 5140 and the
outer closure tube 5110 axially in the proximal direction. As
the closure tube 51 10 moves pmximally, the opening 5117 in
the distal end 5116 of the closure tube 5110 contacts the tab

507] 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 when the closure tube 5116 has
been returned to the starting position. Ago in. sensors in the
surgical end effector 5012 andfor the tool mounting portion
5200 may provide 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.

F105. 100-105 diagrammatically depict the sequential lir-
iug of staples in a surgical tool assembly 5000' that is sub-
stantially simi lar to the surgical tool assembly 5000 described
above. In this embodiment. the inboard and outboard 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'. 5054‘ arejournalcd on the same shalt 5056'
that is rotatably supported by the sled assembly 5030‘. in this
embodiment. the sled assembly 5030' has distal wedge seg-
ments 5060‘ for engaging the pushers 5088. FIG. 100 illus~
trates 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 . l 01 J until the actuator
portion 5055 contacts the end wall 5029:: of the activation
cavity 5026. 5028 as shown in FIG. 102. Continued advance—
ment of the sled assembly 5030' in the distal diruttion “DD“
causes the driver 5052'. 5054' to rotate in the “D" direction as
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shown in FIG. 103. As the driver 5052'. 5054' rotates, the

pusher 5088a rides up the cam surface 5053 lo the [inal
vertical position shown in FIG. 104. When the pusher 5088a
reaches the final vertical position shown in FIGS. 104 and
105. the staple (not shown) supported thereon has been driven
into the staple fanning surface of the anvil to form the staple.

FIGS. 107~112 illustrate a surgical end effector 5312 that
may be employed for example. in connection with the tool
mounting portion 1300 and shah 2008 described in detail
above. In various fonns. the surgical end ellector 5312
includes an elongated channel 5322 that is constructed as
described above [or supporting a surgical staple cartridge
5330 therein. The surgical staple cartridge 5330 comprises a
body portion 5332 that includes a centrally disposed slot 5334
for accommodating an upstanding support portion 5386 Ma
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-
crs 5350 the-rel n. The cavities 5336 may be arranged in spaced
longituduially extending rows 5340. 5342. 5344. 5346. The
rows 5340. 5342 are located on one 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 pushcrs 5350 are Configured to support two 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 of the elongated slot 5334 supports one surgicle
staple 5352 in row 5344 and another surgical staple 5352 in
row 5346 in a staggered orientation. Thus. every pusher 5350
supports two surgical staples 5352.

As can be further seen in FIGS. 107. 108. the surgical staple
cartridge 5330 includes a plurality of rotary drivers 5360.
More particularly. the rotary drivers 5360 on one side of the
elongated slot 5334 are arranged in a single line 5370 and
correspond to the pushers 5350 in lilies 5340. 5342. In addi-
tion. the rotary drivers 5360 on the other side of the elongated
slot 5334 are arranged in a single line 5332 and correspond to
the pushers 5350 in lines 5344, 5346. As can be seen in FIG.
I07. 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
shalt 5362. Each driver 5360 has an arcuatc ramp portion
5364 formed thereon that is configured to engage an areuate
lower surface 5354 formed on each pusher 5350. See FIG.
I12. In addition. each driver 5360 has a lower support pottion
5366 extend therefrom to SI idably support the pusher 5360 on
the channel 5322. Each driver5360 has a downwardly extend«
ing actuation red 5368 that is configured for engagement with
a sled assembly 5380.

As can be seen in FIG. 1091 in at least one embodiment. the
sled assembly 5380 includes a base portion 5382 that has a
[bot portion 5384 that is s ized to be 5] idably received in a slot
5333 in the channc15322.Sce FIG. 107. The sled assembly
5380 includes an upstanding support portion 5386 that sup—
ports a tissue cutting blade or tissue cutting instrument 5388.
The upstanding support portion 5386 terminates in a top
portion 5390 that has a pair of laterally extending retaining
fins 5392 protruding therefrom. The tins 5392 are positioned
to he received within corresponding slots (not shown; in the
anvil (not shown}. As with the above-described embodi-
ments. the [ins 5392 and the loot portion 5384. serve to retain
the anvil {not shown) in a desired spaced closed position as
the sled assembly 5380 is driven distally through the tissue
clamped within the surgical end effector 5312. The upstand-
ing support portion 5386 is configured for attaeluneut to a
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knife bar 2200 (FIG. 28]. The sled assembly 5380 further has
a horiwntolly-extcnding actuator plate 5394 that is shaped
for actuating engagement with each of the actuation rods
5368 on the pushers 5360.

Operation of the surgical end effector 53I2 will now be
explained with reference to FIGS. 10‘? and 108. As the sled
assembly 5380 is driven in the distal direction “DD“ through
the staple cartridge 5330. the actuator plate 5394 sequent ially
contacts the actuation rods 5368 on the pttslters 5360. As lite
sled assembly 5380 continues to move distally. the actuator
plate 5394 sequentially contacts the actuator rods 5368 of the
drivers 53 60 on each side of the 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.
Once the robotic system 1000 determines that the sled assem-
bly 5080 has reached its distal most position through sensors
or other means. the control system ofthe robotic system 1000
may then retract the knife bar and sled assembly 5380 back to
the starting position. Therealier. the robotic control system
may then activate the procedure for returning the anvil to the
open position to release the stapled tissue.

FIGS. 113417 depict one form of an automated reloading
system embodiment of the present invention. generally des-
ignated as 5500. In one form. the automated reloading system
5500 is configured to replace a "spent" surgical end cll'cctor
component in a manipulatable surgical tool portion of a
robotic stugical system with a “new” surgical end effector
component. As used herein. the term “surgical end effector
component” may comprise. for example. a surgical staple
cartridge. a disposable loading unit or other end eliiictor
components that. when used, are spent and must be replaced

_ witha new component. Funherntore, the term “spent“ means
that the end efl'ector component has been activated and is no
longer ttseable for its intended purpose in its present state. For
example. in the context of a surgical staple cartridge or dis-
posable loading unit. the term “spent" means that at least
some of the unfornted staples that were preViously supported
therein have been “fired" therefrom. As used herein. the term

”new" surgical end effector component refers to an end effec—
tor component that is in condition for its 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 unfonned staples therein and which is otherwise
ready for use.

In varioua embodiments. the automated reloading system
5500 includes a base portion 5502 that may be strategically
located within a work envelope 1109 of a robotic arm cart
1100 (FIG. 14) ofa robotic system 1000. As used herein, the
Icon ”manipulatable surgical tool portion“ collec1ively refers
to a surgical too] of the various types disclosed herein and
other forms of surgical mbotically-actuated tools that are
operahly 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 refers to the range of movement oi'the manipu-
latable 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 ofotdinary skill in the art
will understand that the shape and size of the work envelope
depicted therein is merely illusuative. The ultimate size.
shape and location ofa work envelope willultimately depend
upon the construction, range of travel linu'tations. and loca-
tion ofthc manipulalable surgical tool portion. Thus. the term
"work envelope“ as used herein is intended to cover a variety
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of di fliercnt 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.

As can be seen in FIG. 113. the base portion 5502 includes
a new component support section or arrangement 5510 that is
configured to operahly support at least one new surgical end
effector component in a “loading orientation". As used
herein. the term “loading orientation" means that the new cod
clTector component is supported in such away so as to permit
the corresponding component support portion ofthe manipu-
latable surgical tool portion to he brougltt into loading
engagement with tie. operably seated or operably attached
to) the new end elfector component {or the new end efli3ctor
component to be brought into loading engagement with the
corresponding component support portion of the manipulate
oblc surgical tool portion) without [roman intervention
beyond that which may be necessary to actuate the robotic
system. As will be litrther 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 cart ridges may support certain
sizes ofstaples the sire ofwhich may be indicated by the color
of the cartridge body) required for completing the surgical
procedure. However. no direct human interaction is necessary
during the surgery to reload the robotic endocutler. to one
form. the surgical end eflhctor component comprises a staple
cartridge 2034 that is configured to be operably seated within
a component support portion (elongated channel) of any of
the various other end effector arrangements described above.
For explanation purposes. new {unused} cartridges will be
designated as “2034a“ and spent cartridges will be designated
as “20341:". The Figures depict cartridges 2034a 2034b
designed for use with a surgical and efl‘ector 2012 that
includes a channel 2022 and an anvil 2024, the construction
and operation ofwhich were discussed in detail above. Car—
tridges 2034a. 2034!) are identical to cartridges 2034
described above. In various embodiments, the cartridges
2034a. 2034b are configured to be snappingly retained (i .e..
loading engagement) within the channel 2022 ofa surgical
end effector 2012. As the presenl Detailed Description pro-
ceeds. however. those of ordinary skill in the art will appre—
ciate that the unique and novel features of the automated
cartridge reloading system 5500 may be effectively employed
in connection with the automated removal and installation of

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

In the depicted embodiment, the tenn “loading orienta-
tion“ means that the distal tip portion 2035a of the a new
surgical staple cartridge 2034a is inserted into :1 correspond—
ing support cavity 5512 in the new cartridge support section
5510 such that the proximal end portion 2037a of the new
surgical staple cartridge 2034:: is located in a convenient
orientation for enabling the arm cart 1100 to mmtipultrte the
surgical end effector 2012 into a position wherein the new
cartridge 2034a may be automatically loaded into the channel
2022 ofthe surgical end effector 2012. in various embodi-
ments. the base 5502 includes at least one sensor 5504 which

commtmicates with tire control system 1003 of the robotic
controller 1001 to provide the control system 1003 with the
location of the base 5502 andfor the reload length and color
doe each staged or new cartridge 2034a.

As can also be seen in the Figures. the base 5502 further
includes a collection receptacle 5520 that is configured to
collect spent cartridges 2034!) that have been removed or
disengaged from the surgical end cflcctor 2012 that is oper-
ably attached to the robotic system 1000. in addition. in one

Ur

to

15

3“

3t:

35

4D

45

so

an

65

64

liorm, the automated reloading system 5500 includes an
extraction system 5530 for automatically removing the spent
end effector component front the corresponding support por-
tion ofthe end effector or ntanipttlatable surgical tool portion
without specific human intervention beyond that which may
be necessary to activate the robotic system. in various
embodiments, the extraction system 5530 includes an extrac—
tion hook member 5532.111 one form. for example. the extrac-
tion hook member 5532 is rigidly supported on the base
portion 5502. in one embodiment. the extraction [took mem-
ber has at least one book 5534 formed thereon that is config-
ured to hookingly engage the distal end 2035 of u Spent
cartridge 2034!: when it is supported in the elongated channel
2022 ofthe surgical end effector 2012. In various fon‘ns. the
extraction hook member 5532 is conveniently located within
a portion of the collection receptacle 5520 such that when the
spent end effector component [cartridge 2034b} is brought
into extractive engagement with the extraction hook member
5532. the spent end effector component (cartridge 2034b) is
dislodged from the corresponding component support por-
tion (elongated channel 2022). and falls into the collection
receptacle 5020. Thus. to use this embodiment. the manipu-
latable surgical too] portion manipulates the end effector
attached thereto to bring the distal end 2035 of the spent
cartridge 2034b therein into hooking engagement with the
hook 5534 and then moves the end ell'cctor in such a way to
dislodge the spent cartridge 2034b from the elongated chan-
nel 2022.

]n other arrangements. the extraction hook member 5532
comprises a rotatable wheel configuration that has 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 cottpled to an extraction motor 5540 that is contmlled by
the controller 1001 of the robotic system. This form ofthe
automated reloading system 5500 may be used as follows.
F]G . 115 illustrates the introduction ofthe surgical end effec-
tor 2012 that is opembly attached to the nranipulatable surgi-
cal tool portion 1200. As can be seen in that Figure. the arm
cart 1100 ofthe robotic system 1000 locates the surgical end
etl‘cctor 2012 in the shown position wherein the hook end
5534 of the extraction member 5532 hookingly engages the
distal end 2035 of the spent cartridge 20345 in the surgical
end elfector2012. The anvil 2024 of the surgical end elfcctor
2012 is in the open position. Aficr the distal end 2035 of the
spent cartridge 2034b is engaged with the hook end 5532. the
extraction motor 5540 is actuated to rotate the extraction

wheel 5532 to disengage the spent cartridge 2034!) from the
channel 2022. To assist with the disengagement of the spent
cartridge 20345 from the channel 2022 (or if the 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 203ch is
dislodged [tom the channel 2022. the spent cartridge 2034f:
tails into the collection receptacle 5520. Once the spent car-
tridge 2034b has been removed from the surgical end effector
2012, the robotic system 1000 moves the surgical end effector
2012 to the position shown in FIG. 117.

in various embodiments. a sensor arrangement 5533 is
located adjacent to the extraction member 5532 that is ill
contnntnication with the contra llcr 1001 ofthe robotic system
1000. The sensor arrangement 5533 may comprise a sensor
that is configured to sense the presence of the surgical end
efl'ector 2012 and. more particularly the tip 20351: ofthe spent
surgical staple cartridge 2034b thereofas the distal tip portion
2035}; is brought into engagement with the extraction mem-
ber 5532. In some embodiments. the sensor arrangement
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5533 may comprise. forexample. a light curtain anungement.
l' lowevcr. other forms ofproxintity sensors may be employed.
In such amutgement. when the surgical end effector 2012
with the spent surgical staple cartridge 2034!: is brought into
extractive engagement with the extinction member 5532. the
sensor senses the distal tip 20355 of the surgical staple car-
tridge 2034b {e.g.. the light curtain is broken). When the
extraction member 5532 spins and pops the surgical staple
cartridge 2034b loose and it falls into the collection receptacle
5520. the light curtain is again unbroken. Because the surgical
end effector 2012 was not moved during this procedure. the
robotic controller 100] is assured that the spent surgical
staple cartridge 2034!: has been removed therefrom. Other
sensor arrangements tnay also be successfully employed to
provide the robotic controller 1001 with an indication that the
spent surgical staple cartridge 2034!: has been removed from
the surgical end effector 2012.

As can be seen in FIG. 1 17. the surgical end effector 20 l 2
is positioned to grasp a new surgical staple cartridge 2034a
between the channel 2022 and the anvil 2024. More specifi-
cally. as shown in FIGS. 114 and 117. each 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 located between the new cart ridge 2034a
and the anvil 2024. Once in that position. the robotic system
1000 closes the anvil 2024 onto the pressure pad 5514 which
serves to push the new cartridge 2034:: into snapping engage-
ment with the channel 2022 ofthe surgical end effector 2012.
Once the new cartridge 2034a has been snapped into position
within the elongated channel 2022. the robotic system 1000
then withdraws the surgical end effector 2012 from the auto-
mated cartridge reloading system 5500 for use in connection
with performing another surgical procedure.

FIGS. 118-122 depict another automated reloading system
5600 that may be used to remove a spent disposable loading
it nit 3612 from a manipulatable surgical tool arrangement
3600 (FIGS. 65-78) that is operably attached to an arm can
[100 or other portion oi‘a robotic system 1000 and reload a
new disposable loading unit 3612 therein. As can be seen in
FIGS. 118 and 119. one form of the automated reloading
system 5600 includes a housing 5610 that has a movable
support assembly in the form of a rotary carrousel top plate
5620 supported thereon which cooperates with the housing
5610 to form a hollow enclosed area 5612. The automated

reloading system 5600 is configured to be operably supported
within the work envelop ofthe manipulatable surgical tool
portion ofa robotic system as was descri bed above. In various
embodiments. the rotary carrousel plate 5620 has a plurality
of holes 5622 for supponing 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 shalt 5624. The
spindle shaft 5624 is centrally disposed within the enclosed
area 5612 and has a spindle gear 5626 attached thereto. The
spindle gear 5626 is in meshing engagement with a carrousel
drive gear 5628 that is coupled to a carrouscl drive motor
5630 that is in operative communication with the robotic
controller 1001 of the robotic system 1000.

Various embodiments of the automated reloading system
5600 may also include a carrousel locking assembly. gener-
ally designated as 5640. In various forms. the carrousel lock-
ing assembly 5640 includes a cam disc 5642 that is allixcd to
the spindle shaft 5624. The spindle gear 5626 may be attached
to the underside of the oath disc 5642 and the cam disc 5642

may be keyed onto the spindle shalt 5624. In alternative
arrangements. the spindle gear 5626 and the cam disc 5642
may be independently non-rotatably aflixcd to the spindle
shall 5624. As can be seen in FIGS. 119 and 120. aplurality
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of notches 5644 are spaced around the perimeter ofthe cam
disc 5642. A locking arm 5648 is pivotally mounted within
the housing 5610 and is biased into engagement with the
perimeter ofthe cam disc 5642 by a locking spring 5649. As
can be seen in FIG. 118. the outer perimeter ofthe crun 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 cammed out of engagement
with the notches 5644 by the perimeter of the cam disc 5642.

Various forms ofthe automated reloading system 5600 are
configured to support a portablei'mplaccahle tray assembly
5650 that is configured to support a plurality ofdisposable
loading units 3612 in individual orientation tubes 5660. More
specifically and with reference to FIGS. 119 and 120. the
replaceable tray assembly 5650 comprises a tray 5652 that
has a centrally-disposed locutor spindle 5654 protniding from
the underside thereof. The locator spindle 5654 is sired to be
received within a hollow end 5625 ofspindle shaft 5624. The
tray 5652 has a plurality of holes 5656 therein that are con-
figured to suppon an orientation tube 5660 therein. Each
orientation tube 5660 is oriented within a corresponding hole
5656 in the replaceable tray assembly 5650 in a desired ori-
entation by s locating fin 5666 on the orientation tube 5660
that is designed to be received within a corresponding locat-
ing slot 5658 in the tray assembly 5650. In at least one
embodiment. the locating [in 5666 has a substantially
V—shaped cross—sectional shape that 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 tube 5660 the V-shapcd locating lin
5666 will pop out ofits corresponding locating slot enabling
the tube 5660 to rotate relative to the tray 5652 as will be
discussed in furtherdetail below. As cart also be seen in FIGS.

118-120. the replaceable tray 5652 may be provided with one
or more handle portions 5653 to facilitate transport of the tray
assembly 5652 when loaded with orientation tubes 5660.

As can be seen in FIG- 122, each orientation lube 5660

comprises a body portion 5662 that has a flanged open end
5664. The body portion 5662 defines a cavity 5668 that is
sized to receive a portion of a disposable loading unit 3612
therein. To properly orient the disposable loading unit 3612
within the orientation tube 5660. the cavity 5668 has a flat
locating surface 5670 harmed therein. As can be seen in FIG.
122. the llat locating surface 5670 is configured to facilitate
the insertion of the disposable loading unit into the cavity
5668 in a desired or predetemtined nonwr‘otatable orientation.
In addition. the end 5669 of the cavity 5668 may include a
loam 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 lube 5660.

The orientation tubes 5660 may be fabricated froth Nylon.
polycarbonate. polyethylene. 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 Inca tor spindle 5654 is
inserted into the hollow end 5625 of spindle shall 5624. the
orientation tubes 5660 extend throttgh corresponding holes
5662 in the carrousel top plate 5620. Each replaceable tray
5662 is equipped with a location sensor 5663 that communi-
cates with the control system 1003 of the controller 1001 of
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the robotic system 1000. The sensor 5663 serves to identify
the location of the reload system. and the number. length.
color and fired status ol‘euch reload housed in the tray. in
addition. an optical sensor or sensors 5665 that communicate
with the robotic controller 1 001 may be employed to sense the
typefsi on} length of disposable loading units Lhat are loaded
within the tray 5662.

Various embodiments of the automated reloading system
5600 further include a drive assembly 5680 for applying a
rotary motion to the orientation tube 5660 holding the dis-
posable loading unit 3612 to be attached to the shaft 3700 of
the surgical too] 3600 (collectively the "manipulatable surgi-
cal 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 amt 5648. Thus. the
support yoke 5682 pivots with the locking arm 5648. fire
support yol-te 5682 rotatably supports a tube idler whee15684
and a tube drive wheel 5686 that is driven by a tube motor
5688 attached thereto. Tube motor 5688 communicates with

the control system 1003 and is 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 therco l‘crcate strflicient antotmt of
friction to result in the rotation oftut orientation tube 5660 in

contact therewith upon activation of the to be motor 5688. The
idler wheel 5684 and tribe drive wheel 5686 are oriented
relative to each other to create a cradle area 5687 Lherebt-

tween for receiving an orientation tribe 5060 in driving
engagement therein.

in use, one or more ofthc orientation tubes 5660 loaded in

the automated reloading system 5600 are lcli empty. while the
other orientation mbes 5660 may operably support a corre-
sponding new disposable loading unit 3612 therein. As will
be discussant in further detail below. the empty orientation
tubes 5660 are employed to receive a spent disposable load
ing unit 3612 therein.

The automated reloading system 5600 may be employed as
follows after the system 5600 is located within the work
enchOpe of the mauipulatable surgical tool portion of a
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 led empty to receive the spent
disposable loading unit 3612 therein. 11'. however. the
manipulatable surgical tool portion does not have a dispos-
able loading trnit 3612 operably coupled thereto. each of the
orientation tubes 5660 may be provided with a properly ori-
ented new diSposable loading unit 3612.

As described hereinabove. the disposable loading unit
3612 employs a rotary “bayonet—type“ coupling arrangement
for operably coupling the disposable loading unit 3612 to a
corresponding portion of the mahipulatablc surgical tool por-
tion. That is. to attach a disposable loading unit 3612 to the
corresponding portion ofthe manipulatablc surgical tool por-
tion (3700—see FIG. 71. 72}. a rotary installation motion
must be applied to the di sposable loading unit 3612 andi'or the
corresponding portion of the manipulatable surgical tool por—
tion when those components have been moved into loading
engagement with each other. Such installation motions are
collectively referred to herein as “loading motions". Like»
wise. to decouple it spent disposable loading unit 3612 from
the corresponding portion ofthe manipulatable surgical tool.
a rotary decoupling motion must be applied to the spent
disposable loading unit 3612 andfor the corresponding por—
tion of the manipulatable surgical tool portion while simul—
lancously moving the spent disposable loading unit and the
corresponding portion of the manipulatable surgical tool
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away from each other. Such decoupling motions are collec-
tively referred to herein as "catttaction motions".

To commence the loading process. the robotic system 1000
is activated to nrtu'ripulate the manipulata ble surgical tool
portion andfor the automated reloading system 5600 to bring
the manipulatable surgical tool portion into loading engage-
ment with the new disposable loading unit 3612 that is sup«
ported in the orientation tube 5660 that is in driving engage—
ment with the drive assembly 5680. Once the robotic
controller 100] (FIG. 13) of the robotic control system 1000
has located the manipulatable surgical tool portion in loading
engagement with the new diSposable loading unit 3612. the
robotic controller 1001 activates the drive assembly 5680 to
apply a rotary loading motion to the orientation tube 5660 in
which the new disposable loading unit 3612 is supported
andr'or applies another rotary loading motion to the corre-
spondihg portion of the manipulatable surgical tool portion.
Upon application of such rotary loading motionst's). the
robotic controller 1001 also causes the-corresponding portion
of the manipulatable surgical too] portion to he moved
towards the new disposable loading unit 3612 into loading
engagement therewith. Once the disposable loadingunit 3 612
is in loading engagement with the corresponding portion of
the manipulatable too] portion. the loading motions are dis-
continued and the manipulatable surgical tool portion may be
moved away Item the automated reloading system 5600 car-
rying with it the new disposable loading unit 3612 that has
been operably coupled thereto.

To decouple a spent disposable loading unit 3612 from a
corresponding manipulatable surgical tool portion. the
robotic controller 100] of the robotic system manipulates the
manipulatable surgical tool portion so as to insert the distal
and 01111.0 spent disposable loading unit 3612 into the empty
orientation tube 5660 that remains in driving engagement

. with the drive assembly 5680. Thereafter. 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 andfor
applies a rotary extraction motion to the corresponding por-
tion of the manipulatable surgical tool rmrtion. The robotic
controller 1001 also causes the manipulatable surgical tool
portion to withdraw away from the spent rotary disposable
loading unit 3612. Thereafl'er the rotary extraction tnotion(si
are discontinued.

After the spent disposable loading unit 3612 has been
removed front the manipulatable surgical tool portion. the
robotic controller 1001 may activate the carrousel drive motor
5630 to index lite carrousel top plate 5620 to bring another
orientation tube 5660 that supports a new disposable loading
unit 3612 therein 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 ol'tbe manipulata ble surgical tool por-
tion. The robotic controller 1001 may record the number of
disposable loading units that have been used from a particular
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 100] may provide the
surgeon with a signal (visual andr'or audible) indicating that
the tray 5652 supporting all of the spent disposable loading
units 3612 must be replaced with a new tray 5652 containing
new disposable loading units 3612.

FIG 8. 123-1 28 depict another non-limiting embodiment of
a surgical tool 6000 of the present invention that is well—
adapted tor use with a robotic system 1000 that has a tool
drivr: assembly 1010 (FIG. 18} that is operatively coupled to
a master controller 1001 that is operable by inputs from an
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operator (i.e.. a surgeon}. As can be seen in FIG. 123, the
surgical too] 6000 includes a surgical end effector 6012 that
comprises an endocutter. In at least one form. the surgical tool
6000 generally includes an elongated shalt assembly 6008
that has a proximal closure tube 6040 and a distal closure tube
6042 that are coupled together by an articulation joint 6100.
The surgical 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 veu'ious manners
described in detail above.

In at least one embodiment, the surgical tool 6000 includes
a surgical end effector 6012 that comprises. among other
things. at least one component 6024 that is selectively mov«
able between first and second positions relative to at least one
other component 6022 in response to various control motions
applied to component 6024 as will be discussed in further
detail below to perlhnn a surgical procedure. In various
embodiments. component 6022 comprises an elongated
channel 6022 configuredto operably support a surgical staple
cartridge 6034 therein and component 6024 comprises a piv—
otully translatable clamping member. such as an anvil 6024.
Various embodiments of the surgical end el‘IEctor 6012 are
configured to maintain the anvil 6024 and elongated channel
6022 at a spacing that assures elliective stapling and severing
oftissue clamped in 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 may include a tab 602’? at its proximal end that interacts
with a component of the mechanical closure system (de-
scribed further below) to lhcilitate the opening ol'thc anvil
6024. The elongated channel 6022 and the anvil 6024 may be
made ofun electrically conductive material [such as metal} so
that they may serve as part ofan antenna that communicates
with sensorts] in the end effector. as described above. The
srugical staple cartridge 6034 could be made ofa nonconduc-
live material I such as plastic) and the sensor may be con-
nected to or diSposed in the surgical staple cartridge 6034. as
was also described above.

As can be seen in FIG. 123. the surgical end effector 6012
is attached to the tool mounting portion 6200 by the elongated
shalt assembly 6008 according to various embodiments. As
shown in the illustrated embodiment. the elongated shaft
assembly 6008 includes an articulation joint generally desig-
nated as 6100 that enables the surgical end effector 6012 to be
selectively articulated about a first tool articulation axis AA!-
AAI that is substantially transverse to a longitudinal tool axis
LT—LT and a second tool articulation axis AAZ—AA2 that is

substantially transverse to the longitudinal tool axis LT-LT as
well as the first articulation axis AAl-AAl. See 11‘ IO. 124. In

various embodiments. the elongated sha fi' assembly 6008
includes a closure tube assembly 6009 that compriSes a proxi-
mal closure tube 6040 and a distal closure lube 6042 that are

pivotably linked by a pivot links 6044 and 6046. The closure
tube assembly 6009 is movably supported on a spine assem—
bly generally designated as 6102.

As can be seen in FIG. 125. the proximal closure tube 6040
is pivotally linked to an intermediate closure tube joint 6043
by an upper pivot link 6044U and a lower pivot link 6044L
such that the intermediate closure tube joint 6043 is pivotable
relative to the proximal closure tube 6040 about a first closure
axis CAI—CAI and a second closure axis ("AZ—CA2. In vari—

ous embodiments. the first closure axis CALCAI is substan—

lially parallel to the second closure axis (“AZ-(1&2 and both
closure axes CAI-CAI. ('AZ-CAZ are substantially trans-
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verse to the longitudinal tool axis LT-IT. As can be further
seen in FIG. [34. the intermediate closun: tube joint 6043 is
pivotally linked to the distal closure tube 6042 by a lefi pivot
link 6046i- and a right pivot link 6046R such that the inter-
mediate closure tube joint 6043 is pivotable relative to the
distal closure tube 6042 about a third closure axis (“It-(TAB
and a fourth closure axis C'A4—CA4. In various embodiments.

the third closure axis CAB-CAB is substantially parallel to the
fourth closure axis (Trill-(7.44 and both closure axes CAB-

(‘AZL CA4-L'A4 are substantially transverse to the first and
second closure axes CALI-CA] . CA2-CA2 as well as to lon-

gitudinal tool axis [ff-LT.
The closure tube assembly 6009 is configured to axially

slide on the spine assembly 6102 in response to actuation
motions applied thereto. The distal closure tube 6042
includes an opening 6045 which inter-times with the tab 6027
on the anvil 6024 to facilitate opening ofti're anvil 6024 as the
distal closure lube 6042 is moved axially in the proximal
direction "PD". The closure tubes 6040. 6042 may be made of
electrically conductive material (such as metal} so that they
may serve as part of the antenna. as described above. Com—
ponents of the spine assembly 6102 may be made ol’a non-
conductive material (such as plastic].

As indicated above, the surgical too] 6000 includes a tool
mounting portion 6200 that is configured for operable attach-
ment to the too] mounting assembly 1010 of the robotic
system 1000 in the various manners described in detail above.
As can be seen in FIG. 127. the tool mounting portion 6200
comprises a tool mounting plate 6202 that operably supports
a transmission arrangement 6204 thereon. In various embodi-
ments. the transmission arrangement 6204 includes an articu-
lation transmission 6142 that comprises a portion o fan articu-
lation system 6140 for articulating the surgical end effector
6012 about a first too] articulation axis TA] -TA1 and a second

. tool articulation axis 1242—1142. The first tool articulation axis

"114131161 is substantially transverse to the second tool articu-
lation axis TAZ-TAZ and both of the first and second tool

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

To facilitate selective articulation of the surgical end olfac-
lor 6012 about the first and second tool articulation axes

TAl—TAI. TA2~TAZ. 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 selective
pivotal travel about TAI-‘I'AI. Similarly. the distal spine por-
tion 6120 is pivotally attached to the elongated channel 6022
ofthe surgical end effector 6012 by pivot pins 6124 to enable
the surgical and effector 6012 to selectively pivot about the
second tool axis TAlJI'A2 relative to the distal spine portiort
6120.

In various embodiments. the articulation system 6140 litr-
tlter includes a plurality ofarticulatiou elements that operably
interface with the surgical end effector 6012 and an articula-
tion control arrangement 6160 that is operably supported in
the tool mounting member 6200 as will described in further
detail below. In at least one embodiment. the articulation

elements comprise a first pair offirst articulation cables 6144
and 6146. The first articulation cables are located on a first or

right side of the longitudinal tool axis. Thus. the first articu-
lation cables are referred to herein as a right upper cable 6144
and a right lower cable 6146. The right upper cable 6144 and
the right lower cable 6146 extend through corresponding
passages 614?, 6148. respectively along the right side of the
proximal spine portion 6110. See F16. 128. The articulation
system 6140 further includes a second pair of second articu—
lation cables 6150. 6152. "the secund articulation cables are

located on a second or lell side of the longitudinal tool axis.
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Thus, tlte second articulation cables are referred to herein as

a left upper articulation cable 6150 and a left articulation
cable 6152. The left upper articulation cable 6150 and the left
loWer articulation cable 6152 extend through passages 6153.
6154. respectively in the proximal spiue portion 6110.

As can be seen in [’16. 124. the right upper cable 6144
extends around an upper pivot joint 6123 and is attached to a
left upper side of the elongated channel 6022 at a left pivot
joint 6125. The right lower cable 6146 extends around a lower
pivot joint 6126 and is attached to a left lower side of the
elongated channel 6022 at left pivot joint 61 25. The left upper
cable 6150 extends around the upper pivot joi nt 6123 and is
attached to a right upper side oflhe elongated channel 6022 at
a right pivot joint 6127. The left lower cable 6152 extends
around the lower pivot joint 6126 attd is attached to a right
lower side in f the elongated channel 6022 at right pivot joint
6127. Thus. to pivot the surgical end eflhctor 6012 about the
first tool articulation axis TA l-TAI to the left (arrow “‘I."), the
right upper cable 6144 and the right lower cable 6146 must be
pulled in the proximal direction “131)“. To articulate Lite sur-
gical end effector 6012 to the right (arrow “R"l about the first
too] articulation axis TAl—TAI . 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-TAl. in an

upward direction [arrow "Ll"l. the right upper cable 6144 and
the left upper cable 6150 must be pulled in the proximal
direction “PD“. To articulate the surgical end efl'ector 6012 in
the downward direction (arrow “DW") about the second tool
articulation axis 1162-TA2. the right lowercablc 6146 and the
lett lower cable 6152 must be pulled in the proximal direction
AkljD'lY-

The proximal ends of Lhc articulation cables 6144. 6146.
6150, 6152 are coupled to the articulation control arrange-
ment 6160 which comprises a bal ljoint assembly that is a part
of the articulation transmission 6142. More specifically and
with reference to FIG. 128. the ball joint assembly 6160
includes a ball-shaped member 6162 that is formed on a
proximal portion of the proximal spine 6110. Movably sup-
ported on the ball-shaped member 6162 is an articulation
control ring 6164. As can be further seen in FIG. 128. the
proximal ends of the articulation cables 6144. 6146. 6150.
6152 are coupled to the articulation control ring 6164 by
corresponding balljoint armugements 6166. The articulation
control ring 6164 is controlled by an articulation drive assem-
bly 6170. As can be most particularly seen in MG. 128. the
proximal ends ot‘thc first articulation cables 6144. 6.146 are
attached to the articulation control ring 6164 at corresponding
spaced first points 6149. 6151 that are located on plane 6159.
L iltevvise. the proximal ends o't't'be second articulation 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 ol'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.

In various forms. the articulation drive assembly 6170
comprises a horizontal inoculation assembly generally des-
ignated as 6171. In at least one form. the horizontal articula-
tion assembly 6171 comprises a horizontal push cable 6172
that is attached to a horizontal gear arrangement 6180. The
articulation drive assembly 6170 fitrther comprises a verti—
cally articulation assembly generally designated as 6173. [n
at least one tom. the vertical articulation assembly 6173
comprises a vertical push cable 6174 that is attached to :3
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vertical gear arrangement 6190. As can be seen in FIGS. 127
and 128, the horixontal push cable 6172 extends through a
support plate 6167 that is attached to the proximal spine
portion 6110.'llte distal end 0 i‘the horizontal push cable 6174
is attached to the articulation control ring 6164 by a corre-
sponding ballt'pivot joint 6168. The vertical push cable 6174
extends through the support plate 6167 and the distal end
thereofis attached to the articulation control ring 6164 by a
corresponding ballt'pivotjoint 6169.

The horizontal gear arrangement 6180 includes a hot-iron-
tal driven gear 6182 that is pivotally mounted on a horizontal
shalt 6181 that is attached to a proximal portion ofthe proxi—
mal spine portion 6110. The proximal end of the horizontal
push cable 6172 is pivotally attached to the horizontal driven
gear 6182 such that. as the horizomal driven gear 6172 is
rotated about horizontal pivot axis I-IA. the horizontal push
cable 6172 applies a first pivot motion to the articulation
control ring 6164. Likewise. the vertical gear arrtutgcntcnt
6190 includes a vertical driven gear 6192 that is pivotully
supported on a vertical shall 6191 attached to the proximal
portion of the proximal spine portion 6110 for pivotal travel
about a vertical pivot axis VA. The proximal end ofthe ver-
tical push cable 6174 is pivotally attached to the vertical
driven gear 6192 such that as the vertical driven gear 6192 is
rotated about vertical pivot axis VA. the vertical push cable
6174 applies a second pivot motion to the articulation control
ring 6164.

The horizontal driven gear 6182 and the vertical driven
gear 6192 are driven by an articulation gear train 6300 that
operably interfaces with an articulation shifter assembly
6320. in at least one form. the articulation shifter assembly
comprises an articulation drive gear 63 22 that is coupled to a
corresponding one o ftl'ie driven discs or elements [304 on the

_. adapter side 1307 of the tool mounting plate 6202. See FIG.
22. Thus. application ofa rotary input motion from the robotic
system 1000 through the tool drive assembly 1010 to the
corresponding driven element 1304 will catlsc rotation ol‘thc
articulation drive gear 6322 when the interface 1230 is
coupled to the tool holder 1270. An articulation driven gear
6324 is attached to a splined shifter she 11 6330 that is rotatably
supported on the tool mounting plate 6202. The articulation
driven gear 6324 is in meshing engagement with the articu—
lation drive gear 6322 as shown. Thus. rotation oftlte articu—
lation drive gear 6322 will result in the rotation of the shaft
6330. in various [bi-ms. a shifter driven gear assembly 6340 is
movably supported on the splincd portion 6332 ot‘tlte shifter
shaft 6330.

In various embodiments. the shifter driven gear assembly
6340 includes a driven shifter gear 6342 that is attached to a
shi fier plate 6344. The shifter plate 6344 operably 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
tool side 1244 of the adaptor 1240. Such arrangement serves
to electrically couple the shifter solenoid assembly 6350 to
the robotic controller 1001. Titus. activation of the shili'er

solenoid 6350 will shi ft the shi tier driven gear assembly 6340
on the splined portion 6332 of the shifter shaft 6330 as rep-
resented by arrow “S“ in FIGS. 136 and 137. Various embodi-
ments of the articulation gear train 6300 further include a
horizontal gear assembly 6360 that includes a first horizontal
drive gear 6362 that is mounted on a shall 6361 that is rotat—
ably attached to the tool mounting plate 6202. The first hori-
zontal drive gear 6362 is supported in meshing engagement
with a second horixontal drive gear 6.164. As can be seen in
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FIG. 128. the horizontal driven gear 6132 is in meshing
engagement with the distal face portion 6365 of the second
horizontal driven gear 6364.

Various embodiments of the articulation gear train 6300
further include a vertical gear assembly 6370 that includes a
first vertical drive gear 6372 that is mounted on a shaft 637]
that is rotatably supported on the tool 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 6374 is rotatably
supported on the proximal spine portion 6] 10 for travel there-
around. The second horizontal drive gear 6364 is rotatably
supported on a portion ofsaid second venical drive gear 6374
for independent rotatable travel thereon. As can be seen in
FIG. 128, the vertical driven gear 6192 is in meshing engages
tncrtt with the distal face portion 6375 ofthe second vertical
driven gear 6374.

In various forms. the first horizontal drive gear 6362 has a
first diameter and the first 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 shaft 6371. That is.

the first horizontal driven gear 6362 and the first vertical
driven gear 6372 do not rotate about a common axis. Thus.
when the shifter gear 6342 is positioned in a center “locking"
position such that the shifter gear 6342 is ill meshing engage-
ment with both the first horizontal driven gear 6362 and the
first vertical drive gear 6372. the components of the articula—
tion system 6140 are locked in position. Thus. the slu'ftable
shifter gear 6342 and the arrangement of first [tori rental and
vertical drive gears 6362. 6372 as well as the articulation
shifler assembly 6320 collectively may be referred to as an
articulation locking system. generally designated as 6380.

in use, the robotic controller 100] of the robotic system
1000 may control tlte articulation system 6140 as follows. To
articulate the end effector 6012 to the lefi about the first tool

articulation axis TALE/5t] . the robotic controller 1001 acti-

vates the shifter solenoid asaernbly 6350 to bring the shifter
gear 6342 into meshing engagement with the first horizontal
drive gear 6362. Therea'iler, the controller 1001 causes a first
rotary output motion to be applied to the articulation drive
gear 6322 to drive the shifter gear in a first direction to
ultimately drive the horizontal driven gear 6182 in another
first direction. The horizontal driven gear 6182 is driven to
pivot the articulation ring 6164 on the ball-shaped portion
6162 to thereby pull right upper cable 6144 and the right
lower cable 6146 in the proximal direction “PD". To articu-
late the end ellector 6012 to the right about the first tool
articulation axis TALTAL the robotic controller 1001 acti«

vates the shifter solenoid assembly 6350 to bring the shifter
gear 6342 into meshing engagement with the first horizontal
drive gear 6362. 'l‘hcreafter. the controller 100] causes the
first rotary outpttt motion in an opposite direction to be
applied to the articulation drive gear 6322 to drive the shifter
gear 6342 in a second direction to ultimately drive the hori-
zontal driven gear 6182 in another second direction. Sttch
actions result in the articulation control ring 6164 moving in
such a manner as to pull the left upper cable 6150 and the left
lower cable 6152 in the proximal direction “PD". In various
embodiments the gear ratios and frictional forces generated
between the gears ofthe vertical gear assembly 6370 serve to
prevent rotation of the vertical driven gear 6192 as the hori-
zontal gear assembly 6360 is actuated.

To articulate the end effector 6012 in the upper direction
about the second tool articulation axis TAZ-TAZ. the robotic

controller 1001 activates the shifter solenoid assembly 6350
to bring the shifter gear 6342 into meshing engagement with
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the first vertical drive gear 6372. Thereafter, the controller
1001 causes the first rotary output motion to be applied to the
articulation drive gear 6322 to drive the shifter gear 6342 in a
first direction to ultimately drive the vertical driven gear 6192
in another first direction. The vertical driven gear 6192 is
driven to pivot the articulation ring 6164 on lhe 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“. ’fo articulate the end effector
6012 in the downward direction about the second tool articu-
lation axis TAZ-TA2. the robotic controllcr100] activates the

shifter solenoid assembly 6350 to bring the shifter gear 6342
into meshing engagement with the first vertical drive gear
6372. Thereafter. the controller 100] causes the first rotary
output motion to be applied in an opposite direction to the
articulation drive gear 6322 to drive the shifter 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 and the left lower cable 6152 in the proximal direction
"PD“. 111 various embodiments. the gear ratios and frictional
forces generated between the gears of the horizontal gear
assembly 6360 serve to prevent rotation of the horizontal
driven gear 6182 as the vertical gear assembly 6370 is actu-
ated.

In various embodiments. a variety of sensors may continu-
nieate with the robotic controller 1001 to determine the

articulated position of the end effector 6012. Such sensors
may interface 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 on the ball-shaped portion
6162 ofthe proximal spine portion 61 10. Such feedback from
the sensors to the controller 100] permits the controller [001

. to adjust the amount ofrotation and the direction 0 t'the 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 and the first vertical drive gear 6372. the end
ellector 601.2 is locked in the articulated position. Thus. after
the desired amount ofarticulation has been attained. the con-

troller 1001 may activate the shificr solenoid assembly 6350
to bring the shifler gear 6342 into meshing engagement with
the first horizontal drive gear 6362 and the first vertical drive
gear 6372. in alternative embodiments, the shifter solenoid
assembly 6350 may be spring activated to the central locked
position.

in use, it may be desirable to 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 includes a rotational transmission assem-
bly 6400 that is configured to receive a corresponding rotary
output motion li'om 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 shall asserti-
bly 6008 {and surgical end effector 6012] about the longitu~
dinal tool axis LT—LT. In various embodiments, for example
a proximal end portion 6041 of the proximal closure tube
6040 is 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 Inovably supported
on the tool mounting plate 6202. In at least one form1 the
rotational transmission assembly 6400 includes a tube gear
segment 6402 that is formed on {or attached to) the proximal
end 6041 of the proximal closure tube 6040 for operable
engagement by a rotational gear assembly 6410 that is oper-
ably supported on the tool mounting plate 6202. As can be
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seen in FIG. 136. the rotational gearassembly6410. in at least
one embodiment. comprises a rotation drive gear 6412 that is
coupled to a corresponding second one of the driven discs or
elements 1304 on the adapter side 1307 ofthe tool motniting
plate 6202 when the tool mount ing portion 6200 is coupled to
the tool drive assembly 1010. See F 1G. 22 . The rotational 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. The lirst 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 641 8 is attached to the
drive shaft 6416 and is in meshing engagement with 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 thereby cause rotation of the rotation drive
gear 6412. Rotation of the rotation drive gear 6412 ultimately
results in the rotation of the elongated shaft assembly 6008
[and the surgical end elliector 6012) about the longitudinal
tool axis LT-LT. It will be appreciated that the application of
a rotary output motion front the tool drive assembly 1010 in
one di rection will result in the rotation ol‘the elongated shaft
assembly 6008 and surgical end elliector 6012 about the lon-
gitudinal tool axis LT-L'I' in a 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.

In at least one embodiment. the closure of the anvil 2024

relative to the staple cartridge 2034 is accomplished by axi-
ally moving a closure ponion ofthe elongated shaft assembly
2008 in the distal direction "DD" on the spine assembly 2049.
As indicated above. in various embodiments. the proximal
end portion 6041 of the proximal closure tube 6040 is sup-
ported by the closure sled 6510 which comprises a portion of
a closure transmission. generally depicted as 6512. As can be
seen in MG. 127. the proximal end portion 6041 ol‘lhe proxi-
mal closure tube portion 6040 has a collar 6048 formed
thereon. The closure sled 6510 is coupled to 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 LT—LT while
still being coupled to the closure transmission 6512. In vari—
ous embodiments. the closure sled 6510 has an upstanding
portion 6516 that has a closure rack gear 6510 fomied
thereon. The closure rock gear 6518 is configured for driving
engagement with a closure gear assembly 6520. See Flt}.
127.

In various ibmis. the closure gear assembly 6520 includes
a closure spur gear 6522 that is coupled to a corresponding
second one ofthe driven d iscs or elements 1304 on the adapter
side 1307 ofthe tool mourning plate 6202. See FIG. 22. Thus.
app] icatiort nl'a third rotary output motion from the tool drive
assembly 1010 of the robotic system 1000 to the correspond-
ing second driven element 1304 will cause rotation of the
closure spur gear 6522 when the tool mounting portion 6202
is coupled to the tool drive assembly 1010. The closure gear
assembly 6520 further includes a closure reduction gear set
6524 that is supported in meshing engagement with the clo-
sure spur gear 6522 and the closure rack gear 2106. Thus.
app] icatiou ol'a third rotary output motion from the tool drive
assembly 1010 of the robotic system 1000 to the correspond-
ing second driven element 1304 will cause rotation of the
closure spur gear 6522 and the closure transmission 6512 and
ultimately drive the closure sled 6510 and the proximal clo-
sure tube 6040 axially on the proximal spine portion 6110.
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The axial direction in which the proximal closure tube 6040
moves ultimately depends upon the direction in which the
third driven element 1304 is rotated. Forexample. in response
to one rotary output motion received from the tool drive
assembly 1010 ofthe robotic system 1000. the closure sled
6511} will be driven in the distal direction “131)" and ulti-

mately 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 by
virtue of it connection with the proximal closure tube 6040.
As the distal closure tube 6042 is driven distally. the end ol‘the
closiu-e lube 6042 will engage a l-,ortion ofthe anvil 6024 and
cause the anvil 6024 to pivot to a closed position. Upon
application ofan “opening" out put motion from the tool drive
assembly 1010 ofthe robotic system 1000. the closure sled
6510 and the proximal closure tube 6040 will 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 6042 is driven in the proximal direction “PD". the open—
ing 6045 therein interacts with the tab 602'? on the anvil 6024
to facilitate the opening dtereof. In various embodiments. a
spring ( not shown] may be employed to bias the anvil 6024 to
the open position when the distal closure ttlbe 6042 has been
moved to its starting position. In various embodiments. the
various gears of the closure gear assembly 6520 are sized to
generate the necessary closure forces needed to 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 approxi-
tnately 70-120 potmds ofclosure forces.

In various embodiments. the cutting instrument is driven
through the 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} andfor is
fabricated fiom material that cart accommodate the articula-

tion of the stugical end elfector 6102 about the tlrst and
second tool articulation axes while remaining suilriciently
rigid so as to push the cutting instrument thmugh tissue
clamped in the surgical end el'tbclor 6012. The kui fe bar 6530
extends through a hollow passage 6532 in the proximal spine
portion 6110.

111 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 65.10 is
attached to the cutting instrument in the various manners
described above. As can be seen in FIG. 12?. the knife rack

gear 6540 is slidably supported within a rack housing 6542
that is attached to the tool mounting plate 6202 such that the
knife nick gear 6540 is retained in meshing engagement with
a knife drive transmission portion 6550 of the transmission
arrangelttent 6204. In various embodiments. the knife drive
transmission portion 6550 comprises a knife gear assembly
6560. More specifically and with reference to FlG. 127. in at
least one embodiment. the knife gear assembly 6560 includes
a knife spur gear 6562 that is coupled to a corresponding
fourth one ofthe 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 from 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 ionic gear reduction set 6564 is rotatably mounted
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to the tool mounting plate 6202 such that the first 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 engagement with a third knife drive gear assembly 6570.
As shown in FIG. 127. the second knife driven gear 6568 is in
meshing engagement with a fourth knife driven gear 6572 of
the third knife drive gear assembly 6570. The fourth knife
driven gear 6572 is in meshing engagement with a fifth kni fe
driven gear assembly 6574 that is in meshing engagement
with the knife rack gear 6540. In variotts embodiments. the
gears ofthe knife gear assembly 6560 are si zed'lo generate the
forces needed to dIiVe the cutting instrument through the
tissue clamped in tire surgical end effector 6012 and actuate
the staples therein. For example. the gears of the knife gear
assembly 6560 may be sized to generate approximately 40 to
100 pounds of driving force. It will be appreciated that the
application of a rotary otltptlt motion li'om the tool drive
assembly 1010 in one direction will result in the axial move-
ment o fthc culling instrument in a distal direction and appli-
cation ofthe rotary output motion in an opposite direction will
result in the axial travel ofthe cutting instrument in a proximal
direction.

As can be appreciated from the foregoing description. the
surgical tool 6000 represents a vast improvement over prior
robotic tool arrangements. The unique and novel transmis-
sion ammgement employed by the surgical tool 6000 enables
the tool to be operably coupled to a tool holder portion 1010
ofa robotic system that 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 longitu-
dinal 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 manipulate tissue and then
clamp it into position for cutting 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 of various embodiments of the present inven-
tiott described above enable two different articulation actions

to be powered front a single rotatable body portion of the
robotic system.

The various embodiments of the present invention have
been described above in connection with cutting—type surgi-
cal instruments. It should be noted. however. that in other

embodiments. the inventive surgical instrument disclosed
herein need not be a cutting-type surgical instrument. but
rather could be used in any type ol‘surgical instrument includ-
ing 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 dovice using ultrasound, RF. laser. etc. In
addition. the present invention may be in laparoscopic instru-
ments. for example. The present invention also has applica-
tion in conventional endoscopic and open surgical instrumen-
tation as well as robotic-assisted surgery.

FIG. 129 depicts use ol'various aspects ol'cerlain embodi-
ments of the present invention in comiection with a surgical
too] 7000 that has an ultrasonically powered end effector
7012. The end effector 7012 is operably attached to a tool
mounting portion 71.00 by an elongated shaft assembly 7008.
The tool mounting portion 7100 may be substantially similar
to the various tool mounting portions described hereinabove.
In one embodiment. the end effector 7012 includes an ultra—

sonically poweredjaw portion 7014 that is powered by alter—
nating current or direct current in a known manner. Such
ultrasonical Iy-powered devices are disclosed. for example. in
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US. Pat. No. 6.783.524. entitled “Robotic Surgical Tool With
Ultrasound Cauterixing and Cutting Instrument". the entire
disclosure ofwhich is herein incorporated by reference. In the
illustrated embodiment. a separate power cord 7020 is shown.
It will be understood. however. that the power may be sup-
plied thereto from the robotic controller 1001 through the tool
mounting portion 7100. The surgical end effector 7012 litr—
t'her includes a movable jaw 7016 that may be used to clamp
tissue onto the ultrasonic jaw portion 7014. The niovablejaw
portion 7016 may be selectively actuated by the robotic con-
troller 1001 through the tool mounting portion 7100 in any-
one of the various manners herein described.

FIG. 13!! illustrates use of various aspects of certain
embodiments of the present invention in connection with a
surgical tool 8000 that has an end eliector 8012 that cutti-
prises a linear stapling device. The end effector 8012 is oper-
a bly attached to a tool mounting portion 8100 by an elongated
shall assembly 3700 of the type and construction describe
above. However. the end effector 80] 2 may be attached to the
tool mounting portion 8100 by a variety of other elongated
shafi assemblies described herein. In one embodiment. the

tool mounting portion 8100 may be substantially similar to
too] mourning portion 3750. ilowever, variotts other tool
mounting portions and their respective transmission arrange-
ments describe in detail herein may also be employed. Such
linear stapling head portions are also disclosed for example.
in 1.1.3. Pat. No. 7.673.781 , entitled“Surgical Stapling Device
With Staple Driver That Supports Multiple Wire Diameter
Staples", the entire disclosure ofwhich is herein incorporated
by reference.

Various sensor embodiments described in U .5. Patent Pub-
lication No. 201120062212 Al to Shelton. l\-' et al.. the dis-

closure of which is herein incorporated by reference in its
entirety. may be employed with many of the surgical tool
embodiments disclosed herein. As was indicated above, the
master controller 100] generally includes master controllers
(generally represented by 1003) whiclt are grasped by the
surgeon zuid manipulated in space while the surgeon views
the procedure via a stereo display 1002. See FIG. 13. The
master controllers 100] are manual input devices which pref-
erably move with multiple degrees of freedom. and which
often fitrther have an actuatable handle for actuating the sur-
gical tools. Seine of the surgical tool embodiments disclosed
herein employ a motor or motors in their tool drive portion to
supply various control motions to the tool‘s end effector. Such
embodiments may also obtain additional control motionfs]
from the motor arrangement employed in the robotic system
components. Other embodiments disclosed herein obtain all
of the control motions front motor arrangements within the
robotic system.

Such motor powered arrangements may employ various
sensor arrangements that are disclosed in the published US
patent application cited above to provide the surgeon with a
variety offornts offeedback without departing from the spirit
and scopcoflhc present invention. For example. those master
controller arrangements 1003 that employ a manually actu~
arable firing trigger can employ run motor sensorls) to pro«
vide the surgeonwith feedback relating to the amount offorce
applied to or being experienced by the cutting member. The
run motor seasons) may be configured for communication
with the firing trigger portion to detect when the firing trigger
portion has been actuated to commence the cuttingfstapling
operation by the end effector. The run motor sensor may be a
proportional sensor such as. for example. a rheostat or vari—
able resistor. When the firing trigger is drawn in. the sensor
detects the movement. and sends an electrical signal indica-
tive ofthe voltage t or power) to be supplied to the correspond-
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ing motor. When the sensor is a 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 draws or closes the tiring trigger in a small
amount, the rotation of the motor is relatively low. When the
firing trigger is Fully drawn ill (or in the fully closed position],
the rotation of the motor is at its maximum. In other words.

the harder the surgeon pulls on the thing trigger. the more
voltage is applied to the motor causing greater rates of rota-
tion. Other arrangements may provide the surgeon with a feed
back meter 1005 that may be viewed through the display 1:102
and provide the surgeon with a visual indication of the
amount of force being applied to the cutting instrument or
dynamic clamping member. Other sensor arrangements may
be employed to provide the master controller 100'] with an
indication as to whether a staple cartridge has been loaded
into the end eHector. whether the anvil has been moved to a

closed position prior to tiring, etc.
In alternative embodiments. a motor-controlled interface

may be employed in connection witlt the controller 100] that
limit the maximum trigger pull based on the amount of load—
ing (cg. clamping force. cutting force. etc.) experienced by
the stu‘gical end effector. For example, the harder it is to drive
the cutting instrument through the tissue clamped within the
end effector. the harder it would be to pullfactuate the activa-
tion trigger. In still other embodiments. the trigger on the
controller 100] is arranged such that the trigger pull location
is proportionate to the end ellector—locatioitfcondilion. For
example, the trigger is only liJlly depressed when the end
clTector is fully fired.

The devices disclosed herein can be designed to be dis-
posed ol'al'ter a single use. or they can be designed to he used
multiple times. In either case. however. the device can be
reconditioned for recse after at least one use. Reconditioning
can include any combination of the steps of disassembly of
the device. followed by claiming or replacement ofparticular
pieces. and subsequent reassembly. In particular. the device
can be disassembled. and any number ol‘llie particular pieces
or parts of the device can be selectively replaced or removed
in any combination. Upon cleaning and/or replacement of
particular parts. thedevice can be reassembled for subscquent
Lise either at a reconditioning facility. or by a surgical team
immediately priorto a surgical procedure. Those skilled in the
art will appreciate that reconditioning of a device can utilize
a variety of techniques for disassentbly, cleaninglreplace-
merit, and reassembly. Use o fsach tmlmiques, and the result -
ing reconditioned device. are all wi thin the scope of the
present application.

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 disclosed for
certain components. other materials may be used. The lore-
going description and lollowing claims are intended to cover
all such modification and variations.

Any patent, publication. or other disclosure material, in
whole or in part. that is said to be incorporated by reference
herein is incorporated herein only to the extent that the incor-
porated materials does not conflict with existing definitions.
statements. or other disclosure material set forth in this dis-

closure. As such. and to the extent necessary. the disclosure as
explicitly set forth herein supersedes any conflicting material
incorporated herein by reference. Any material. or ponion
thereof. that is said to be incorporated by reference herein. but
which conflicts with existing definitions. statements. or other
disclosure material set forth herein will only be incorporated
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to the extent that no conflict arises between that incorporated
material and the existing disclosure material.

What is claimed is:

l. A disposable loading unit for use with a remotely con-
trollahlc system. said disposable loading unit comprising:

a cartridge assembly;
an elongated housing coupled to said cartridge assembly

and configured for operable attachment to an elongated
shalt assembly for transmitting control motions from a
control portion of the remotely controllable system:

an axial drive assembly supported for selective axial travel
through said cartridge assembly from a start position to
an end position upon application of a rotary control
motion thereto from said elongated shalt assembly:

a motor supported within said housing and operably inter-
facing with said axial drive assembly to selectively apply
said rotary control motion thereto: and

a power source axially movable within said housing from a
disconnected position wherein said power source is dis-
connected t'rotn said motor to at least one connected

position wherein said power source provides power to
said motor. said axially movable power source being
configured for attachment to an axially movable control
member of the remotely controllable system such that
said power source is axially moved from said discon-
nected position to one of said at least one connected
positions upon attachment to the control member.

2. The disposable loading unit of claim 1 wherein said
cartridge assembly further comprises an anvil assembly
selectively movable between an open position and a closed
position upon application of a closing moLion thereto front
said axial drive assembly.

3. The disposable loading unit of claim 2 wherein said
disposable loading unit further comprises:

a first contact arrangement in said housing. said first con~
tact arrangement communicating with said motor and
configured for contact with said power source when said
poWer source is in a first one of said at least one con-
nected positions: and

a second contact arrangement in said housing. said second
contact arrangement communicating with said motor
and configured for contact with said power source when
said power source is in a second one ol'said at least one
connected positions.

4. The disposable loading unit of claim 3 wherein when
said power source is in said first coniitxtcd position. said
power source is axially movable to said second connected
position upon application ol'an actuation motion to said axi-
ally movable control member.

5. The disposable loading unit of claim 4 wherein when
said power source is in said second connected position, said
motor powers said axial drive assembly to apply said closing
motion to said anvil assembly.

6. The disposable loading unit ofclaini 5 further compris-
ing a third contact arrangement in said housing. said third
contact arrangement communicating with said motor and
configured for contact with said power source when said
power source is in a third one of said at least one comiccted
positions.

7. The disposable loading unit of claim ti wherein when
said power source is in said third connected position. said
motor drives said axial drive assembly distally to said end
position within said cartridge assembly.

8. The disposable loading unit ofclaim 7 wherein said axial
drive assembly comprises:

a drive btatm operably coupled to said motor. and
a tissue cutting edge on said drive beam.
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9. The disposable loading unit of claim 7 liirther compris-
ing means for stopping said motor from driving said axial
drive assembly in said distal direction when said axial drive
assembly encounters resistance that exceeds a predetermined
amount o f resis tance.

It). A surgical instrument comprising:
a tool drive portion Configured for operable attachment to a

portion ol'a robotic system [or receiving control motions
therefrom:

an elongated shaft coupled to said tool drive portion:
an axially movable control member operably supported

within said elongated shaft and being axially movable in
response to actuation motions applied thereto from said
robotic system: and

a disposable loading unit comprising:
a housing aSscmbly coupled to said elongated shaft;
a cartridge assembly supported by said housing assem-

bly:

an axial drive assembly supported for selective axial
travel through said cartridge assembly from a start
position to an end position upon application of a
rotary motion thereto:

a motor supported within said housing assembly and
operably interfacing with said axial drive assembly to
selectively apply said rotary motion thereto: and

a power source axially movable within said housing
assembly from a disconnected position wherein said
power source is disconnected from said motor to a
first connected position wherein said power source
provides power to said motor upon attachment to the
control member.

11. The surgical instrument ofclaim 10 wherein said car-
tridge assembly further comprises an anvil assembly that is
selectively movable between an open position and a closed
position upon application of a closing motion thereto from
said axial drive assembly.

12. 'll‘te surgical instrument ofclaim 11 wherein said dis-
posable loading unit further comprises:

a first contact arrangement in said housing assembly, said
first contact arrangement communicating with said
motor and configured for contact with said power source
when said power source is said first connected position:
and

a second contact arrangement in said housing assembly.
said second contact arrangement commtuticatittg with
said motor and configured for contact with said power
source when said power source is in a second connected
position such that said motor powers said axis! drive
assembly to apply said closing motion to said anvil
assembly.

13. The surgical instrument ot'clairn 12 further comprising
a third contact arrangement in said housing assembly corn-
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municating with said motor and configured for contact with
said power source when said power source is in a third con-
nected position.

14. "file surgical instrument olclairn 13 wherein when said
power source is in said third connected position. said motor
drives said axial drive assembly distally to said end position
within said cartridge assembly.

15. The surgical instrument of claim ltl wherein said dis-
posable loading unit further comprises:

a first contact arrangement in said housing assembly. said
first contact arrangement cutmuunicating with said
motor and configured l'orcontact with said power source
when said power source is said first comiected position;
and

a second contact arrangement in said housing assembly.
said second contact arrangement communicating with
said motor and configured for contact with said power
source when said power source is in a second connected
position.

16. The surgical instrument o l‘claint 15 wherein when said
power sunrise is in said first connected position. said power
source is axially movable to said second connected position
upon application of an actuation motion to said axially mov—
able control member.

17. A surgical instrument comprising:
a tool drive port ion configured for operable attachment to a

portion ol’a robotic system for receiving control motions
therefrom;

an elongated sbafi coupled to said tool drive portion:
an axially movable control member operably supported

within said elongated sha ft and being axially movable in
response to actuation motions applied thereto from said
robotic system; and

a disposable loading unit comprising:
a housing assembly coupled to said elongated shaft:
a cartridge assembly supported by said housing assem-

bly:
an axial drive assembly supported for selective axial

travel through said cartridge assembly from a start
position to an end position upon application of a
rotary motion thereto;

a motor supported within said housing assembly and
operably interfacing with said axial drive. assembly to
selectively apply said rotary motion thereto:

a movable battery holder couplcable to said control
member and being axially movable within said hous-
ing assembly in response to motions applied thereto
by a control rod: and

a battery supported within said battery holder and con-
figured for selective axial communication with a
series of axially spaced contact arrangements in said
housing assembly for controlling supply of power
from said battery to said motor.
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