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TITLE
DUAL ARTICULATION DRIVE SYSTEM ARRANGEMENTS FOR ARTICULATABLE SURGICAL
INSTRUMENTS

BACKGROUND
[0001] The present invention relates to surgical instruments and, in various embodiments, to surgical stapling and cutting
instruments and staple cartridges for use therewith,
[0002] A stapling instrument can include a pair of cooperating elongate jaw members, wherein each jaw member can be
adapted o be mnserted into a patient and positioned relative to tissue that is to be stapled and/or incised. In varous
embodiments, one of the jaw members can support a staple cartridge with at least two laterally spaced rows of staples
contained therein, and the other jaw member can support an anvil with staple-forming pockets aligned with the rows of
staples in the staple cartridge. Generally, the stapling instrument can further inchide a pusher bar and a knife blade which
are slidable relative to the jaw members to sequentially eject the staples from the staple cariridge via camiming surfaces on
the pusher bar and/or camming surfaces on a wedge sled that is pushed by the pusher bar. In at least one embodiment, the
camming surfaces can be configured to activate a plurality of staple drivers camried by the cartridge and associated with the
staples in order to push the staples against the anvil and form laterally spaced rows of deformed staples in the tissue gripped
between the jaw mmembers. In at least one embodiment, the knife blade can trail the canuning surfaces and cut the tissue
along a line between the staple rows.
B003] The foregoing discussion is intended only o ilusitate various aspects of the related ant in the field of the invention

at the time, and should not be taken as a disavowal of claim scope.

BRIVF BESCRIPTION OF THE DRAWINGS
[0004] Various features of the embodiments described herein, together with advantages thereof, may be understood in
accordance with the following description taken in conjunction with the accompanying drawings as follows;
[0005] FIG. 1 is a perspective view of a surgical instrument and an elongate shaft assembly embodiment;
{B086] FIG. 2 is an exploded assembly view of the handle or housing portion of the surgical instrument of FIG. §;
[0007] FIG. 3 is an exploded assembly view of a portion of an elongate shaft assembly;
{0608] FIG. 4 is another exploded assembly view of another portion of the clongate shaft assembly of FIG. 3,
[B0069] FIG. 5 is an exploded assembly view of a portion of a surgical end effector embodiment and closure sleeve
cmbodiment;
[0018] FIG. 6 is a partial cross-sectional view of a portion of the surgical end effector and closure sleeve arrangerent of
FiG. §;
[0011] FIG. 7 is a perspective view of the surgical end effector and closure sleeve amrangement of FIGS. 5 and 6 with the
anvil thereof in an open positicn or configuration;
{00312] FIG. 8 is another perspective view of the surgical end effector and closure sleeve arrangement of FIGS. 5-7 with

the anvil thereof in a closed position or configuration;
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[Be13] FIG. 9 is a perspective view of a surgical end effector and clongate shaft assembly embodiment with portions
thereof omitted for clarity;

[0014] FIG. 10 is a top view of portions of the surgical end effector and elongate shaft assembly embodiment of FIG. 9
with the surgical end effector in an articulaied position or configuration;

[Be13) FIG. 11 is a partial exploded assembly view of portions of the surgical end effector and elongate shaft assembly
embodiment of FIGS. 9 and 10;

{016] FIG. 12 s a top view of portions of the surgical end effector and elongate shaft asserably of FIGS. 9-11;

{0017} FIG. 13 is a perspective view of portions of the surgical end effector and elongate shaft assembly embodiment of
FIGS. 8-12 with the surgical end effector in an articulated position or configuration;

[0018] FIG. 14 is a top view of portions of the surgical end effector and elongate shaft assembly embodiment of FIGS. 9~
13 with the surgical end effector in an articulated configuration and with some of the components thereof shown in cross-
section for clarity;

{B019] FIG. 15 is a perspective view of a portion of another elongate shaft assembly embodiment;

j0028] FIG. 16 is another perspective view of the elongate shaft assemibly embodiment of FIG. 15 with the closure tube
and closure sleeve components omitied for clarity;

B2y} FIG. 17 is a top view of portions of the elongate shaft assernbly embodinient of FIGS. 15 and 16;

iB622] FIG. 18 is a cross-sectional side elevational view of the elongate shaft assembly embodiment of FIGS. 15-17 with
a surgical staple cartridge mounted in the surgical end effector portion;

{0623] FIG. 19 is ancther cross-sectional side clevational view of the elongate shaft assembly of FIGS. 15-18 witha
surgical staple cartridge mounted in the surgical end effector portion;

iD024] TFIG. 20 is a top view of portions of the suwrgical end effector and elongate shaft assembly of FIGS. 15-19 with the
sorgical end effector in an articulated position or configoration;

[0025] FIG. 20A is a side elevational view of a portion of another surgical end effector and closure sleeve embodiment;
B26] FIG. 21 is a perspective view of another surgical end effector and elongate shaft assembly embodiment with
portions thereof omitted for clarity;

{0027 FIG. 22 s an exploded assembly view of portions of the surgical end effector and elongate shaft assembly
embodiment of FIG. 21;

{B028] FIG. 23 is a top view of portions of the surgical end effector and elongate shaft assembly embodiment of FIGS. 21
and 22;

{0629] FIG. 24 is ancther top view of the portions of the surgical end effector and clongate shaft assembly embodiment of
FIGS. 21-23 with portions thereof omitted for clarity;

{D036] FIG. 25 is another top view of the portions of the surgical end effector and clongate shaft assembly embodiment of
FIGS. 21-24 with the surgical end effector in an articulated position or configuration;

{0631] FIG. 26 is an exploded perspective view of a porion of another elongate shaft assembly embodiment,

[B32) FIG. 27 is an exploded assemibly view of portions of another surgical end effector and elongate shaft assembly
cmbodiment;

[0033] FIG. 28 is a partial perspective view of a portion of the elongate shaft assembly embodiment of FIG. 27 with

portions thereof omitted for clarity;
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[p034] FIG. 29 is ancther partial perspective view of portions of the elongate shaft assenmbly embodiment of FIGS. 27 and
28 with portions thereof omitted for clanty,

[0035] FIG. 30 is another partial perspective view of portions of the elongate shaft assembly embodiment of FIGS. 27-29
with portions thereof omitied for clagty;

[B036] FIG. 31 is a top view of portions of the surgical end effector and elongate shaft assembly embodiment of FIGS.
27-30 with portions thereof omitted for clarity;

[0037] FIG. 32 is ancther top view of portions of the surgical end effector and slongate shaft assernbly ernbodiruent of
FIGS. 27-31 with portions thereof omitted for clarity and with the surgical end effector in an articulated position or
configuratiorn;

[0038] FIG. 33 is a side elevational view of portions of the surgical end effector and elongate shaft assembly embodiment
of FIGS. 27-32 with portions thereof omitied for clarty;

[003%] FIG. 34 is a perspective view of portions of the surgical end effector and elongate shaft assembly embodiment of
FIGS. 27-33 with portions thexeof omitied for clarty;

{00461 FIG. 35 is another partial perspective view of portions of the surgical end effector and elongate shaft assembly
embodiment of FIGS. 27-34 with portions thereof omitted for clarity;

[B41) FIG. 36 is an exploded assemibly view of portions of a distal finng beam assembly embodiment and lateral load
carrying member embodiments;

[0042] FIG. 37 is a perspective view of the distal finng beam assembly and lateral load carrying members of FIG. 36;
{0643] FIG. 38 is an enlarged cross-sectional view of portions of the distal firing beam assembly and lateral load carrying
members of FIGS. 36 and 37,

iD044] TFIG. 39 is another cross-sectional view of the distal firing beam assembly and lateral Joad carrying members of
FIGS. 36-38;

[0045] FIG. 40 is a side clevational view of a portion of a distal firing beam assembly embodiment attached to a firing
member embodiment;

[0046] FIG. 41 is a top view of a portion of the distal firing beam assembly embodiment and firing member embodiment
of FIG. 40,

[0047] FIG. 42 is a cross-sectional view of a portion of the distal firing beam assembly embodiment of FIGS. 40 and 41
with fateral load carrving members journaled thereon and with the distal firing beam asserbly erabodiment in a flexed
position or configuration;

{00648] FIG. 43 is a perspective view of the disial finng beam assembly embodiment and laieral load cartying
embodiments of FIG, 42;

iB049] TFIG. 44 is a perspective view of portions of another surgical end effector embodiment and clongate shaft assembly
embodiment with portions thereof omitted for clarity and with the surgical end effector in an articulated position or
configuration,

[Be50]  FIG. 45 is a top view of the surgical end effector embodiment and elongate shaft assembly embodiment of FIG.
44

[0051] FIG. 46 is another fop view of the surgical end effector embodiment and elongate shaft assembly embodiment of

FIG. 43 with portions of the pivot link thereof shown in cross-section;
p !

(5]
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[0052] FIG. 47 is a partial perspective view of portions of another surgical end effector embodiment and elongate shaft
assembly embodiment with pottions thereof omitted for clarnity.

[0083] FIG. 48 is a top view of portions of the surgical end effector embodiment and elongate shaft assembly
embodiment of FIG. 47 with portions thereof omitied for clanty,;

[B054] FIG. 49 is another top view of the surgical end effector embodiment and elongate shaft assembly embodiment of
F1G. 48;

[6D35] FPIG. 30 is a top perspective view of portions of the surgical end effector emnbodirnent and elongate shaft assermbly
embodiment of FIGS. 47-49 with portions thereof omitted for clarity and the surgical end effector in an articulated position
or configuration;

[0036] FIG. 51 is another top perspective view of portions of the surgical end effector embodiment and elongate shaft
assembly embodirent of FI1G. 30;

[0087] FIG. 52 is an enlarged perspective view of portions of the surgical end effector embodiment and elongate shaft
assembly embodiment of FIG. 51;

{0038] FIG. 53 is a top view of portions of another surgical end effector embodiment and elongate shadt assembly
embodiment with portions thereof omitted for clarity and ifhustrating the surgical end effector in an unarticulated position ot
configuration and an articulated position or configuration;

{80397 FIG. 54 is a top view of a portion of the clongate shaft assembly embodiment of FIG. 53 with the atticulation
systent in a neutral or unarticulated position or cordiguration and with portions of the clongate shaft assembly omitted for
clarity;

[Be60]  FIG. 55 is another top view of a portion of the elongate shaft assembly embodiment of FIG. 54 with the
articulation system in a first atticulated position or configuation;

{661} FIG. 36 is another top view of a portion of the slongate shaft assembly embodiment of FIGS. 54 and 55 with the
articulation system in a second articulated position or configuration;

062} FIG. 57 is a partial perspective view of other portions of the elongated shaft assembly embodiment of FIGS. 53-56
and portions of the surgical end effector embodiment in an unarticulated position or configuration and with portions thereof
omitted for clarity;

[0063] FIG. 38 is another partial perspective view of the surgical end effector embodiment and clongate shaft assembly
smbodiment of FIG. 37 with portions thereof omitted for clarity;

[0064] FIG. 59 is a top view of a portion of ancther elongate shaft assembly erabodiment with portions thereof omitied
for clarity;

[Be63] FIG. 60 is a top view of portions of ancther articulation system embodiment in a neutral or unarticulated position;
iB066] FIG. 61 is a top view of a driver articulation disc embodiment of the articulation system of FIG. 60;

[0067] FIG. 62 is a top view of a driven articulation disc embodiment of the articulation system FIG. 60;

{0668] FIG. 63 is ancther top view of the ariculation system embodiment of FIG. 60 in a position or configuration after
an articulation control motion has been initially applied thereto;

i8069] TFIG. 64 is another fop view of the articulation system embodiment of FIG. 63 in a first arficulated position or

configuration;
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[Be76] FIG. 65 is ancther top view of the articulation system embodiment of FIGS. 63 and 64 in a second articulated
position or configuration;

[0071] FIG. 66 is a perspective view of another surgical end effector and closure sleeve embodiment with the jaws thereof
in a closed position or configuration,

[8072] FIG. 67 is another perspective view of the surgical end effector and closure sleeve embodiment of FIG. 66 with
the jaws thereof in an open position or configuration;

[0073] FIG. 68 is a side elevational view of the surgical end effector and closure slecve ernbodiment of FIGS. 66 and 67
with the closure sleeve shown in cross-section and the jaws thereof in an open position or configuration;

Be74] FIG. 69 is a side clevational view of the surgical end effector and closure sleeve embodiment of PIGS. 66-68
shown in cross~section and with the jaws thereof in an open position or configuration;

[6075] FPIG. 70 is an exploded assembly view of the surgical end effector and closore sleeve embodiment of FIGS. 66-69;
[0076] FIG. 71 is an exploded assembly view of another surgical end effector and closure sleeve embodiment;

80777 FIG. 72 is a perspective view of another surgical end effector and closure sleeve erbodiment with the jaws thereof
in an open position or configuration;

{0678] FIG. 73 is another perspective view of the suxgical end effecior and closure sleeve embodiment of FIG. 72 with
the jaws thereof in a closed position or configuration;

iB079] FIG. 74 is an exploded perspective asserably view of the surgical end effecior and closure sleeve embodiment of
FIGS. 72 and 73;

{0088] FIG. 75 is a side elevational view of the surgical end effector and closure sleeve embodiment of FIGS. 72-74 with
the jaws thereof in a closed position or configuration;

{B081] FIG. 76 is a rear perspective view of the surgical end effector embodiment of FIGS. 72-75 with the closure sleeve
erabodiment thereof shown in phantom Hues for clarity;

[0082] FIG. 77 is a side cross-sectional view of the surgical end effector and closure sleeve embodiment of FIGS. 72-76
with the jaws thereof 1n a closed position or configuration;

{0083] FIG. 78 is another side cross-sectional view including one of the cam plates of the surgical end effector and
closure sleeve embodiment of FIGS. 72-77 with the jaws thereof in a closed position or configuration;

[0084] FIG. 79 is another side cross-sectional view including one of the cam plates of the surgical end effector and
closure sleeve embodiment of FIGS. 72-78 with the jaws thereof in an open position or configuration;

[0083] FIG. 80 is a partial perspective view of another surgical end effector and closure sleeve embodiment with the jaws
thereof in an open position or configuration,

[0086] FIG. 81 is a partial perspective view of the surgical end effector and closure sleeve embodiment of FIG. 80 with
the jaws thereof in a closed position or configuration;

[0087] FIG. 82 is an exploded perspective assembly view of the surgical end effector and closure sieeve embodiment of
FIGS. 80 and 81;

[p088] FIG. 83 is a side clevational view of the surgical end effector and closure sleeve embodiment of FIGS. 80-82 with
the jaws thereof in a closed position or configuration;

{0088] FIG. 84 is a side ekevational view of the surgical end effector and closure slecve embodimert of FIGS. 80-83 with

a portion of the closure sleeve shown in cross-section and with the jaws thereof in an open position or configuration;
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[Be90]  FIG. 85 is an exploded perspective assembly view of another surgical end effector and closure skeve embodiment;
iB091] FIG. 86 is a side elevational view of the surgical end effector and closure sleceve embodiment of FIG. 85 with the
jaws thereof in a closed position or configuration;

i00692] FIG. 87 is a side elevational view of the surgical end effector and closure sleeve embodiment of FIGS. 85 and 86
with the jaws thereof 1n an open position or configuration with a portion of the closure sleeve shown in cross-section;
[0093] FIG. 88 is a perspective view of a portion of another elongate shaft assembly embodiment;

[6D84] PIG. BY is another perspective view of the elongate shaft assembly embodiment of FIG. 88 with some componeats
thereof omitted for clarity;

{Be95)  FIG. 90 is another perspective view of the clongate shaft assembly of FIGS. 88 and 89 with the surgical end
effector in an articulated position or configuration;

[0096] FIG. 91 is an exploded assembly view of the elongate shaft asserobly of FIGS. 88-90;

[0097) FIG. 92 is a top view of the elongate shaft assembly of FIGS. 88-91 with some components omitted for clarity and
the sorgical end effector thereof articulated in one direction;

[0098] FIG. 93 is another top view of the elongate shaft assembly of FIGS. 88-92 with some components thereof ormitted
for clarity and with the surgical end effector articulated in another direction;

[Be99]  FIG. 94 is a perspective view of a surgical staple cartridge embodiment; and

i0106] FIG. 95 is a perspective view of another surgical staple carinidge embodiment,

[0101] Corresponding reference characters indicate corresponding parts throughout the several views. The
exemplifications set oui herein illustrate various embodiments of the invention, in one form, and such exemplifications are

not to be construed as limiting the scope of the invention in any manner.

DETABLED BESCRIPTION
[0102] Applicant of the present application owns the following patent applications that were filed on even date herewith
and which are each herein incorporaled by reference in their respective entireties:
~ U.S. Patent Application Serial No. . entitled SURGICAL END EFFECTORS WITH POSITIVE JAW
OPENING ARRANGEMENTS, Attomey Docket Mo, END767SUSNP/150116;
- U.S. Patent Application Serial No. , entitled SURGICAL END EFFECTORS WITH DUAL CAM
ACTUATED JAW CLOSING FEATURES, Atiorney Docket No. END7677USNE/150112;
- U.S. Patent Application Serial No. entitled SURGICAL STAPLING INSTRUMENTS WITH
LOCKOUT ARRANGEMENTS FOR PREVENTING FIRING SYSTEM ACTUATION WHEN A CARTRIDGE 1S
SPENT OR MISSING:, Attorney Docket No. END7676USNP/150111;
- U.S. Patent Application SerialNo. , entitled MOVABLE FIRING BEAM SUPPORT
ARRANGEMENTS FOR ARTICULATABLE SURGICAL INSTRUMENTS, Attorney Docket MNo.
END7674USNP/150109;
- U.S. Patent Application Serial No. ~~ _entitled ARTICULATABLE SURGICAL INSTRUMENTS
WITH COMPOSITE FIRING BEAM STRUCTURES WITH CENTER FIRING SUPPORT MEMBER FOR

ARTICULATION SUPPORT, Attormney Docket No. END7673USNP/150108; and
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- U.S. Patent Applcation Serial No.  entitled PUSH/PULL ARTICULATION DRIVE SYSTEMS
FOR ARTICULATABLE SURGICAL INSTRUMENTS, Attorney Docket No. END767HUSNP/ 150106,

[0103]  Applicant of the present application owns the following patent applications that were filed on March 6, 2015 and
which are each herein incorporated by reference in their respective entireties:

- U.8. Patent Application Serial No. 14/640,746, entitled POWERED SURGICAL INSTRUMENT;

- U.S. Patent Application Serial No. 14/640,793, entitled MULTIPLE LEVEL THRESHOLDS TO MODIFY
OPERATION OF POWERED SURGICAL INSTRUMENTS;

- U.S. Patent Application Serial No. 14/640,832, entitled ADAPTIVE TISSUE COMPRESSION TECHNIQUES
TO ADJUST CLOSURE RATES FOR MULTIPLE TISSUE TYPES; Attorney Docket No. ENDY7357USNP/140487;

- U.S. Patent Application Serial No. 14/640,933, entitled OVERLAID MULTI SENSOR RADIO FREQUENCY
(RF)Y ELECTRODE SYSTEM TO MEASURE TISSUE COMPRESSION,;

- U.S. Patent Application Serial No. 14/640,831, entitled MONITORING SPEED CONTROL AND PRECISION
INCREMENTING OF MOTOR FOR POWERED SURGICAL INSTRUMENTS;

- U.S. Patent Application Serial No. 14/640,859, entitled TIME DEPENDENT EVALUATION OF SENSOR
DATA TO DETERMINE STABILITY, CREEP, AND VISCOELASTIC ELEMENTS OF MEASURES;

- U.S. Patent Application Serial No. 14/640,817, entitled INTERACTIVE FEEDBACK SYSTEM FOR POWERED
SURGICAL INSTRUMENTS;

- U.S. Patent Application Serial No. 14/640.844, entitled CONTROL TECHNIQUES AND SUB-PROCESSOR
CONTAINED WITHIN MODULAR SHAFT WITH SELECT CONTROL PROCESSING FROM HANDLE;

- U.S. Patent Application Serial No. 14/640,837, entitled SMART SENSORS WITH LOCAL SIGNAL
PROCESSING;

- U.5. Patent Application Senial No. 14/640,763, entitled SYSTEM FOR DETECTING THE MIS-INSERTION OF
A STAPLE CARTRIDGE INTO A SURGICAL STAPLER;

- U.S. Patent Application Serial No. 14/640,799, euatitled SIGNAL AND POWER COMMUNICATION SYSTEM
POSITIONED ON A ROTATABLE SHAFT; and

- U.S. Patent Application Senial No. 14/640,780, entitled SURGICAL INSTRUMENT COMPRISING A
LOCKABLE BATTERY HOUSING.

[B184] Applicant of the present application owns the following patent applications that wexe filed on Febroary 27, 2015,

and which are each herein incorporated by reference in their respective entireties:

- U.5. Patent Application Senial No. 14/633,576, entitled SURGICAL INSTRUMENT SYSTEM COMPRISING
AN INSPECTION STATION:
- 1.8, Patent Application Serial No. 14/633,546, entitled SURGICAL APPARATUS CONFIGURED TO ASSESS

WHETHER A PERFORMANCE PARAMETER OF THE SURGICAL APPARATUS IS WITHIN AN ACCEPTABLE
PERFORMANCE BAND;

- U.S. Patent Application Serial No. 14/633 576, entitied SURGICAL CHARGING SYSTEM THAT CHARGES
AND/OR CONDITIONS ONE OR MORE BATTERIES;
- U.S. Patent Application Serial No. 14/633 566, entitled CHARGING SYSTEM THAT ENABLES EMERGENCY

RESOLUTIONS FOR CHARGING A BATTERY,

~k
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- U.S. Patent Application Serial No. 14/633,555, entitied SYSTEM FOR MONITORING WHETHER A
SURGICAL INSTRUMENT NEEDS TO BE SERVICED;

- .S, Patent Application Serial No. 14/633,342, entitled REINFORCED BATTERY FOR A SURGICAL
INSTRUMENT;

- U.S. Patent Applcation Serial No. 14/633,548, entitled POWER ADAPTER FOR A SURGICAL
INSTRUMENT;

- U.5. Patent Application Serial No. 14/633,526, entitled ADAPTABLE SURGICAL INSTRUMENT HANDLE;
- U.S. Patent Application Serial No. 14/633,541, entitied MODULAR STAPLING ASSEMBLY; and

- U.S. Patent Application Serial No. 14/633,562, entitled SURGICAL APPARATUS CONFIGURED TO TRACK

AN END-OF-LIFE PARAMETER.
[6165]  Applicant of the present application owans the following patent applications that were filed on December 18, 2014

and which are each herein incorporated by reference in their respective entireties:

- U.S. Patent Application Serial No. 14/574,478, euntitled SURGICAL INSTRUMENT SYSTEMS COMPRISING
AN ARTICULATABLE END EFFECTOR AND MEANS FOR ADJUSTING THE FIRING STROKE OF A FIRING;

- U.5. Patent Application Serial No. 14/574,483, entitled SURGICAL INSTRUMENT ASSEMBLY COMPRISING
LOCKABLE SYSTEMS:

- U.S. Paicnt Application Serial No. 14/573,139, entitled DRIVE ARRANGEMENTS FOR ARTICULATABLE
SURGICAL INSTRUMENTS;

- U.5. Patent Application Serial No. 14/575,148, entitled LOCKING ARRANGEMENTS FOR DETACHABLE
SHAFT ASSEMBLIES WITH ARTICULATABLE SURGICAL END EFFECTORS;

- .S, Patent Application Serial No. 14/575,130, entitied SURGICAL INSTRUMENT WITH AN ANVIL THATIS

SELECTIVELY MOVABLE ABOUT A DISCRETE NON-MOVABLE AXIS RELATIVE TO A STAPLE
CARTRIDGE;

- U.S. Patent Application Serial No. 14/575,143, entitled SURGICAL INSTRUMENTS WITH IMPROVED
CLOSURE ARRANGEMENTS;

- U.S. Patent Application Senal No. 14/575,117, entitled SURGICAL INSTRUMENTS WITH ARTICULATABLE
END EFFECTORS AND MOVABLE FIRING BEAM SUPPORT ARRANGEMENTS;

- U.S. Patent Application Serial No. 14/575,134, entitled SURGICAL INSTRUMENTS WITH ARTICULATABLE
END EFFECTORS AND IMPROVED FIRING BEAM SUPPORT ARBRANGEMENTS;

- U.5. Patent Application Serial No. 14/574,493, entitled SURGICAL INSTRUMENT ASSEMBLY COMPRISING
A FLEXIBLE ARTICULATION SYSTEM; and

- U.S. Patent Application Serial No. 14/574,500, entitied SURGICAL INSTRUMENT ASSEMBLY COMPRISING

A LOCKABLE ARTICULATION SYSTEM.

[03166] Applicant of the present application owns the following patont applications that were filed on March 1, 2013 and
which are each herein incorporated by reference in their respective entireties:

- U.S. Paicnt Application Serial No. 13/782,295, entitled ARTICULATABLE SURGICAL INSTRUMENTS WITH
CONDUCTIVE PATHWAYS FOR SIGNAL COMMUNICATION, now U.S. Patent Application Publication No.
2014/6246471,
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- U.S. Patent Application Serial No. 13/782,323, entitled ROTARY POWERED ARTICULATION JOINTS FOR
SURGICAL INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0246472;

- U.S. Patent Apptication Seriad No. 13/782 338, entitfed THUMBWHEEL SWITCH ARRANGEMENTS FOR
SURGICAL ENSTRUMENTS, now U.S. Patent Application Publication No. 2014/0249557;

- U.S. Patent Application Serial No. 13/782,499, entitled ELECTROMECHANICAL SURGICAL BDEVICE WITH
SIGNAL RELAY ARRANGEMENT, now U.S. Patent Application Publication No. 2014/0246474;

- U.S. Patent Application Senial No. 13/782 460, entitled MULTIPLE PROCESSOR MOTOR CONTRQOL FOR
MODULAR SURGICAL INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0246478;

- U.S. Patent Application Serial No. 13/782,338, entitled JOYSTICK SWITCH ASSEMBLIES FOR SURGICAL
INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0246477;

- U.5. Patent Application Serial No. 13/782 481, entitled SENSOR STRAIGHTENED END EFFECTOR DURING
REMOVAL THROUGH TROCAR, now U 5. Patent Application Publication No. 2014/0246479;

- U.S. Patent Application Serial No. 13/782,518, entitled CONTROLU METHODS FOR SURGICAL

INSTRUMENTS WITH REMOVABLE IMPLEMENT PORTIONS, now U.S. Patent Application Publication No.
2014/06246475;

- U.S. Patent Application Serial No. 13/782,375, entitled ROTARY POWERED SURGICAL INSTRUMENTS
WITH MULTIPLE DEGREES OF FREEDOM, now U.S. Patent Application Publication No. 2014/0246473; and
- U.S. Patent Application Serial No. 13/782,536, entitied SURGICAL INSTRUMENT SOFT 8TOP, now U.S.

Patent Application Publication No. 2014/0246476.
[0187] Applicant of the present application also owns the following patent applications that were filed on March 14, 2013

and which are each herein incorporated by reference in their respective entiretics:

- U.5. Patent Application Serial No. 13/803 097, entitled ARTICULATABLE SURGICAL INSTRUMENT
COMPRISING A FIRING DRIVE, now U.S. Patent Application Publication No. 2014/0263542;

- U.S. Patent Application Serial No. 13/803,193, entitfed CONTROL ARRANGEMENTS FOR A DRIVE
MEMBER OF A SURGICAL INSTRUMENT, now U.5. Patent Application Publication No. 2014/0263337;

- U.5. Patent Application Serial No. 13/803 053, entitled INTERCHANGEABLE SHAFT ASSEMBLIES FOR
USE WITH A SURGICAL INSTRUMENT, now U 5. Patent Application Publication No. 2014/0263564;

- U.S. Patent Application Serial No. 13/803,086, entitled ARTICULATABLE SURGICAL INSTRUMENT
COMPRISING AN ARTICULATION LOCK, now U.S. Patentt Application Publication No. 2014/0263541;

- U.5. Patent Application Serial No. 13/803,2 10, entitled SENSOR ARRANGEMENTS FOR ABSOLUTE

POSITIONING SYSTEM FOR SURGICAL INSTRUMENTS, now U.S. Patent Application Publication No.

2014/0263538;

- U.S. Patent Apptication Serial No. 13/803 148, entitfed MULTI-FUNCTION MOTOR FOR A SURGICAL
INSTRUMENT, now U.S. Patent Application Publication No. 2014/0263554;

- U.S. Patent Application Serial No. 13/803,066, entitled DRIVE SYSTEM LOCKOUT ARRANGEMENTS FOR
MODULAR SURGICAL INSTRUMENTS, now U.S. Patent Application Publication Mo. 2014/0263565;

- U.S. Patent Apptication Serial No. 13/803,117, entitfed ARTICULATION CONTROL SYSTEM FOR

ARTICULATABLE SURGICAL INSTRUMENTS, now U.S. Patent Application Publication Ne. 2014/0263553;
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- U.S. Patent Application Serial No. 13/803 130, entitled DRIVE TRAIN CONTROL ARRANGEMENTS FOR
MODULAR SURGICAL INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0263543; and
- U.S. Patent Apptication Serial No. 13/803 159, entitfed METHOD AND SYSTEM FOR OPERATING A

SURGICAL ENSTRUMENT, now U.S. Patent Application Publication Ne. 2014/6277017.

[D198]  Applhicant of the present application also owns the following patent application that was filed on March 7, 2014
and is herein incorporated by reference in its entirety:

- U.S. Patent Application Senial No. 14/200,111, entitled CONTROL SYSTEMS FOR SURGICAL
INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0263539.

{B189]  Applicant of the present application also owns the following patent applications that were filed on March 26, 2014

and are each herein incorporated by reference in their respective entireties:

- U.5. Patent Application Serial No. 14/226,106, entitled POWER MANAGEMENT CONTROL SYSTEMS FOR
SURGICAL INSTRUMENTS;

- U.S. Patent Application Serial No. 14/226,099, entited STERILIZATION VERIFICATION CIRCUIT;

- U.S. Patent Application Senal No. 14/226 094, entitled VERIFICATION OF NUMBER OF BATTERY
EXCHANGES/PROCEDURE COUNT;

- U.S. Patent Application Serial No. 14/226,117, entitled POWER MANAGEMENT THROUGH SLEEP
OPTIONS OF SEGMENTED CIRCUIT AND WAKE UP CONTROL;

- U.S. Patent Apptication Seriad No. 14/226 075, entitled MODULAR POWERED SURGICAL INSTRUMENT
WITH DETACHABLE SHAFT ASSEMBLIES;

- U.S. Patent Application Serial No. 14/226,093, entitled FEEDBACK ALGORITHMS FOR MANUAL BAILOUT
SYSTEMS FOR SURGICAL INSTRUMENTS;

- U.S. Patent Application Senal No. 14/226,116, entitled SURGICAL INSTRUMENT UTHIZING SENSOR
ADAFTATION;

- U.S. Patent Application Serial No. 14/226,071, entitled SURGICAL INSTRUMENT CONTROL CIRCUIT
HAVING A SAFETY PROCESSOR;

- U.S. Patent Application Senial No. 14/226,097, entitled SURGICAL INSTRUMENT COMPRISING
INTERACTIVE SYSTEMS;

- U.S. Patent Application Serial No. 14/226,126, entitled INTERFACE SYSTEMS FOR USE WITH SURGICAL
INSTRUMENTS;

- U.5. Patent Application Serial No. 14/226,133, entitled MODULAR SURGICAL INSTRUMENT SYSTEM;

- U.S. Patent Application Serial No. 14/226,081, entitled SYSTEMS AND METHODS FOR CONTROLLING A
SEGMENTED CIRCUIT;

- U.S. Patent Application Serial No. 14/226,076, entitled POWER MANAGEMENT THROUGH SEGMENTED
CIRCUIT AND VARIABLE VOLTAGE PROTECTION,

- U.S. Patent Application Serial No. 14/226,111, entitled SURGICAL STAPLING INSTRUMENT SYSTEM; and
- .S, Patent Application Serial No. 14/226,125, entitied SURGICAL INSTRUMENT COMPRISING A

ROTATABLE SHAFT.
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[D118]  Applhicant of the present application also owns the following patent applications that were filed on September 5,
2014 and which are each herein incorporated by reference in their respective entireties:

- U.S. Patent Application Serial No. 14/479,103, entitled CIRCUITRY AND SENSORS FOR POWERED
MEDICAL DEVICE;

- U.S. Patent Application Serial No. 14/479,119, entitled ADJUNCT WITH INTEGRATED SENSORS TC
QUANTIFY TISSUE COMPRESSION;

- U.S. Patent Application Sernial No. 14/478,908, entitled MONITORING DEVICE DEGRADATION BASED ON
COMPONENT EVALUATION;

- U.S. Patent Application Serial No. 14/478,895, entitled MULTIPLE SENSCRS WI{TH ONMNE SENSOR
AFFECTING A SECOND SENSOR'S QUTPUT OR INTERPRETATION;

- U.5. Patent Application Senial No. 14/479,110, entitled USE OF POLARITY OF HALL MAGNET DETECTION
TO DETECT MISLOADED CARTRIDGE;

- U.S. Patent Application Serial No. 14/479,098, entitled SMART CARTRIDGE WAKE UP OPERATION AND
DATA RETENTION;

- U.5. Patent Application Serial No. 14/479,115, entitlied MULTIPLE MOTOR CONTROL FOR POWERED
MEDICAL DEVICE; and

- .S, Patent Application Serial No. 14/479,108, entitied LOCAL DISPLAY OF TISSUE PARAMETER
STABILIZATION.

{0113] Applicant of the present application alsc owns the following patent applications that were filed on Apnl 9, 20614
and which are each herein incorporated by reference in their respective entireties:

- U.S. Paicnt Application Serial No. 14/248,590, entitled MOTOR DRIVEN SURGICAL INSTRUMENTS WiTH
LOCKABLE DUAL DRIVE SHAFTS, sow U.S. Patent Application Publication No. 2014/0305987;

- U.S. Patent Application Serial No. 14/248,581, entitled SURGICAL INSTRUMENT COMPRISING A CLOSING
DRIVE AND A FIRING DRIVE OPERATED FROM THE SAME ROTATABLE QUTPUT, now U.S. Patent Application
Publication No. 2014/0305989;

- U.5. Patent Application Senial No. 14/248,395, entitled SURGICAL INSTRUMENT SHAFT INCLUDING
SWITCHES FOR CONTROLLING THE OPERATION OF THE SURGICAL INSTRUMENT, now U.S. Patent
Application Publication No. 2014/0305984%;

- U.S. Patent Application Serial No. 14/248 588, entitled POWERED LINEAR SURGICAL STAPLER now U.S.
Patent Application Publication Ne. 2614/0300666;

- U.S. Patent Apphication Serial No. 14/248,591, entitled TRANSMISSION ARRANGEMENT FOR A
SURGICAL INSTRUMENT, now U 5. Patont Application Publication No. 2014/0305991;

- U.S. Patent Apphication Serial No. 14/248 584, entitled MODULAR MOTOR DRIVEN SURGICAL
INSTRUMENTS WITH ALIGNMENT FEATURES FOR ALIGNING ROTARY DRIVE SHAFTS WITH SURGICAL
END EFFECTOR SHAFTS, now U.S. Patent Application Publication No. 2014/0305994;

~ .S, Patent Application Serial No. 14/248,587, entitied POWERED SURGICAL STAPLER, now U.S. Patent
Application Publication No. 2014/0309663;
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- U.S. Patent Application Serial No. 14/248,586, entitied DRIVE SYSTEM DECOUPLING ARBRANGEMENT
FOR A SURGICAL INSTRUMENT, now U.5. Patent Application Publication No. 2014/0305990; and

- U.S. Patent Apphication Serial No. 14/248 607, entitled MODULAR MOTOR DRIVEN SURGICAL
INSTRUMENTS WITH STATUS INDICATION ARRANGEMENTS, now L.S, Patent Application Publication No.
2014/0305992,

[0112] Applicant of the present application also owns the following patent applications that were filed on Apnil 16, 2013
and which are cach herein inoorporated by reference in their respective entireties:

- U.S. Provisional Patent Application Serial No. 61/812,365, entitled SURGICAL INSTRUMENT WITH
MULTIPLE FUNCTIONS PERFORMED BY A SINGLE MOTOR;

- U.S. Provisional Patent Application Serial No. 61/812,376, entitled LINEAR CUTTER WITH POWER;

- U.5. Provisional Patent Application Serial No. 61/812.382, entitled LINEAR CUTTER WITH MOTOR AND
PISTOL GRIP;

- U.S. Provisional Patent Application Senal No. 61/812 385, entitled SURGICAL INSTRUMENT HANDLE WITH
MULTIPLE ACTUATION MOTORS AND MOTOR CONTROL; and

- U.5. Provisional Patent Application Serial No. 61/8312,372, entitled SURGICAL INSTRUMENT WITH
MULTIPLE FUNCTIONS PERFORMED BY A SINGLE MOTOR.

i0113] Numerous specific details are set forth to provide a thorough understanding of the overall structure, function,
manufacture, and use of the embodiments as described in the specification and lustrated in the accompanying drawings.
Well-known operations, components, and elements have not been described in detail so as not to obscure the enmbodiments
described in the specification. The reader will understand that the embodiments described and lustrated herein are non-
limiting examples, and thus it can be appreciated that the specific structural and functional details disclosed herein mav be
representative and llustrative. Varations and changes thereto may be made without departing from the scope of the
claims.

{8114} The terms "comprise” {and any form of comprise, such as "comprises” and "comprising”), "have” (and any form of
have, such as "has" and "having"), "include” (and anv form of include, such as "includes” and "including”) and "contain”
(and any form of contain, such as "contains" and "containing”} are open-ended linking verbs. As a resuli, a surgical system,
device, or apparatus that "comprises,” "has,” "inchides" or "contains” one or more clements possesses those one or more
elements, bul is not Hmited to possessing only those one or ruore elements. Likewise, an clement of a systery, device, or
apparatus that "comprises,” "has," "includes™ or "contains” one or more features possesses those one or more features, but is
not limited to possessing only those one or more features.

[P115] The terms “proximal” and “distal” are used herein with reference to a clinician mampulating the handle portion of
the surgical instrument. The tenm “proximal” refers o the portion closest to the clinician and the term “distal” refers 1o the
portion located away from the clinician. It will be further appreciated that, for convenience and clarity, spatial terms such
as “vertical”, “horizontal”, “up”. and “down” may be used herein with respect to the drawings. However, surgical
instrumients are used in many orentations and positions, and these terms are not intended to be lmiting and/or absolute.
{0116] Various ecxemplary devices and methods are provided for performing laparoscopic and ndmimally invasive sorgical
procedures. However, the reader will readily appreciate that the various methods and devices disclosed herein can be used

in numerous surgical procedures and applications inchiding, for example, in connection with open surgical procedures, As
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the present Detailed Description proceeds, the reader will further appreciate that the various instruments disclosed herein
can be inserted into a body in any way, such as through a natural orifice, through an incision or puncture hole formed in
tissug, etc. The working portions or end effector portions of the instrurents can be inserted directly into a patient’s body or
can be inserted through an access device that has a working channel through which the end effector and elongate shaft of a
surgical instrament can be advanced.

[0117] A surgical stapling svstem can comprise a shaft and an end effector extending from the shafi. The end effector
comprises a first jaw and a second jaw. The first jaw comprises a staple cartridge. The staple cartridge is inseriable inlo
and removable from the first jaw; however, other embodiments are envisioned in which a staple cartridge is not removable
from, or at least readily replaceable from, the first jaw. The second jaw comprises an anvil configured to deform staples
¢jected from the staple cartridge. The second jaw is pivotable relative to the first jaw about a closure axis; however, other
enmbodiments are envisioned in which first jaw is pivotable relative to the second jaw. The surgical stapling syster further
comprises an articulation joint configured to permit the end effector to be rotated, or articulated, relative to the shaft. The
end effector is roiatable about an articulation axis extending through the articulaton joini. Other emabodimenis are
envisioned which do not include an articulation joint.

{0118] The staple cariridge conprises a cartridge body. The cartridge body includes a proximal end, a distal end, and a
deck extending between the proximal end and the distal end. Inuse, the staple cartridge is positioned on a first side of the
tissue 1o be stapled and the anvil is positioned on a second side of the tissue. The anvil is moved toward the staple cartridge
to compress and clamyp the tissue against the deck. Thereafter, staples removably stored in the cartridge body canbe
deployed into the tissue. The carridge body inchudes staple cavities defined therein wherein staples are removably stored
in the staple cavities. The staple cavities are arranged in six longitudinal rows. Three rows of staple cavities are positioned
on a first side of a longitudinal slot and three rows of staple cavities are positioned on a second side of the Jongitudinal slot,
Other arrangements of staple cavities and staples may be possible.

[0119] The staples are supported by staple drivers in the cartridge body. The drivers are movable between a first, or
unfired position, and a second, or fired, posiiion to gject the staples from the staple cavities. The drivers are retained in the
cartridge body by a retainer which extends around the bottom of the cartridge body and includes resilient members
configored to grip the cartridge body and hold the retainer o the cartridge body. The drivers are movable between their
unfired positions and their fired positions by a sled. The sled is movable between a proximal position adjacent the proximal
end and a distal position adjacent the distal end. The sled comprises a plurality of ramped surfaces configured to shide
under the drivers and Hft the drivers, and the staples supported thereon, toward the anvil,

{0128] FPurther to the above, the sled is moved distally by a fiving meraber. The firing member is configured to contact
the sled and push the sled toward the distal end. The longitudinal slot defined in the cariridge body is configured to eceive
the firing member. The anvil alse includes a slot configured o 1eceive the firing member. The firing member further
comprises a first cam which engages the first jaw and a second cam which engages the second jaw. As the finng membery is
advanced distally, the first cam and the second cam can control the distance, or tissue gap, between the deck of the staple
cartridge and the anvil. The firing member also comprises a knife configured to incise the tissue captared intermediate the
staple cartridge and the anvil. It is desirable for the knife to be positioned at least partially proximal to the ramped surfaces

such that the staples are ejected ahead of the kuife.
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9121) FIGS. 1-4 depict a motor-driven surgical cutting and fastening instrament 10 that may or may not be reused. In
the illustrated embodiment, the instrument 10 includes a housing 12 that comprises a handle 14 that is configured o be
grasped, manipulated and actuated by the chinician. The housing 12 is configured for operable attachment to an elongate
shaft assembly 200 that has a surgical end effector 300 operably coupled thereto that is configured to pediorm one or more
surgical tasks or procedures. The clongate shaft assembly 200 may be interchangeable with other shaft assemblies in the
various manners disclosed, for example, in U.S. Patent Application Serial No. 14/226.075, entitled MODULAR
POWERED SURGICAL INSTRUMENT WITH DETACHABLE SHAFT ASSEMBLIES, the entire disclosure of which is
hereby incorporated by reference herein. In other arrangements, the elongate shaft assembly mav not be interchangeable
with other shaft assemblies and essentially comprise a dedicated non-removable portion of the instrurent.

[0122] As the present Detailed Description proceeds, it will be understood that the varions forms of inferchangeable shaft
asserblics disclosed herein may also be effectively employed in connection with robotically-controlied surgical systems.
Thus, the term “housing™ may also encompass a housing or similar portion of a robotic svstem that houses or otherwise
operably supports at least one drve system that is configured to generate and apply at least one control motion which could
be used fo actuate the clongate shaft assemblies disclosed herein and their respective equivalents. The term “frame” may
refer to a pertion of a handheld surgical instroment. The term “frame” may also represent a portion of a robotically
controlied surgical instrument and/or a portion of the robotic system that may be used to operably control a surgical
instrument. For example, the shaft assemblies disclosed herein may be emploved with various robotic systems,
instruments, components and methods disclosed in U.S. Patent Application Sexial No. 13/118,241, entitled SURGICAL
STAPLING INSTRUMENTS WITH ROTATABLE STAPLE DEPLOYMENT ARRANGEMENTS, now 1S, Patent
Application Publication No. 2012/0298719 wiich is hereby incorporated by reference herein in its emtirety.

i0123] The housing 12 depicted in FIG. 1 is shown in comnection with the elongate shaft assembly 200 that includes a
sorgical end effecior 300 that comprises a surgical cutting and fastening device that is configured 1o operably support a
surgical staple cartridge 304 therein. The housing 12 may be confignred for use in connection with shaft assemblies that
include end effectors that are adapted to support different sizes and types of staple cartridgzes, have different shaft lengihs,
sizes, and fvpes, etc. In addition, the housing 12 may also be effectively employed with a variety of other shaft assemblies
including those assemblies that are configored t¢ apply other motions and forms of energy such as, for example, radio
frequency (RF) energy, ultrasonic energy and/or motion to end effector arrangements adapted for use in connection with
various surgical applications and procedures. Furthenmore, the end effectors, shaft assemblies, handles, sorgical
instruments, and/or surgical instrument systems can utilize any suitable fastener, or fasteners, to fasten tissue. For instance,
a fastener cariridge comprising a plurality of fasteners removably stored therein can be removably inserted into and/or
attached to the end effector of a shaft assembly.

i0124] FIG. 1 dlustrates the housing 12 or handle 14 of the surgical instrument 10 with an interchangeable elongate shaft
asserbly 200 operably coupled thereto. As can be seen in FIG. 1, the handle 14 may comprise a pair of interconnectable
handle housing segnments 16 and 18 that may be interconnecied by screws, snap features, adhesive, etc. In the ithistrated
arrangement, the handle housing segments 16, 18 cooperate to form a pistol gnp portion 19 that can be gripped and
manipulated by the chimician. As will be discussed in further detail below, the handle 14 operably supports a phurality of
drive systems therein that are configured to generate and apply various control motions to corresponding portions of the

interchangeable shaft assembly that is operably attached thereto,
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[9125] Referring now to FIG. 2, the handle 14 may further include a frame 20 that operably suppornts a plurality of drive
systems, For example, the frame 20 can operably suppoert a “first” or closure drive system, gencrally designated as 30,
which may be emploved to apply closing and opening motions to the elongate shaft assembly 200 that is operably attached
ot coupled thereto. In at least one form, the closure drive system 30 may include an actuator in the form of a closure trigger
32 that is pivotally supported by the frame 20. More specifically, as illustrated in FIG. 2, the closure trigger 32 is pivotally
coupled to the housing 14 by a pin 33. Such arrangement enables the closure trigger 32 to be manipulated by a clinician
sach that when the clinician grips the pistol grip portion 19 of the handle 14, the closure trigger 32 may be casily pivoted
from a starting or “unactuated” position to an “actuated” position and more particularly 1o a fully compressed or fully
actuated position. The closore trigger 32 may be biased inlo the unactuated position by spring or other biasing arrangement
(not shown). Invarious forms, the closure drive system 30 further includes a closure linkage assembly 34 that is pivotally
coupled to the closure trigger 32. As can be seen in FIG. 2, the closure linkage assembly 34 may inchude a first closure link
36 and a second closure link 38 that are pivotally coupled to the closure trigger 32 by a pin 35, The second closure link 38
may also be referred to herein as an “attachment member” and inclode a transverse attachment pin 37,
j0126] Sull referring to FIG. 2, it can be observed that the first closure Hnk 36 mayv have a locking wall or end 39 thereon
that is configured to cooperate with a closure release asserubly 60 that is pivotally coupled to the frame 26. In at least one
form, the closure release assembly 60 may comprise a release button assembly 62 that has a distally protruding locking
pawl 64 formed thereon. The release button assembly 62 may be pivoted in a counterclockwise direction by a release
spring (not shown). As the clinician depresses the closure trigger 32 from s unactuated position towards the pistol grip
portion 19 of the handle 14, the first closure link 36 pivots upward to a peint wherein the locking pawl 64 drops inte
retaining engagement with the locking wall 39 on the first closure link 36 thereby preventing the closure trigger 32 from
returmng to the unactuated position. Thus, the closwre release assembly 60 serves to lock the closuore trigger 32 in the folly
actoated position. When the clinician desires 1o unlock the clospre trigger 32 to permit it to be biased {o the unactuated
position, the clinician simply pivots the closure release button assembly 62 such that the locking paw! 64 is moved out of
engagement with the locking wall 39 on the first closure link 36, When the locking paw! 64 has been moved out of
engagement with the first closure link 36, the closure trigger 32 may pivot back to the unactuated position. Other closure
trigger locking and release arrangements may also be employed.
{0127} When the closure trigger 32 is moved from its unactuated position to its actuated position, the closure rclease
button 62 is pivoted between a first position and a second position. The rotation of the closure release bution 62 can be
referred o as being an upward rotation; however, at least a portion of the closure release button 62 is being rotated toward
the circnit board 106, Stil referring to FIG. 2, the closure release button 62 can include an amm 61 extending therefrom and
a magnetic element 63, such as a permanent magnet, for example. mounted to the arm 61. When the closure release button
2 s rotated from its first position 10 its second pesition, the magnetic element 63 can move toward the circuit board 100,
The circuit board 100 can include at least one sensor that is configured to detect the movement of the magnetic clement 63,
In at least one embodiment, a “Hall effect” sensor can be mounted to the bottom surface of the circuit board 100, The Hall
effect sensor can be configared to detect changes in a magnetic ficld surrounding the Hall effect sensor that are caused by
the movement of the magnetic ¢lement 63. The Hall effect sensor can be in signal communication with a microcontroller,
for example, which can determine whether the closure release button 62 is in its first position, which is associated with the

unactuated position of the closure trigger 32 and the open configuration of the end cffector, its second position, which is
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associated with the actuated position of the closure trigger 32 and the closed configuration of the end effector, and/or any
position between the first position and the second position,

j0128]  Also 1n the illustrated arrangement, the handle 14 and the frame 20 operably support ancther drive system referred
o herein as a firing drive system 80 that is configured to apply firing motions to corresponding portions of the
interchangeable shaft assembly attached thereto. The firing drive system may 80 also be referred to herein as a “second
drive system”. The firing drive system 80 may emplov an electric motor 82, located in the pistel grip portion 19 of the
handle 14. In various formas, the motor 82 may be a DC broshed driving motor having a maximorn otation of,
approximately, 25,000 BPM, for example. In other arrangements, the motor may include a brushless motor, a cordless
moiot, a synchronous motor, a stepper molor, or any other suitable electrc motor. The motor 82 may be powered by a
power source 90 that in one form may comprise a removable power pack 92. As can be seen in FIG. 2, for example, the
power pack 92 may comprise a proximal housing portion 94 that is configured for attachment to a distal hopsing portion 96.
The proximal housing portion 94 and the distal housing portion 96 are configured to operably support a plurality of
batteries 98 therein. Batteries 98 may cach compuise, for example, a Lithtum Ion (“LI7) or other suitable battery. The
distal housing portion 96 is configured for removable operable attachment to a control circuit board assembly 100 which is
also operably coupled to the motor 82, A number of baticties 98 mav be comnected in series may be used as the power
sovrce for the surgical instrument 10, In addition, the power source %0 may be replaceable and/or rechargeable.

i012%9] As outlined above with respect to other various forms, the electric moter 82 includes a rotatable shaft (not shown)
that operably interfaces with a gear reducer assernbly 84 that 1s mounted in mmeshing engagement with a with a set, or rack,
of drive teeth 122 on a longitudinallv-movable drive member 120, In use, a voltage polarity provided by the power source
90 can operate the electric motor 82 in a clockwise direction wherein the voltage polarity applied to the electric motor by
the batiery can be reversed in order {0 operate the electric motor 82 in a counter-clockwise direction. When the electric
motor 42 is rotated in one direction, the drive member 120 will be axially driven in the distal direction “DD”. When the
motor &2 is driven in the opposite rotary direction, the drive member 120 will be axially driven in a proximal direction
“PD”. The handle 14 can inchide a switch which can be configored o reverse the polarity applied to the electric motor 82
by the power source 90. As with the other forms described herein, the handle 14 can also include a sensor that is
configored to detect the position of the drive member 120 and/or the direction in which the drive member 120 is being
moved.

#3136} Actation of the motor 82 is controlled by a firing trigger 130 that is pivotally supported on the handie 14. The
firing trigger 130 may be pivoted between an unactuated position and an actuated position. The firing trigger 130 may be
biased into the vnactuated position by a spring 132 or other biasing arrangement such that when the clinician releases the
firmyg trigger 130, it may be pivoted or otherwise retumed to the unactuated position by the spring 132 or biasing
arrangement. In at least one form, the firing trigger 130 can be positioned “outboard™ of the closure trigger 32 as was
discussed above. In at least one form, a firing trigger safety bution 134 may be pivotally mounted to the closure trigger 32
by pin 35. The safety button 134 may be positioned between the finng trigger 130 and the closure trigger 32 and have a
pivot arm 136 protruding therefrom. See FIG. 2. When the closure trigger 32 is in the unactuated position, the safety
button 134 is contained in the handle 14 where the clinician canmot eadily access it and move it between a safety position

preventing actuation of the finng tigger 130 and a firing position wherein the firing trigger 130 may be fived. Asthe



WO 2016/205060 PCT/US2016/036641

clinician depresses the closure trigger 32, the safety button 134 and the finnyg trigger 130 pivot down wherein they can then
be manipulated by the chinician.

[0131] As discussed above, the handle 14 includes a closure trigger 32 and a firing trigger 130, The firing trigger 130 can
be pivotably moumnied to the closure trigger 32. When the closure trigger 32 is moved from its unactuaiced position fo its
actuated posttion, the firing trigger 130 can descend downwardly, as outlined above. After the safety button 134 has been
moved to its firing position, the firing trigger 130 can be depressed to operate the motor of the surgical instrument firing
systemt. In various instances, the handle 14 can inclode a tracking system configured to determine the position of the
closure trigger 32 and/or the position of the firing trigger 130.

#1332} As indicated above, in at least one form, the longitudinally movable drive member 120 has a rack of drive teeth
122 formed thereon for meshing engagement with a corresponding drive gear 86 of the gear reducer assembly 84. At least
one form also includes a manually -actuatable “bailowt” assembly 140 that is configured to enable the climcian to manually
retract the longitudinally movable drive member 120 should the motor 82 become disabled. The bailout assembly 140 may
inclnde a lever or bailout handle assembly 142 that is configured o be manoally pivoted into ratcheting engagement with
teeth 124 also provided in the drive member 120. Thus, the clinician can manually retract the drive member 120 by using
the bailout handle assembly 142 to ratchet the drive member 120 in the proximal direction “PD”. 1.8, Patent Application
Publication No. 2010/0089970 discloses bailout arrangements and other components, armangements and systems that may
alse be employved with the various instruments disclosed herein. U.S. Patent Application Serial No. 12/249, 117, entitled
POWERED SURGICAL CUTTING AND STAPLING APPARATUS WITH MANUALLY RETRACTABLE FIRING
SYSTEM, now U.S. Patent No. 8,608,045, is hereby incorporated by reference in its entirety.

[P133] Turming now to FIGS. 1 and 3, the elongate shaft assembly 200 inchudes a surgical end effector 300 that comprises
an elongate channel 302 that is configured to operably support a staple cartridge 304 therein. The end effector 300 may
further inchude an anvil 310 that is pivolally supporied relative to the clongate channel 302, As will be discussed o further
detail below, the surgical end effector 300 may be articulated relative to the elongate shaft assembly about an articulation
joint 270, As can be seen in F1(5. 3 and 4, the shafi assembly 200 can further include a proximal housing or nozzle 201
comprised of nozzle portions 202 and 203. The shaft assembly 200 further includes a closure tube 260 which canbe
ptilized to close and/or open an anvil 310 of the end effector 300, As canbe seenin FIG. 4, the shaft assernbly 200
includes a spine 210 which can be configured to fixably support a shaft frame portion 212 of and articulation lock 350.
Details regarding the construction and operation of the adiculation lock 350 are set forth in U.S. Patent Application Senal
No. 13/803.086, entitled ARTICULATABLE SURGICAL INSTRUMENT COMPRISING AN ARTICULATION LOCE,
now U.S. Patent Application Publication No. 2014/0263541, the disclosure of which is hereby incorporated by reference
herein 1n its entivety. The spine 210 is configured to, one, shdably support a firing member 220 therein and, two, shidably
support the closure tube 260 which extends around the spine 210. The spine 210 also shidably suppoxts a proximal
articulation driver 230, The proximal articulation driver 230 has a distal end 231 that 1s configured to operably engage the
articulation lock 350. In one armangement, the articulation Jock 350 interfaces with an articulation frame 352 that is adapted
to operably engage a drive pin {(not shown) on the end effector frame (not shown).

i0134] In the ithustraied arrangement, the spinc 210 comprises a proximal end 211 which is rotatably supporied ina
chassis 240, In one arrangement, for example, the proximal end 211 of the spine 210 has a thread 214 formed thereon for

thicaded attachment 1o a spine bearing 216 configured fo be supporied within the chassis 240. See FIG. 3. Such
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arrangement facilitates rotatable attachment of the spine 210 to the chassis 240 such that the spine 210 may be selectively
rotated about a shaft axis SA-SA relative to the chassis 240, The shaft assembly 200 also includes a closuore shuttle 250 that
is slidably supported within the chassis 240 such that it may be axially moved relative thereto. Ascan be seen in FIG. 3,
the closare shuttle 250 includes a pair of proximally -protruding hooks 252 that are configured for attachment to the
attachment pin 37 that is attached to the second closuvre link 38 as will be discussed in further detail below. See FIG. 2. A
proximal end 261 of the closure tube 260 is coupled to the closure shuftle 250 for relative rotation thereto. For example, a
U-shaped connector 263 is inserted into an anmular slot 262 in the proximal end 261 of the closure tube 260 and is retained
within vertical slots 253 in the closure shutile 250. See FIG. 3. Such arrangement serves to atiach the closure tube 260 fo
the closure shuitle 250 for axial travel therewith while enabling the closure tube 260 to rotate relative to the closure shottle
250 about the shaft axis SA-SA. A closure spring 268 is journaled on the closure tube 260 and serves to bias the closure
tube 260 in the proximal direction “PD” which can serve to pivot the closure trigger into the vnactoated position when the
shaft assembly 200 is operably coupled to the handle 14.

(D135 As was also indicated above, the elongate shaft asserbly 200 further inchudes a fining yaernber 220 that is
supported for axial travel within the shaft spine 210, The firing member 220 includes an intermediate firing shaft portion
222 that is configured for attachment to a distal cuiting pertion or firing beam 280, The firing member 220 may also be
referred to herein as a “second shaft” and/or a “second shaft assembly”. As can be seen in FIG. 4, the intermediate firing
shaft portion 222 may include a longitudinal slot 223 in the distal end thereof which can be configured to receive a tab 284
ou the proximal end 282 of the distal firing beam 280. The longitudinal siot 223 and the proximal end 282 can be sized and
configured to permit relative movement therebetween and can comprise a slip joint 286, The slip joint 286 can permut the
intermediate firing shaft portion 222 of the firing drive 220 to be moved to articulate the surgical end effector 300 without
moving, or at least substantially moving, the firing beam 280, Once the surgical end effector 360 has been suitably
oriented, the intermediate firing shaft portion 222 can be advanced distally vt} a proximal sidewall of the longitodinal slot
223 comes into contact with the tab 284 in order to advance the firing beam 280 and fire a staple cartridge that may be
supported in the end effector 360, As can be further seen in FIG. 4, the shaft spine 210 has an slongate opening or window
213 therein to facilitate assembly and insertion of the intermediate firing shaft portion 222 into the shaft frame 210, Once
the intermediate Tiring shaft portion 222 has been 1nserted therein, a top frame segrment 215 may be engaged with the shaft
frame 212 to enclose the intermediate firing shaft portion 222 and firing beam 280 therein. Further description of the
operation of the firing member 220 may be found in U.S. Patent Application Serial No. 13/803.086, now U.S. Patent
Application Publication No. 2014/0263541.

j0136] FPurther to the above, the illustrated shaft assembly 200 includes a chutch assembly 400 which can be configured to
selectively and releasably couple the articulation driver 230 to the firing member 220. In ong form, the chitch assembly
406 includes a lock collar, or sleeve 402, positioned around the firing member 220 wherein the lock sleeve 402 canbe
rotated between an engaged position in which the lock sleeve 402 couples the articulation driver 360 to the fining member
226 and a disengaged position in which the articulation driver 360 is not operably coupled to the firing member 200, When
lock skeeve 402 is in ifs engaged posttion, distal movement of the firing member 220 can move the articulation driver 360
distally and, correspondingly, proximal movement of the firing member 220 can move the proximal atticulation driver 230
proxitmnally. When lock sleeve 402 15 in its disengaged position, movement of the firing member 220 is notf transmitted to

the proximal articulation driver 230 and, as a result, the firing member 220 can move independently of the proximal

I8



WO 2016/205060 PCT/US2016/036641

articulation driver 230, Invarious circumstances, the proximal articulation driver 230 can be held in position by the
articulation lock 350 when the proximal articulation driver 230 is not being moved in the proximal or distal directions by
the firing member 220.

{63137} Ascanbe further seen in FIG. 4, the lock sleeve 402 can comprise a cylindrical, or an at least substantially
cylindrical, body including a longitudinal aperture 403 defined therein configured to receive the firing member 220, The
iock sleeve 402 can comprise diametrically-opposed, inwardly-facing lock protrusions 404 and an outwardly -facing lock
merber 406, The lock protrusions 404 can be configured to be selectively engaged with the firing member 220. More
particularly, when the lock sleeve 402 is in its engaged position, the lock protrusions 404 are positioned within a drive
notch 224 defined 1n the firing member 220 such that a distal poshing force and/or a proximal pulling force can be
transmitted from the firing member 220 to the lock sleeve 402. When the lock sleeve 402 is in its engaged position, a
second lock member 406 is recetved within a drive notch 232 defined in the proximal articulation driver 230 soch that the
distal pushing force and/or the proximal pulling force applied to the lock sleeve 402 can be transmitted to the proximal
atticudation driver 230, In effect, the fining member 220, the lock sleeve 402, and the proximal articalation driver 230 will
move together when the lock sleeve 402 is in its engaged position. On the other hand, when the lock sleeve 402 is in its
disengaged position, the lock proirusions 404 may not be positioned within the dave notch 224 of the firing member 220
and, as a result, a distal pushing force and/or a proximal pulling force may not be transmitted from the firing member 220 to
the lock sleeve 402, Correspondingly, the distal pushing force and/or the proximal pulling force may not be transntied to
the proximal ariculation driver 230, In such circumstances, the firing member 220 can be slid proximally and/or distally
relative to the lock sleeve 402 and the proximal articulation driver 230,

{9138  Ascan also be seenin FIG. 4, the clongate shaft assembly 200 further includes a switch drurm 500 that 1s
rotatably received on the closure tube 260. The switch dmm 500 comprises a hollow shaft segment 502 that has a shaft
boss 504 formed thercon for receive an ontwardly protruding actoation pin 410 therein. In various circumstances, the
actuation pin 410 extends through a slot 267 into a longitudinal slot 408 provided in the lock sleeve 402 to facilitate axial
movement of the lock sleeve 402 when it is engaged with the proximal articulation driver 230, A rotary torsion spring 420
is configured to engage the shaft boss 504 on the switch drum 300 and a portion of the nozzle housing 203 to apply a
biasing force to the switch drum 350G, The switch drum 50¢ can further comprise at least partially circumferential opemings
506 defined therein which, referring to FIGS. 5 and 6, can be configured fo receive circumferential mounts extending from
the nozzle portions 202, 203 and penmit relative rotation, but not translation, between the switch drum 50C and the proximal
nozzie 201, The mounts also extend through openings 266 in the closure tube 260 to be seated in recesses n the shaft spine
216. However, rotation of the nozzie 201 to a peint where the mounts reach the end of their respective slots 50¢ in the
switch drum 500 will result in rotation of the switch drym 500 about the shaft axis SA-SA. Rotation of the switch drum
560 will ultbmately result in the rotation of the actiation pin 410 and the lock siceve 402 between its engaged and
disengaged positions. Thus, in essence, the nozzie 201 may be employed to operably engage and disengage the atticulation
drive system with the firing drive system in the vanous manners described in further detail in U.S. Patent Application Senal
No. 13/803,086, now U.8. Patent Application Publication No. 2014/0263541.

i013%9] As also illusitated in FIGS. 3 and 4, the c¢longate shaft assembly 200 can comprise a slip ring assembly 600 which
can be configured o conduct electnical power to and/or from the end effector 300 and/or compunmicate signals to and/or

from the surgical end effector 300, for exaniple. The slip ring assembly 600 can comprise a proximal connector flange 604
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mounted to a chassis flange 242 extending from the chassis 240 and a distal connector flange 601 positioned within a slot
defined in the shaft housings 202, 203, The proximal connector flange 604 can comprise a first face and the distal
connector flange 601 can comprise a second face which is positioned adjacent to and movable relative to the first face. The
distal conmector flange 601 can wtate refative to the proximal connector flange 604 about the shaft axis SA-SA. The
proximal connector flange 604 can comprise a phuality of concentric, or at least substantially coneentric, conductors 602
defined in the first face thereof. A connector 607 can be mounted on the proximal side of the distal connector flange 601
and may have a plorality of contacts (not shown) wherein cach contact corresponds to and is in electrical contact with one
of the conductors 602. Such arrangement permits relative rotation between the proximal connector flange 604 and the
distal connecior flange 601 while maintaining ¢lecirical comtact therebetween. The proximal connector flange 604 can
inchide an electrical connector 606 which can place the conductors 602 in signal communication with a shaft circuit board
610 mounted to the shafi chassis 240, for example. In at least one instance, a wiring harness comprising a plurality of
conductors can extend between the electrical connector 606 and the shaft circuit board 610. The electrical connector 606
may extend proximally throogh a connector opeming 243 defined in the chassis mounting flange 242. See FIG. 7. US.
Patent Application Serial No. 13/800,067, entitled STAPLE CARTRIDGE TISSUE THICKNESS SENSOR SYSTEM,
filed on March 13, 2013, now U.S. Patent Application Pablication No. 2014/0263552, is incorporated by reference herein
in its entirety. U.S. Patent Application Serial No. 13/800,025, entitled STAPLE CARTRIDGE TISSUE THICKNESS
SENSOR SYSTEM, filed on March 13, 2613, now U.S. Patent Application Publication No. 2014/0263551 is incorporated
by reference herein in its entivety. Further details regarding slip ring assembly 600 may be found in U.S. Patent
Application Serial No. 13/803,086, now U.S. Patent Application Publication No. 2014/026354 1.

[D140] As discussed above, the clongate shaft assembly 200 can include a proximal portion which is fixably mounted to
the handle 14 and a distal portion which is otatable about a longitudinal shaft axis SA-SA. The rotatable distal shaft
portien can be rotated relative to the proximal portion about the slip nng assembly 600, as discossed above. The distal
connector flange 601 of the slip ring assembly 600 can be positioned within the rotatable distal shaft portion. Moreover,
further to the above, the switch drum 500 can also be positioned within the rotatable distal shaft portion. When the
rotatable distal shaft portion is rotated, the distal connector flange 601 and the switch drum 500 can be rotated
sviichrononsly with one another, In addition, the switch drum 300 can be rotated between a first position and a second
position relative to the distal connector flange 601. When the switch dram 500 is in its first position, the articulation drive
system {1.e., the proximal ariculation driver 230} may be operably disengaged from the firing drive system and, thus, the
operation of the firing drive system may not articulate the end effector 300 of the shaft assembly 200, When the switch
dram 300 is in iis second position, the articulation drive system (3.¢€., the proximal articulation driver 230) may be operably
engaged with the firtng drive system and, thus, the operation of the finng drive system may articulate the end effector 300
of the shaft assembly 200, When the switch drosn 500 is moved between its first position and its second position, the
switch drum 500 is moved relative to distal connector flange 601, In varous instances, the shaft assembly 200 can
comprise at least one sensor that is configured to detect the position of the switch drum 500,

{9141] Referring again to FIG. 4, the closure tube assembly 260 inclades a double pivot closure sleeve assembly 271,
According o various forms, the double pivot closure sleeve assembly 271 includes an end effector closure sleeve 272 that
inchides upper and lower distally projecting tangs 273, 274, Anupper double pivot ink 277 includes upwardly projecting

distal and proximal pivot pins that engage respectively an upper distal pin hole in the upper proximally projecting tang 273
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and an upper proximal pin hole in an upper distally projecting tang 264 on the closure tube 260. A lower double pivot link
278 includes upwardly projecting distal and proximal pivot pins that engage respectively a lower distal pin hole in the
fower proximally projecting tang 274 and a lower proximal pin hole in the lower distally projecting tang 265. See also FIG.
6.

[9142) FIGS. 3-8 iltustrate one form of surgical end effector 300 that is configured to be operably attached to an clongate
shaft assembly of a surgical instrument of the type described above or other surgical instrument arrangements that include a
closure system that is configured to generate control motions for axially moving a closure member that is configured to
apply closing and opening motions fo portions of the surgical end effector. In the illustrated example, as will be discussed
i further detail below, the surgical end effector is configured to be articulated relative to a proximaal portion of the elongate
shaft assembly about an articulation joint, generally designated as 339. Other arrangements, however, may not be capable
of articulation. As can be seen in FIG. 6, the articulation joint 339 defines an articulation axis B-B about which the surgical
end effector 300 may be selectively articulated. In the illustrated example, the arficulation axis B-B is substantially
transverse to the shaft axis SA-SA of the elongate shaft assernbly,

[0143] The iHustrated surgical end effector 300 inchudes a first jaw 308 and a second jaw 309 that is selectively movable
relative to the first jaw 308 between an open position (F1G. 7) and various closed positions (FIG. 8). In the illustrated
embodiment, the first jaw 308 comprises an elongate channel 302 that is configured to operably support a surgical staple
cartridge 304 therein and the second jaw 309 comprises an anvil 316, However, other surgical jaw arrangements may be
enployed without departing from the spirit and scope of the present invention. As can be seent 1n FIG, 5, a support pan 305
may be attached to the sorgical staple cartridge 304 to provide added support thereto as well as to prevent the staple drivers
{not shown} that are supported in the staple pockets 306 that are formed in the sargical staple cartridge 304 from falling out
of the surgical staple carindge prior 1o use. As can be scen in FIG. 5, the clongate channel 302 has a proximal end portion
320 that inchades two upstanding lateral walls 322, The anvil 310 inchudes an anvil body 312 that has a staple-formring
undersurface 313 formed thereon. A proximal end 314 of the anvil body is bifurcated by a firing member slot 315 that
defines a pair of anvil attachment arms 316, Each anvi attachment arnm 316 inclodes a sloping spper sorface 321 and
inchides a laterally protruding anvil trunnion 317 and a cam slot 318 that defines a cam surface or “slotted cam surface”
319, See FIG. 5. One of the cam slots 318 may be referred 1o herein as a “first cam slot”™ with the cam sorface thereof
being referred to as the “first cam surface™. Similarly, the other cam slot 318 mav be referred to as a “second cam slot”
with the cam surface thereof being referred to herein as the “second cam surface”. A tronnion hole 324 is provided in each
{ateral wall 322 of the elongate channel 302 for receiving a corresponding one of the anvil trunnions 317 therein. Such
arrangement serves to movably affix the anvil 310 1o the elongate channel 302 for selective pivotable travel about an anvil
axis A-A that is defined by tnmnion holes 324 and which is transverse o the shaft axis SA-SA. See FIG. 6.

i0144] In the ithustraied arrangement, the anvil 310 is pivotally moved relative to the elongate channel 302 and the
surgical staple cartridge 304 supported therein to an open position by a pair of opening cams 354 that may be removably
supported in or removably attached to or permanently attached to or integrally formed in an anvil actuator member. Inthe
illustrated embodiment, the anvil actuator member comprises the end effector closure sleeve 272, See FIG. 5. Each
opening cam 354 inchudes an outer body portion 356 that has a cam tab 358 protruding inwardly therefrom. The outer body
portion 356 is, in at least one arrangement, configured to be snapped into removable engagement within a corresponding

cam hole 355 formed in the end effector closure sleeve 272, For example, the outer body portion 356 may include a
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chamfered stop portion 357 that is configured to snappingly engage a corresponding portion of the end effector closure
sieeve wall that defines the cam hole 355, Another pottion of the outer body portion 356 may have a dog leg feature 359
formed thercon that is configured to be received inside a portion of the end effector closure sleeve 272 adjacent the cam
hole 355, Other snap tab arrangements mav also be emploved to removably affix the outer body portion 356 to the end
effector closure sleeve 272, In other arrangements, for exampie, the outer body portion may not be configured for snapping
engagement with the end effector closure sleeve 272. In such arrangements, the outer body portions may be retained in
position by an anmudar coimp ring that extends aronnd the ouoter circuraference of the end effector closure sleeve over the
outer body portions of the opening cams and be crimped in place. The crimp ring serves to frap the outer body portions
against the cuter surface of the end effector closare sleeve. To provide the end effector closure sleeve with a relatively
smooth or uninterrupted outer surface which may advaniageously avoid damage to adjacent tissue and/or collection of
tissos/fluid eic. between those components, the crimp ring may actually be crimped into an annolar recess that is formed in
the end effector closure sleeve.

{B145] When the opening cams 350 are installed in the end effector closure sleeve 272, each cam tab 358 extends through
an elongate slot 326 in the corresponding lateral wall 322 of the elongate channel 302 to be received in a corresponding
cam slot 318 inthe anvil 310, See FIG. 6. In such arangement, the opening cams 350 are diametrically opposite of each
other in the end effector closure sleeve. In use, the closure tube 260 is translated distally (direction “DD”) to close the anvil
310, for cxample, in response to the actuation of the closure trigger 32, The anvil 310 is closed as the closure tube 260 is
transiated in the distal direction “DD” so as to bring the distal end 275 of the of end effector closure sleeve 272 into contact

7
/

with a closure lip 311 on the anvil body 312, In particular, the distal end 275 of the end effector closure sleeve 272 rides on
the upper surfaces 321 of the anvil attachment arms 316 as the closure tube 260 is moved distally to begin to pivot the anvil
316 10 a closed position. In one arrangement for example, closure of the anvil 310 is solely caused by contact of the end
effector closure sleeve 272 with the anvil 310 and s not caused by the interaction of the opening cams with the anvil. In
other arrangements, however, the opening cams could be arranged to also apply closing motions to the anvil as the closure
tobe 260 is moved distally. The anvil 310 is opened by proximally translating the closure tobe 260 in the proximal
direction “PD” which causes the cam tabs 358 to move in the proximal direction “PD” within the cam slots 318 on the cam
sorfaces 319 to pivol the anvil 310 o the open position as shown in FIGS. 6 and 7.

[0146] The surgical end effector embodiment 300 employs two opening cams to effect positive opening of the end
gffector jaws, even when under a load. Other arrangements could conceivably employ only one opening cam or more than
two opening cams without departing from the spinit and scope of the present invention. In the illustrated example, the
opening cams are removably affixed 1o the end effector closure sleeve which facilitaics casy assembly or attachment of the
surgical end effector components to the clongate shaft assembly as well as disassembly thereof. Such configurations also
¢nable the use of more compact or shorter articulation joint arrangements which further facilitate betier manipulation of the
surgical end effector within the confined spaces inside of a patient. To facilitate casy detachment of those opening cams
that are snapped in place, additional strategically placed holes may be provided in the end effector closure sleeve to enable
a pry mentber to be inserted therethrough to pry the opening cams out of the end effector closure sleeve. In still other
arrangements, the opening canys) may be integrally formed in the anvil actuator member or end effector closure siceve.
For example, the opening cam(s) mayv cach corprise a tab that is cut into or otherwise formed into the wall of the anvil

actuator menber or end effector closure sleeve and then bent, crimped or permanently deformed inward so as to engage the
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corresponding carn surface on the second jaw. For example, the tab may be bent inward at ninety degrees relative to the
outer wall of the end effector closure sleeve. Such arrangements avoid the need for separate opening cam components.
Other variations may eniploy a pin or pins that are attached to the second jaw and configured to ride on corresponding cam
surfaces on the first jaw, The pin o1 pins may be pressed into the first jaw, knurled and then pressed in and/or welded to the
first jaw, for example. While the opening cam arrangements discussed above have been described in the context of a
surgical end effector that is configured to support a surgical staple cartridge and inchides an anvil that is configured to
move relative to the surgical staple cartridge, the reader will appreciate that the opening cam arrangements ruay also be
emploved with other end effector arrangements that have jaw(s) that are movable relative to each other.

D147} FIGS. 9 and 10 ithustrate an elongate shaft asserbly designated as 2007 that employs yuany of the features of
clongate shaft assembly 200 described above. In the illustrated example, the clongate shaft assembly 200° includes a dual
articelation link amrangement designated as 800 that employs an articulation lock 810 that s similar to articelation lock 350
described above. Those components of articulation lock 810 that differ from the components of articulation lock 350 and
which ray be necessary 1o understand the operation of articudation lock 350 will be discussed in further detail below.
Further details regarding articulation lock 330 may be found in U.S. Patent Application Serial No. 13/803,086, eutitled
ARTICULATABLE SURGICAL INSTRUMENT COMPRISING AN ARTICULATION LOCK, now U.S. Patent
Apphcation Publication Mo. 2014/0263541, the entire disclosure of which is hereby incorporated by reference herein. The
articulation lock 810 can be configured and operated to selectively lock the surgical end effector 300 in various articulated
positions. Such arrangement enables the surgical end effector 300 to be rotated, or articulated, relative to the shaft closure
tube 260 when the articulation lock 810 is in its unlocked state.

[D148] As was discussed above, when the proximal articulation driver 230 is operatively engaged with the firing member
220 via the clutch system 400, the firing member 220 can move the proximal articulation driver 230 proximally and/or
distally. For instance, proximal movement of the firing member 220 can move the proximal articulation driver 230
proximally and, similarly, distal movement of the firing member 220 can move the proximal articulation driver 230 distally.
Movement of the proximal articutation driver 230, whether i be proximal or distal, can unlock the articulation lock 816, as
described in greater detail further below. As can be seen in FIG. 9 for example, the elongate shaft assembly 200° includes a
shaft frame 812 which is somewhat co-extensive with a first distal articulation driver 820, A first distal articulation driver
820 1s supported within the elongate shaft assembly 200° for selective longitudinal travel in a distal direction “DD” and a
proxiral direction “PD” in response to corresponding articulation control motions apphied therelo. The shaft frame 812
inchides a distal end portion 814 that has a downwardly protruding pivot pin {not shown) thercon that is adapted to be
pivotally received within a pivot hole 328 formed in the proximal end portion 320 of the clongate channel 302, See, for
example, the similar arrangement depicted in FIG. 5. Such arrangement facilitates pivotal travel of the elongate channel
362 of the surgical end effector 300 relative to the shaft frame 812 about an articulation axis B-B that is defined by the
pivot hole 328, As indicated above, the articulation axis B-B is transverse to the shaft axis SA-SA that is defined by
clongate shaft assembly 200°.

{D149] Referring again to FIG. 9, the first distal articulation driver 820 inchudes a first, or distal, lock cavity 822 and a
second, or proximal, lock cavity 824, wherein the first lock cavity 822 and the second lock cavity 824 can be separated by
an intermediate frame member 825. The articulation lock 810 can further include at least one first lock element 826 at least

partially positioned within the first lock cavity 822 which can be configured to inhibit or prevent the proximal movement of
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the first distal articulation driver 820, Inthe embodiment ihustrated in FIG. 9, for example, there are three first lock
clements 826 positioned within the first lock cavity 822 which can all act in a similar, paralic! manner and can co-
operatively act as a single lock clement. Other embodirents are envisioned which can utilize more than three or fess than
three first lock elements 826, Simulardy, the adiculation lock 816 can further include at least one second lock clement 828
at least partially positioned within the second lock cavity 824 which can be configured to inhibit or prevent the distal
movement of the first distal articulation driver 820, With regard to the particular embodiment illusirated in FIG. 9, there
are three second lock elements 828 positioned within the second fock cavity 824 which can alf act in a similar, paratlet
marnner and can co-operatively act as a single lock clement. Other embodiments are envisioned which can utilize more than
three ox less than three second lock elements 828,

[0159] Further to the above, referring primarily to FIG. 9, each first lock element 826 is slidably supported on a frame rail
830 and includes a lock tang 827, Each of the first lock slerments 826 have a lock apertore therein (not shown) for receiving
the frame il 830 thercthrongh. The lock tang 827 can be disposed within the first lock cavity 822 and the lock aperture
can be shdably engaged with a frame rail 830 mounted to the shaft frame 812, The first lock elements 826 are not orented
in a perpendicular arrangement with the frame rail 830; rather, the first lock clements 826 are amranged and aligned at a
non-perpendicular angle with respect to the frame rail 830 such that the edges or sidewalls of the Jock apertures are engaged
with the frame rail 830. Moreover, the interaction between the sidewalls of the lock apertures and the frame rail 830 can
create a resistive or friction force therebetween which can inhibit relative movement between the first lock elements 826
and the frame rail 830 and, as a result, resist a proximal pushing force P applied to the first distal articulation driver 820.
Stated another way, the first lock elements 826 can prevent or at least inhibit the surgical end effector 300 from rotating ina
divection indicated by arrow 821, If a torque is applied 1o the end effector 300 in the direction of arrow 821, a proximal
pushing force P will be transmitted to the distal articulation drver 820. The proximal pushing force P will only serve to
bolster the locking engagerment between the first lock elements 826 and the frame rail 830, More particelarly, the proximat
pushing force P can be transmitted to the tangs 827 of the first lock elements 826 which can cause the first lock elements
526 10 rotate and decrease the angle defined between first lock elemenis 826 and the frame rail 830 and, as a result, increase
the bite between the sidewalls of the lock apertures and the frame rail 830. Ultimately, then, the first lock elements 826 can
lock the mwvement of the first distal articulation driver 820 1n one direction.

[0151] To rclease the first lock elements 826 and permit the surgical end effector 300 to be rotated in the direction
indicated by arrow 821, the proximal articolation driver 23€ can be pulled proximally to straighten, or at least substantially
straighten, the first lock elemients 826 into a perpendicular, or at least substantially perpendicular, position. Insucha
paosition, the bite, or resistive force, between the sidewalls of the lock apertures and the frame rail 830 can be sufficiently
reduced, or eliminated, such that the first distal articulation driver 820 can be moved proximally. To straighten the first
iock clements 826, the proximal articulation driver 230 can be pulled proximally such that a distal anm 233 of the proximal
articulation driver 230 contacts the first lock elements 826 to pull and rotate the first lock elements 826 into their
straightened position. In various circumstances, the proximal articulation driver 230 can continue to be pulled proxdmally
until a proximal arm 235 extending therefrom contacts, or abuts, a proximal drive wall 832 of the first distal articulation
driver 820 and pulls the distal articudation driver 820 proximally to articulate the surgical end effector 300, In essence, a
proximal pulling force can be applied from the proximal articulation driver 230 to the distal articulation driver 820 through

the interaction between the proximal arm 235 and the proximal drive wall 832 wherein such a pulling force can be
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transraitted through the first distal drive member 820 fo the end effector 300 as will be further discussed below to articulate
the end effector 300 in the direction indicated by arrow 821, After the surgical end effector 300 has been suitably
articulated in the direction of arrow 821, the first distal articulation driver 820 can be released, in various circumstances, to
sermit the articulation Jock 810 to re~lock the first distal articulation driver 820, and the surgical end effector 300, in
position.

[0152] Concurrent o the above, referring again to FIG. 9, the second fock elements 828 can remain in an angled position
while the first lock elements 826 are locked and unlocked as descubed above. The reader will appreciate that, although the
second lock elements 828 are arranged and aligned in an angled position with respect fo the shaft rail 830, the second lock
slements 828 are not configured to 1mpede, or at least substaniially tmpede, the proxiral motion of the first distal
articulation driver 820, When the first distal articulation driver 820 and articulation lock 810 are slid proximally, as
described above, the second lock elements 828 can slide distally along the frame 1aif 830 withost, in varions circumstances,
changing, ot at least substantially changing, their angled alignment with respect to the frame rail 830. While the second
lock elements 828 are permissive of the proximal movement of the first distal articulation driver 820 and the articulation
lock 810, the second lock clements 828 can be configured fo selectively prevent, or at least inhibit, the distal movement of
the first distal articulation driver 820, as discussed in greater detail further below.

[0183] Each second lock element 828 can comprise a lock aperture (not shown) and a lock tang 82%. The lock tang 829
can be disposed within the second lock cavity 824 and the lock aperture can be slidably engaged with the frame rail 830
mounted to the shaft frame 812, The frame rail 830 extends through the apertures in the second lock elements 828, The
second Jock clements 828 are not orienied in a perpendicular arrangement with the frame rail 830, rather, the second lock
elements 828 are arranged and aligned at a non-perpendicular angle with respect to the frame rail 830 such that the edges or
sidewalls of the lock apertures are engaged with the frame rail 830, Moreover, the interaction between the sidewalls of the
lock apertures and the frame rail 830 can create a resistive or friction force therebetween which can inhibit relative
movement between the second lock elements 828 and the frame rail 830 and, as a result, resist a distal force D applied to
the first distal articulation driver 820, Stated another way, the second lock clements 828 can prevent or at least inhibit the
surgical end effector 300 from rotating in a direction indicated by arrow 823. If a torque is applied to the end effector 300 in
the direction of arrow 823, a distal pualling force D will be transrnitted to the first distal articolation driver 820, The distal
pulling force D will only serve to bolster the locking engagement between the second lock elements 828 and the frame rail
#30. More particalarly, the distal pulling force I can be transmitted fo the tangs 829 of the second lock elements 823
which can cause the sccond lock elements 828 to rotate and decrease the angle defined between second lock elements 828
and the frame rail 830 and, as a result, increase the bite between the sidewalls of the Jock apertures and the frame rail 830,
Ultimately, then, the second lock elements 828 can lock the movement of the first distal articulation driver 820 in one
dizection.

[0184] To release the second lock elements 828 and permit the surgical end effector 300 to be articulated in the direction
indicated by arrow 823, the proximal articulation driver 230 can be pushed distally 1o straighten, or at least substantially
straighten, the second lock elements 828 into a perpendicular, or at least substantially perpendicular, position. Insucha
position, the bite, or resistive force, between the sidewalls of the lock apertures and the frame rail 830 can be sufficiently
reduced, or eliminated, such that the first distal articulation driver 820 can be moved distally. To straighten the second lock

clements 828, the proximal atticulation driver 230 can be pushed distally such that the proximal arm 235 of the proximal
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articulation driver 230 contacts the second lock elements 828 to push and rotate the second lock elements 828 into their
straightened position. In various circumstances, the proximal articulation driver 230 can continue 10 be pushed distally
vatil the distal axm 233 extending therefrom contacts, or abuts, a distal drive wall 833 of the first distal articulation driver
820 and pushes the first distal articulation driver 820 distally to articulate the surgical end effector 360, In essence, a distal
pushing force can be applied from the proximal articulation driver 230 to the first distal articulation driver 820 through the
interaction between the distal axm 233 and the distal drive wall 833 wherein such a pushing force can be transmitted
through the first distal articulation driver 820 to articolale the end effector 300 in the divection indicated by arrow 823,
Afier the surgical end effector 300 has been suitably articulated in the direction of arrow 823, the first distal articulation
driver 820 can be released, in various circumstances, to perrit the articolation lock 810 to re-lock the first distal articulation
driver 820, and the surgical end effector 300, in position.

[0135] Concurreni to the above, the first lock elements 826 can remain in an angled position while the second lock
elements 828 are locked and unlocked as described above. The reader will appreciate that, although the first lock elements
826 are arranged and aligned in an angled postiion with respect to the shaft ratl 830, the fixst lock elements 826 are not
configured to impede, or at least substantially impede, the distal motion of the first distal articulation driver 820. When the
first distal articulation duver 820 and articolation Jock 810 are shid distally, as described above, the first lock clements 826
can shide distally along the frame rail 830 without, in various circunstances, changing, or at least substantially changing,
thetr angled alignment with respect fo the frame rail 830, While the first lock clements 826 are permissive of the distal
movement of the first distal articulation driver 820 and the articalation lock 810, the first lock elements 826 are configured
to selectively prevent, or at Jeast inhibit, the proximal movement of the first distal articulation driver 820, as discussed
above.

i0136] In view of the above, the articulation lock 816, in a locked condition, can be configured to yesist the proximal and
distal movements of the first distal articulation driver 820. In terms of resistance, the articulation lock 810 canbe
configured to prevent, or at least substantially prevent, the proximal and distal movements of the first distal articulation
driver 820. Collectively, the proxtmal motion of the first distal articulation drover 820 15 resisted by the first lock elements
826 when the first lock elements 826 are in their locked orientation and the distal motion of the first distal arficulation
driver 820 is resisted by the second lock elements 828 when the second lock elements 828 are in their locked orientation, as
described above. Stated another way, the first lock elements 826 comprise a first one-way lock and the second lock
slements 828 comprise a second one-way lock which locks in an opposite direction.

[0187]  Discussed in connection with the exemplary embodiment illustrated in FIGS. 9 and 10, an initial proximal
movement of the proximal articulation driver 230 can unlock the proximal movement of the first distal articulation driver
%20 and the atticulation lock 810 while a further proximal movement of the proximal articulation driver 230 can drive the
first distal articudation driver 820 and the articulation lock 816 proximally. Similarly, an initial distal movement of the
proxitnal articulation driver 230 can unlock the distal movement of the first distal articulation driver 820 and the
articulation lock 810 while a further distal movement of the proximal articulation drver 230 can drive the first distal
articulation driver 820 and the articulation lock 810 distally. Such a general concept is discussed in connection with several
additional exemplary embodinents disclosed below. To the extent that such discussion is duplicative, or generally

cumulative, with the discussion provided above, such discussion is not reproduced for the sake of brevity.
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0158)  Sull referring to FIGS. 9 and 10, the dual articulation Hnk arrangement 800 is configured to establish a “push/pull”
arrangement when an articulation force is applied thereto through the fivst distal articulation driver 820, As canbe seen in
those Figures, the first distal articulation driver 820 has a first drive rack 842 formed therein. A first articulation rod 844
protrades distally out of the first distal articulation drver 820 and is attached to a first movable coupler 850 that is attached
to the first distal articulation driver 820 by a first ball yoint 852. The first coupler 850 is also pivotally pinned to the
proximal end portion 320 of the clongate channel 302 by a first pin 854 as can be seen in FIG. 9. The dual articulation link
arrangeraent 800 further comprises a second distal articulation driver 860 that has a second drive rack 862 formed therein.
The second distal articulation driver 860 is movably supported within the elongate shaft assembly 200° for longitudinal
travel 1n the distal divection “DD” and the proximal direction “PD”. A second articulation rod 864 protrudes distally oot of
the second distal articulation driver 860 and is attached to a second movable coupler 870 that is attached to the second distal
articelation driver 860 by a second ball joint 872, The second coupler 870 1s alsc pivotally pioned to the proximal end
portion 320 of the elongate channel 302 by a second pin 874 as can be seenin FIG. 9. As canbe seen in FIG. 9, the first
coupler 850 is attached to the elongate channel 302 on one laleral side of the shaft axis SA and the second coupler 870 is
attached to the elongate channel 302 on an opposite lateral side of the shaft axis. Thus, by siimiltaneously pulling on one of
the couplers 850, 876 and pushing on the other coupler 850,870, the surgical end effector 300 will be articulated about the
articulation axis B-B relative to the clongate shaft assembly 200°. In the illustrated arrangements, although the couplers
850, 876 that facilitate relative movement between the first and second distal articulation drivers 820, 860, respectively and
the elongate channel 302 are fabricated from relatively rigid components, other arrangements may employ relatively
“flexible” coupler arrangements. For example cable(s), etc. may extend through one or both of the distal articulation
drivers 820, 860. couplers 8530, 870 and the ball yoints 852, 872, to be coupled to the elongate channel to facilitate the
transter of articulation motions thereto.

[6138]  As can also be seen in FIGS. 9 and 10, a proximal pinton gear 880 and a distal pinion gear 882 are centrally
disposed between the first drive rack 842 and the second drive rack 862 and are in meshing engagement therewith. In
alternative embodiments, only one pinion gear or more than two pinton gears may be employed. Thus, at least one pinion
gear 15 employved. The proximal pinion gear 880 and the distal pinion gear 882 are motatably supported in the shaft frame
812 for free rotation relative thereto such that as the first distal articulation driver 820 is moved in the distal direction “DD”,
the pinion gears 870, 872 serve to drive the second disial articulation driver 860 in the proximal direction “PD”. Likewise,
when the first distal articolation dirver 820 15 pulied in the proximal direction “PD”, the pinion gears 880, 882 drive the
second distal articulation driver 860 i the distal direction “DD”. Thus, to articulate the end cffector 300 about the
articulation axis B-B in the divection of arrow 821, the articulation driver 230 is operatively engaged with the firing
member 220 via the clutch system 400 such that the firing member 220 moves or pulls the proximal articulation driver 230
in the proxtmal divection “PD7. Movement of the proximal articulation driver 230 in the proximal direction moves the first
distal articulation driver 820 in the proximal direction as well. As the first distal articulation driver 820 moves the in the
proximal direction, the pinion gears 880, 882 serve to drive the second distal articulation driver 860 in the distal direction
“DD”. Such movement of the first and second distal articulation drvers 820, 860 causes the surgical end effector 300 and
more specifically, the elongate channel 302 of the surgical end effector 300 to pivot about the articulation axis B-B in the
articulation direction of arrow 821. Conversely, to articulate the end effector 300 in the direction of arrow 823, the firing

member 220 is actuated to push the fivst distal articulation duver 820 in the distal divection “DD”. As the first distal
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articulation driver 820 moves the in the distal direction, the pinion gears 880, 882 sexve to drive the second distal
articulation driver 860 in the proximal divection “PD”. Such movement of the first and second distal articulation drivers
820, 860 causes the surgical end effector 300 and more specifically, the elongate channel 302 of the surgical end effector
306 to pivot about the articulation axis B-B in the articulation divection of arrow 823,

[9168] The dual solid link articulation arrangement 800 and its variations may afford the surgical end effector with a
greater range of articulation when compared to other articulatable surgical end effector configurations. In particular, the
solid link articulation arrangements disclosed herein ray facilitate ranges of adiculation that exceed ranges of 45-50
degrees that are commonly achieved by other articulatable end effector arrangements. Use of at least one pinion gear to
interface between the distal adiculation drivers enable the end effector to be “pushed” and “pulled” into position also may
reduce the amount of end effector “slop” or undesirable or unintended movement during use. The dnal solid link
articelation arrangements disclosed herein also comprise an articulation system that has improved strengih characteristics
when compared to other articulation system arrangements.

{161} As was buefly discussed above, the intermediate firing shaft portion 222 is configured to operably interface with a
distal cutting or fiving beam 280. The distal firing beam 280 may comprise a laminated structure. Such arrangement
enables the distal firing beam 280 to sufficiently flex when the surgical end offector 300 is articulated about the articulation
axis B-B. The distal finng beam 280 is sapported for axial movement within the shaft asserubly 200° and is slidably
suppotted by two upstanding laicral support walls 330 formed on the proximal end of the clongatc channel 302, Referdng
to Fig. 11, the distal firing beam 280 is attached to a firing member 900 that inchudes a vertically-extending firing member
body 902 that has a tissuc cutting surface or blade 904 thereon. In addition, a wedge sled 910 may be mounted within the
surgical staple cartridge 304 for driving contact with the firing member 900, Ag the firing member 900 is driven distally
through the cariridge body 304, the wedge surfaces 912 on the wedge sled 910 contact the staple drivers to actuate the
drivers and the surgical staples supported thercon upwardly in the surgical staple cartridge 364,

[0162] End effectors that employ firing beams or firing members and which are capable of articulating over a range of,
for example, forty five degrecs may have numercus challenges o overcome. To facilitate operable articulation of such end
effectors, the firing member or firing beam must be sufficiently flexible to accommodate such range of articulation.
However, the fiving beam or firing member must also avoid buckling while encountering the compressive firng loads. To
provide additional support to the firing beam or firing member various “support” or “blowout” plate arrangements have
been developed. Several of such arrangements are disclosed in U.S. Patent No. 6,964,363, entitled SURGICAL
STAPLING INSTRUMENT HAVING ARTICULATION JOINT SUPPORT PLATES FOR SUPPORTING A FIRING
BAR and U.3. Patert No. 7,213,736, entitied SURGICAL STAPLING INSTRUMENT INCORPORATING AN
ELECTROACTIVE POLYMER ACTUATED FIRING BAR TRACK THROUGH AN ARTICULATION JOINT, the
entire disclosures of cach being herebv incorporated by reference herein. Blowout plates that provide substantial buckle
resistance also are difficult to bend in general which adds to the forces the articulation joint systern must accommodate.
Other firing beam support artangements are disclosed in U.S. Patent Application Serial No. 14/575,117, entitled
SURGICAL INSTRUMENTS WITH ARTICULATABLE END EFFECTORS AND MOVABLE FIRING BEAM
SUPPORT ARRANGEMENTS, the entire disclosure of which is hereby incorporated by reference herein.

{0163] Referring to FIGS. 11-15, the elongate shaft assembly 200” further comprises a rmaltiple support hink assembly

926 for providing iateral support to the distal firing bean: 280 as the surgical end effector 300 is articulated about the
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articulation axis B-B. As can be seen in FIG. 11, the multiple support link assembly 920 comprises a middle support
member 922 that is movably coupled 1o the surgical end effector 300 as well as the elongate shaft assembly 200°. For
example, the middle support member 922 is pivotally pinmed to the proximal end 320 of the elongate channel 302 such that
it is pivotabic relative thereto about a pivot axis PA. As can be seen in FIG. 11, the middie support member 922 includes a
distally protruding tab 923 that has a distal pivot hole 924 therein for receiving an upstanding support pin 332 that is
formed on the proximal end portion 320 of the elongate channel 302. As can be further seen in FIG. 11, the middle support
merber 922 further inchides a proximally protreding tab 926 that has an elongate proximal slot 928 therein. The proximal
slot 928 is configured to slidably receive a middle support pin 816 that is formed on the frame portion 812, Such
arrangement enables the middle support member 922 to pivot and move axially relative to said elongate shaft assembly
2007, for example. As can be seen in FIGS.11-13, the middle support member 922 further includes centrally disposed slot
930 for movably receiving the distal firing beam 280 therethrough.

[0164] Stll referring to FIGS. 11-13, the multiple support link assembly 920 further comprises a proximal support link
94¢ and a distal support Hnk 950, The proximal support Bk 940 inchudes an elongate proximal body 942 that has a
rounded proximal nose portion 943 and a rounded distal nose portion 944. The proximal support link 940 further includes a
pair of downwardly protruding, opposed proximal support walls 945, 946 that define a proximal siot 947 therehetween.
Sumilarly, the distal support link 950 inchides an elongate distal body 952 that has a rounded proximal nose portion 933 and
a rounded distal nose portion 934, The distal support link 950 further includes a pair of downwardly protruding opposed
distal support walls 955, 956 that define a distal slot 957 thercbetween. As canbe seen in FIG. 14, the flexible distal firing
beam 280 is configured to exiend between the proximal support walls 945, 946 of the proximal support link 940 and the
distal support walls 955, 956 of the distal support link 950. The proximal support wall 945 includes an inwardly facing
proximal arcuate surface 948 and the proximal support wall 946 includes an inwardly facing proximal arcuate support
sorface 949 that opposes said inwardly facing proximal arcuate surface 948, The proxiral arcuate support surfaces 948,
949 serve to provide lateral support o the lateral side portions of a proximal portion of the flexible distal firing beam 280 as
1t flexes during adiculation of the end effector and traverses the articulation joint. The radiused surfaces may match the
outer radius of the distal firing beam 280 depending upon the direction of articulation. Similarly, the distal support wall
953 imchudes an inwardly facing distal arcuate surface 958 and the distal support wall 956 inchudes an inwardly facing distal
arcuate support surface 959 that opposes said distal arcuate surface 958. The distal arcuate support surfaces 958, 959 serve
to provide lateral support to the lateral side portions of a distal portion of the distal firing beam 280 as it flexes during
articulation of the surgical end effector 300 and traverses the articulation joint. The distal arcuate surfaces 958, 959 may
match the outer radius of the distal fining beam 280 depending upon the direction of articulation. As can be seen in FIGS.
12 and 13, the distal end 217 of the shaft spine 210 includes a distally-facing arcuate spine pocket 218 into which the
rounded proximal nose portion 943 of the proxinwal support link 940 extends. The wounded distal nose portion 944 of the
proxital support hink 940 is pivotally received in an arcuate proximal pocket 932 in the middle support member 922, In
addition, the rounded proximal nose portion 933 of the distal support Hink is received in an arcuate distal support member
pocket 934 in the distal end of the middle support member 922, The rounded distal nose portion 954 of the distal support
link 930 is movably received within a V-shaped channel cavity 334 formed in the upstanding lateral suppox walls 330

formed on the proximal end 320 of the elongate channel 302,
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[0165] The multiple support linkage assembly may provide higher lateral support fo the flexible firing beam laminates as
the beam flexes across higher articulation angles. Such arrangements also prevent the firing beam from buckling vnder
high firing leads and across relatively high articulation angles. The elongate support links, in connection with the middle
support member, serve to provide improved lateral support to the fixing beam across the articulation zone than many pror
support arrangements. In alternative arrangerents, the support hinks may be configured to actally interlock with the
middle support member at various articulation angles. The U-shaped support links facilitate easy installation and serve to
provide suppott to the flexible support beams on each lateral side as well as the top of the beam to prevent the firing beam
from bowing upwards during firing while being articulated.

Bi66] In those embodiments wherein the firing member inclodes a tissue cutling surface, it may be desirable for the
clongate shaft assembly to be configured in such a way so as to prevent the inadvertent advancement of the firing member
valess an puspent staple cartridge is properly supported in the slongate channel 302 of the surgical end effector 300. I, for
example, no staple cartridge is present at all and the firing member is distally advanced through the end effector, the tissue
would be severed, but not stapled. Similardy, if a spent staple cartridge {1.e., a staple cariridge wherein at lcast some of the
staples have already been fired therefrom) is present in the end effector and the firng member is advanced, the tissue would
be severed, but mayv not be completely stapled, if at all. It will be appreciated that such occurrences could lead to
undesirable catastrophic results during the surgical procedure. U.S. Patent No. 6,988,649 entitled SURGICAL STAPLING
INSTRUMENT HAVING A SPENT CARTRIDGE LOCKOUT, U.5. Patent No. 7,044,352 entitled SURGICAL
STAPLING INSTRUMENT HAVING A SINGLE LOCKOUT MECHANI{SM FOR PREVENTION OF FIRING, and
U.S. Patent No. 7,380,693 entitied SURGICAL STAPLING INSTRUMENT HAVING A SINGLE LOCKOUT
MECHANISM FOR PREVENTION OF FIRING cach disclose vanous firing member lockout arrangements. Each of
those U.5. Patents is hereby incorporated by reference in its entirety herein,

{6167} Suchlockout anmangements may be effectively employed with a varety of surgical stapling instruments. Those
armangements, however, may not be particularly well-suited for use in connection with various surgical stapling instruments
disclosed herein that employ relatively compact and short articulation joint configurations. For example, FIGS. 15-19
illustrate a surgical end effector 300 that is operably attached to an elongate shaft assembly 2007 by an articulation joint
2707, The elongate shafi assembly 200’ defines a shaft axis 3A-SA and the atticulation joint 270° facilitates selective
articulation of the surgical end effector 300 relative to the elongate shaft assembly 200° about an articulation axis B-B that
1s transverse io the shafl axis SA-3A. In the 1llustrated ernbodiment, a dual sohid link articulation arrangement 800 (as was
described above) may be emploved to selectively apply articulation motions fo the surgical end effector 300, The elongate
shaft assembly 2007 comprises a distal firing beam 280 of the type described above that is selectively axially movable
within the surgical end effector 300 from a starting position o an ending position upon application of firing motions
therste. The distal firing beam 280 extends through the articulation joint 2707 and is configured to flex about the
articulation axis B-B to accommodate articulation of the surgical end effector 300 in the vardous manners described herein,
Tn the ithustrated embodiment, the articuation joint 276° includes a nxddle support mentber 922 that is movably attached to
the distal end 814 of the shaft frame 812 and the proximal end 320 of the elongate channel 302, As was discussed above,
the middle support member 922 includes a distally protmading tab 923 that has a distal pivot hole 924 therein for receiving
an upstanding support pin 332 formed on the proximal end portion 320 of the elongate channel 302, The middle support

member 922 further inchades a proximally protrading tab 926 that has an elongate proximal slot 928 therein. The proximal
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slot 928 is configured to slidably receive a middle support pin 816 formed on the frame portion 812, The middle support
922 further includes a centrally disposed slot 936 for axially receiving the distal fiing beam 280 thercthrough. The middle
support member 922 provides lateral sapport to the distal fiving beam 280 during articulation of the surgical end effector
300 about the articulation axis B-B while facilitating its axial passage of the disial firing beam 280 therethrough during
firng,

[0168] In the illustrated embodiment, a firing beam locking assembly 980 is employed to prevent the distal firing beam
280 from being inadvertently advanced from the starting position to the ending position onless an enfired surgical staple
cariridge 304 has been operably seated in the cartridge support member or elongate channel 302, As can be seen in FIGS.
13-19, the firing beam locking assembly 980 in one form includes a locking cam or detent 281 that is formed in the distal
firing beam 280 such that it protrudes upwardly from the upper surface thercof. A biasing member 984 is supported on and
attached to the middle support member 922, As canbe seen in FIG. 16, for example, the biasing member 984 is
substantially planar and inchides a window 985 that is confignred to accommodate the locking cam 281 therein during
atticulation of the surgical end effector 300. Thus, as the surgical end effector 30€ is articulated about the articulation axis
B-B, the biasing member 984 does not apply any biasing force or load to the distal firing beam 280. This feature may avoid
adding 1o the amount of articulation forces that must be generated to articulate the surgical end effector 300 about the
articulation axis B-B. The biasing member 984 may be tack welded to the muddle support member 922 or be attached
thereto by other fastener methods such as by screws, pins, adhesive, etc. The window 983 may also define a locking band
ot portion 986 that serves to contact the locking cam 281 when the distal fining beam 280 is in the starting position. The
locking cam 281 may be formed with a distal-facing sloping surface 283 and a proximally-facing sloping surface 285 fo
reduce the amount of fining force and retraction force required to axially move the distal firing beam 280. See FIG. 19.
i016%9] As was described above, the distal firing beam 280 is operably attached to a fiving meniber 900 that includes a
tissug cutling surface 9¢4 on the fining member body 902, In aliemative arrangements, the tissuve cutting surface may be
attached to or otherwise formed on or directly supported by a portion of the distal firing beam 280. In the illustrated
arrangement, a laterally extending foot 905 is formed on the bottom of the firing member body 902. The firng member
body 902 further includes a wedge sled engagement member 906 that is configured to engage a wedge sled in the surgical
staple cartridge 304 as will be discossed in further detail below.

[0176] FI1G. 18 illustrates an “unspent” or “unfired” surgical staple cartridge 304 that has been properly installed in the
slongate channe} 302, As can be seen in that Figure, the wedge sled 910 is located in an “onfired” (proximal-most) position
in the surgical staple cartridge 304, The wedge sled 910 includes a proxumally-facing sloping surface 914 that is configured
to engage the wedge sled engagement member 906 on the firing member 900 to thereby bias the firing member 960 in an
upward direction represented by arrow 988 such that the bottom portion and foot 905 of the firing member 900 are free to
clear a lock wall 307 formed by a lock opening 303 in the bottom of the elongate channel 302, When in that position, the
distal firing beam 280 and the firing member 200 may be distally advanced within the elongate channel 302 and, more
precisely, the surgical staple cartridge 304 mounted therein from the starting position illustrated in FIG. 18 to the ending
position with the surgical staple cartridge 304 wherein the wedge sled 910 has gjected all of the surgical staples that were
operably supported in the surgical staple cartridge 304, Tn such arrangements, after the firing member 900 has been
completely fired (1.¢., completely advanced from s starting position to is ending position within the surgical staple

carinidge 304), the finng member 900 is retracted back io the starting position shown in FIG. 19. Because the wedge sled
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910 has been distally advanced to the ending position in the staple cartridge 304 by the firing member 900 and the firing
member 900 is not attached to the wedge sled 910, when the firing member 900 is retracted back to the starting position, the
wedge sled 910 remains in the ending position within the surgical staple cartridge 304 and does not return with the firing
member 900 back to the starting position. Thus, the surgical staple cartridge 304 is said to be ina “used”, “spent” or
“fired” condition. As can be seen in FIG. 19, when no wedge sled is present in an unfired state, the botiom of the body
portion 902 as well as the foot 905 of the firing member 900 extends into the lock opening 303 in the bottom of the
elongate channef 302 dee to the biasing motion applied by the locking band 986 of the biasing member 984 to locking cam
281 on the distal firing beam 280. When in that position, if the clinician were to unwittingly attempt to refire the spent
surgical staple cariridge, the body portion 902 and/or the foot 965 would contact the wall 307 in the elongate channel 302
and would be prevented from moving from the starfing position to the ending position. Thus, the firing beam locking
asserubly 980 prevents the advancement of the distal firing beam 280 as well as the firing member 906 from the statting
position to the ending position unless an unfired or unspent surgical staple cartridge has heen properly/operably installed in
the elongate channel of the surgical end effector. It will also be appreciated that the firing beam locking assembly 980 also
prevents advancement of the distal firing beam 280 when no staple cartridge at all has been installed in the elongate channel
302, Inaddition to accommedating articulation of the surgical end effector 300 about the articulation axis B-B withowt
applving additional load to the distal firing beam which could result in the need for increased articulation forces o
articulate the surgical end effector, the firing beam locking assembly 980 applies ne additional load on the firing member
and/or the distal firing beam once 1t has been distally advanced past the lockout wall whether or not the end effector jaws
arg open or closed.

D171 FIG. 20A illustrates another articulatable surgical end effector embodiment 3007 that employs a firing beam
locking assembly 980" that comprises a biasing member 984° that is mounied within the end cffector closure sleeve 272,
As can be seen in that Pigure, for example, the biasing member 984 applies a biasing foroe to a sloped or tapered portion
283’ of the distal firing beam 280°. The firing beam locking assembly 980° otherwise operates in the same manner as
described above with respect to the firing beam locking assembly 980. More specifically, the biasing rember 984 applics
a biasing force to the distal firing beam 2807 that forces the distal firing beam 280 and the firing member attached thereto
downward within the elongate channel. Unless an unspent surgical staple cartridge with a wedge sled or other staple
ejector member in an unfired position has been properly installed within the elongate channel or cariridge support member
so as to operably engage with the firing member or firing beam to move the firing member/firing beam oot of engagement
with the lock wall, the firing member/tiring beam would be prevented from being axially advanced from the starting to
ending position,

9172) FIGS. 21-25 illustrate a portion of another elongate shaft assembly 1200 that is similar to the elongate shaft
assembly 200 described above, except for various differences discussed in further detail below. Those components of the
clongate shaft assembly 1200 that have been discussed in detail above are referenced with like element numbers and, for
the sake of brevity, will not be further discussed in great deiail bevond that which may be necessary to understand the
operation of shaft assembly 1200 when, for example, employed with portions of the surgical instrument 10 as described
above., Ascanbe seen in FIG. 21, the elongate shaft assembly 1200 includes an articulation lock 1810 that is substantially
similar to articulation lock 810 and operates in essentially the same mamner. As can be seen in FIG. 22, the clongate shaft

assembly 1206 inchudes a shaft frame 1812 that has a proximal cavity 1815 that is configured to movably support a
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proxitual portion 1821 of a first distal artculation driver 1820 therein. The first distal arficulation driver 1820 is movably
supported within the clongate shaft assembly 1200 for selective longitudinal travel in a distal direction “DD" and a
proxital direction “PD” in response to articulation control motions applied thereto. The shaft frame 1812 further includes
a distal end portion 1814 that has a pivot pin 1818 formed thereon. The pivot pin 1818 is adapted fo be pivotally received
within a pivot hole (not shown) in a proximal end portion 1320 of an elongate channel 1302 of a surgical end effector 1300,
Such arrangement facilitates pivotal travel (i.e., articulation) of the elongate channel 1302 of the relative to the shaft frame
1812 about an articolation axis B-B defined by the pivot hole aund the pin 1818, The shaft frame 1812 further inchudes a
cenirally disposed cavity 1817 and a distal notch 1819 that is located between the distal end 1814 and the centrally disposed
cavity 1817

{0173] The shaft assembly 1200 further includes a second distal articulation driver 1860 that comprises an endless
merber 1862 that is rotatably jowmaled on a proximal pulley 1840 and a distal polley 1340, Sull referdug to FIG. 22, the
proximal pulley 1846 is rotatably journaled on a pulley spindle 1842 that is mounted within the centrally disposed cavity
1817 within the shafi frarne 1812, The distal pulley 1340 is non-rotatably supported or formed on the proximal end 1326 of
the elongate channel 1302 of the surgical end effector 1300. In one form, the endless member 1862 comprises a cable that
is fabricated from stainless stecl, fungsten, aluminumy, titanium, ctc., for example. The cable may be of braided or muli-
stranded construction with various numbers of strands to attain desired levels of tensile strength and flexibility. In various
arrangements, for example, the cable 2382 may have a diameter in the range of 0.03 inches o 0.08 inches and more
preferably in the range of 6.05 - 0.08 inches. A preferred cable may, for example, be fabricated from 300 series stainless
steel - half hard to foll hard. In vanous arrangements, the cable may also be coated with, for example, Teflon®, copper,
etc. for improved hubricity and/or to reduce stretching, for example. A first lug 1863 is attached to one end of the cable and
a second fug 1864 is attached to the other end of the cable by, for example, crimping. The cable is stretched in tension
while the ends and/or the fugs 1863, 1864 are welded, ghied, mechanically fastened, etc. together t¢ form the endless
member 1862, The spindle 1842 may comprise a cam mount that engages the proximal pulley 1840 so as to move the
pulley 1840 proximally. Other forms of tensioning arrangements such as belt tensioners, turnbuckle arrangements, eic. may
also be emploved to tension the endless member 1862,

[0174] Still referring to FIG. 22, the endless member 1862 is coupled to a distal end 1821 of the first distal articulation
driver 1820 by a coupler assembly 1830. The coupler assembly 1830 comprises an upper coupler porfion 1832 formed on
the distal end 1822 of the first distal articalation driver 1820 and a lower coupler portion 1834, The lower coupler pottion
1834 1s formed with two cradles 1835 that are configured to recetve the higs 1862, 1864 therein. A pair of attachment ping
1836 is configured to be pressed into holes 1837 in the upper coupler portion 1832 to affix the two coupler porticns 1832
and 1834 together. Other fastener arrangements, screws, rivets, adhesive, etc. may be emploved. When the endless
member 1862 is journaled on the pulleys 1840 and 1340, the coupler assembly 1830 is free to move axially within the distal
notch 1819 in the shaft frame 1812 in response to the axial movement of the first distal articulation driver 1820. The
articulation motions generated by the axial movement of the first distal articulation driver 1820 are transferred to the second
distal articulation driver 1860 or the endless member 1862, An attachruent ball or lug 1866 is attached to the endless
menber 1862 and 1s received in a groove o1 pocket 1342 formed in the distal pulley 1340, Thus, movement of the endless
member 1862 is transferred to the surgical end effector 1300 and morxe specifically to the elongate channel 1302 of the

surgical end effector 1300 to articulate the end effector about ariculation axis B-B. Thus, when the fitst distal articulation
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driver 1820 is moved in the distal direction “BD”, the endless member 1862 causes the surgical end effector 1300 to
articulate about the articulation axis B-B in the articulation direction represented by arrow 823, See FIG. 21, Likewise,
when the first distal articulation driver 1820 1s moved in the proximal direction “PD”, the endless member 1862 causes the
surgical end effector 1300 to articulate about the articulation axis B-B in the articulation direction represented by amrow
821, See FIGS. 21 and 25, As shown in FIG. 21, articulation direction 823 is opposite to articudation divection 821,

{0173] FIGS. 26-31 illustrate portions of another clongate shaft assembly 2200 that is similar to the elongate shaft
asserubly 200 described above, except for vanous differcuces discassed in further detail below. Those components of the
elongate shaft assembly 2200 that have been discussed in detail above are referenced with like element numbers and, for
the sake of brevity, will not be further discussed o great detail beyond that which may be necessary o understand the
operation of the elongate shaft assembly 2200 when, for example, emploved with portions of the surgical instrument 10 as
described above. As can be seen in FIG. 26, the elongate shaft assembly 2200 includes a proximal housing or nozzle 201
comprised of nozzle portions 202 and 203. The elongate shaft assembly 2200 further includes an anvil actuator member in
the form of a closure tube 2260 which can be utilized to close and/or open the anvil 2310 of the surgical end effector 2300
that is operably attached thereto. As can be seen in FIG. 26, the elongate shaft assembly 2200 includes a proximal spine
2210 which is configured to operably interface with an articulation lock 2350, The proximal spine 2210 is configured to,
one, slidably suppert a firing member 2220 therein and, two, slidably support the closure tube 2260 which extends around
the proximal spine 2210, The proximal spine 2216 alse shidably supports a proximal articulation drver 2230, The
proximal articulation driver 2230 has a distal end 2231 that is configured to opembly engage the articulation lock 2350,
{6176} In the dlustrated arrangement, the proximal spine 2210 comprises a proximal end 2211 which is rotatably
supported in a chassis 240. In one arrangement, for example. the proximal end 2211 of the proximal spine 2210 has a
thread 2214 formed thereon for threaded attachment to a spine bearing configured o be supported within the chassis 240.
Such an amangement facilitates rotatable attachment of the proximal spine 2210 to the chassis 240 such that the proximal
spine 22 10 may be selectively rotated about a shaft axis SA-SA relative to the chassis 240. The proximal end of the closure
tube 2260 is attached to a closure shottle sopported 1o the chassis as was described in detail above, When the elongate shaft
assembly 2200 is operably coupled to the handle or housing of the surgical instrument 10, operation of the closure trigger
distally advances the closure tube 2260,

[0177) As was also indicated above, the elongate shaft assembly 2200 further includes a firing member 2220 that is
supported for axial travel within the proximal spine 2210, The firing member 2220 includes an intermediate fiving shaft
portion 2222 that is configured for attachment to a distal cutting or firing beam assembly 2280. See FIG. 27. The
intermediate fiing shaft portion 2222 may include a longitudinal slot 2223 in the distal end thereof which can be
configured to receive a tab on the proximal end of the distal firing beam assembly 2280, The longitudinal slot 2223 and the
proximal end of the distal firing beam assembly 2280 can be sized and configured to permit relative movement
thercbetween and can comprise a slip joint. The ship joint can perniit the intermediate firing shaft portion 2222 of the firing
drive 2220 10 be moved to articalate the end effector 360 without moving, or at least substantially moving, the distal firing
beam assenibly 2280, Once the surgical end effector 2300 has been suitably oriented, the intermediate firing shaft portion
2222 can be advanced distally uniil a proximal sidewall of the longitudinal slot 2223 comes into contact with the tab in
order to advance the distal firing beam assembly 2280 and fire a staple cartridge that may be supported in the end effector

300. The proximal spine 2219 is also coupled to a distal sping 2212,
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[9178] Simtlar to the clongate shaft assembly 200, the illustrated elongate shaft assembly 2200 inchudes a clutch assembly
2400 which can be configured to selectively and releasably couple the proximal articulation driver 2236 to the fiving
member 2220, In one form, the chuich assembly 2400 includes a lock collar, or sleeve 2402, positioned around the firing
member 2220 wherein the lock sleeve 2402 can be rotated between an engaged position in which the lock sleeve 2402
couples the proximal articolation driver 2230 to the firing member 2220 and a disengaged position in which the proxirmal
articulation driver 2230 is not operably coupled to the firing member 2220. When the lock sleeve 2402 is in its engaged
position, distal movemend of the firing member 2220 can move the proximal articulation driver 2230 distally and,
correspondingly, proximal movement of the firing member 2220 can move the proximal articulation driver 2230
proximally. When lock sleeve 2402 is in its disengaged position, movement of the fining merber 222¢ 15 not transmitted to
the proximal articulation driver 2230 and, as a result, the firing member 2220 can move independently of the proximal
articelation driver 2230, In various circomstances, the proximal articulation driver 2230 can be held in position by the
articulation lock 2350 when the proximal articulation driver 2230 is not being moved in the proximal or distal directions by
the firing member 2220,

[0178]  As discussed above, the lock sleeve 2402 can comprise a cyvlindncal, or at least a substantially cvlindrical body
including a longitudinal aperiure 2403 defined therein configured to receive the firing member 2220, The lock sleeve 2402
can comprise diametrically-opposed, inwardly-facing lock protrusions 2404 and an outwardly-facing lock member 2406.
The lock protrusions 2404 can be configured to be sclectively engaged with the firing member 2220. More particularly,
when the lock sleeve 2402 is in its engaged position, the lock protrusions 2404 are posttioned within a drive notch 2224
defined in the firing member 2220 such that a distal pushing force and/or a proximal pulling force can be transnutted from
the firing member 2220 to the lock sleeve 2402, When the lock slecve 2402 is in its engaged position, the second lock
member 2406 is received within a drive notch 2232 defined in the articulation driver 2230 such that the distal pushing force
and/or the proximal pulling force applied to the lock sleeve 2402 can be transmitted to the proxiral articudation driver
2230. In effect, the firing member 2220, the lock sleeve 2402, and the proximal articulation driver 2230 will move together
when the lock sleeve 2402 is in its engaged position. On the other hand, when the Jock sleeve 2402 is in its disengaged
position, the lock protrusions 2404 may not be positioned within the drive notch 2224 of the firing member 2220 and, as a
resolt, a distal pushing force and/or a proximal pulling force may not be transmitted from the firing member 2220 to the
lock sleeve 2402. Correspondingly, the distal pushing force and/or the proximal pulling force may not be transmitted to the
proximal articelation driver 2230, In such circumstances, the firing member 2220 can be slid proximally and/or distally
relative to the lock sleeve 2402 and the proximal articulation driver 2230,

{0188] As was also discussed above, the elongate shaft assembly 2200 further includes a switch drum 2500 that is
rotatably received on the closure tube 2260. The switch drum 2500 comprises a hollow shaft segment 2502 that has a shatt
boss 2504 formed thereon for receive an ouwtwardly protmuding actuation pin 2410 therein. In various circumstances, the
actuation pin 2410 extends through a slot into a longitudinal slot provided in the lock sleeve 2402 to facilitate axial
movement of the lock sleeve 2402 when it is engaged with the articulation driver 2230, A rotary torsion spring 2420 1s
configured to engage the boss 2504 on the switch drum 2500 and a portion of the nozzie housing 203 to apply a biasing
force to the switch drum 2500, The switch drum 2500 can further comprise at least partially circumferential openings 2506
defined therein which can be configured to receive circumferential mounts extending from the nozzile halves 202, 203 and

permit relative rotation, but not translation, between the switch drum 2500 and the proximal nozzle 201, As described

35



WO 2016/205060 PCT/US2016/036641

above, rotation of the switch drum 2500 will ultimately result in the rotation of an actuation pin 2410 and the lock sleeve
and disengage the articulation drive system with the firing drive system in the various manmners described above as well as
in U.5. Patent Application Serial No. 13/803,086, now U.S. Patent Application Publication Ne. 2014/026354 1

[9181] Referring to FIG. 27, the closure tube assembly 2260 inchudes a double pivot closure sleeve assembly 2271
According to various forms, the double pivot closure sleeve assembly 2271 includes an end effector closure sleeve 2272
having vpper and lower distally projecting tangs. An upper double pivot link 2277 inclodes upwardly projecting distal and
proximal pivot pins that engage respectively an upper distal pin hole in the upper proximally projecting tang and an upper
proxiraal pin hole in an upper distally projecting tang on the closure tube 2260, A lower dovble pivot ink 2278 inclades
upwardly projecting distal and proximal pivot pins that engage respectively a lower distal pin hole in the lower proximally
projecting tang and a lower proximal pin hole in the lower distally projecting tang.

[0182] The elongate shaft assembly 2200 also includes a surgical end effector 2300 that is similar to the surgical end
effector 300 that was described above. As can be seen in FIG, 27, the surgical end effector 2300 inchudes an elongate
channel 2302 that is configured to operably support a surgical staple cartridge 2304 therein. The elongate channel 2302 has
a proximal end portion 2320 that includes two upstanding lateral walls 2322, The surgical end effector 2300 further
includes an anvil 2310 that has an anvil body 2312 that has a staple-forming undersurface 2313 formed thereon. The
proximal end 2314 of the anvil body 2312 is bifurcated by a firing member slot 2315 to form twe anvil attachment arms
2316. Each anvil attachment arm 2316 includes a laterally protruding anvil frunmion 2317, A tronnion slot 2324 is
provided in each lateral wall 2322 of the clongate channel 2302 for receiving a comresponding one of the anvil frunmions
2317 therein. Such arrangerment serves to movably affix the arvil 2310 to the elongate chanuel 2302 for selective pivotable
travel between open and closed or clamped positions. The anvil 2310 is moved to a closed position by distally advancing
the closure tube 2260 and more patticularly, the end effector closure sleeve 2272 up the tapered attachment arms 2316
which causes the anvil 2310 to move distally while pivoting to the closed posttion. A horseshoe-shaped opening 2273 is
provided in the end effector closure sleeve 2272 that is configured to engage an vpstanding tab 2318 on the anvit 2310 of
the end effector 2300. To open the anvil 2310, the closure tube 2260 and, more particularly, the end effector closure sleeve
2272 1s moved in the proximal direction. In doing so, a ceniral tab portion defined by the horseshoe shaped opening 2273
cooperates with the tab 2318 on the anvil 2310 to pivot the anvil 2310 back to an open position.

Bi83] Turming to FIGS. 26, 28 and 29, as mentioned above, the ¢longate shaft assembly 2200 inchudes an articulation
fock 2350 that is substantially similar to articulation locks 350 and 810 that were described above. Those components of
articulation lock 2350 that differ from the components of articulation lock 330 and are necessary to understand the
operation of articulation lock 350 will be discussed in further detai! below. As discussed above, the articulation lock 2350
can be configured and operated to selectively lock the end effector 2360 in position. Such arrangement enables the surgical
end effector 2300 to be rotated, or articulated, relative to the shaft closure tube 2260 when the articulation lock 2350 isin
its nnlocked state. When the proximal articulation driver 2230 is operatively engaged with the firing member 2220 via the
clutch system 2400, further to the above, the firing member 2220 can move the proximal articulation driver 2230
proximally and/or distally. Movement of the proximal articulation driver 2230, whether it is proximal or distal, can anlock
the articulation lock 2350 as was described above. This embodiment includes a proximal lock adapter member 2360 that is

movably supported between the proximal spine 2210 and the distal spine 2212, The proximal lock adapter 2360 includes a
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lock cavity 2362 for receiving therein first lock elements 2364 and second lock elements 2306 that are journaled on a frame
rail 2368 that extends between the proximal frame 2210 and the distal frame 2212, The articulation lock 2350 operates in
the various manners described above and, for the sake of brevity, will not be further discussed herein.

{0184] Ascanbe seenin FIGS. 26, 28 and 29, a first distal articulation driver 2370 is attached to the proximal lock
adapter 2360. The first distal articulation driver 2370 is operably attached to a second distal articulation driver 2380 that
operably interfaces with the clongate channel 2302 of the end effector 2300. The second distal articulation driver 2380
comprises a cable 2382 that is rotatably journaled on a proximal pulley 2383 and a distal pulley 2392, The distal pulley
2392 is non-rotatably supported or integrally formed on an end effector mounting assembly 2390 and includes a detent or
pocket 2396, In the ilhustrated example, the end effector moaniing assembly 2390 is non-movably attached to the proximal
end 2320 of the elongate channel 2302 by a spring pin 2393 that extends through a hole in the end effector mounting
asserubly 2390 and holes 2394 in the proximal end 2320 of the elongale channel 2302, The proximal pulley 2383 is
rotatably supported on the distal spine 2212, The distal end of the distal spine 2212 has a pivot pin 2213 formed thereon
that is configured to be rotatably received within a pivot hole 2393 formed in the end effecior mounting member 2390,
Such arrangement facilitates pivotal travel (i.e, articulation) of the elongate channel 2302 relative to the distal spine 2212
about an articulation axis B-B defined by the pivot hole 2395 and the pin 2213,

{9183] Inone form, the cable 2382 may be fabricated from stainless steel, tungsten, aliminum, titanium, etc., for
gxanple. The cable may be of braided or multi-stranded construction with various numbers of strands to atiain desired
fevels of tensile strength and flexdbility. In various arrangements, for example, the cable 2382 may have a diameter in the
range of 0.03 inches to .08 inches and more preferably in the range of 0.05 - 0.08 inches. A preferred cable may, for
example, be fabncated from 300 series staindess steel - half hard to full hard. In various arrangements, the cable may also
be coated with, for example, Teflon®, copper, etc. for improved hubricity and/or to reduce streiching, for example, In the
ithustrated example, the cable 2382 has a log 2384 attached to one end thereof and a hug 2385 attached to the other end
thereof by, for example, crimping. The first distal articulation driver 2370 includes a pair of spaced cleats 2372, 2374 that
are spaced from each other sufficiently so as to accommmodate the hugs 2384, 2383 therebetween. For example, the
proximal cleat 2372 includes a proximal slot 2373 for receiving a portion of the cable 2382 adjacent the lug 2384 and the
distal cleat 2374 inclndes a distal slot 2375 for receiving a corresponding portion of the cable 2382 adjacent the Tug 2385.
The slots 2373 and 2375 are sized relative to the lugs 2384, 2385, respectively 50 as to prevent the lugs 2384, 2385 from
pulling therethrough. The proximal slot 2375 is oniented at an angle as compared to the distal slot 2373 so as to cinchingly
grip the corresponding portion of the cable 2382 therein. See FIG 30, An attachment ball or lug 2398 1s attached to the
endless member 2382 and is received in the detent or pocket 2396 formed in the distal pulley 2392, See FIG. 31. Thus,
when the first distal articulation driver 2370 is axially retracted in the proximal direction “PD”, in the manners described
above, the endless member 2382 will agiculate the end effector 2300 in the direction represented by arrow 2376 in FIG. 31
Conversely, when the first distal articulation driver 2370 is axially advanced in the distal direction “DD”, the surgical end
effector 2300 is articulated in the direction represented by arrow 2399 in FIG. 31, In addition, the proximal and distal
cleats 2372, 2374 are spaced sufficiently so as to accommodate the lugs 2384, 2385 therebetween. A tensioning wedge
2378 is used as shown in FIGS. 29-32 to apply sufficient tension to the cable 2382 such that when the cable is actuated, it
will apply an articulation motion to the end effector 2300, In the alternative arrangement depicted in FIG. 35, the proximal

cleat 2374° is initially not attached to the first articulation driver 2370, The proximal cleat 23747 is positioned on the st
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distal articulaton driver 2370 so as to capture the ugs 2384 and 2385 between the distal cleat 2372 and the proximal cleat
2374, The proximal cleat 2374° is moved toward the distal cleat 2372 util a sufficient amount of fension is generated in
the cable 2352 and then the proximal cleat 2374" s attached to the first distal articulation driver 2370, For example, the
proximal cleat 23747 may be attached to the first distal articulation drver 2370 by laser welding or other suitable fornr of
attachment means or fastener arrangement.

[0186] Referring FIGS. 36-39, the surgical instrument includes for example, a central firing beam support member 2286
that is configured to extend across an articulation joint to provide support o a flexible firing beam assembly 2280, In one
form, the central firing beam support member 2286 comprises a flexible plate member or band and includes a downwardly
protouding distal attachment tab 2287 that is attached to the sorgical end effector and an upwardly extending proximal end
portion 2288 that is attached to the elongate shaft assembly. In at least one arrangement, the distal attachment tab 2287 is
attached to the end effector mouniing assembly 2390 by the spring pin 2393 and the proximal end portion 2288 is pinned to
the distal spine 2212 by pins (not shown). The central firing beam support member 2286 is located along the centerline or
shaft axis of the device and serves to provide sopport to the firing beam during articulation. This is different from those
arrangemernts that employ “blow-out” plates or lateral support plates that are located on the lateral sides of the firing beam
and which are thereby offset from the shaft axis increasing the tension and comprossion forces that they experience during
articulation. In the ilnstrated example, the longitudinally movable flexible firing beam assembly 2280 comprises a
laminated beam struchure that includes at least two bearn layers wherein at least one beam layer is configured fo pass
adjacent one lateral side of the centxal firing beam support member and at least one other beamn member 1s configured to
pass adjacent another lateral side of the central firing beam support member. In the ilustrated example, two laminated
layers 2282 and 2284 are configured to pass adjacent each side of the flexible tension carrying member. See, for example,
FIGS. 35 and 36. In various embodiments, the laminated lavers 2282 and 2284 may comprise, for example, stainless sicel
bands that are interconnected by, for example, welding or pinning together at their proximal ends, while their respective
distal ends are not connected together to allow the laminates or bands fo splay relative to each other when the end effector
1s articutated. Each patr of laminated layers or bands 2282, 2284 is represented as a lateral firing band assembly 2283 of
the firing beam assembly 2280. Thus, as shown in FIG. 36, one lateral firing band assembly 2285 is supporied on each
lateral side of the central articulation bar 2286 for axial travel relative thereto by a series of lateral load carrving members
2290. Each lateral load carrying member 2290 may be fabricated from, for example, stainless steel, aluminum, titamum,
liquid crystal poly mer material, plastic material, Nylon, Acrylonitiile butadiens styrene {ABR), polyethylene, etc. and be
formed with opposed arcuate ends 2292, Each lateral load carrying mernber 2290 also has an axial passage 2294 extending
therethrough fo receive the assembly of the lateral firing band assemblics 2285 and the central articulation bar 2286. As
can be most particularly seen in FIG. 38, each axial passage is defined by two opposed arcuate surfaces 2295 that facilitate
movement of lateral load carrying members 290 on the longitudinally movable flexible firing beam assembly 2280, The
{ateral load carrying menbers 2290 are serially arranged on the lateral firing band assemblies 2283 and the central
articulation bar 2286 such that the opposed arcuate ends 2292 abut corresponding arcuate ends 2292 of adjacent lateral load
carrying members 2290, See, for example, FIGS. 36 and 37.

{9187} Referring again fo FIG. 37, it can be seen that the proximal end portion 2288 central articulation bar 2286 extends
downwardly for attachiment to the distal spine 2212, The distal end 2287 of the firing beam assembly 2280 is attached to a

firing member 2900 of the type and construction describe above, for example. As can be seen in that Figure, the firing
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member 2900 includes a vertically-extending firing member body 2902 that has a issue cutting surface or biade 2904
thereon. In addition, a wedge sled 2910 mayv be mounted within the surgical staple cartnidge 2304 for driving contact with
the firing member 2900, As the fiving member 2900 is driven distally through the cartridge body 2304, the wedge surfaces
2912 of the wedge sled 2910 comntact the staple duvers to actuate the drivers and the surgical stapies supported thereon
upwardly in the cartridge 2304, The firing beam assembly 2280 is operated in the vartous ranners described above. As
the firing beam assembly 2280 is distally advanced about the articulation joint, the lateral load carrving members 2290 may
help to resist buckiing loads on the firing beam assembly 2280, The lateral load carrving members 2290 may also redoce
the amount of force required 1o articulate the end effector and also accommedate greater arficulation angles when compared
to other articulation joint arrangements. The fixed central fiving beam sopport member 2286 serves to carry the tension
ioads that are generated during articulation and firing.

[0188] As described above, the firing beam asserubly comprises a laminated beam stroctore that inchides af least two
beam lavers. As the firing beam assembly is advanced distally (during firing), the firing beam assembly is essentially
bifurcated by the central firing beam sopport member so that portions of the firing beam assembly (i.¢., laminate layers)
pass on both sides of the of the central firing beam support member.

j0189] FIGS. 40-43 illustrate a portion of another fining beam assembly 22807 that is attached to a firing member 2900,
As can be seen in those Figures, the firing beam assembly 2280 comprises a laminated structure that includes two outer
lateral beams or layers 22827 that cach have a thickness that 1s designated as “a” and four central layers 2284° that each
have a thickness designated as “b”. In at least one arrangement, for example, “a” may be approximately 0.005 - 0.008
inches and more preferably 6.008 inches and "b” may be approximately 0.608 - 0.012 inches and more preferably 6.010
inches. However, other thicknesses ray be emploved. In the illustrated example, “a” is less than “b”. In other
arrangemients, “a” is greater than “b”. In alternative amangements, for example, the Jaminates may be made up of three
different thicknesses “a”, “b”, “¢”, wherein “a” = 0.006 inches, “b” = (.008 inches, and “¢” = 0.010 inches (with the
thickest laminate or band being in the center of the assembly). In various arrangements, there may be an odd number of
laminates or bands where “¢” 1s the single thickest laminate in the center,

[0196] The laminate composition is relevant because of the amount of strain that is applied to a beam assembly based on
its thickness and its distance from the centerline of bending. Thicker laminates or bands that are closer to the centerling
may experience the same levels of strain as the thinner ones that are farther away from the centerline because they have to
be bent more in view of the fact that they are stacked together. The radius of curvature is more aggressive on the inside of
the curve the father away from the centerline. Thicker laminates or bands tend to experience more intemal stress than
thinner laminates given the same radius of curvature. Thus, thinner side laminates or bands that have the smallest radius of
curvature may have the same likelihood of plastically deforming as the thicker ones that are closure to the centerline.
Stated another way, when the end effector articulates in one direction, the lanuinates or bands located away from the
direction of articulation have the largest bend radins and the laminates or bands closest to the direction of articulation have
the tightest bend radius. However, when the end effector is articulated in the opposite direction, the inverse is tue. The
laminates on the inside of the laminate stack experience the same deviation, but their bend radius will always fall within the
range of the outer ones. Thus, to maintain flexibility, locating thinner laminates on the outside of the stack may be desired.
However, to rmaximize stiffness and buckling resistance, thicker materials on the inside add additional benefit. Alternately,

if the end effector needs only to articulate in a single direction, the laminates or bands located away from the direction of
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articulation will experience the greatest bend radius and the laminates or bands located in the direction of articulation have
the tightest bend radius. However, because the end effector does not articulate in an opposiic direction, the inverse is no
longer true and therefor, the laminate stack does not need to be symmetric. Thus, in sach amangement, it would be
desirable to have the thinnest laminate or band be the one that will experience the tightest bend radius (the laminate or band
on the side of the direction of articulation).

[0191] In still other arrangements, the laminates or bands mav be fabricated from different metals with different strengths
and modulus. For example, the outer laminates or bands counld have the sarme thickness as the inner laminates or bands
with the inner laminates or bands being fabricated from 300 series stainless steel and the outer laminates or bands being
fabricated from titanivon or nitinol.

[0192] As can also be seen in FIGS. 42 and 43, the distal firing beam assembly 2280° may be effectively employed with
the series of lateral load carrying members 22990 described above. It will be appreciated that the distal firing beam
assembly 2280 may also be used in connection with a central articulation bar 2286 in the manner described above so that
some of the layers or lateral bearas (or bands or laminates) thereof axially advance along the sides of the central articulation
bar. In some embodiments, the layers advancing on each side of the central articulation bar 2286 may have the same
thickness, composition, shape and configuration. In other arrangements the layer or layers passing along one side of the
central articulation bar may have a differemt thickness and/or compesition and/or shape than the thickness and/or
composition and/or shape of the laver or layers passing along the opposite side of the central articulation bar, so as to
achieve a desired range of travel and flexibility while maintaining a desived amount of stiffness so as to avoid buckling
during finng.

[0193] FIGS. 44-46 illustrate a portion of another elongate shaft assembly 3200 that includes a surgical end effector 300
of the type and construction described above. Other forms of surgical end effectors may also be employed. The elongate
shaft assembly 3200 also includes a longitudinally movable flexible firing beam assembly 3280 that is attached to a firing
member 900. In alternative arrangements, the distal end of the firing beam assembly 3280 mav be configured to perform
various actions within the surgical end effector without the need for a firing meraber attached therete. The flexible firing
beam assembly 3280 may comprise a laminated beam arrangement of the various types described herein. In one
arrangerient, at least two compression bands are employed to provide lateral support to the flexible firtng beam assembly
3286 as it traverses the articulation joint. The illustrated embodiment emplovs a total of four compression bands for
providing lateral suppoxtt to the flexible fixing beam as it traverses the articulation joint. For example, the elongate shaft
assembly 3200 further includes a spine 32 1C that includes a distal end 3217 that has two distal cavities, or notches 3219,
and two proximal cavities, or notches 32197, formed therein. One distal cavity 3219 accommaodates a first proximal end
3904 of a first compression band 3900 located on one lateral side 3281 of said flexible firing beam assembly 3280 and the
other distal cavity 3219 accommodates a second proximal end 3905 of a second compression band 3961 located on another
{ateral side 3283 of the flexible firing beam assembly 3280. The first compression band 3900 includes a first distal end
3902 that is mounted within a copesponding upstanding Jateral support wall 330 formed on the proximal end 320 of the
elongate channel 302 of the surgical end effector 300. Similarly, the second compression band 3901 includes a second
distal end 3907 that is also mounied within a corresponding upstanding lateral support wall 330 formed on the proximal end
320 of the elongate channel 302 of the surgical end effector 300. The first and second distal compression bands 3900, 3801

may be fabrcated from spring steel or the like and the proximal ends 3904, 3905 may be folded in a U-shaped fashion fo
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form a biasing portion configured to be movably received within the distal notches 3219 as shown. Such arrangement
permits the first and second distal compression bands 3900, 3901 to flex in response to the articulation of the surgical end
effector 300 while retaining the proximal ends 3904, 3905 within their corresponding distal notches 3219,

{0194] As can also be seen in FIGS. 44-46, the elongate shaft assembly 3200 further includes a third compression band
3910 and a fourth compression band 3911, Like the first and second compression bands 3900, 3901, the third and fourth
compression bands 3910, 3911 may be fabricated from spring steel. As can be seen in FIGS. 44-46, the third compression
band 3910 may be situated between the first corpression band 3900 and the lateral side 3281 of the flexible firing beam
assembly 3280 and the fourth compression band 3911 may be situated between the second compression band 3901 and the
another lateral side 3283 of the flexible fixing band assembly 3280, The third proximal end 3914 of the third compression
band 3910 as well as the fourth proximal end 3915 of the fourth compression band 3911 mayv each be folded in a U-shaped
fashion to form a biasing portion that is movably received within a corresponding proximal cavity 3219 in the spine 3219,
The third distal end 3912 of the third compression band 3910 and the fourth distal end 3917 of the fourth compression band
3911 are mounted in a corresponding lateral support wall 330 1n the surzical end effector 360,

[0193]  The clongate shaft assembly 3200 further comprises a movable sapport link assembly 3920 for providing further
lateral support to the flexible firing beam assembly 3280 as the end effector 300 is articulated about the articulabion axis.
As can be seen in FIGS. 44-46, the movable support Hok assernbly 3920 comprises a middle support member 3922 that is
movably coupled to the surgical end effector 300 as well as the clongaie shaft assembly 3200, In one embodiment, the
middie support member 3922 is pivotally pinned to the proximal end 320 of the elongate channel 302. The middie support
member 3922 further inclodes a proximally protruding tab 3926 that has an clongate proximal slot 3928 therein. The
proxitual slot 3928 is configured to slidably receive a middle support pin 3211 formed on the spine 3210, Such
arrangement permits the relative pivotal and axial movement between the middle support member 3922 and the spine 3210
of the clongate shaft assembly 3260 so as to accommodate a larger range of atticulation while being able to dynamically
move so as to maintain adequate lateral support on the firing beam assembly 3280, As can be seen in FIGS. 44-46, the
middie support mnember 3922 frther inchudes centrally disposed slot 3930 for axially recetving the firing beam assembly
3280 therethrough.

[0196] As can be further seen in FIGR. 44-46, the movable support ok asserably 39206 further coraprises an elongate
movable pivot link 3940. The pivot link 3940 includes a central body portion 3942 that has proximally protruding proximal
nose portion 3943 and a distally-protruding distal nose portion 3944, The pivot Hink 3940 further inchades a first
downwardly-protruding lateral support wall 3945 and a second downwardly protruding lateral support wall 3946 that define
a beam slot 3947 therebetween. As can be seen in FI(G. 46, the firing beam assembly 3280 is configured fo extend between
the first and second lateral support walls 3945, 3946 dunng actuation of the firing beam assembly 3280 and articulation of
the surgical end effector 300. Further, in the illustrated arrangement, for exampie, the first compression band 3900 extends
between the first lateral support wall 39435 and the third compression band 39190 and the second compression band 3901
extends between the second lateral support wall 3946 and the fourth compression band 3911, The first lateral support wall
3945 includes an inwardly facing first arcuate surface 3948 and the second lateral support wall 3246 includes an inwardly
facing sccond arcuate surface 3949, The first and second arcuate surfaces 3948, 3949 serve to provide lateral support 1o the
firing beam asserbly 3280 as it flexes during articulation of the end effector 300. The radiused surfaces may match the

outer radius of the firing beam assembly 3286 and compression bands 39606, 3901, 3910, 3911 depending vpon the
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direction and degree of articulation. As can also be seen in FIGS. 44 and 45, the distal end 3217 of the spine 3210 includes
a pair of night and left opposing shaft notches 3218 into which the rounded proximally -protruding proximal nose portion
3943 of the pivot ink 3940 extends depending upon the direction in which the surgical end effector is articulated about the
articulation axis. Similarly, right and left opposed support notches 3932 are provided in the middie supporn 3922 1o
accomnodate the distally-protruding distal nose portion 3944 of the pivot link 3940 depending upon the direction in which
the end effector is arficulated. Such notch arrangements serve to properly align the pivet link 3940 in an orientation suited
to accommndate the direction of articolation while affording lateral suppott to the pivot link 3940,

{0197 FIGS. 47-51 illustrate another elongate shaft assembly 4200 that is, in some aspects, similar to the elongate shaft
assembly 2200 described above, except for various differences discussed in further detail below. Those components of the
clongate shaft assembly 2200 that have been discussed in detail above will contain like element mumbers and, for the sake
of brevity, will not be further discussed in great detail bevond that which may be necessary to nnderstand the operation of
elongate shaft assembly 4200 when, for example, employved with portions of the surgical instrument 10 as described above.
As can be seen in FIG. 47, in at least one example, the elongate shaft assembly 4200 inchudes an articulation lock 2350, As
was discussed in detail above. the articulation lock assembly 2350 includes a proximal lock adapter 2360 that is coupled
{e.z., pinned) to a first distal articulation dver 4370, As can be seen in FIGS. 47 and 50, the first distal articulation driver
4370 inchudes a first proximal gear rack segmemt 4371 and a first distal gear rack segment 4373 formed on a distal end 4372
thereof. The elongate shaft assembly 4200 also includes a second distal articulation driver 4380 that includes a second
proxital gear rack segment 4381 and a second distal gear rack segment 4383 that is formed on a distal end 4382 thereof.
{0198] The first distal articulation driver 4370 and the second distal articulation driver 4380 are configured to move
axially relative to the distal spine assembly 4212 in the proximal direction “PD¥” and the distal direction “DD”. As canbe
seen in FIG. 50, the first proximal gear rack segment 4371 and the second proximal gear rack segment 4381 arc in meshing
engagement with a proximal power transfer gear 4390 that is rotatably supported by the distal spine assembly 4212
Likewise, the first distal gear rack segment 4373 and the second distal gear rack segment 4383 are in meshing engagement
with a distal power transfer gear assembly 4392, In pardicular, in at least one arrangemend, the distal power transfer gear
assembly 4392 includes a pinion gear 4393 that is in meshing engagement with the first distal gear rack segment 4373 and
the second distal gear rack segment 4383, The distal power transfer gear assembly 4392 further inchudes a drive gear 4394
that is arranged in meshing engagement with an idler gear 4395, The idler gear 4395 is, in turn, supported in meshing
engagement with a drven gear 4306 that is formed on the proximal end portion 4320 of the elongate channel 4362 of a
surgical end effector 4300. The surgical end effector 4300 may otherwise be similar to the surgical end effector 2300 and
include an anvil 4310 that may be opened and closed in the various manners described above, Refernng to FIGS. 48, 49
and 51, the distal spinc assembly 4212 may comprise an upper spine portion 4212A and a lower spine portion 4212B. The
distal power transfer gear assembly 4392, the idler gear 4395 and the driven gear portion 4366 of the clongate channel 4302
are each pivotally attached to or supported on the bottom portion 42128 of the distal spine assembly 4212,

{0199] The clongate shaft assembly 4200 depicted in FIG. 47 includes a firing beam assembly 3280 that is attached o a
firmg member (not shown). The firing beam assernbly 3280 may compnse a laminated beam arrangement of the types
described herein. Operation of the firing menmber was described in detail above and will not be repeated for the sake of
brevity. As can also be seen in FIG. 47, a firing beam support member 4400 of the type disclosed in U.S. Patent

Application Serial No. 14/575,117, entitled SURGICAL INSTRUMENTS WITH ARTICULATABLE END EFFECTORS
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AND MOVABLE FIRING BEAM SUPPORT ARRANGEMENTS, the entire disclosure of which is hereby incorporated
by reference herein, is emploved fo provide support to the firing beam assembly 3280 during articulation of the surgical end
effector 4300. FiG. 52 illustrates use of a distal firing beam assembly 2280 in an clongate shaft assembly 4200. Ascanbe
seen in that Figure, a plurality of lateral load carying members 2290 are employed in the manner described above to
provide support to the distal firing beam assembly 2280 as the surgical end effector 4300 is articulated.

[0200] FIGS. 53-58 illustrate another elongate shaft assembly 5200 that is, in some aspects, similar to the clongate shaft
assembly 2200 described above, except for varions differences discussed in forther detail below. Those components of the
elongate shaft assembly 5200 that have been discussed in detail above with respect to the elongate shaft assembly 2200 will
be identified with like element numbers and, for the sake of brevity, will not be further discussed in great detail beyond that
which may be necessary 1o understand the operation of the elongate shaft assembly 5200 when, for example, emploved
with portions of the surgical instrument 10 as described above.

[0201] Similar to the elongate shaft assembly 2200, the illustrated elongate shaft assembly 5200 includes a chiich
assembly 2400 which is configured to operably engage an adiculation system 5600 that is configored o apply push and
pulling articulation motions fo the surgical end effector 300 that is operably coupled thereto. [n this embodiment, the chutch
assembly 2400 includes a lock collar, or lock sleeve 2402, that is positioned arcund the firing member 2220 wherein the
lock skeeve 2402 can be rotated between an engaged position in which the lock sleeve 2402 operably engages the
articulation system 5600 to the firing member 2220 and a disengaged position in which the articulation system 5600 is not
operably coupled to the firing member 2220. Referring specifically to FIGS. 54-56, in the illustrated example, the
articulation system 35600 comprises an articulation disc or rotary member 5602 that is suppored for rotational movement
within the nozzle 201. The articulation disc 5602 is rotatably driven by a dnive connection assembly 5610, Inthe
illustrated example, the drive connection assembly 5610 includes a drive pin 5612 that is attached to the articulation disc
5602, An articulation drive link 5614 is operably attached to the drive pin 5612 by a connector 5616 that facilitates some
movement of the articulation drive link 5614 relative to the drive pin 5612, See FIGS. 54-56. The articulation drive link
5614 includes a drive coopler 5618 that is configured to davingly engage the cutwardly facing lock member 2406 on the
iock sleeve 2402. See FIG. 53.

10202] As discussed above, the lock slecve 2402 can comprise a cylindrical, or at least a substantially cvlindrical body
including a longitudinal aperture 2403 defined therein configured to receive the firing member 2220. See FIG. 53. The
lock sleeve 2402 can comprise diametrcally -opposed, inwardly-facing lock protrusicns 2404 and an ontwardly-facing lock
member 2406, The lock protrusions 2404 can be configured to be selectively engaged with the firing member 2220, More
particularly, when the lock sleeve 2402 is in its engaged position, the lock protrusions 2404 are positioned within a drive
notch 2224 defined in the fiving member 2220 such that a distal pushing force and/or a proximal pulling force can be
transmitied from the firing member 2220 to the lock sleeve 2402, When the lock sleeve 2402 is in ifs engaged position, the
outwardly facing lock member 2406 is received within a drive notch 5619 in the drtve coupler 3618 as shown in FIG. 53
such that the distal pushing force and/or the proximal pulling force applied to the lock sleeve 2402 can be transmitted to the
articulation drive link 5614, Ineffect, the finng mermber 2220, the lock slecve 2402, and the arficulation drve link 5614
will move together when the lock sleeve 2402 is in its engaged position. On the other hand, when the lock sleeve 2402 is in
its disengaged position, the lock protrusions 2404 may not be positioned within the drive notch 2224 of the firing member

2226 and, as a resul, a distal pushing force and/or a proximal pulling force mayv not be iransmitted from the fiving member
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2220 to the lock sleeve 2402, Correspondingly, a drive force “DF” may not be applied to the articulation disc 5602. In
such circumstances, the firing member 2220 can be shid proximally and/or distally relative to the lock sleeve 2402 and the
proximal articulation driver 2230.

{0203] As was also discussed above, the elongate shaft assembly 5200 further includes a switch drum 2500 that is
rotatably received on the closure tube 2260. See FIG. 533, The switch drurm 2500 comprises a hollow shaft segment 2502
that has a shaft boss 2504 formed thereon for receive an cutwardly protruding actuation pin 2410 therein. In various
circumsiances, the actuation pin 2410 extends into a longitedinal slot 2401 provided in the lock slesve 2402 1o facilitate
axial movement of the lock sleeve 2402 when it is engaged with the articulation drive link 5614, A rotary forsion spring
24208 is configured to engage the boss 2504 on the switch drum 250C and a portion of the nozzle houwsing 201 o apply a
biasing force to the switch drum 2500, As also discussed above, the switch drum 23500 can further comprise at least
pattially circoraferential openings defined therein which can be configured to receive circomferential mounis extending
from the nozzle halves and permit relative rotation, but not translation, between the switch drum 2500 and the nozzle
housing 201, As described above, rotation of the switch drum 2500 will ultimately result in the rotation of an actuation pin
2410 and the lock sleeve 2402 between its engaged and disengaged positions. Thus, in essence, the nozzle housing 201
may be employed 1o operably engage and disengage the articulation system 5600 with the firing drive sysiem in the various
manners described above as well as in U.S. Patent Application Serial No. 13/803,086, now U.S. Patent Application
Publication No. 2014/6263541.

[0204] Referring again to FIGS. 33-50, the articulation system 5600 of the illustrated example. further inchudes a “first”
ot right articulation linkage 5620 and a “second” or left articulation linkage 5640, The first articulation linkage 5620
includes a first articulation link 5622 that includes a first articulation pin 5624 that is movably received within a first
articulation slot 5604 in the articulation disc 5602, The first articulation link 5622 is movably pinned to a first articulation
connector 5626 that is configured to engage an articulation lock 2350, As discussed above, the articulation lock 2350 can
be configured and operated to selectively lock the surgical end effector 300 in position. Such arrangement enables the
surgical end effector 300 to be rotated, or articulated, relative to the shafi closure tobe 2260 when the articulation lock 2336
is in its unlocked state. When the articulation drive link 5614 is operably engaged with the firing member 2220 via the
clutch system 2400, further to the above, the firing member 2220 can rotate the articulation disc 6502 to move the first
articulation linkage 5620 proximally and/or distally. Movement of the first articulation connector 5626 of the first
atticudation hinkage 5620, whether it is proximal or distal, can enlock the articulation lock 2330 as was described above.
The proxamal lock adapter 2360 includes a lock cavity 2362 for receiving therein first lock elements 2364 and second lock
clements 2366 that are journaled on a frame rail that extends between the proximal frame 2210 and the distal frame.
Operation of the articulation lock 2350 operates in the varions manners described above and, for the sake of brevity, will
not be further discussed herein. As can be seen in FIG. 53, a first distal articulation drver 5370 is attached to the proximal
lock adapter 2360, The first distal articulation daver 5370 is operably attached to the proximal end 320 of the elongate
channel 302 of the surgical end effector 300,

[D203] As was also indicated above, the atticulation system 3600 of the illustrated example, further includes a “second”
ot left articulation linkage 5640, As can be secn in FIGS. 54-56, the second articolation linkage 5640 includes a second
articulation link 5642 that includes a second articulation pin 5644 that is movably recetved within a second articulation slot

5606 in the articulation disc 5602, The second articulation link 5642 is pinned to a second articulation bar 5646 that is
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attached to the proximal end 320 of the elongate channel 302 of the surgical end effector 300. Referring to FIG. 54, the
articulation svstem 3600 further inchides a first articulation biasing member

5628 that 1s received within the first asticulation slot 5604 and a second articulation biasing member 5648 that is received
within the second articulation slot 5666, FIG. 54 illustrates the articulation system 3600 in a neutral or unarticulated
confignration. As can be seen in that Figure, the first articulation pin 5624 is in contact with the first articulation biasing
mentber 5628 and the second articulation pin 5644 is in contact with the second articulation biasing member 5648,
However, when in that neutral position, the first and second adiculation biasing members 5628, 3648 may notbe ina
compressed state. FIG. 55 illustrates application of the drive force “DF” to the arficulation disc 5602 in the proximal
direction “PD” by the articulation dave ok 5614 in the above-desciibed manner. Application of the drive force DF in the
proximal direction PD results in rotation of the articulation disc 5602 in the rotary direction represented by arrow 5601, As
the articulation disc 5602 rotates in the rotary direction 5601, the end of the second articulation slot contacts the second
articulation pin 5644 and applies a pushing force to the second articulation linkage 5640 and ultimately to the second
atticulation bar 5646, Counversely, the first articulation biasing raernber 5628 urges the first articulation pin 5624 in the
direction of arrow 5601 within the first articulation slot 5604 such that a pulling force is applied to the first articulation
linkage 5620 in the proximal divection “PD”. This proximal pulling force is transmitied to the first distal articulation driver
5370 through the articulation lock 2350, Such “pushing and pulling motions” as applied to the surgical end effector causes
the surgical end effector 300 to articulate about the articulation axis in the direction represented by arrow 5300, See FIG,
53. When the articulation disc 5602 is in the position illustrated in FIG. 35, the second articulation biasing member 5648
may be in a compressed state and the first articulation biasing member may not be compressed. Thus, when the application
of drive force DF to the articulation drive link 5614 1s discontinued, the second articulation biasing member 5648 may bias
the articulation disc 5602 back to the nentral position shown in FIG. 54, for example.

j62¢6] Counversely, when the drive force “DF” is applied to the articulation drive ink 3614 in the disial direction "D as
shown in FIG. 56, the articulation disc 3602 rotates in the rotary direction represented by arrow 5603, As the articulation
disc 5602 rotates in the rotaty direction 5603, the end of the first anticulation slot 5604 contacts the first articvdation pin
5624 and applies a pushing force to the first articulation linkage 5620 and ultimately to the first distal articulation driver
55376 through the articulation lock 2350, In addition, the second articulation biasing member 5648 vrges the second
articulation pin 5644 in the direction of arrow 5603 within the second articulation slot 3606 such that a pulling force is
applied to the second articulation linkage 5640 in the proximal direction “PDY”. This proximal pulling force is transmitied
to the second articulation bar 3646, Such “pushing and pulling motions™ as applied to the surgical end effector 300 causes
the surgical end effector 300 to articulate about the articulation axis in the direction represented by arrow 5302, See FIG.
53. When the articulation disc 3602 is in the position Hustrated in FIG. 56, the first articulation biasing member 5628 may
be in a compressed state and the second articulation biasing member 5648 may not be compressed. Thus, when the
application of dnive force DF to the articulation drive Hink 3614 is discontined, the fivst articulation biasing member S628
may bias the articulation disc 5602 back to the neutral position shown in FIG. 54, for example.

2077 FI1G. 57 illustrates the attachment of the distal end portion 814 of the shaft frame 812 to the surgical end effector
3060 that is operably coupled to the elongate shaft assembly 5206, As describod above, the distal end portion 814 has a
downwardly protruding pivot pin {not shown) thereon that is adapted to be pivotally received within a pivot hole (not

shown) that is formed in the proximal end portion 320 of the clongate channel 302, Such arrangement facilitates pivotal
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travel of the elongate channel 302 relative to the shaft frame 812 about an articulation axis B-B defined by the pivot hole.
As can also be seen in FIG. 57, the first distal articulation driver 53370 is attached to a first coupler 850 by a first ball joint
852. The first coupler 850 is also pivotally pinned to the proximal end portion 320 of the elongate channel 302 by a first
pin 854 as can be seen in FIG. 57, Simdlarly, the second articulation bar 5646 is attached to a second coupler 870 by a
second ball joint 872. The second coupler 870 is also pivotally pinned to the proximal end portion 320 of the elongate
channel 302 by a second pin 874 as can be seen in FIG. 57.

[62¢8] Referning to FIGS. 53 and 58, the elongate shaft assembly 5200 may also include a firing beam assembly 2280
that is attached to a firing member 900 of the type described above. The firing beam assembly 2280 is attached to the firing
member 2220 and may be axially advanced and retracied in the various manners described above. The elongate shaft
assembly 5200 may further comprise a multiple support link assembly 920 for providing lateral support to the distal firing
beam 2280 as the surgical end effector 300 is articolated about the articulation axis B-B. As can be seen in FIG. 538, the
multiple support link assembly 920 comprises a middle support member 922 that is pivotally pinned to the proximal end
32¢ of the slongate channel 302 in the manners described above. The middle support member 922 further inchudes
cenfrally disposed slot 930 for axially receiving the distal fiving beam 2280 therethrough. The nmitiple support link
assembly 920 further conprises a proximal support link 940 and a distal support Hink 950, The proximal suppott link 940
includes a body portion 942 that has a rounded proximal end 943 and a rounded distal end 944, The proximal support hink
946 further inclades a pair of downwardly protruding lateral support walls 945 that define a proximal slot thercbetween.
Strailardy, the distal support link 950 includes a body portion 952 that has a rounded proximal end 953 and a rounded distad
end 954, The distal support link 950 further includes a pair of downwardly protruding latcral suppoxt walls 955 that define
a distal slot therebetween. As can be seen in FIG. 538, the distal fiving beam 2280 is configored to extend between the
lateral support walls 943 of the proximal support tink 940 and the lateral support walls 955 of the distal support link 950,
Each support wall 943 and 955 inclodes an inwardly facing arcuate surface as was described above. The support surfaces
serve to provide lateral support to the distal firing beam 2280 as it flexes during articulation of the surgical end effector
300, Tn addition, the closure tube assernbly 2260 may include a double pival closure sleeve assembly of the type described
above that is configured to operably interact with the anvil on the surgical end effector 300. Operation of the closure tube
asserubly 2260 results in the opening and closing of the anvil of the sorgical effector in the various manners descrbed
above.

B209] FI1G. 39 illustrates a portion of another elongate shaft asserbly 5700 that may be substantially similar to the
clongate shaft assembly 5200 except for the differences discussed below. In parficular, the articulation disc 5702 of the
articulation system 5701 is rotated by a worm gear motor 5710 that is operably supported in the nozzle housing 201, Inone
embodiment, for example, a driven gear 5703 is integrally formed or otherwise non-movably attached to the articulation
disc 5702 such that it is in meshing engagement with the worm gear drive 5712 of the motor 5710, In the iHlustrated
example, a first articulation rod or member 5720 may be directly attached to a portion of a surgical end effector in any of
the various manners described herein, A first articulation pin 5722 is attached to the first articulation rod 5720 and is
received within an arcunate first articulation slot 5704 formed in the articulation disc 5702, A first articulation biasing
member 5703 is received within the first articulation slot 5704 for biasing contact with the first articulation pin 5722,
Likewise, a second articulation rod or member 5730 may be directly or indirectly attached to a portion of a surgical end

o

effector in any of the varous manners described hergin. A second articulation pin 5732 is attached to the second
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articulation rod 5730 and is received within an arcuate second articulation slot 5706 formed in the articulation disc 5702, A
second articulation biasing member 5707 is received within the sccond articulation slot 5706 for biasing contact with the
second articulation pin 5732

{0218] FIG. 59 lostrates the articulation system 5701 in a neutral or unarticulated configuration. As can be scen in that
Figure, the first articulation pin 5722 is in contact with the first articulation biasing member 5705 and the second
articulation pin 5732 is in contact with the second articulation biasing member 5707. However, when in that neutral
position, the first and second articulation biasing members 5705, 5707 may not be in a compressed stale.  Actuation of the
motor 5710 to rotate the articulation disc 5702 in the rotary direction represented by arrow 5601 will apply a pulling motion
to the first articulation rod 5720 to canse the first articelation rod 5720 to move in the proximal divection “PIV as well as to
apply a pushing motion to the second articulation rod 5730 to cause the second articulation rod 5730 to move in the distal
direction “DID”. Conversely, actuation of the motor 710 to rotale the articulation disc 3702 in the rotary direction
represented by arrow 3603 will apply a pushing motion to the first articulation rod 5720 to cause the first articulation rod
5720 to maove in the distal direction “DD” as well as to apply a pulling motion to the second articulation wod 5730 to cause
the second articulation rod 5730 to move i the proximal direction “PD”. Such “pushing and pulling motions” as applied to
the surgical end effector, causes the surgical end effector to articulate about the articulation axis in the various manners
described above.

i0211] FIGS. 66-65 illustrate another articulation system 3800 that may be emaploved with various clongate shaft
assemblics and effector arrangements described herein. In this embodiment, however, the arficulation syster 5800
comprises a dual articulation disc assembly 3810 that comprises a driver articulation disc 5820 and a driven articulation
disc 3830, Both of the articulation discs 5820, 5830 may, for example, be rotatably supported within the nozzle housing of
the clongate shaft assembly such that both discs 5820, 5830 are independently rotatable about a comumon axis. In various
enbodiments, drive motions may be applied to the driver articulation disc 3820 by an articolation drive link 3614 and firing
member arrangement 2220 as was described above. In other embodiments, rotary drive motions may be applied to the
driver articulation disc 5820 by a worm gear motor 5710 in the manner described above.

[0212] FIG. 61 illustrates one form of a driver disc 5820. As can be seen in that Figure, the driver disc 5820 inchudes a
first pair of first arcuate articulation slots 58221, 3822R that cach has a first arcuate length “FL”. In addition, the driver
articulation disc 5820 further includes a driver slot 5824 that is centrally disposed between the first articulation slots 5822
as can be seen in FIG. 61, Depending upon the method emploved to drive the driver articulation disc 3820, the articulation
drive link 5614 or the worm gear motor 5710 may interface with the driver articulation disc 5820 in the various manners
described above to apply rotary motions to the driver articulation disc 5820, FIG. 62 illusirates one form of a driven
articulation disc 5830. As can be seen in that Figure, the diven articulation disc 3830 includes a second pair of second
arcuate articulation slots 58321, 383 2R that each have a second arcuate length “SL” that is less than the first arcuate length
“FL”. In addition, the driven articulation disc 5830 further inchudes a driver post 5834 that is configured to be movably
received within the drver slot 5824,

[0213] Referring now to FIGS. 60 and 63-65, the articulation system 5800 further comprises a first ariculation rod 5840
that may be directly or indirectly attached to a portion of a surgical end effector in any of the varions manners described
herein. A first articulation pin 5842 is atfached to the first articulation rod 5720 and is received within corresponding first

and second arcuate articolation slots 58221, 58321, Likewise, a second articulation rod or member 3850 may be directly
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attached to a portion of the same sargical end effector in any of the various manners described herein. A second
articulation pin 5852 is attached to the second articulation rod 5850 and is received within corresponding first and second
arcuate articulation slots S822ZR, 5832R. FIG. 60 illustrates the articulation system 5800 in a mull position wherein the
surgical end effector may be freely moved. FIG. 63 illustrates the position of the articulation system 5800 upon an initial
apphication of rotary motion fo the driver arficulation disc 5820 in the divection represented by arrow 5860, As can be seen
in that Figure, upon initial rotation of the driver arficulation disc 5820, the articulation slots 58221 5832L are offset from
sach other and the articulation slots 38221, 3832R are offset from each other, but no motion has vet been transferred to
articulation rods 5840, 5850. FIG. 64 illustrates the position of the articulation system 5800 upon continued application of
the rotary motion to the driver articulation disc 5820 in the direction of arrow 5860 sofficient enough to result in, for
example, a seventy-five degree of articulation of the surgical end effector relative to the shaft axis. As can be seen in that
Figore, a pushing motion is applied to the first arlicelation rod 5840 to cause the first articulation rod 3840 to axially move
in the distal direction “DD” and a pulling motion is applied to the second articulation rod 5850 to cause the second
atticudation rod 5830 to axially move in the proximal divection “FD”. The movement of the first and second articulation
rods 3840, S850 in oppostte directions results in the articulation of the surgical end effector operably interfacing therewith,
FlIG. 65 ilhastrates the position of the articulation system 5800 upon application of the rotary motion fo the driver
articulation disc 5820 in an opposite direction represented by arrow 5862 that is sufficient enough to result in, for example,
a seventy~five degree of articulation of the surgical end effector relative fo the shaft axis in an opposite articulation
direction. As can be seen in that Figure, a pushing motion is applied to the second articulation rod 5850 to cause the second
articulation rod 5850 to axially move in the distal direction “DID” and a pulling motion is applied to the first articulation rod
5840 to cause the first articulation rod 3840 to axially move in the proximal direction “PD”. Such opposing movements of
the first and second articulation rods 5840, 5850 result in the articulation of the surgical end effector that is operably
attached thereto. In one configuration, the first articolation rod 384¢ may only apply a pulling force to the surgical end
effector when the articulation driver disc 5820 has been rotated a sufficient distance as to attain a seventy-five degree range
of articolation.

[0214] FIGS. 66-70 illustrate a surgical end effector 6300 that comprises first and second jaws that are sinmltaneously
movable between open and closed positicns relative to the shaft axis SA-SA. The first and second jaws may comprise a
variety of surgical jaw arrangements without departing from the spirit and scope of the present invention. Gaining access to
target tissue with the jaws of a surgical end effector can, at times, be challenging. The mancoverability of a sergical end
effector, particularly a surgical end effector that is configured to cut and staple tissue, may be enhanced if the distance
between the point at which the jaws are supporied relative 1o each other and the proximal-most staple locations is
minimized. For example, those surgical end effectors that only employ one movable jaw (i, one of the jaws is fixed
relative 1o the shaft axis) mayv require that the one movable jaw have a relatively large range of tavel in order to
accormmodate the target tissue. Such lurger range of travel can corplicate the process of using the end effector to
advaniageously position the target tissue. The surgical end effector 6360 emplovs first and second jaws that move relative
to each other and the shaft axis about a cornmon pivot axis. Such arrangement enables the distance between the pivot axis
and the proximal-most staple locations o be shoriened when compared to the same distance on certain surgical end

effectors that employ only one movable jaw, for example.
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[9213] In the illustrated example, a first jaw 6310 includes an elongate channel 6312 that is condigured to support a
surgical staple cariridge 6320 therein. As can be seen in FIG. 70, the surgical staple cartridge 6320 is configured to
operably support a plurality of staple drivers 6322 therein that operably support surgical staples 6324 thercon. The staple
drivers 6322 are movably supporied within comresponding driver slots 6321 formed in the surgical staple cartridge 6320,
The staple drivers 6322 are retained within their respective driver slot 6321 by a cartridge pan 6330 that clips to or is
otherwise attached to the surgical staple cartridge 6320. The staple drivers 6322 are arranged in rows on each side of an
clongate slot 6326 in the surgical staple cartridge 6320 to accommodate the axial passage of a firing member 6340
therethrough. A wedge sled 6350 is movably supported within the surgical staple cariridge 6320 and is configured to be
drivingly engaged by the firing member 6340 as the firing member 6340 is driven from a starting position adjacent to the
proximal end of the surgical staple cartridge 6320 and an ending position within a distal portion of the surgical staple
cartnidge 6320, As was discussed above, as the wedge sled 6350 is driven in the distal direction through the surgical staple
cariridge 6320, the wedge sled 6350 drivingly contacts the staple drivers 6322 to drive them toward the cartridge deck
surface 6323, The finng member 6340 inclodes a tissue cutting sorface 6346 that sexves to ol the tissue clamped between
the jaws as the firing member 6340 is driven distally. A distal firing beam {(not shown) of the various types described
hercin is operably attached to the fining member 6340 as well as 1o an ntermediate firing shaft portion 2222 or other firing
svstem arrangement. Operation of the mtermediate firing shaft portion 2222 to drive and retract the distal firing beamn was
discussed in detail above and will not be repeated for the sake of brevily. Other fining beam and firing system arangements
(motor-powered as well as manually -powered) may also be emploved to power the firing member without departing from
the spirit and scope of the present invention.

[9216] The illustrated surgical end effector 6300 is also configured for selective articulation about an articulation axis B-
B that is substantially transverse to the shaft axis SA-SA. As canbe seen in FIGS. 66-70, the surgical end effector 6300
inchudes an end effector mounting assembly 6399 that is adapied to be pivotally mounted to, for example, a distal shaft
frame (not shown) that includes a pivot pin that is configured to be rotatably received within the mounting hole 6392 in the
end effector mounting asserably 6390, The sorgical end effector 6300 may be articulated by an articulation lock and first
and second articulation rod arrangements of the type described above. As can be seen in FIG. 70, the end effector
mounting assembly 6390 forther inclodes a pair of opposed, laterally extending trunnion pins 6394, The tmunnion pins 6394
extend laterally from the opposed lateral sides 6391 of the end effector mounting assembly 6390 that also define a pocket
area 6393 that is configured to receive the firing member 6340 therein, The trunnion pins 6394 serve to define a pivot axis
PA-PA about which the first and second jaws 6310, 6360 may pivot. The proximal end 6314 of the first jaw 6310 or
clongate channel 6312 includes a pair of opposed U-shaped or open ended slots 6316 that are adapted fo receive a
corresponding one of the trunmion pins 6394 therein. Such arrangement serves to movably or pivotally journal the first jaw
6310 to the end effector mounting assembly 6390,

[0217] The iHustrated surgical end effector 6300 further cormprises a sccond jaw 6360 that may comprise an anvil 6362,
The ithustrated anvil 6362 includes an anvil body 6364 that inchudes an clongate slot 6366 and two staple forming surfaces
6368 formed on cach side thereof. The anvil 6362 farther has a proximal end portion 6370 that has a pair of U-shaped or
open ended slots 6372 that are also adapied to receive a corresponding one of the trunnion pins 6394 therein. Such
arrangenient serves to movably or pivotally journal the second jaw 6360 to the end effector mounting assembly 6390 such

that the first and second jaws may move relative to cach other as well as to relative 1o the shaft axis SA-SA. The first and
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second jaws 6310 and 6360 may be movably actuated by a closure system of the vanious types disclosed herein. For
example, a first closure duve systen of the type described herein may be employed to actuate a closure fube in the above-
described manner. The closure tube may also be attached to an end effector closure sleeve 6272 that may be pivotally
attached to the closure tube by a double pivot closure sleeve assembly in the manner described above. As was described
above, for exaruple, axial moverent of the closure tube may be controlled through actuation of a closure tngger 32. As can
be seen in FIGS. 67-69, the end effector closure sleeve 6272 extends over the end effector mounting assembly 6390 and is
configured to engage the proximal end 6370 of the second jaw 6360 as well as the proxirnal end 63 14 of the fixst jaw 6310,
At least one cam surface 6336 mav be formed on the proximal end 6314 of the first jaw 6310 such that when the distal end
6274 of the end effector closure sleeve 6272 contacts the cam surface(s) 6336, the first jaw 63 10 1s cammed toward the
second jaw and the shaft axis SA-SA. Likewise, one or more cam surfaces 6376 may be formed on the proximal end
portion 6370 of the second jaw 6360 such that when contacted by the distal end 6274 of the end effector closure slecve
6272, the second jaw 6360 is moved toward the first jaw 6310 and the shaft axis SA-SA. The cam surfaces 6336, 6376
may be configured and positioned relative to each other such that the first and second jaws close at different “closore rates”
or closure times relative to each other. One such arrangement is depicted in FIG. 68. As can be seen in FIG. 638, the
distance along an arcuate path between a point P, on the first jaw 6310 and a coresponding point Fron the second jaw 6360
when the first and second jaws are in thetr respective fully opened position is represented by Dy, The first and second
points Py and P, are said to “correspond t0” each other. For example, the first point P, and the second point P, may cach
lie on a common line or axis that extends therebetween and is perpendicular to the shaft axis SA-SA. The distance along an
arcuate path between another point P, on the first jaw 6310 and the shaft axis SA-SA is represented by D4 and the distance
along another arcuate path between another corresponding point Py on the second jaw and the shaft axis SA-SA is
represented by D,. Point P, and point Py are also said fo comrespond fo each other. For example, point P, and point Py
may kie on a common line or axis that extends therebetween and which is perpendicular to the shaft axis SA-SA. In the
ifhistrated arrangement, the distance D, that the second jaw 6360 or anvil 6362 moves from the fully open to the closed
position wherein the staple-forming surface of the anvil 6362 lies along the shaft axis SA-5A is greater than the distance Dy
that the first jaw 6310 or surgical staple cartridge 6320 moves from the fully open position to the closed position wherein
the cartridge deck surface lies along the shaft axis SA-SA. For example, in at least one arrangement, the second jaw or
anvil will open or move 2/3 of the distance D (or another distance along another travel path between the jaws) and the first
jaw or staple cartidge will open or move 1/3 of the distance D (or other distance along yet another travel path between
the jaws), so that, in essence, one jaw attains its fully closed position quicker or faster than the other jaw attains its fully
closed position even though a closure motion or motions were initially applicd to both jaws at the same or similar Hmes.
For exanple, the cam surfaces on the first and second jaws may be amanged/configured to attain different jaw-movement
ratios/rates without departing from the spirit and scope of this embodiment of the present invention.  An opening spring
6380 (F1G. 70) mav be positioned between the proximal end 6314 of the first jaw 6310 and the proximal end 6370 of the
second jaw 63060 to bias the first and second jaws 6310, 6360 to the open position when the end effector closure sleeve
6272 is positioned in the starting or unactuated position. See FIGS. 67-69.

[0218] To move the first and second jaws 6310, 6360 1o a closed position (FIG. 66), the chinician actuates the closure
svstem to move the end effector closure sleeve 6272 in the distal direction “DD” to simulianeously contact the cam

surface(s) 6336 on the proximal end 6314 of the first jaw 6310 and the cam surface(s) 6376 on the proximal end 637¢ of
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the second jaw 6360 to bias the first and second jaws 6310, 6360 towards each other {and shaft axis SA-SA) to the
position shown in FIG. 66. While the end effector closure sleeve 6272 is retained in that position, the first and second jaws
6310 and 6360 are retained in that closed position. Thereafter, the firing system may be actuated to axially advance the
firing member 6340 distally through the surgical end effector 6300. As can be seen in FIG. 70, the firing member 6340
may have a foot portion 6342 that is configured to slidably engage a slotted passage 6374 of the anvil 6362 and a top tab
portion 6344 that is adapted to be slidably received within a slotted passage 6318 in the elongate channel 6312, See FIG.
69. Thus, such firing member arrangement serves to positively retain the first and second jaws 6310, 6360 at a desired
spacing arrangement during firing of the firing member (i.e., during firing of the staples and cutting of the tissuc that is
clamped between the first and second jaws 6310, 6360). A first jaw cover 6315 is removably attached 1o the clongate
channel 6312 and a second jaw cover 6363 is removably atiached to the anvil 6362 for assembly purposes as well as to
prevent the infiltration of tissue and/or body floid into the first and second jaws which may hamper or interfere with
operation of the firing member 6340.

B219] FIG 71 illustrates another surgical end effector 63007 that is similar to surgical end effector 6300, As canbe seen
in that Figure, the surgical end effector 6300° comprises two jaws that are simultaneously movable between open and
closed positions relative to the shaft axis SA-SA. In the illustrated example, a first jaw 63107 inchudes an elongate chamnel
©312° that is configured to support a surgical staple cartridge 632¢° thercin, The surgical staple cartridge 63207 is
configured to operably support a plurality of staple drivers 6322 therein that operably support surgical staples 6324 thereon.
The staple drnivers 6322 are movably supported within corresponding dnver pockets 63217 formed in the surgical staple
cartridge 6320°. The staple drivers 6322 are retamed within their respective driver pocket 63217 by a cartridge pan 6330
that clips to or is otherwise attached to the surgical staple cartridge 6320°. The staple drivers 6322 are arranged inrows on
cach side of an clongate slot 63267 in the surgical staple cartridge 6320 to accommodate the axial passage of a firing
merber 63407 therethrough. A wedge sled 63507 is movably supported within the surgical staple cartridge 6320° and is
configured to be driving engaged by the firing member 63407 as the firing member 6340 is driven from a starting position
adjacent to the proximal end of the surgical staple cartddge 632¢° and an ending position within a distal portion of the
surgical staple cartridge 6320°. As was discussed above, as the wedge sled 63307 is driven in the distal direction through
the surgical staple cartridge 632¢°, the wedge sled 6330° drivingly contacts the staple drivers 6322 to drive them toward the
cariridge deck surface 6323°. The firing member 6340° includes a tissue cutting surface 6346 that serves to cut the tissue
clamped between the jaws as the firing member 6340 is driven distally. A distal finng beam (not shown) of the varnious
tvpes described herein is operably attached to the firing member 6340° as well as to an intermediate firing shaft portion
2222 or other firing system arrangement. Operation of the intenmediate firing shaft portion 2222 to drive and retract the
distal firing beam was discassed i detail above and will not be repeated for the sake of brevity. Other firing beam and
firing system arrangements (motor-powered as well as mamually -powered) may also be employed o power the firing
memnber without departing from the spirit and scope of the present invention.

{0228] The ilustrated surgical end effector 63607 is also configured for selective articulation about an articulation axis B~
B that is substantiaily transverse to the shaft axis SA-SA. The end effector 6300° includes an end effector mounting
assembly 63907 that is adapted to be pivotally mowmted to, for example, a distal shaft frame that includes a pivot pin
configured to be rotatably received within a mounting hole 63927 in the end effector mounting assembly 6390°. The

surgical end effector 63007 may be articnlated by an articulation lock and first and second articulation rod arangements of
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the type described above. As canbe seen in FIG. 71, the end effector mounting assembly 63907 further includes a pair of
opposed, laterally extending trunmion pins 63947, The trumden pins 6394° extend laterally from the opposed lateral sides
63917 of the end effector mounting assembly 63907 that also define a pocket area 6395”7 that is configured to receive the
firing member 63407 thersin. The trunmnion pins 6394 serve to define a pivot axis PA-PA about which the first and second
Jaws 63107, 6360° may pivot. "The proximal end 63147 of the fixst jaw 63107 or clongate channel 63127 includes a pair of
opposed U-shaped or open ended slots 6316 that are adapted fo receive a corresponding one of the trunnion pins 63947
therein. Such arrangement serves to movably or pivotally journal the first jaw 6310° to the end effector mounting asserbly
6390°.

{8221} The ilhustrated surgical end effector 63007 further comprises a second jaw 63607 that may comprise an anvil
6362°. The illustrated anvil 6362° includes an anvil body 6364° that includes an clongate slot 6366° and two staple forming
sorfaces formed on each side thereof. The anvd 63627 further has a proximal end portion 63707 that has a pair of U-shaped
or open ended slots 6372 that are also adapted 1o receive a corresponding one of the trunnion pins 6394 therein. Such
arrangement serves o movably or pivotally joomal the second jaw 63607 o the end effector mounting assexnbly 63%¢°.
The first and second jaws 63107 and 63607 are movably actuated by a closure system of the various types disclosed herein,
For exarmaple, a first closure drive sysiem 30 may be emploved to actuate a closure tube 266 in the manner descrbed herein.
The closure tube 260 may also be attached to an end effector closure sleeve 6272 that may be pivotally attached to the
closure tube 260 by a double pivot closure sleeve assembly 271 in the manner described above. As was described above,
for exarmple, axial movement of the closure tube 260 may be controlled through actuation of a closure trigger 32. The end
effector closure sleeve 6272 extends over the end effector mounting assembly 63947 and is configured to engage the
proxitual end 6370° of the second jaw 6360° as well as the proximal end 6314° of the first jaw 6310°. At least one cam
surface 6336° may be formed on the proximal end 6314° of the fizst jaw 63 10° such that when the distal end 6274 of the end
effector closure sleeve 6272 contacts the cam sutfaces 6336°, the first jaw 63107 is camuned toward the second jaw 63607
and the shaft axis SA-SA. Likewise, one or more cam surfaces 6376 may be formed on the proximal end portion 6370 of
the second jaw 63607 spch that when comtacted by the distal end 6274 of the end effector closure sleeve 6272, the second
jaw 6360° is moved toward the first jaw 63107 and the shaft axis SA-SA. A spring (not shown) may b positioned between
the proximal end 63147 of the first jaw 63107 and the proximal end 6370° of the second jaw 6360° to bias the first and
second jaws 63107, 6360 1o the open position when the end effector closure slegve 6272 is positioned in the starting or
unactuated position.

10222] Tomove the first and second jaws 63107, 6360 1o a closed position, the clinician actuates the closure system to
move the end effector closure sleeve 6272 in the distal direction “DD” to simultaneously contact the cam sarface(s) 6336’
on the proximal end 6314 of the first jaw 6310° and the cam surface(s) 6376 on the proximal end 6370 of the second jaw
63607 to bias the first and second jaws 63107, 6360 towards each other ( and shaft axis SA-SA). While the end effector
closure sleeve 6272 is retained in that position, the first and second jaws 6310° and 6360° are retained in that closed
position. Thereafter, the firing system may be actuated to axially advance the firing member 6¢340° distally through the
surgical end effector 6300°. The firing member 6340 may have a top tab portion 6344° that is configured to slidably
gngage a slotted passage 63747 of the anvil 63627 and a foot portion 6342° that is adapted to be slidably received within a
slotted passage in the elongate channel 63127, Thus, such finng member arrangement serves 1o positively retain the first

and second jaws 63107, 6360 at a desired spacing armngement during firing of the firing momber (L.e., during firing of the
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staples and cutting of the tissue that is clamped between the first and second jaws 63107, 63607). A first jaw cover 63157 is
removably attached to the elongate channel 63127 and a second jaw cover 63637 is removably attached 10 the anvil 6362°
for assembly parposes as well as to prevent the infiltration of tissue and/or body fluid into the first and second jaws which
may hamper or interfere with operation of the firing member 63407

{92231 The surgical end effector embodiments described herein that employ jaws that both move relative to each other
and relative to the shaft axis may offer various advantages over other surgical end effector arrangements wherein one of the
Jaws is fixed and does not move, for example relative fo the shaft axis. In such configurations, it is often desirable for the
one movable jaw to have a relatively large range of movement relative to the fixed jaw to enable the target tissue to be
manipulated, positioned and then clamped therebetween. In the embodiments wherein both jaws are movable, each jaw
doesn’t require as large of range of motion fo acconumodate manipulation, positioning and clamping of the target tissue
between the jaws. Such reduced movement of the anvil, for example, may provide for improved tissoe positioning. Such
arrangements may also enable the distance between the pivot axis and the first staple positions to be minimized. In
addition, the firing member may always remain sngaged with the movable jaws (anvil and elongate channel) even during
opening and closing actions.

{0224] FIGS. 72-79 illustrate another surgical end effector 6400 that is configured to be operably attached to an clongate
shaft assembly of the types descnbed herein which define a shaft axis SA-SA. The surgical end effector 6400 comprises
two jaws that are simultancously movable between open and closed positions relative to the shaft axis SA-5A. The first
and second jaws may comprise a variety of different surgical related jaw arrangements. In the Hiustrated example, a first
jaw 6410 includes an elongate channel 6412 that is configured to support a suxgical staple cartridge 6420 therein. Asinthe
various surgical staple cartridges discussed above, the surgical staple cartridge 6429 is configured to operably support a
plurality of staple drivers (not shown} therein that operably support surgical staples (not shown) thereon. The siaple drivers
are mwnvably supported within corresponding dover pockets formed in the surgical staple cartridge 6420, The staple drivers
are arranged in rows on each side of an elongate slot (not shown) in the surgical staple cartridge 6420 to accommodate the
axial passage of a firing member 6440 therothrough. A wedge sled (not shown) is movably supporied within the surgical
staple cartridge 6420 and is configured fo be driving engaged by the firing member 6440 as the firing member 6440 is
driven from a starting position adjacent to the proximal end of the surgical staple cartridge 6420 and an ending position
within a distal portion of the surgical staple cartridge 6420. As was discussed above, as the wedge sled is driven in the
distal direction through the surgical staple cariridge 6426, the wedge sled duvingly contacts the staple drivers to drive them
toward the cartridge deck sarface {not shown). The firing member 6440 includes a tissue cutting surface 6446 that serves o
cut the tissue clamped between the jaws as the firing member 6440 is driven distally. A distal firing beam (not shown) of
the various types described herein is operably attached to the firing member 6440 as well as to an intermediate firing shadt
porttion 2222 or other firing system arangement. Operation of the intermediate firing shaft porion 2222 to dove and
retract the distal firing beam was discussed in detail above and will not be repeated for the sake of brevity. Other firing
beam and firing system arrangements (motor-powered as well as manually-powered) may also be employed to power the
firing member without departing from the spirit and scope of the present invention.

i0225] The illustrated surgical end effector 6400 is also configured for sclective articulation about an articulation axis B-
B that is substantially transverse to the shaft axis SA-SA. As canbe seen in FIGS. 72-79, the surgical end effector 6400

includes an end effector mounting assembly 6490 that is adapied to be pivotally mounted to, for example. a distal shaft
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frame that includes a pivot pin that is configured to be rotatably received within the mounting hole 6492 in the end effector
mounting assenibly 6490, The surgical end effector 6400 may be articulated by an articalation lock and first and second
articulation rod arrangements of the type described above. As canbe seen in FIG. 74, a pair of cam plates 6500 is non-
movably attached by a spring pin 6362, for example, to the end effector mounting assembly 6490, As can be further seen
in FIG. 74, each cam plate 6500 has a cam siot 6504 that has a closure wedge portion 6305 and an opening wedge portion
6507. The closure wedge portion 6505 is formed from two opposed closure cam surfaces 6506 and the opening wedge
portien 6507 1s formed from two opposed opening cam surfaces 6508. The elongate channel 6412 inchudes two proximally
extending actuator arms 64 16 that each has an opening trurmion pinion 6418 and a closing trunnion pin 6419 protruding
laterally therefrom. The opening and closing trunnion pins 6418 and 6419 are received with the cam slot 6504 of a
corresponding cam plate 6500, Such arrangement serves to movably or pivotally journal the first jaw 6410 to the end
effector mounting asserbly 6490

[0226] The illustrated surgical end effector 6400 further comprises a second jaw 6460 that may comprise an anvil 6462.
The Hustrated anvil 6462 includes an anvil body 6464 that inclades an elongate slot 6466 and two staple forming sorfaces
6468 formed on each side thereof. The anvil 6462 further has a proximal end portion 6470 that includes two proximally
extending actuator arms 6472 protnuding therefrom. Each actuator arm 6472 has an opening trunnion pinion 6474 and a
closing trunuion pin 6476 protruding laterally therefrom that are also received in the cam slot 6504 of a corresponding cam
plate 6566, Such arrangement serves to movably or pivotally journal the second jaw 6460 to the end effector mounting
assemnbly 6490

{0227 The first and second jaws 6410 and 6460 are movably actuaied by a closure system of the various types disclosed
herein. For example, a first closure drive system 30 may be employed to actuate a closure tube in the manner described
herein. The closure tube 260 mav also be atiached to an end effector closure sleeve 6572 that may be pivotally attached to
the closure tube by a double pivot closure sleeve assermbly in the manner described above. As was described above, for
example, axial movement of the closure tube may be controlled through actuation of a closure frigger. Ascanbe seenin
FIGS. 77 aund 78, the end effector closure sleeve 6572 extends over the end effector mounting assembly 6490 as well as the
actuator arms 6416 of the first jaw 6410 and the actuator arms 6472 of the second jaw 6460, As the closure sleeve 6572 is
advanced distally, the distal end 6574 of the closure sleeve 6572 contacts a proximal end 6411 of the first jaw 6410 and a
proximal end 6461 of the second jaw 6460 and moves the first and second jaws 6410, 6460 in the distal direction “DD”™.
As the first and second jaws 6410 | 6460 move distally, the closing trunnions 6419, 6476 enter the closore wedge portion
6508 of the cam slot 6504 and the closure cam surfaces 6306 cam the first and second jaws 6410, 6460 toward each other to
a closed position (FIGS. 73, 75, 77 and 78).

[0228] To facilitate opening of the first and second jaws 6410, 6460 with the closure sleeve 6572, the closure sleeve 6572
1s provided with two inwardly extending opening tabs 6576 that are configured to engage the closure trunnions 6419, 6476
when the closure sleeve 6572 is retracted in the proximal divection “PD” by the closure system. As can be seen in FIGS. 72
and 76, for example, as the closure sleeve 6572 meves in the proximal direction “PD7, the opening tabs 6576 contact the
closure trunmions 6419, 6476 and drives the closure trunmons 6419, 6476 in the proximal direction as well. The proximal
movement of the closurs trunmions 6419, 6476 causes the opening trunmions 6418 and 6474 to enter the opening wedge
portion 6507 of the cam plate slots 6304, The opening cam surfaces 6508 interact with the opening trunnions 6418, 6474

and cause the actuator arms 6416 and 6472 to rock open on their respective rocker surfaces 6417 and 6475 as shown in
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FIGS. 76 aud 79. As with the above-described arrangements wherein both the first and second jaws move relative to the
shaft axis SA-3A, the closure wedge portion 6505 and the opening wedge portion 6507 may be configured so that the first
and second jaws close at different closure rates or closure times relative to each other upon application of a closure motion
thereto.

{92297 FIGS. 80-84 illustrate another surgical end effector 7400 that comprises two jaws wherein one jaw is movable
relative to the other jaw between open and closed positions. In the illustrated example, the first jaw 7410 comprises an
anvil 7412, The iflostrated anvil 7412 has an anvil body 7414 that has a proximal end portion 7416 that {s non-movably
attached to an end effector mounting assembly 7430. For example, the proximal end portion 7416 comprises two
upstanding lateral walls 7418 that each has a mounting hole 7419 thexein. See FIG. 82, The end effector mounting
assembly 7430 is received between the upstanding lateral walls 7418 and is non-movably attached thereto by a spring pin
7421 that extends therethrough intc holes 7419. The end effector mounting assembly 7430 is adapted to be pivotally
mounied to, for example, a distal shaft frame that includes a pivot pin that is configured to be rotatably received within the
mouniing hole 7432 in the end effector mounting assembly 7430, The surgical end effector 7400 may be articulated by an
articulation lock and first and second articulation rod arrangements of the type described above or by any of the various
articelation systems and articulation rod and/or rod/cable arrangements descibed herein without departing from the spirit
and scope of the present invention. As can also be seen in FIGS. 80 and 82, the anwvil body 7414 also includes an elongate
slot 7422 with two staple formdng surfaces 7424 formed on each side thereof.

[0238]  The surgical end effector 7400 further includes a second jaw 7440 that comprises an ¢longate channel 7442 that is
configured {0 suppot a surgical staple cartridge 7450 thersin. As in certain surgical staple cariridges discussed above, the
surgical staple cartridge 7450 is configured to operably support a plurality of staple drivers (not shown) therein that
operably support surgical staples (not shown) thereon. The staple drivers are movably supported within corresponding
driver pockets 7432 formed in the sorgical staple cartridge 7450, The staple drivers are arranged 1n tows on each side of an
clongate slot 7454 in the surgical staple cartridge 7450 fo accommodate the axdal passage of a firing member 7460
theretlwough. A carridge pan 7451 is attached {o the staple cartrdge 7450 to prevent the staple drivers from falling oot of
their respective driver pockets 7452 when the surgical end effector 7400 is manipulated into various orientations. A wedge
sied 7462 is movably supported within the surgical staple cartxidge 7430 and is configured to be driving engaged by the
firing member 7460 as the firing member 7460 is driven from a starting position adjacent o the proximal end of the
surgical staple cartridge 7450 and an ending position within a distal portion of the surgical staple cartridge 7450. As was
discussed above, as the wedge sled 7462 is driven in the distal direction through the surgical staple cartridge 7450, the
wedge sled 7462 drivingly contacts the staple drivers to dove them toward the cantridge deck surface (not shown), The
firmg member 7460 includes a tissue cutting surface 7464 that serves to cut the tissue clamped between the jaws 7410,
7440 as the firing member 7460 is driven distally. A distal firing beam 289 or of the other various types described herein is
operably attached to the firing member 7460 as well as to an intermediate firing shaft portion 2222 or other firing system
armangement. Operation of the intermediate firing shaft portion 2222 1o drive and retract the distal fining beam 280 was
discussed in detail above and will not be repeated for the sake of brevity. Other firing beam and firing systerm arangemenis
(motor-powered as well as manuallv-powered) may also be emploved to power the firing member without departing from
the spirit and scope of the present invention. A first jaw cover 7415 is removably attached to the anvil 7412 a second jaw

cover 7441 is removably atiached to the second jaw 7440 for assembly purposes as well as to prevent the infiltration of
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tissue and/or body fluid into the first and second jaws which may hamper or interfere with operation of the firing member
6340.

[0231] Ascanbe scenin FIG. 82, the elongate channel 7442 includes a proximal end portion 7444 that has two lateral
side portions 7445, Each lateral side portion 7445 has a conesponding U-shaped or open ended slot 7446 therein that is
adapted to receive a corresponding pivot pin 7426 that laterally protrudes from the proximal end portion 7416 of the anvil
body 7414. Such arrangement serves to movably or pivotally journal the second jaw 7440 or elongate chammel 7442 to the
first jaw 7410 oranvil 7412, As can be most particelarly seen in FIGS. 8¢, 82 and 84, closure ramp segments 7447 ate
formed on the proximal end 7444 of the clongate channel 7442, In addition, each lateral side 7445 of the proximal end
portion 7444 has a lateral recess arca 7448 formed therein. Each lateral recessed area 7448 is located proxtmal fo a
corresponding closure ramp segment 7447. An opening ramp or cam 7449 is formed adjacent the proximal end of each
lateral recessed arca 7448, Each opening ramp or cam 7449 terminates in a top surface 7580, See FIGS. 82 and 84.

[0232] The second jaw 7440 or clongate chammel 7442 mayv be movably actuated relative to the first jaw 7410 or anvil
7412 by a closore system of the vaticus types disclosed herein. Por example, a closure diive system of the types described
herein may be employed to actuate a closure tube of the types described herein as was discussed in detail above. The
closure tube may also be atiached to an end effector closure sleeve 7572 that mav be pivotally attached to the closure tube
by a double pivot arrangement in the rmanner described above. As was described above, for example, axial movement of
the closure tube may be controlied through actuation of a closure trigger. In other arrangements, the closure tube may be
axially moved by means of a robotic conirol systen, etc. As can be seen in FIGS, 80, 81, 83 and 84, the end effector
closure sieeve 7572 extends over the end effector mounting assembly 7430 as well as the proximal end portion 7444 of the
elongate channel 7442 of the second jaw 7440, The end effector closure sleeve 7572 inchides two diametrically opposed
opening members 7574 that are configured to operably engage the proximal end portion 7444 of the second jaw 7440 or
clongate channef 7442, In the ilustrated embodiment, the opening members 7574 comprise inwardly extending opesuing
tabs 7576 that are formed in portions of the end effector closure sleeve 7572,

32331 The second jaw 7440 is moved 1o a closed position (FIGS. 81 and 83) by advancing the end effector closure sleeve
7572 in the distal direction “DD”. As the end effector closure sleeve 7572 moves distally, the distal end 7575 thereof
contacts the closure ramp segments 7447 that are formed on the proximal end 7444 of the elongate channel 7442 and serves
to cam the elongate channel 7442 towards the anvil 7412, Once the end effector closure sleeve 7552 has been moved to ifs
distal-maost position, the distal end 7575 contacts an abutment surface 7443 on the clongate channel 7442 to maintain the
closure load or closing force on the elongate channel 7442, See FIGS. 81 and 83. When the end effector closure sleeve
7572 15 in the fully-closed position, the ends of the opening tabs 7576 are received in the corresponding lateral recess areas
7448, To move the second jaw 7440 or elongate channel 7442 to an open position, the closure system is actuated to move
the closure sleeve 7572 1n the proximal direction “PD”. As the end effector closure sleeve 7572 moves proximally, the
opening tabs 7572 ride up the corresponding opening ramp or cam 7449 on the proximal end portion 7444 of the elongate
channel 7442 to cam or pivot the clongate channel 7442 away from the anvil 7412, Each tab rides up the cam 7449 onto
the top surface top surface 7580 and serves to positively retain the clongate channel 7442 in that fully open position. See
FI1G. 84,

[0234] FIGS. 85-87 illustrate another surgical end effector 8400 that comprises two jaws 8410, 8440 that arc

simultancousty movable between open and closed positions relative to the shaft axis SA-SA. In the ilusirated example, the
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first jaw 8410 comprises an anvil 8412, The illustrated anvil 8412 hags an anvil body 8414 that has a proximal end portion
3416 that movably interfaces with an end effector adapter 8600. As can be scen in FIG. 85, the end effector adapter 8600
inchudes two distally extending distal walls 8602 that each has a lateral pivot pin 8604 protruding laterally therefrom. Each
lateral pivot pin 8604 is received in a corresponding open ended U-shaped slot 8418 formed in the lateral side walls 8417 of
the proximal end portion 8416 of the anvil 8412, See FIG. 85, Such arrangement permits the clongate channel 8412 to
move or pivot relative to the end effector adapter 8600, As can be further seen in FIG. 85, the end effector adapter 8600 is
non-movably attached to and end effector mounting assembly 8430, For example, the end effector adapter 8600 further
includes two upsianding lateral walls 8606 that each has a mounting hole 8608 therein. The end effector mounting
assembly 8430 is received between the upstanding latexal walls 8606 and is non-movably attached thereto by a spring pin
8421 that extends therethrough into holes 8608, The effector mounting assembly 8430 is adapted to be pivotally mounted
to, for example, a distal shaft frame that includes a pivot pin that is configured to be rotalably received within the mounting
hole 8432 in the end effector mounting assembly 8430. The surgical end effector 8400 may be articulated by an
articulation lock and first and second articolation rod arrangerends of the tvpe descrbed above or by any of the various
articulation systems and articulation rod and/or rod/cable arrangements described herein without departing from the spirit
and scope of the present 1nvention. As can also be scen in FIG. 85, the anvil body 8414 also inchides an clongate slot 8422
with two staple forming surfaces 8424 formed on each side thercof.

i0235] The surgical end effector 8406 further inchudes a second jaw 8440 that comprises an clongate channel 8442 that is
configured to support a surgical staple cartridge 8450 therein. As in the vanous sorgical staple cartridges discussed above,
the surgical staple cariridge 8456 is configured to operably suppert a plurality of staple drivers (not shown) therein that
operably support surgical staples (not shown) thercon. The staple drvers are movably supported within corresponding
driver pockets 8452 fornmed in the surgical staple caritidge 8450, The staple drivers are arranged in rows on each side of an
clongate slot 8454 in the surgical staple cartridge 8450 to accommodate the axial passage of a firing member 8460
therethrough. A cartridge pan 8451 is attached to the staple cartridge 8450 to prevent the staple drivers from falling out of
their respective driver pockets 8452 when the surgical end effector 840¢ is manipulated into various coriendations. A wedge
sled 8462 is movably supported within the surgical staple cartridge 8450 and is configured to be drivingly engaged by the
firing member 8460 as the firing member 846¢ 1s driven from a starting position adjacent {o the proximal end of the
surgical staple cartridge 8450 and an ending position within a distal portion of the surgical staple cartridge 8450, As was
discussed above, as the wedge sled 8462 is driven in the distal direction through the surgical staple cartridge 8430, the
wedge sled 8462 drivingly contacts the staple drivers to dave them toward the cartridge deck surface (not shown). The
firing member 8460 inchudes a tissue cuiting surface 8464 that seives to cut the tissue clamped between the jaws 8410,
%440 as the firing member 8460 is driven distally. A distal fixing beam 280 or of the other various types described herein is
operably atiached to the firing member 8460 as well as to an intermediate firing shaft portion 2222 or other firing sysiem
arrangement. Operation of the intermediate fiving shaft portion 2222 to drive and retract the distal firing beam 280 was
discussed in detail above and will not be repeated for the sake of brevity. Other firing beam and firing system arrangemenis
(motor-powered as well as manually -powered) may also be employed to power the firing member without departing from
the spirit and scope of the present invention. A first jaw cover 84135 is removably attached to the anvil 8412 and a second

Jjaw cover 8441 is removably attached to the second jaw 8440 for assembly purposes as well as to prevent the infiltration of
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tissue and/or body fluid into the first and second jaws which may hamper or interfere with operation of the firing member
8460,

[0236] Ascanbe scen in FIG. 85, the elongate channel 8442 includes a proximal end portion 8444 that has two lateral
side portions 8445, Each lateral side portion 8445 has a conesponding U-shaped or open ended slot 8446 therein that is
adapted to receive a corresponding t lateral pivot pin 8604 that protmuides laterally from the end effector adapter 8600, Such
arrangement serves to movably or pivotally journal the second jaw 8440 or elongate channel 8442 {o the first jaw 8410 or
anvil 8412, As can also be seen in FIG. 85, closure tamp segments 8447 are formed on the proximal end 8444 of the
clongate channel 8442. In addition, each lateral side 8445 of the proximal end portion 8444 has a second lateral recessed
area 8448 formed therein. Each second lateral recessed arca 8448 is located proximal to a corresponding second closure
ramp segment 8447. A second opening ramp or cam 8449 is formed adjacent the proximal end of each second lateral
recessed arca 8448, Each second opening ramp or cam 8449 terminates in a second top surface 8450, Similatly, a first
recessed area 8420 is formed on the bottom of each of the side walls 8417 of the proximal end portion 8416 of the anvil
8412, A first opening rarap or cam 8426 is formed adjacent the proximal end of each first Jateral recessed area 8420, Each
first opening ramp or cam 8426 terminates in a first top surface 8428.

{6237} The second jaw 8440 or clongate channel 8442 and the first jaw 8410 or anvil 8412 may be simuitancously moved
between open and closed positions by a closure system of the various types disclosed herein. For example, a closure drive
systen: 30 may be employed to actuate a closure tube 260 in the manner descubed herein. The closure tube 260 may also
be attached to an end effector closure sleeve 8572 that may be pivotally attached to the closure tube 260 by a double pivot
armangement in the manner described above. As was described above, for example, axial movement of the closure tube 260
may be controlled through actuation of a closure trigger 32, In other arrangements, the closure tube may be axially moved
by means of a robotic contrel system, otc. As can be seen in FIGS. 86 and 87, the end effoctor closure sleeve 8572 extends
over the end effector ounting assembly 8430, the end effector adapter 860C as well as the proximal end portion 8444 of
the elongate channel 8442 of the second jaw 8440 and the proximal end portion 8416 of the first jaw 8410 or anvil 8412,
The end effector closure sleeve 8572 includes two diametrically opposed, first opening members 8574 that are configured
to operably engage the proximal end portion 8416 of the first jaw 8410. In the illustrated embodiment, the first opening
mertbers 8574 comprise inwardly exiending first opening tabs 8576 that are formed in portions of the end effector closure
sleeve 8572, Likewise, the end effector closure sleeve 8572 further includes two diametrically opposed, second opening
members 8580 that are configured to operably engage the proxirmal end portion 8444 of the second jaw 8440, Inthe
illustrated embodiment, the second opening members 8380 comprise inwardly extending second opening tabs 8582 that arc
formed in portions of the end effector closure sleeve 8572,

[9238] The first and second jaws, 8410, 8440 are simultaneously moved to a closed position (FIG. 86) by advancing the
end effector closure sleeve 8572 in the distal direction “DD”. As the end effecior closure sleeve 8572 moves distally, the
distal end 8575 thereof contacts the bottom of the proximal end portion 8416 of the first yaw 8410 or anvil 8412 as well as
the closare ramp segments 8447 that arc formed on the proximal end 8444 of the clongate channel 8442 and serves to cam
the first and second jaws 8410, 8440 towards each other. Once the end effector closure sleeve 8572 has been moved to its
distal~most position, the distal end 8575 of the end effector closure sleeve 8572 contacts first abuiment surfaces 8419 on the
first yaw 8410 or anvil 8412 as well as a second abutment surface 8443 on the second jaw 8440 or elongate channel 8442 to

maintain the closure load or closing force on both of the jaws 8410, 8440, See FIG. 86, When the end effector closure
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sieeve 8372 is in the fully-closed position, the ends of the first opening tabs 8576 are received in the comesponding first
iateral recesses areas 8420 and the ends of the second opening tabs 8582 are received in the corresponding second lateral
recess arcas 8448, To move the first and second Jaws 8410, 8440 away from each other to open positions, the closure
systemn is actuated to move the closure sleeve 8572 in the proximal direction “PI¥. As the end effector closure sleeve 8572
moves proxitmally, the first opening tabs 8576 ride up the corresponding first opeming ramp or cam 8426 on the bottom of
the proximal end portion 8416 of the first jaw 8410 to cam or pivot the first jaw 8410 or anvil 8412 in a direction away
from the second jaw 8440 or elongate channel 8442 and the second opening tabs 8382 ride up the corresponding second
ramps 8449 on the proximal end portion 8444 of the elongate channel 8442 to cam or pivot the elongate channel 8442 ina
direction away from the fixst jaw or anvil 8412, Each of the first tabs 8576 rides op the corresponding cam or ramp 8426
ounto the corresponding first locking surface 8428 and each of the second tabs 8582 rides up the corresponding second cam
or ramyp 8449 onto the corresponding second locking surface 8450 to thereby retain the first and second jaws 8410, 8406 in
the open position. The reader will appreciate that the axial position of the first tabs 8576 relative to the second tabs 8582
may be positioned so as to simultancously mmove the first and second jaws away from each other or they may be axially
offset so that one of the jaws moves before the other jJaw moves.

{0239] FIGS. 88-93 illustrate portions of another suxgical instooment 9G10 that includes a surgical end effector 9300 that
operably interfaces with an clongate shaft assembly 9200, The surgical end effector 9300 is similar to surgical end effector
360G that was discussed in detail above and includes a first jaw in the form of an clongate chamnel 9302 that is configured fo
operably support a surgical stapk cartridge 304 therein. The iflustrated surgical end effector 9300 further includes a second
jaw in the form of an anvil 310 that is supported on the clongate channel 9302 for movement relative thereto. The anvil
310 may be movably actuated by the closure system described above and shown in FIGS. 88 and 91, For example, a first
closure drive system may be enmploved fo actuate a closure tube 260 in the mamner described hercin. The closure fube 260
is attached to an end effector closure sleeve 272 that is pivotally attached to the closure tube 260 by a double pivot closure
sleeve assembly 271 in the manner described above. As was described above, for example, axial movement of the closure
tube 260 yay be controlled through actuation of a closure trigger. As was also described above, the closure sleeve 272
incudes opening cams that serve to movably actuate the anvil 310 to an open position. In use, the closure tube 260 is
translated distally {direction “DI}7} to close the anvil 310, for example, in response to the actuation of the closure trigger.
The anvil 310 is closed by distally translating the closure tube 260 in the distal direction “DD” and as well as the end
effector closure sleeve 272 that is pivotally coopled thereto. As the end effector closure sleeve 272 is driven distally, the
cam tabs 358 of the opening cams 354 move distally within the cam slots 318 in the anvil 310 to operably interface or ride
on the cam surfaces 319 1o cam the body portion 312 of the anvil 310 away from the surgical staple carndge 304 into an
open position. The anvil 310 is closed by distally translating the closure tube 260 in the distal direction “DD” until the
distal end 275 of the end effector closure sleeve 272 rides up the anvil attachment arms 316 1o contact the which causes the
cam tabs 358 to move in the proximal direction “PD” within the cam slots 318 on the cam surfaces 319 to pivot the anvil
3160 into the open position.

[9240]  Ascanbe seen in FIG. 91 for example, the clongate shaft assembly 9200 includes a two picce shaft frame or
spine asseimbly 9812 upon which the closure tube assembly 260 is received. The spine assembly 9812 includes a proximal
spine portion 9814 and a distal spine portion 9816. The proximal spine portion 9816 may be rotatably journaled in the

handle or housing (not shown) in the vanous mamners described hercin to facilitate rotation of the surgical end effecior
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9300 about the shaft axis SA. Although not shown, the surgical instrument 9010 may also include a firing beam
arrangement and any of the various fixing drive system arrangements disclosed herein for driving a firing member through
the surgical staple cartridge in the vanious manners discussed above. As canbe seen in FIG. 91, the distal spine porttion
9816 includes a distal end portion 9818 that has an upwardly protruding pivot pin 9819 thereen that is adapted to be
pivotally received within a pivot hole 9328 formed in the proximal end portion 9320 of the clongate charmel 9302, Such
arrangement facilitates pivotal travel of the elongate channel 9302 of the surgical end effector 9300 relative to the spine
asserubly 9812 aboot an articulation axis B-B that is defined by the pivot hole 9328, As indicated above, the articulation
axis B-B is transverse fo the shaft axis SA-SA that is defined by elongate shaft assembly 9200.

B241)  Suoll referring to FIG. 91, the clongate shaft assembly 9200 further inchides an articolation system, generally
designated as 9900 that includes a first articulation bar 9910 and a second articulation bar 9920. The first articulation bar
9910 operably interfaces with a first articulation motor 9912 that is operably supporied in the surgical instrument handle or
housing or portion of a robotically controlled system. As canbe seen in FIGS. 92 and 93, the first articulation bar 9910 is
attached to a first articolation mat 9914 that is threadably received on a first threaded drive shaft 9916 of the first
articulation motor 9912, Rotation of the first threaded drive shaft 9916 in a first rotary direction will result in the distal
advancement of the first articulation bar 9910 in the distal direction “DD” and rotation of the first threaded drive shaft 9916
in a second or opposite rotary direction will result in the proximal advancement of the first articulation drive bar 9910 in the
proximal direction “PD7,

[0242] The iHustrated articulation system 9900 further includes a second articulation bar 9920 that operably interfaces
with a second articulation motor 9922 that is operably supported in the surgical instrument handle or housing or portionof a
robotically controfled system. As can be seen in FIGS. 92 and 93, the second articulation bar 9920 is attached to a second
articulation nut 9924 that is threadably received on a second threaded drive shaft 9926 of the second articulation motor
9922. Rotation of the second threaded drive shaft 9926 in a first rotary direction will result in the proximal advancement of
the second articulation bar 9920 in the proximal direction “PD” and rotation of the second threaded drive shaft 9926 ina
second or opposite rolary direction will xesult in the distal advancement of the second articulation drive bar 9920 in the
distal direction "DD”.

[0243] The articulation syster 9900 further includes a cross-linkage assembly 9940 that is operably attached (o the first
and second arficulation bars 9910, 9920. As can be seen in FIG. 91, the cross-linkage assembly 9940 includes a middie
support member 9950 that is pivotally pinned to the proximal end 9320 of the elongate chanmnel 9302 with a first pin 89932,
The middle support member 9950 further includes a proximal connector tab 9954 that includes a slot 9956 for receiving a
second pin 9958 therein for pivotally attaching the proximal connector tab 9954 to the distal end portion 9818 of the distal
spine portion 9816, The pin and slot arrangement facilitate prvotal and wxial travel of the middle support member 9950
relative to the spine assembly 9812, The middle support member 9950 further inchides a slot 9960 for receiving a firing
beam therethrough. The middie support member 9950 serves to provide lateral support to the firing beam as it flexes to
accommodate articulation of the surgical end effector 9360,

[9244] As can be most particularly scen in FIGS. 92 and 93, the middle support member 9950 has a proximal linkage tab
portion 9970 that facilitates attachment of the first and second articulation bars 9910, 9920 thereto. In paicular, a distal
end 9911 of the first articulation bar 9910 is pivotally attached to a first articulation Hink 9972 that is pivotally pinned to the

proximal linkage tab portion 9970, Likewise, a distal end 9921 of the second articulation bar 9920 is pivotally pinned to a
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second articalation link 9974 that is pivotally pinned to the proximal linkage tab portion 9970 of the middle sapport
member 9950, FIG. 92 illusirates adiculation of the surgical end effector 9300 in the direction represented by arrow 9980,
As can be seen in that Figure, the first threaded drive shaft 9916 of the first articulation motor is rotated in a first rotary
dircction to drive the first articulation bar 9910 in the distal direction. In addition, the second threaded dove shaft 9926 of
the second articulation motor 9922 is rotated in a second rotary divection to draw the second articulation bar 9920 in the
proximal direction. The first and second articulation motors 9912, 9922 are operated by a computer controlled system and,
as can be seen in FIG. 92, the distance that first articulation bar 9910 moves in the distal direction is not equal to the
distance in which the second articulation bar 9920 moves in the proximal direction.

{B245) FIG. 93 illustrates articulation of the surgical end effector 9300 in the direction represented by arrow 9982, As
can be seen in that Figure, the second threaded drive shaft 9926 of the second articulation motor 9922 is rotated in a first
rotary direction to drive the second articulation bar 9920 in the distal direction. In addition, the first threaded drive shaft
9916 of the first articulation motor 9912 is rotated in a second rotary direction to draw the first articulation bar 9910 in the
proximal direction. The first and second articulation motors 9912, 9922 are operated by a computer controlled system and,
as can be seen in FIG. 92, the distance that second articulation bar 9920 moves in the distal direction is not equal to the
distance in which the first articulation bar 9910 moves in the proximal direction. In alternative arrangements, only one
articulation motor may be emploved to articulate the end effector. In such arrangements, for example, the second hink may
be proximally coupled to the first link by means of a rack and pinion arrangement sindlar fo those rack and pinion
arrangenients disclosed in detail herein,

[6246] FIG. 94 and 95 dlustrate surgical staple cartridges 9304 and 9304° that each inchide a Hght member 9305 for
illuminating the distal end of the surgical end effector in which 1t is supported. Each of the staple cartridges 9304, 93047
may have conductors (not shown) that are arranged on the bottom of the cartridge or on the cartridge sides that are
configured to electrically contact corresponding conductors in the elongate channel that communicate with a source of
electrical energy located in the instrument handle or housing. Thus, when the cartridge 9304, 9304 are properly seated in
the elongate channel of the surgical end effector, the light 9303 therein may receive power from the source of electricat
power in the handle or housing through the corresponding conductors.

16247} The surgical instroment systems described herein are motivated by an electric motor; however, the surgical
instrument systems described herein can be motivated in any suitable manner. In various instances, the surgical instrument
systems described herein can be motivated by a maneally-operated trigger, for example. The motor or motor{s) may
comprise a portion or portions of a robotically controlled system.

{0248] The surgical instrument systems described herein have been described in conmection with the deployment and
deformation of staples; however, the embodiments described herein are not so limited. Various embodiments are
envisioned which deploy fastencrs other than staples, such as clamps or tacks, for example. Moreover, various
entbodiments are envisioned which utilize any suitable means for sealing tissue. For instance, an end effector in
accordance with various embodiments can comprise electrodes configured 1o heat and seal the tissue. Also, for instance, an
end effector in accordance with certain embodiments can apply vibrational energy to seal the tissue.

i0249] The surgical instrument systems described hercin are motivated by one or more electric motors; however, the
surgical instrument systems descrbed herein can be motivated in any suitable manner. In various instances, the surgical

instrument systems described herein can be motivated by a manually-operated trigger, for exampile.
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Fxamples

{#250] Example 1 - A surgical instrument, comprising a surgical end effector. The surgical end effector comprises a first
Jjaw and a second jaw that is movably supported relative to the first jaw between an open position and closed positions. The
surgical instrument further comprises a closure member that is axially movable in response to applications of closing and
opening motions. The closure member comprises at least one opening cam that protrudes therefrom to movably engage a
corresponding slotted cam surface on the second jaw such that, upon application of the opening motion to the closure
meruber, the at least one opening cam movably engages the corresponding slotted cam surface to move the second jaw to
the open position and upon application of the closure motion to the closure member, the closure member engages the
second jaw t0 move the second jaw to one of the closad positions,

[0251] Example 2 - The surgical instrument of Example 1, wherein the at least one opening cam comprises a first opening
cam that extends laterally inwardly from the closure member and engages a fixrst one of the corresponding slotted cam
surfaces. A second opening cam extends laterally inwardly from the closure member and engages a second one of the
corresponding stotied cam surfaces.

10252] Example 3 - The surgical instrunent of Example 2, wherein the second opening cam is diametrically opposite
from the first opening cam on the closure member.

[0253] Example 4 - The surgical instrument of Examples 1, 2 or 3, wherein the at least one opening cam is removably
attached to the closure member,

[0254] Example 5 - The surgical instrument of Examples 1, 2, 3 or 4, wherein the at least one opening cam is configured
for smap engagement with the closure member,

[9255] Example 6 - The surgical instrument of Examples 1, 2 or 3, wherein the at least one opening cam i integrally
formed in the closure member.

[0236] Example 7 - The surgical instruroent of Examples 1, 2, 3 or 6, wherein the at least one opening cam is crivaped into
a wall of the closure member such that a crimped portion of the wall movably extends through a corresponding portion of
the first jaw to movably engage the corresponding slotted cam suxface on the second jaw.

{0257] Example 8 - The surgical instrument of Examples 1, 2, 3, 4, 5, 6 or 7, wherein the at least one opening cam
extends inwardly through a portion of the first jaw to engage the corresponding slotted cam surface.

[0238] Example 9 - The surgical instrument of Examples 1, 2, 3, 4, 5, 6, 7 or 8, wherein the second jaw comprises a pair
of laterally extending trunnions configured to be pivotally received in corresponding trunnion holes in the first jaw 1o
facilitate pivotal travel of the second jaw relative to the first jaw.

j0259] Example 10 - The surgical instrument of Examples 1, 2, 3, 4, 5,6, 7. 8 or 9, wherein the first jaw is configured to
operably support a surgical staple cartridge and wherein the second jaw comprises an anvil.

i0266] Example 11 - A surgical instrument, comprising a surgical end effector. The surgical end effector comprises a
first yaw and a second jaw that is pivotally supported on the first jaw for selective movement relative thercto between an
open position and closed positions. The second jaw comprises first and second cam surfaces. The surgical instrument
further corprises an end effector closure sleeve that comprises a first opening cam that extends laterally nwardly from the
end effector closure sleeve through a porion of the fitst jaw to operably engage the first cam surface. A second opening
cam extends laterally inwardly from the end effector closure sleeve through another portion of the first jaw to operably

engage the second cam surface such that upon application of an opening motion to the end effector closure sleeve, the first
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opening cam movably engages the first cam surface and the second opening cam movably engages the second cam surface
to move the second jaw to the open position and upon application of a closing motion to the end effector closure sleeve, the
end effector closure sleeve movably engages the second jaw to move the second jaw to one of the closed positions.

[6261] Example 12 - The sorgical instrument of Example 11, wherein the first and second opening cams are removably
attached to the end effector closure sleeve.

{0262] Example 13 - The surgical instrument of Example 11, wherein the first and second opening cams comprise
permanent deformations in the end effector closure sleeve.

[0263] Example 14 - The surgical instrument of Examples 11 or 13, wherein the first and second opening cams are
formed by crimping the end effector closure sleeve.

[0264] Example 15 - The surgical instroment of Example 14, wherein the first and second opening cams are crimped at 90
degree angles relative to adjacent portions of an outer surface of the end effector closure slecve.

[0265] Example 16 - The surgical instrument of Examples 11, 12, 13, 14 or 15, wherein the first opening cam movably
protrudes theough a fivst slot in the first jaw 1o operably interface with the first cam sutface in the second jaw and wherein
the second opening cam movably protrudes through a second slot in the first jaw to operably interface with the second cam
surface in the second jaw.

[9266] Example 17 - The surgical instrument of Examples 11, 12, 13, 14, 15 or 16, wherein the second jaw comprises a
pair of laterally extending trunnions configured to be pivoially received in comesponding trunnion holes in the first jaw to
facilitate pivotal travel of the second jaw relative to the first jaw.

{6267} Example 18 - The sorgical instrument of Examples 11, 12, 13, 34, 15, 16 or 17, wherein the first jaw is configured
to operably support a surgical staple cartnidge and wherein the second jaw comprises an anvil.

i0268] Example 19 - A surgical instrument, comprising a housing and a closure system that is operably supported by the
housing and is configured to generate closing and opening motions. An elongate shaft assembly operably interfaces with
the housing. The elongate shaft assembly comprises an end effector closure sleeve that is axially movable in response to
apphications of the closing and opening motions thereto, The surgical instrument further comprises a surgical end effector
that comprises an elongate channel that operably interfaces with the elongate shaft assembly and is configured to operably
sopport a surgical staple cartridge therein, An anvil is movably supported on the elongate channel for selective movement
relative thereto between an open position and closed positions. The surgical instrument also comprises at Ieast two opening
cams that protrude from the end effector closure sleeve such that upon application of the opening motion to the end effector
closure sleeve, the at least two opening cams operably interface with corresponding cam surfaces on the anvil in a first
direction to move the anvil to the open position and upon application of the closing motion to the end effector closure
sieeve, the end effector closure sleeve operably interfaces with the anvil in a second direction to cause the anvil fo move to
one of the closed positions.

10268] Example 20 - The surgical instrument of Example 19, wherein at least one opening carn is formed in the end
effector closure sleeve.

[0270] Example 21 - A surgical instrament, comprising an ¢longate shaft assembly that defines a shaft axis. Anend
effector mounting assembly is movably coupled to the clongate shaft assenbly for selective articulation abowut an
articulation axis that is transverse to the shaft axis. First and second jaws are movably coupled fo the end effector mounting

assembly such that the first and second jaws are cach movable relative to cach other and the shaft axis about a commmon
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pivot axis between an open position and closed posttions. The first jaw comprises a first point and the second jaw
coraprises a second point wherein the first and second points lic along a comumon axis that is perpendicuiar 1o the shaft axis.
The first point is a first distance from the shaft axis when the first jaw 18 in the open position and wherein the second point
is a second distance from the shaft axis when the second jaw is in the open position and wherein the second distance is
different from the first distance. The surgical instroment further comprises means for biasing the first and second jaws
away from each other to the open position and means for applyving closure motions to the first and second jaws to move the
first and second jaws toward each other to the closed positions.

[0271] Example 22 - The surgical instrument of Example 21, wherein the one of the first and second jaws comprises an
slongate channel that is configured to operably support a sorgical staple cartridge therein and wherein the other one of the
first and second jaws comprises an anvil.

10272] Example 23 - The sorgical instrument of Example 21, wherein the first jaw cornprises a surgical staple cartridge
and wherein the second jaw comprises an anvil and wherein the second distance is greater than the first distance.

8273} Example 24 - The surgical instroment of Examples 21, 22 or 23, funther comprising a firing member that 1s
supported for axial travel between the first and second jaws when the first and second jaws are in one of the closed
positions,

[9274] Example 25 - The surgical instrurment of Examples 21, 22, 23 or 24, wherein the end effector mounting assembly
coraprises a pair of lateral sides. Each lateral side comprises a laterally protruding trommdon pin that defines the pivot axis.
Each of the first and second jaws are pivotally sapported on each of the laterally protruding trumnion pins.

{0275] Example 26 - The surgical instrument of Examples 21, 22, 23, 24 or 25, wherein the means for biasing cornprses a
spring located between the first and second jaws.

i0276] Example 27 - The surgical instrument of Examples 21, 22, 23, 24, 25 or 26, wherein the means for applying
closure motions coraprises an axially movable end effector closore sleeve that is configured to simuhtancously engage
portions of the first and second jaws when the end effector closure sleeve is axially moved in a first direction.

{8277} Example 28 - The surgical instroment of Examples 21, 22, 23, 24, 25, 26 or 27, {urther comprising an axially
movable firing member that is supported for axial travel between the first and second jaws when the first and second jaws
are 1n one of the closed positions.

[0278] Example 29 - The surgical instrument of Example 28, wherein the firing member comprises a tissue cutting
surface.

[0279] Example 30 - A surgical instrument, comprising an elongate shaft asserbly that defines a shaft axis. Anend
effector mounting assembly is movably coupled to the clongate shaft assembly for selective articulation about an
articulation axis that is transverse to the shaft axis. First and second jaws are movably coupled to the end effector mounting
assembly such that the first and second jaws are cach movable relative to each other and the shaft axis between an open
position and closed positions such that upon application of a closing motion to the fivst and second jaws canses one of the
first and second jaws to move to one of the closed pesitions at a closure ate that differs from another closure rate at which
the other of the first and second jaws moves to the closed position. The surgical instrument further comprises means for
selectively applying the closing motion to the first and second jaws and an opening motion to the first and second jaws 10

selectively move the first and second jaws from the closed positions to the open position.
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[0280] Example 31 - The surgical instrament of Example 30, further comprising an axially movable firing member that is
supporied for axial travel between the first and second jaws when the first and second jaws are 1n one of the closed
positions.

j0281] Example 32 - The surgical instrument of Examples 30 or 31, furher compusing a first cam slot on the end effecior
mourting assembly. The first cam slot defines a first closure wedge portion and a first opening wedge portion. A second
cam slot is also provided on the end effector mounting assembly. The second cam slot defines a second closure wedge
portien and a second opening wedge portion. The first jaw comprises a pair of first opening members and a pair of first
closing members wherein one of the first opening members and one of the first closing members are movably received
within the first cam slot. Anocther one of the first opening members and another one of the first closing members are
received within the second cam slot. The second jaw comprises a pair of second opening members and a pair of second
closing members wherein one of the second opening members and one of the second closing members are movably
received in the first cam slot. Another one of the second opening members and another one of the second closing members
are movably recetved within the second cam slot. The means for selectively applying is configured to move the first and
second jaws in a first direction so as to cause the one of the first closing members and the one of the second closing
members to movably enter the first closure wedge portion and the another one of the first closing members and the another
one of the second closing members to movably enter the second closure wedge portion to thereby cause the first and second
jaws 1o move toward each other to one of the closed positions. The means for sclectively applying is further configured to
move the first and second jaws in a second direction so as to cause the one of the first opening members and the one of the
second opening members to move into the first opening wedge portion and the another one of the first opening members
and the another one of the second opening members to move into the second opening wedge portion to thereby cause the
first and second jaws to move away from each other to the open position.

10282] Example 33 - The sorgical instrument of Example 32, wherein the first cam slot is formed in a first cam plate that
is coupled to the end effector mounting assembly. The second cam slot is formed in a second cam plate that is coupled to
the end effector mounling assembly.

{0283] Example 34 - The surgical instrument of Examples 32 or 33, wherein the means for selectively applving comprises
an end effector closore sleeve that is axially movable in response to applications of the closing and opening motions
thereto. The end effector closure sleeve comprises a first opening tab that corresponds to the ong of the first opening
members and the one of the second opening members for operable contact therewith when the end effector closure sleeve is
moved in the second direction. A second opening fab corresponds to the another one of the first opening members and the
another one of the second opening members for operable contact therewith when the end effector closure sleeve is moved in
the second direction.

i9284] Example 35 - The surgical instroment of Examples 30, 31, 32, 33 or 34, wherein one of the first and second jaws
comprises an ¢longate channel that is configured to operably support a surgical staple cartridge therein and wherein the
other one of the first and second jaws comprises an anvil.

{9285] Example 36 - The surgical instrament of Examples 31, 32, 33, 34 or 35, further comprising a firing member that 1s
supporied for axial travel between the first and second jaws when the first and second jaws are 1n one of the closed

positions.
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{9286] Example 37 - A surgical instrument, comprising a first jaw and a second jaw that are pivotally supported relative
to each other for selective pivotal travel between an open position and closed positions. A closure nmember is axially
movable in response to applications of closing and opening motions thereto. The closure member comprises at least two
inwardly exiending opening tabs that are configured 10 operably engage comresponding portions of at Jeast one of the first
and second jaws vpon application of the opening motions to the closure member to move atf least one of the first and second
Jjaws to the open position.

10287 Example 38 - The sorgical instrument of Example 37, wherein the at least one of the at least two inwardly
extending opening tabs is integrally formed in the closure member.

{B288] Example 39 - The surgical instroment of Example 37, wherein each of the at least two inwardly extending opening
tabs are removably affixed to the closure member.

[0289] Example 40 - The sorgical instrument of Examples 37, 38 or 39, wherein one of the first and second jaws
comprises an elongate channel that is configured o operably support a surgical staple cartridge therein and wherein the
other one of the first and second jaws comprises an anvil.

[0299] Example 41 - A surgical stapling instrument, comprising an elongate shaft assembly that defines a shaft axis. A
surgical end cffector is operably coupled to the elongate shaft assembly by an articulation joint such that the surgical end
effector 1s selectively anticulatable relative to the elongate shaft assebly about an arficulation axis that is transverse to the
shaft axis. The surgical end effector comprises a carridge support member that is configured 1o operably support a surgical
staple cartridge therein. A longitudinally movable finng beam extends through the articulation joint and is selectively
axially movable from a starting position to an ending position within the surgical end effector. The swgical instrument
further comprises a firing beam locking assembly that comprises a biasing member that is operably suppotted on the
articulation joint and is configured to apply a biasing motion to the longitudinally movable firing beam to bias the
longitudinally movable firing beam inlo a locked position wherein the longitudinally movable firing beam is provenied
from moving from the starting to the ending position unless an unfired surgical staple cartridge is operably supporied in the
cartridge support rmember.

[0291] Example 42 - The surgical stapling instrament of Example 41, wherein the biasing member is supported on a
middie support member that interfaces with the cartridge support member and the elongate shaft assembly. The middle
support member is configured to laterally support the longitudinally movable firing beam during articulation of the surgical
end effector about the articolation axis.

[0292] Example 43 - The sorgical stapling instrament of Examples 41 or 42, wherein the biasing member is configured to
avoid applying the biasing motion to the longitudinally movable firing beam when the suzgical end offector is being
articulated.

{9293] Example 44 - The surgical stapling instruoment of Examples 41, 42, or 43, wherein the longitadinally movable
firing beam comprises a locking cam formed on a portion thereof for engagement with the biasing merber.

[6294] Example 45 - The sorgical stapling instrament of Exaniple 44, wherein the biasing member comprises a planar
body comprising a window that located therein such that the locking cam protrudes into the window during articulation of
the surgical end effector.

[0295] Example 46 - The surgical stapling instroment of Examples 41, 42, 43, 44, o1 45, wherein the biasing member

biases the longitudinally movable firing beam into a locked position upon iniial application of a fining metion to the
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longitudinally movable firing beam unless the unfired surgical staple cartridge is operably supported within the cartridge
support member.

[0296] Example 47 - The surgical stapling instrament of Examples 41, 42, 43, 44, 45, or 46, wherein the unfired surgical
staple cartridge comprises a plurality of surgical staples operably supported within a carinidge body and a wedge sled that is
axially movable through the cartridge body to eject the surgical staples therefrom when the wedge sled is moved from an
unfired position to a fired position therein. The wedge sled is configured for operable engagement with the longitudinally
movable firing beam when the longitudinally movable firing beam s in the starting position and the wedge sled is in the
unfired position.

{8297} Example 48 - The surgical stapling instroment of Exaraples 41, 42, 43, 44, 45, or 46, wherein the biasing member
biases the firing beam into a locked position upon initial application of a firing motion to the firing heam unless a wedge
sied in a surgical staple cartridge that is supporied within the cartridge support member is in an unfired position within the
surgical staple cartridge and in operable engagement with the longitudinally movable firing beam.

{8298] Example 49 - The surgical stapling instroment of Exarmple 48, wherein the wedge sled is configured fo prevent the
firing beam from entering a locked position when the wedge sled is in the unfired position and upon application of an initial
firing motion 1o the longitudinally movable firing beam.

[0299] Example 30 - A surgical stapling instrument, comprising a surgical end effector that comprises an elongate
channel that is configured 1o operably support a surgical staple cariridge therein. An anvil is supporied relative 1o the
clongate channel such that one of the anvil and the ¢longate channel is selectively movable relative to the other one of the
anvil and the elongate channel between open and closed positions. The surgical instrument further comprises an clongate
shaft assembly that defines a shaft axis and comprises an articulation joint that is operably coupled to the surgical end
effector to facilitate selective articulation of the surgical end effector relative 1o the elongate shaft assembly about an
articolation axis that is transverse {o the shaft axis. The clongate shaft assembly further coraprises a closure asserbly that
is axially movable in response to closure motions that are applied thereto. The closure assembly comprises a distal closure
member segment and a proximal closure member segment that movably intetfaces with the distal closure member segment
to accommodate articulation of the surgical end effector about the articulation axis. The proximal closure member segment
is configured to move one of the anvil and the elongate chanuel between the open and closed positions apon application of
the closure motions fo the closure assembly. The surgical stapling instrument further comprises a longitudinally movable
firing beam that extends through the adiculation joint and is selectively axially movable from a starting position to an
ending position within the surgical end effector. The longitudinaily movable firing beam is configured to operably engage
a corresponding portion of an unfired suxgical staple cartridge that is operably supporied in the clongate channel when the
longitudinally movable firing beam is in the starting position. The surgical stapling instrument further comprises a firing
beam locking assembly that comprises a biasing member that is operably supported on the distal closure nmember segment
for biasing the longitndinally movable firing beam into a locked position wherein the longitudinally movable firing beam is
prevented from moving from the starting position to the ending position unless an unfired surgical staple cariridge is
operably supported in the elongate chamnel.

{8360] Example 51 - The surgical stapling instroment of Example 30, wherein the longitudinally movable firing beam has
a sloped portion that is configured for engagement with the biasing member when the longitudinally movable firing beam is

in the starting position.
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[0301] Example 32 - The surgical stapling instroment of Exaraples 50 or 51, wherein the unfived surgical staple cartridge
comaprises a plurality of surgical staples operably supported within a cartndge body and a wedge sled that is axially
movable through the cartnidge body to gject the surgical staples therefrom when the wedge sled is moved from an unfired
position to a fired position therein. The wedge sled is configured for operable engagement with the longitudinally movable
firing beam when the longitudinally movable fixing beam is in the starting position and the wedge sled 1s in the unfired
position.

[63¢2] Example 53 - The sorgical stapling instnument of Examples 32 wherein the wedge sled is configured to prevent the
firing beam from entering a locked position when the wedge sled is in the unfired position and upon application of an initial
firing motion to the longitudinally movable firing beam.

[0303] Example 54 - A surgical stapling instrument, comprising an elongate shaft assembly that defines a shaft axis. A
sorgical end effecior is operably coupled to the elongate shaft asserubly by an articudation joint such that the surgical end
effector is selectively articulatable relative to the elongate shaft assembly about an articulation axis that is transverse to the
shaft axis. The surgical end effector comprises a cardridge support member that is configured to operably support a surgical
staple cartridge therein. The surgical staphing instrument further comprises a longitudinally movable firing beam that
includes a portion that extends through the articulation joint and is selectively axiallv movable from a starting position to an
ending position within the surgical end effector. The longitudinally movable firing bearm 1s configured to operably engage
a corresponding portion of an unfired surgical staple cartridge that is operably supported in the cartridge support member
when the longitudinally movable firing beam is in the starting position. The surgical stapling instrament further includes
means for providing lateral suppott to the portion of the longitudinally movable firing beam that extends through the
articulation joint as the surgical end effector is articulated about the articulation axis. The means for providing further
comaprises means for preventing the longitudinallv movable firing beam from moving from the starting position to the
ending position unless an unfired surgical staple cartridge is operably supported in the cartridge sopport member.

[0304] Example 55 - The surgical stapling instrument of Example 54, wherein the means for providing lateral support
further cornprises a middle support member that is movably attached fo the cartridge support member and the elongate shaft
assembly. The middle support member comprises a slot for movably receiving the portion of the longitudinally movable
firing beam therethrough. The means for preventing comprises a biasing mermber that is supported on the middle sopport
member and is configured to apply a biasing motion to the longitudinally movable firing beam to move the longitudinally
movable fiving beam into a locked position wherein the longituedinally movable firing beam is prevented from moving from
the starting position o the ending posttion unless the unfired surgical staple cartridge is operably supported in the cartridge
support member.

[0305] Example 36 - The surgical stapling instroment of Example 55, wherein the longitudinally movable firing beam
comaprises a locking cam formed on the portion of the longitudinally movable firing beam for engagement with the biasing
menber.

[63¢6] Example 57 - The sorgical stapling instrament of Exaniple 56, wherein the biasing member comprtises a planar
body that comprises a window located therein such that the locking cam protrudes therein during the articulation of the
surgical end effector.

[0307] Example 58 - The sargical stapling instrament of Examples 54, 55, 55 or 57, wherein the unfired surgical staple

carinidge comprises a plurality of surgical staples that are operably supported within a cariridge bodv and a wedge sled that
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is axially movable through the cartridge body to eject the surgical staples therefrom when the wedge sled is moved from an
unfired position to a fired position therein. The wedge slod is configured for operable engagement with the longitudinally
movable firing beam when the longitudinally movable firing beam is in the starting position and the wedge sled is in the
unfired position.

[0308] Example 39 - The surgical stapling instroment of Example 58, wherein the wedge sled is configured to prevent the
firing beam from entering a locked position when the wedge sled is in the unfived position and upon application of an initial
firing motion to the longitudinally movable firing beam.

[0309] Example 60 - A surgical instrument, comprising an elongate shaft assembly that defines a shaft axds. A surgical
end effector is operably coupled to the elongate shaft assembly by an articulation joint such that the surgical end effector is
selectively articulatable relative to the elongate shaft assembly about an articulation axis that is transverse to the shaft axis.
A longitudinally movabile flexible firing beam is configured to flexibly traverse the articulation joint and is selectively
axially movable from a starting position to an ending position within the surgical end effector. A middle support member is
movably coupled to the elongate shaft assembly and a portion of the sprgical end effecior. The middie sopport member
comprises a middle body portion that includes a proximal end and a distal end. A firing beam slot extends between that
proximal end and the distal end and is configured to movably support each lateral side of a portion of the flexible firing
beam traversing the articulation joint. The surgical instrument further comprises a proximal support link that comprises an
clongate proximal body that is located proximal to the middie support member and is configured to laterally support
proxitnal lateral side portions of the flexible firing beam traversing the articulation joint. The proximal support link
movably interfaces with the proximal end of the middic support member. The surgical instrument further comprises a
distal support link that comprises an elongate distal body that is located distal to the middle support member and is
configured to Iaterally suppoit corresponding distal lateral side portions of the flexible fixing beam traversing the
articelation joint. The distal sopport link movably interfaces with the distal end of the middle sopport member.

[0316] Example 61 - The surgical instrument of Example 60, wherein the elongate proximal body of the proximal support
link comprises a proximal top member and two downwardly exiending opposed proximal sapport walls. One of the
proximal support walls is located adjacent one of the proximal lateral side portions of the flexible firing beam traversing the
articelation joint. Ancther ong of the opposed proximal support walls is adjacent another one of the proximal lateral side
portions of the flexible firing beam traversing the articulation joint. The elongate distal body of the distal support link
coraprises a distal top member and two downwardly extending opposed distal support walls. One of the distal support
walls is located adjacent one of the distal lateral side portions of the flexible firing beam traversing the articulation joint.
Another one of the opposed distal support walls is adjacent another one of the distal lateral side portions of the flexible
firing beam traversing the articulation joint.

i0311] Example 62 - The surgical instrument of Example 61, wherein the one of the proximal support walls includes a
proximal arcuate surface that faces one of the proximal lateral side portions of the flexible firing bearm traversing the
articulation joint and wherein the another one of the proximal support walls includes another proximal arcuate surface that
faces another one of the proximal lateral side portions of the flexible firing beam traversing the articulation joint. One of
the distal support walls inchides a distal arcuate surface that faces one of the distal lateral side portions of the flexible firing
beam traversing the articulation joint. Another one of the distal support walls includes another distal arcuate surface that

faces another one of the distal lateral side portions of the flexible firing beam traversing the articulation joint.
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[0312] Example 63 - The surgical instrument of Examples 61 or 62, wherein the proximal end of the middle support
member comprises an arcuate proximal pocket that is configured to movably receive a distal nose portion of the proximal
top member of the proximal sapport link therein. The distal end of the middie support member comprises a distal arcuate
packet that is configured to movably receive a proximal nose portion of the distal top member of the distal support link
therein,

{0313] Example 64 - The surgical instrument of Examples 60, 61, 62 or 63, wherein the middle support member i3
pivotally coupled to the portion of the surgical end effector for pivotal travel relative thereto about a pivot axis. The middle
support member is coupled to the elongate shaft assembly for pivotal and axial travel relative thereto.

[B314] Example 65 - The surgical instroment of Example 64, wherein the middie support member is pinned to the
clongate shaft assembly by a proximal pin that extends through an elongate slot in the middie support member.

[0313] Example 66 - The sorgical instrument of Examples 60, 61, 62, 63, 64 or 65, wherein the clongate shaft assembly
comprises a distal spine comprising a distal spine pocket that is configured to movably receive therein a proximal nose
portion of the proximal top member therein.

[0316] Example 67 - The surgical instrument of Examples 60, 61, 62, 63, 64, 65 or 66, wherein the portion of the surgical
end effector comprises a channel pocket that is configured to movably receive therein a distal nose portion of the distal iop
member therein.

i8317] Example 68 - The surgical instroment of Examples 60, 61, 62, 63, 64, 65, 66 or 67, wherein the portion of the
surgical end effector comprises an elongate channel that is condigured to operably support a surgical staple cartridge
therein.

{9318] Example 69 - The surgical instrament of Example 68, further comprising an anvil supported relative to the
clongate channel such that one of the anvil and the elongate channel is selectively movable relative to the other one of the
anvit and the elongate channel between open and closed positions.

[0319] Example 70 - A surgical instrument, comprising an e¢longate shaft assembly that defines a shaft axis and comprises
right aud left opposing shaft notches that are formed in a distal end thereof. A surgical end effector is operably coupled to
the elongate shaft assembly by an articulation joint such that the surgical end effector is selectively articulatable relative to
the elongate shaft assembly abowt an articulation axis that is transverse to the shaft axis. A longitudinally movable flexible
firing beam is configured to flexibly traverse the articulation joint and is selectively axially movable from a starting
posiiton to an ending position within the surgical end effector. A middle support member is movably counpled to the
clongate shaft assembly and a portion of the surgical end effector. The middle support member comprises a middke body
portion that inchudes right and left opposing support notches that are formed in a distal end thereof and a firing beam slot
that is configured to movably support lateral side portions of the longitudinally movable flexable firing beam traversing the
articulation joint. A pivot link is configured to laterally suppert side portions of the longitudinally movable flexible firing
beam traversing the articulation joint. The pivot link comprises a proximally protmuding proximal nose portion that is
configured to movably engage either one of the right and lefi opposing shaft notches as the longitudinally movable flexible
firng beam flexes in response to articulation of the surgical end effector about the articulation axis. A distally protruding
distal nose poriion is configured to movably engage cither one of the right and left opposing suppont notches in the movable
support member as the longitudinally movable flexible firing beam flexes in response to articulation of the surgical end

cffector about the articulation axis.
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{9320] Example 71 - The surgical instrament of Example 70, wherein the pivot Hnk further comprises a first lateral
support wall that is adjacent to one of the lateral side portions of the longitudinally movable flexible firing beam and a
second lateral support wall that is adjacent to another one of the lateral side portions of the longitndinally movable flexible
firing beam.

{9321 Example 72 - The suwrgical instrament of Example 71, wherein the first lateral support wall includes a first arcuate
surface that faces one of the lateral side portions of the longitudinally movable flexible firing beam and wherein the second
latexal sopport wall inclodes a second arcuate surface that faces another one of the another lateral side portions of the
longitudinally movable flexible firing beam.

{B#322] Example 73 - The surgical instrament of Examples 71 or 72, further comprising a first compression band that
extends between the one lateral side portion of the longitudinally movable flexible firing beam and the first lateral support
wall. The first compression band comprises a first distal end that is supporied on the surgical end effector and a first
proximal end that is movably supported on the elongate shaft assembly. A second compression band extends between the
another lateral side portion of the longitedinally movable flexible firing beam and the second lateral support wall. The
second compression band comprises a second distal end that is supported on the surgical end effector and 4 second
proximal end that is movably supporied on the clongaic shaft assembly.

[0323] Example 74 - The surgical instrument of Example 73, further comprising a third compression band that extends
between the one lateral side portion of the longitudinally movable flexible fiving beam and the first compression band. The
third compression band comprises a third distal end that is supported on the surgical end effector and a third proxamal end
that is movably supported on the elongate shaft asscmbly. A fourh compression band extends between the another lateral
side portion of the longitudinally movable flexible firing beam and the second compression band. The fourth compression
band comprises a fourth distal end that is supported on the surgical end effector and a fourth proximal end that is movably
sopported on the elongate shaft assembly.

[0324] Example 75 - A surgical instrument comprising an elongate shaft assembly that defines a shaft axis. A surgical
end effector is operably coupled to the elongate shaft assembly by an articulation joint such that the surgical end effector is
selectively articulatable relative to the elongate shaft assembly about an articulation axis that is transverse to the shaft axis.
A longitudinally movable flexible firing beam is configured to flexibly traverse the articulation joint and is selectively
axially movable from a starting position to an ending position within the surgical end effector. A middle support member is
movably coupled to the elongate shaft assembly for axial and pivotal travel relative thereto and is pivoially coupled to the
surgical end effector. The surgical instrument further comprises a U-shaped proximal support link comprises a proximal
top member and two proximal side members. The U-shaped proximal support Hnk extends over a proximal portion of the
longitudinally movable flexible firing beam such that one of the proximal side members is adjacent one lateral side of the
proximal portion of the longitudinally movable flexible firing beam and ancther one of the proximal side members is
adjacent another lateral side of the proximal portion of the longitudinally movable flexible firing beam. The proximal top
member movably interfaces with the middle support member. The surgical instrument further comprises a U-shaped distal
support link that comprises a distal top member and two distal side members. The U-shaped distal support link extends
over a distal portion of the longitudinally movable flexible firing beam such that one of the distal side members is adjacent

oue lateral side of the distal portion of the longitudinally movable flexible firing beam and another one of the distal side
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members is adjacent another lateral side of the distal portion of the longitudinally movable flexible fiving beam. The distal
top member movably interfaces with the mxiddle support member.

[0325] Example 76 - The surgical instrument of Example 75, wherein the proximal top member movably interfaces with
the clongate shaft assembly and wherein the distal top member movably interfaces with a portion of the surgical end
effector.

[0326] Example 77 - The surgical instrument of Examples 75 or 76, wherein the proximal top member comprises a first
proximally protruding proximal nose portion that movably extends into a distal pocket formed in the elongate shaft
assembly and a first distally protruding distal nose portion that movably extends into a proximal pocket in the middle
support member. The distal top member comprises a second proximally protouding proximal nose portion that movably
extends into a distal pocket in the middie support member and a second distally protruding distal nose portion that movably
extends into a channel pocket in the surgical end effector.

[0327] Example 78 - The surgical instrument of Examples 75, 76 or 77, wherein one of the two proximal side members
comprises a proximal arcuate surface that faces the one lateral side of the proximal portion of the longitudinally movable
flexible firing beam. The another one of the proximal side mermbers includes another proximal arcoate surface that faces
the another lateral side of the proximal portion of the longitudinally movable flexible firing beam. One of the two distal
side members comprises a distal arcuate surface that faces the one lateral side of the distal portion of the longitudinally
movable flexible firing beam. Another one of the distal side members comprises another distal arcuate surface that faces
the another distal side of the distal portion of the longitudinally movable flexible firing beam.

{0328] Example 79 - The surgical instrument of Examples 75, 76, 77 or 78, wherein the middic support member is
movably coupled to an elongate channel of the surgical end effector that is configured to operably support a surgical staple
cartridge therein.

[6328] Example 80 - A surgical instrument, comprising an elongate shafi asserubly that defines a shaft axds. A surgical
end effector is operably coupled to the clongate shaft assembly by an articulation joint such that the surgical end effecior is
selectively articulatable relative to the clongate shaft assembly about an articulation axis that is transverse 1o the shaft axis.
A central firing beam support member extends across the articulation joint and comprises a distal end that is coupled to the
sorgical end effector and a proximal end that is attached to the clongate shaft assembly. A longitudinally movable flexible
firing beam assembly is configured to flexibly traverse the articulation joint and is selectively axially movable from a
starting position to an ending position within the surgical end effector. The longitudinally movable flexible firing beam
assembly comprises a plurality of bearm layers that are supported relative to each other such that at least one of the beam
layers is configured to movably pass on onc lateral side of the central firing beam support member and at least one other of
the beam layers is configured to movably pass on another lateral side of the central fiving beam support member. A
plurality of lateral load carrying members correspond to the central firing beam suppott and are supported on portions of the
least one of the beam layers that are configured to movably pass on the one lateral side of the central firing beam support
member and the at least one other of the beam lavers that are configured to movably pass on the another lateral side of the
central firing beam support member.

{0336] Example 81 - The surgical instrument of Example 80, wherein at 1east one of the beam lavers that is configured to

movably pass on the one lateral side of the central firing beam support member comprises two of the beam lavers and
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wherein the at least one other of the beam layers that is configured 1o pass on the another lateral side of the central firing
beam support member comprises two of the other beam layers.

[0331] Example 82 - The surgical instrument of Examples 80 or 81, wherein the lateral load canrving members are
movable relative 1o each other.

{9332] Example 83 - The surgical instrument of Examples 80, 81 or 82, wherein cach of the lateral load carrying members
comprises an axial passage for movably receiving the portions of the least one of the beam layers that are configured fo
movably pass on the one lateral side of the central firing bear support member and the at least one other of the beam layers
that are configured to movably pass on the another lateral side of the central firing beam support member.

{B333] Example 84 - The surgical instrument of Examples 80, 81, 82 or 83, wherein a portion of the surgical end effector
that is coupled to the elongate shaft assembly by the articulation joint comprises an elongate channel that is configured to
operably sopport a surgical staple cartridge therein,

[0334] Example 85 - The surgical instrument of Example 84, further comprising an anvil that is supported relative fo the
slongate channel such that one of the anvil and the elongate channel is selectively movable relative to the other one of the
anvil and the elongate channel between open and closed positions.

[6335] Example 86 - The surgical instrument of Examples 80, 81, 82, 83, 84 or 85, wherein the distal end of the central
firing beam support member protrudes below a bottom surface of the longitmdinally movable flexible fining beam assembly
10 be attached to the surgical end effector and the proximal end of the central firing beam support member protrudes above
an upper surface of the longitdinally movable flexible firing beam assembly to be attached to the clongate shaft assembly.
{0336] Example 87 - The surgical instrument of Example 86, wherein the distal end of the central firing beam support
member is pinned to an slongate channel of the surgical end effector and wherein the proximal end of the central firing
beam support member is pinned to a spine portion of the clongate shaft assembly.

103371 Example 88 - The sorgical instrument of Examples 80, 81, 82, 83, 84, 85, 86 or 87, wherein at least two of the
plurality of the lateral load carrying members each include arcuate end surfaces and are arranged on the portions of the least
one of the beam layers that are configured to movably pass on the oune lateral side of the ceniral firing beam support
member and the at least one other of the beam lavers that are configured to movably pass on the another lateral side of the
ceniral firing beam support reember such that one of the arcuate end surfaces on one of the at least two lateral load carrying
members is adjacent another one of the arcuate end surfaces on another one of the at least two lateral load carrying
members.

[0338] Exuample 89 - The surgical instrument of Example 83, wherein each axial passage comprises a pair of spaced
internal arcuate surfaces that are configured to facilitate pivotal movement of each of the lateral load canying mermbers on
the longitudinaily movable flexible firing beam.

i033%] Example 90 - A surgical instrument, comprising an elongate shaft assembly that defines a shafi axis. A surgical
end effector is operably coupled to the elongate shaft assembly by an articulation joint such that the surgical end effector is
selectively articulatable relative to the clongate shaft assembly about an articulation axis that is fransverse to the shaft axis.
A central firing beam support member is axially aligned along the shaft axis and extends across the articulation joint. The
central firing beam support member comprises a distal end that is conpled to the surgical end effector and a proximal end
that is attached to the elongate shaft assernbly. The surgical instrument further comprises a longitudinally movable flexible

firing beam assembly that comprises a pluratity of beam lavers that are configured 1o axially pass the cemtral firing beam
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support member such that at least one of the beam lavers passes on each lateral side of the central firing beam support
member as the longitudinally movable flexible firing beam assembly traverses the articulation joint. Means are movably
supported on the longitudinally movable flexible firing beam for laterally supporting a portion of the longitudinally
movable flexible firing beam traversing the articulation joint when the surgical end effector is aticulated abowut the
articulation axis.

[03406] Example 91 - The surgical instrument of Example 90, wherein the distal end of the central firing beam support
member protrudes below a botiom sudace of the longitedinally movable flexible firing beam asserably to be attached to the
surgical end effector. The proximal end of the central firing beam support member protrudes above an upper surface of the
longitudinally movable flexible firing bearm assembly to be attached to the elongale shaft assembly.

[0341] Example 92 - The surgical instrument of Examples 90 or 91, wherein a portion of the surgical end effector that is
couopled to the elongate shaft assembly by the articulation joint comprises an elongate channel that is configored to operably
supyport a surgical staple cartridge therein.

{#342] Example 93 - The surgical instroment of Example 92, further comprising an anvil that 1s supported relative to the
clongate channel such that one of the anvil and the ¢longate channel is selectively movable relative to the other one of the
anvil and the elongate channel between open and closed positions.

{0343] Example 94 - The surgical instrurent of Examples 90, 91, 92 or 93 further comprising a firing member attached to
a distal end of the longitudinally movable flexible firing beam assembly.

[0344] Example 95 - A surgical instrument, comprising an elongate shaft assembly that defines a shaft axis. A surgical
end effecter is operably coupled to the clongate shaft assembly by an articulation joint such that the surgical end effecior is
selectively articulatable relative to the clongate shaft assembly about an articulation axis that is transverse to the shaft axis.
A central firing beam support member is axially aligned along the shaft axis and extends across the articulation joint. The
ceniral firing beam support member comprises a distal end that is coupled to the surgical end effector and a proximal end
that is attached to the clongate shaft assembly. The surgical instrument further comprises a longitudinally movable flexible
firing beam assembly that comprises a plurality of beam layers such that as the longitudinally movable flexible fiing beam
assembly is distally advanced, the longitudinally movable flexible firing beam assembly is bifurcated by the central firing
beam support member so that poriions of the longitudinally movable flexible firing beam assembly pass adjacent 1o each
1ateral side of the central firing beam support member

{8345] Example 86 - The surgical instrament of Example 95, further comprising means that are movably supported on the
longitudinally movable flexsble firing beam assembly for laterally supporting a portion of the longitudinally movable
flexible firing beam assembly traversing the articulation joint when the surgical end effector is articulated about the
articulation axis.

i8346] Example 97 - The surgical instroment of Example 93, wherein means for laterally supporting comprises a plurality
of lateral Joad carrving members that are supported on the longitudinally movable flexibie firing beam assembly. Each of
the lateral load carrying members is independently movable on the longiudinally movable flexible firing beam assembly.
[0347] Example 98 - The surgical instrument of Examples 95, 96 or 97, wherein a distal end of the central firing beam
suppott member protrudes below a bottom surface of the longitudinally movable flexible firing beam assembly to be
attached to the surgical end effector and the proximal end of the central firing bearm support member protrudes above an

upper surface of the longitudinally movable flexible firing beam assentbly fo be attached to the clongaic shaft assembly.
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[0348] Example 99 - The suwrgical instrament of Example 97, wherein each of the lateral load canying members includes
an axial passage thercthrough that comprises a pair of spaced internal arcuate surfaces to facilitate pivotal movement of
each lateral load carrving member on the longitudinally movable flexible firing beam assembly.

{0349] Example 106 - A surgical instrument comprising an clongate shaft assembly that defines a shaft axis. A surgical
end effector is pivotally coupled to the elongate shaft assembly for selective arficulation relative fo the elongate shaft
assembly about an articulation axis that is transverse to the shaft axis. The surgical instrument further comprises an
articolation system that coraprises a first distal articudation driver that is supported for selective longitudinal travel ina
distal direction and a proximal direction in response to corresponding articulation motions applied thereto. The first distal
atticudation driver is operably coupled to the sorgical end effector. The articulation system further comprises a second
distal articulation driver that is supported for longitudinal travel in the distal and proximal directions. The second distal
articelation driver is operably conpled to the surgical end effector. At least one pinion gear 1 in meshing engagement with
the first distal articnlation driver and the second distal articulation driver such that when the first distal articulation driver is
moved in the distal direction, the at least one pinion gear is configured to drive the second distal articulation driver in the
proxiinal direction to articulate the surgical end effector about the articulation axis in a first articulation direction and when
the first distal articulation driver is moved in the proximal direction, the at least one pinion gear daves the second distal
articulation driver in the distal direction to articulate the surgical end effector about the articulation axis in a second
articulation direction that is opposite 1o the first articulation direction.

[0356] Example 101 - The surgical instrument of Example 100, wherein the first distal articulation driver is pivotally
coupled to the surgical end effector and, wherein the second distal articulation driver is pivotally attached to the surgical
end effector.

{#351] Example 102 - The surgical instrument of Examples 100 or 101, wherein the first distal articulation driver is
attached to the surgical end effector by a first movable coupler and wherein the second distal atticulation driver is attached
to the surgical end effector by a second movable coupler.

{8352} Example 103 - The suxgical instrument of Example 102, wherein the first movable coupler is attached to the first
distal articulation driver by a first ball joint and, wherein the second distal articulation driver is attached 1o the second
movable coupler by a second ball joint.

[0353] Example 104 - The surgical instrument of Examples 100, 101, 102, or 103, further comprising means for
selectively locking the surgical end effector in a plurality of articolated postiions relative to the elongate shaft assembly.
[0354] Example 105 - The surgical instroment of Example 104, wherein the means for selectively locking comprises
means for selectively preventing the distal articulation driver from longitadinally moving in the proximal and distal
directions.

i0335] Example 106 - The surgical instoument of Examples 104 or 105, further compusing a proximal articalation driver
that operably interfaces with a source of proximal and distal articulation motions. The proximal articulation driver operably
interfaces with the means for sclectively preventing to selectively unlock the means for selectively preventing and cause the
means for selectively preventing to apply the proximal and distal articulation motions to the first distal articulation driver.
{0386] Example 107 - The surgical instrument of Examples 100, 101, 102, 103, 104, 105 or 106, wherein a portion of the
surgical end effector that is pivotally coupled to the clongate shaft assembly comprises an elongate channel that 1s

configured to operably support a surgical staple cartridge therein.
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{9357 Example 108 - The surgical stapling instroment of Example 107, further comprising an anvil that is supported
refative to the elongate channel such that one of the anvil and the clongate channel is selectively movable relative to the
other one of the anvil and the elongate channel between open and closed positions.

[6358] Example 109 - A surgical instrinment, comprising an clongate shaft assenibly that defines a shaft axis. A surgical
end effector is pivotally coupled to the elongate shaft assembly for selective arficulation relative fo the elongate shaft
assembly about an articulation axis that is transverse to the shaft axis. The surgical instrument further comprises an
articolation system that coraprises a first distal articudation driver that is supported for selective longitudinal travel ina
distal direction and in a proximal direction in response to corresponding articulation motions applied thereto. The first
distal articulation dever 1s operably coupled to the surgical end effector. The articulation sy stem fuxther comprises a
second distal arficulation driver that comprises an endless member that operably interfaces with the first distal articulation
driver and the surgical end effector. The endless mernber is supported on the elongate shaft assembly for selective
rotational travel in response to a longitudinal travel of the first distal articulation driver such that when the first distal
articulation driver is moved in the distal direction, the endless member causes the surgical end effector to articolate abowt
the articulation axis in a first articulation direction and when the first distal articulation drver is moved in the proximal
direction, the endless member causes the surgical end effector to articulate about the articulation axis in a second
articulation direction that is opposite to the first articulation direction.

i038%9] Example 110 - The suxgical instrument of Example 109, wherein the endless member is rotatably supported ona
proxitnal pulley mounted to the elongate shaft assembly and a distal pulley on the surgical end effector.

{0368] Example 111 ~ The surgical instrument of Examples 110 wherein the endless member is operably atfached to the
distal pulley by an attachment lug attached to the endless member and configured to be received in an attachment pocket in
the distal pulley.

[0363] Example 112 - The surgical instrornent of Examples 109, 116 or 111, wherein the endless member comprises a
length of cable including a first lng attached to a first cable end and a second Ing attached to a second cable end. The
second hug is also attached to the frst lug to form the endless member.

[0362] Example 113 - The surgical instrument of Example 112 wherein the distal articulation driver comprises first and
second cradies for receiving the first and second hugs therein,

[0363] Example 114 - The surgical instrument of Examples 110 or 111, wherein the distal pulley is formed on an elongate
channel of the surgical end effector. The elongate channel being confizured t¢ operably support a surgical staple cartridge
therein.

{0364] Example 115 -~ The surgical instrument of Examples 110 or 111, wherein the distal pulley is formed on anend
effector mounting asseinbly that is attached to an elongate channel portion of the surgical end effector. The elongate
channel is configured to operably support a surgical staple cartridge thewein,

10363 Example 116 - The surgical instrurent of Examples 114 or 115, further comprising an anvil supported relative to
the clongate channel such that one of the anvil and the clongate channel is selectively movable relative fo the other one of
the anvil and the elongate channel between open and closed positions.

i8366] Example 117 - A surgical instrument, comprising an clongate shaft assembly that defines a shaft axis. A surgical
end effector is pivotally coupled to the elongate shaft assembly for selective articulation relative to the elongate shaft

assembly about an articulation axis that is transverse to the shaft axis. The surgical instrument further comprises an
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articulation system comprising a first distal articulation driver that is supported for selective longitudinal travel in a distal
direction and 1n a proximal direction in response o corresponding articulation motions applied therete. The first distal
articulation driver is operably coupled to the surgical end effector. The articulation sy stem further comprises a second
distal articulation driver that is supported for longitudinal travel in the distal and proximal directions. The second distal
articulation driver is operably coupled to the surgical end effector. The articulation system further comprises drive means
that interfaces with the first distal articulation driver and the second distal articulation driver such that when the first distal
articulation driver is moved in the distal direction, the drive means daves the second distal articelation driver in the
proximal direction to articulate the surgical end effector about the articulation axis in a first articulation direction and when
the first distal articulation driver is moved in the proxirnal direction, the drive means daves the second distal articulation
drtver in the distal direction to articulate the surgical end effector about the articulation axis in a second articulation
direction that 1s opposite to the first articulation direction.

[0367] Example 118 - The surgical instrument of Example 117, wherein the surgical end effector comprises an elongate
channel that is configored 1o operably support a surgical staple cariridge therein. An anvil is supporied relative o the
clongate channel such that one of the anvil and the ¢longate channel is selectively movable relative to the other ong of the
anvil and the elongate channel between open and closed positions.

[0368] Example 119 - A surgical instrument. comprising an elongate shaft assembly that defines a shaft axis. A surgical
end effector is pivotally coupled 1o the elongate shaft assembly for selective articulation relative to the elongate shaft
asserbly abowut an arficulation axis that is transverse to the shaft axis. The surgical instrument further comprises an
articulation system that comprises a rotary articulation member that is supported for rotational fravel about a rotary axis that
is transverse to the shaft axis. A fivst distal articulation driver assembly operably interfaces with the rotary articulation
member and is supported for selective longitadinal travel in a distal direction and in a proximal direction in response o
corresponding articulation motions applied thereto by the rotary articulation reersber. The fiest distal adiculation driver
assembly operably interfaces with the surgical end effector. A second distal articulation driver assembly operably
interfaces with the rotary articulation member and s supported for longitudinal travel in the distal and proximal directions.
The second distal articulation driver assembly operably interfaces with the surgical end effector. The articulation svstem
further comprises means for selectively rotating the rotary articolation member in fixst and second rotary directions about
the rotary axis such that when the motary articulation member is rotated in the first rotary direction by the means for
selectively rotating, the first distal articolation daver assembly is longitudinally driven in the distal direction and the second
distal articulation driver is simuhancously moved in the proximal direction to articulate the sargical end effector about the
articulation axis in a first articulation direction and when the rotary articulation member is rotated 1n the second rotary
direction by the means for selectively rotating, the first distal articulation driver assernbly is longitdinally driven in the
proximal direction and the second distal articulation driver assembly is simultanecusly moved in the distal direction fo
articulate the surgical end effector about the articulation axis in a second articulation divection about the arficulation axis
that is opposite to the first articulation direction,

[8369] Example 120 - The surgical instrument of Example 119, wherein the rotary articulation member comprises a rotary
articulation disc and wherein the first distal articalation driver assembly comprises a first articnlation driver portion that is

movably supported within a first articulation slof in the rotary articulation disc and wherein the second distal articulation
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driver assembly comprises a second articulation driver portion movably supported within a second articulation slot 1n the
rotary articulation disc.

{03761 Example 121 - The surgical instrurent of Examples 119 or 120, further comprising a first biasing member that
interacts with the first articulation driver poriion to bias the first distal articulation driver assembly inte a first neutral
articulation position when the mieans for selectively rotated is unactuated. A second biasing member interacts with the
second articulation driver portion to bias the second distal articulation driver assembly info a second neuial articulation
position when the raeans for selectively rotated is unactuated.

[0371] Example 122 - The surgical instrument of Examples 119, 120 or 121, wherein the first distal articulation driver
assembly comprises a first articulation Buk that movably interfacing with the rotary articulation member. A first
articulation connector is pivotally coupled to the first articulation link. The first articulation connector operably interfaces
with the surgical end effector. The second distal articolation assembly comprises a second articnlation Yink that raovably
interfaces with the rotary articulation member and a second articulation member is pivotally coupled to the second
atticulation Bok and operably interfaces with the surgical end effector.

[0372] Example 123- The surgical instrument of Example 122, wherein the first distal articulation driver assembly further
comprises an articulation lock assembly that operably interfaces with the first articulation connector and the surgical end
effector and is configured to selectively lock the surgical end effector in a plumlity of articulated positions relative to the
glongate shaft assembly.

103731 Example 124 - The surgical instrument of Example 123, further comprising a first articulation member that
operably micrfaces with the articulation lock assembly and the surgical end effector.

[0374] Example 125 - The surgical instrument of Example 124 wherein the first articulation member is coupled to the
surgical end effector by a first movable coupler and wherein the second articulation meraber is coupled to the surgical end
effector by a second movable coupler.

[0375] Example 126 - The surgical instrument of Example 126, wherein the first arficulation member is coupled to the
first movable coupler by a first ball joint and wherein the second articulation meraber is coupled to the second movable
coupler by a second ball joint.

10376] Example 127 - The surgical instrovnent of Examples 119, 120, 121, 122, 123, 124, 125 or 126, wherein the means
for selectively rotating comprises a motor in meshing engagement with the rotary arficulation member.

{B377) Example 128 - The sorgical instrument of Examples 119, 120, 121, 122, 123, 124, 125 or 126, further comprising
a longitudinally movable firing member and wherein the means for selectively rotating comprises a motor that is configured
to generate rotary output mnotions and a switching arrangenment that operably interfaces with the motor and the
longitudinally movable firing member and an articulation drve link that is in operable engagement with the rotary
articulation member. The switching amangement is configured to move between a first position wherein actuation of the
motor results in applications of axial articulation motions to the articulation drive link to thereby cause the rotary
articulation member {o rotate about the rotary axis and a second position wherein actuation of the motor results in
applications of axial firing motions to the longitdinally movable firing member

iB378] Example 129 - A surgical instrument, comprising an clongate shaft asserbly that defines a shaft axis. A surgical
end effector is pivotally coupled to the elongate shaft assembly for selective articulation relative to the elongate shaft

assembly about an articulation axis that is transverse to the shaft axis. The surgical instrument further comprises an
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articulation system that comprises a rotary driver member that is supported for rotation trave] about a rotary axis that is
transverse to the shaft axis. A rotary driven member is supported for rotational travel relative to the votary driver member
about the rotary axis. The rotary driven member operably interfaces with the rotary drive member such that application of
articulation control motions to the rotary driver member causes the rotary doven member {o rotaie about the votary axis. A
first distal articulation driver assembly operably interfaces with at least the rotary driven member and is supported for
selective longitudinal fravel in a distal direction and a proximal direction in response to rotation of at least the fivst rotary
deiven mernber. The first distal articulation driver assembly operably interfaces with the sorgical end effector. The
articulation system further comprises a second distal articulation driver assembly that operably interfaces with at least the
rotary driven member and is supported for longitudinal travel in the distal and proximal directions. The second distal
articulation driver assembly operably interfaces with the surgical end effector. The articulation svstem further comprises
means for selectively applying the articulation control motions to the rotary driver member o cause the rotary daver
member to rotate about the rotary axis and to thereby cause the rotary driven member o rotate about the rotary axis such
that when the rotary driven member rotates in a first rotary direction, the first distal atticulation driver assembly is
ongitudinally driven in the distal direction and the second distal articulation driver 1s simultaneously moved in the
proximal direction to articulate the surgical end effector about the articulation axis in a first articulation direction and when
the rotary driven member is rotated in a second rotary direction, the first distal articulation driver assembly is longitudinally
driven in the proximal direction and the second distal articulation driver assembly is simultaneously moved in the distal
direction to articulate the surgical end effector about the articulation axis in a second articulation direction about the
articulation axis that is opposite fo the first articulation divection.

{9379 Example 130 - The surgical instrument of Example 129, wherein the rotary driver member comprises a rotary
driver articulation disc and wherein the second rotary driven merber compriscs a rotary driven articulation disc and
wherein the first distal articulation dover assembly comprises a first articulation driver portion that is roovably supported
within corresponding first articulation slots in each of the rotarv driver arficulation disc and the rotary driven articulation
disc and wherein the second distal articulation driver asserably comprises a second aticulation driver portion movably
supported within corresponding second articulation slots in each of the rotary driver articulation disc and the rotary driven
articelation disc.

[0380] Example 131 - The surgical instrument of Examples 129 or 130 wherein the first distal articulation driver
assembly comprises a first articulation Huk that movably interfaces with the rotary driver meraber and the rotary diiven
member and a first articulation member that is pivotally coupled to the first arficulation link. The first articulation member
operably miterfaces with the surgical end effecter. The second distal articulation assembly comprises a second articulation
link that movably interfaces with the rotary drive member and the rotary driven member and a second articulation member
is pivotally coupled to the second articulation link and operably interfaces with the surgical end effector.

[0381] Example 132 - The surgical instrumnent of Example 131, wherein the first articulation member is coupled to the
surgical end effector by a first movabic coupler and the second articolation member is coupled to the surgical end effector
by a second movable coupler.

{#382] Example 133 - The surgical instrument of Example 132, wherein the first articulation member is coupled to the
first movable coupler by a first ball joint and wherein the second articulation member is coupled to the second movable

coupler by a second ball joint.
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[0383] Example 134 - The surgical instrument of Examples 129, 130, 131, 132 or 133, wherein the means for selectively
applying comprises a moior in meshing engagement with the rotary driver member.
[0384] Example 135 - The surgical instrument of Examples 129, 130, 131, 132 or 133, further comprising a longitudinally
movable firing merber and wherein the means for selectively applving comprises a motor that is configured to generate
rotary output motions. The means for selectively applying further comprising a switching armmangement that operably
interfaces with the motor and the longitudinally movable firing member and an articulation drive link that is in operable
engagement with the rotary driver member. The switching arcangement is configored lo move between a first position
wherein actuation of the motor results in applications of axial articulation motions to the articulation drive link to thereby
cawse the rotary drver mernber {o rotate about the rotary axis and a second position wherein actuation of the motor results
in applications of axial firing motions {o the longitudinally movable firing member.
[6385] Example 136 - A surgical instnument, comprising an clongate shaft assembly that defines a shaft axis. A surgical
end effector is pivotally coupled to the elongate shaft assembly for selective arficulation relative fo the elongate shaft
assembly aboot an articulation axis that is transverse to the shaft axis. The surgical instrument forther comprises an
articulation system that comprises means that is operably coupled to the surgical end effector for articulating the surgical
end effector about the articulation axis and means for selectively generating roiary motions. The articulation system further
corprises a rotary mermber that operably interfaces with the means for generating a rotary motion and the means for
articulating such that application of the rotarv motions by the means for selectively gencrating to the rotary member causes
the means for articulating to stmuliancously apply opposed axial articulation motions to the surgical end effector wherein
one of the opposed axial motions is applied o at a point of attachment on the surgical end effector that is laterally offset to
one lateral side of the articulation wxis and wherein the other opposed axial motion is applied to another point of attachment
on the surgical end effector that is laterally offset on another lateral side of the articulation axis.
{0386]  The entire disclosures of;

U.S. Patent MNo. 5,403,312, entitled ELECTROSURGICAL HEMOSTATIC DEVICE, which issued on April 4,
1993,

U.S. Patent No. 7,000,818, entitled SURGICAL STAPLING INSTRUMENT HAVING SEPARATE DISTINCT
CLOSING AND FIRING SYSTEMS, which issued on February 21, 2006;

U.S. Patent No. 7,422,139, entitled MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING
INSTRUMENT WITH TACTILE POSITION FEEDBACK, which issued on September 9, 2008;

U.S. Patent No. 7,464,849 entitled ELECTRO-MECHANICAL SURGICAL INSTRUMENT WITH CLOSURE
SYSTEM AND ANVIL ALIGNMENT COMPONENTS, which issued on December 16, 2008;

U.S. Patent No. 7,670,334, entitled SURGICAL INSTRUMENT HAVING AN ARTICULATING END
EFFECTOR, which issued on March 2, 2010;

U.S. Patent No. 7,753,243, entitled SURGICAL STAPLING INSTRUMENTS, which issued on July 13, 2010;

U.5. Patent No. 8,393,514, entitled SELECTIVELY ORIENTABLE IMPLANTABLE FASTENER
CARTRIDGE, which issued on March 12, 2013,

U.S. Patent Application Serial No. 11/343,803, entitled SURGICAL INSTRUMENT HAVING RECORDING
CAPABILITIES; now U.8. Patent No. 7,845,537,

20
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U.S. Patent Application Serial No. 12/031,573, entitied SURGICAL CUTTING AND FASTENING
INSTRUMENT HAVING RF ELECTRODES, filed Febroary 14, 200%;

1.8, Patent Application Ser. No. 12/031,873, criitled END EFFECTORS FOR A SURGICAL CUTTING AND
STAPLING INSTRUMENT, filed February 15, 2008, now U.S. Patent No. 7,980,443,

U.S. Patent Application Serial No. 12/235,782, entitled MOTOR-DRIVEN SURGICAL CUTTING
INSTRUMENT, now U.S. Patent No. 8,210,411;

U.5. Patent Application Senial No. 12/249.117, entitled POWERED SURGICAL CUTTING AND STAPLING
APPARATUS WITH MANUALLY RETRACTABLE FIRING SYSTEM, now 1J.S. Patent No. 8,608,045;

U.S. Patent Application Serial No. 12/647,100, entithed MOTOR-DRIVEN SURGICAL CUTTING
INSTRUMENT WITH ELECTRIC ACTUATOR DIRECTIONAL CONTROL ASSEMBLY, filed December 24, 2009;
now .S, Patent No. 8,220,688,

U.S. Patent Application Ser. No. 12/893,461, entitled STAPLE CARTRIDGE, filed September 29, 2012, now U.S.
Patent Ne. 8,733,613,

U.S. Patent Application Ser. Mo. 13/036.647, entitled SURGICAL STAPLING INSTRUMENT, filed February 28,
2011, now U.S. Patent No. 8,561,870,

U.S. Patent Application Serial No. 13/118,241, entitled SURGICAL STAPLING INSTRUMENTS WITH
ROTATABLE STAPLE DEPLOYMENT ARRANGEMENTS, now U.S. Patent Application Publication No.
2G12/0298719;

U.5. Patent Application Seral No. 13/524,049, entitled ARTICULATABLE SURGICAL INSTRUMENT
COMPRISING A FIRING DRIVE, filed on June 13, 2012; now U.S. Patent Application Publication No. 2013/0334278;

U.S. Paicnt Application Serial No. 13/800,025, entitled STAPLE CARTRIDGE TISSUE THICKNESS SENSOR
SYSTEM, filed on March 13, 2013, now U.S. Batent Application Publication Mo, 2014/0263551;

U.S. Patent Application Serial No. 13/800,067, entitled STAPLE CARTRIDGE TISSUE THICKNESS SENSOR
SYSTEM, filed on March 13, 2013, now U 8. Patent Application Publication No. 2014/0263552;

U.S. Patent Application Publication No. 2007/01759535, entitled SURGICAL CUTTING AND FASTENING
INSTRUMENT WITH CLOSURE TRIGGER LOCKING MECHANISM, filed January 31, 2006; and

U.S. Patent Application Publication No. 2010/0264194, entitled SURGICAL STAPLING INSTRUMENT WITH
AN ARTICULATABLE END EFFECTOR, filed Apnil 22, 2010, now U.S. Patent No. 8,308,040, are hereby incorporated
by reference herein.

{0387] Although the various embodiments of the devices have been described herein in connection with certain disclosed
embodiments, many modifications and variations to those embodiments may be implemented. Also, where materials are
disclesed for certain components, other materials may be used. Furthermore, according to various embodiments, a single
component may be replaced by multiple components, and multiple components may be replaced by a single componert, to
perform a given function or functions. The foregoing description and following claims are intended to cover all such
modification and variations.

iB388] The devices disclosed herein can be designed to be disposed of after a single use, or they can be designed to be
used multiple times. In ¢ither case, however, the device can be reconditioned for reuse after at least one use.

Reconditioning can include any combination of the steps of disassembly of the device, followed by cleaning or replacement
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of particular pieces, and subsequent reassernbly. In particular, the device can be disassembled, and any number of the
particudar pieces ot parts of the device can be selectively replaced or removed in any combination. Upon cleaning and/or
replacement of particular pasts, the device can be reassembled for subsequent use either at a reconditioning facility, orby a
surgical team immediately prior to a surgical procedure. Those skilled in the art will appreciate that reconditioning of a
device can utilize a variety of technigues for disassembly, cleaning/replacement, and reassembly. Use of such techuigues,
and the resulting reconditioned device, are all within the scope of the present application.

16388 By way of example only, aspects described herein may be processed before surgery. First, a new orused
instrument may be obtained and when necessary cleaned. The instroment may then be sterilized. In one sterilization
techmque, the instroment is placed in a closed and sealed container, such as a plastic or TYVEK bag. The container and
instrument may then be placed in a field of radiation that can penctrate the container, such as gamumna radiation, x-rays, or
high-energy electrons. The radiation may kill bacteria on the instrument and in the container. The stexilized instrument may
then be stored in the sterile container. The sealed container may keep the instrument sterile until it is opened in a medical
facility. A device also may be sterilized using any other technique known in the axt, including but not limited to beta or
gamma radiation, ethylene oxide, plasma peroxide, or steam.

[6398] While this invention has been described as having exemplary designs, the present invention may be further
modified within the spint and scope of the disclosure. This application is therefore intended to cover any variations, uses, or
adapiations of the invention using its gencral principles.

{0391] 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 exient that the incorporated materials does not conflict with existing
definitions, statements, or other disclosure material set forth in this disclosure. As such, and to the extent necessary, the
disclosure as explicitly set forth herein supersedes any conflicting material incorporated herein by reference. Any material,
or portion thereof, that is said to be incorporated by reference herein, but which conflicts with existing definitions,
statements, or other disclosure maierial set forth herein will only be incorporated to the extent that no conflict arises

between that incorporated material and the existing disclosure material.
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WHAT I5 CLAIMED IS:

I A surgical instrument comprising:

an clongate shaft assembly defining a shaft axis;

a surgical end effector pivotally coupled to said elongate shaft assembly for selective articulation relative to said
clongate shaft assembly about an articulation axis that is transverse fo said shaft axis; and

an articulation system, comprising;

a first distal articulation driver supporied for selective longitudinal travel in a distal direction and a
proximal direction in response to comesponding articulation motions applied thereto, said first distal articulation
driver operably coupled to said surgical end effector;

a second distal articulation driver supporied for longitudinal travel in said distal and proximal divections,
said second distal articulation driver operably coupled to said surgical end effector; and

at least one pimion gear in meshing engagement with said first distal articelation driver and said second
distal articulation driver such that when said first distal articalation driver is moved in said distal direction, said at
least one pinicn gear drives said second distal ariculation driver in said proximal direction to articulate said
surgical end effector about said articulation axis in a first articulation direction and when said first distal
articulation driver is moved in said proximal direction, said at least one pinion gear drives said second distal
articulation driver in said distal direction to articulate said surgical end effector about said articulation axis in a

second articulation direction that is opposite to said first articulation direction.

2. The surgical instrument of Claimn 1, wherein said fixst distal articudation driver is pivotally coupled to said
sorgical end effector and, wherein said second distal articulation driver is pivotally attached fo said surgical end effector.

3. The surzical instnment of Claim 1, wherein said first distal ariiculation driver is attached to said surgical
end effector by a first movable coupler and wherein said second distal articulation driver is attached to said surgical end

effector by a second movable coupler.

4. The surzical instnument of Claim 3, wherein said first movable coupler is attached to said first distal
articulation driver by a first ball joint and, wherein said second distal articulation driver is attached to said second movable

coupler by a second ball joint.

R} The surgical instrument of Claim 1, further comprising means for selectively locking said surgical end

effector in a phurality of articulated positions refative to said clongate shaft assembly.

6. The surgical instrument of Claim 5, wherein said means for selectively locking corprises means for

selectively preventing said distal articulation driver from longitudinally moving in said proximal and distal directions.
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7. The surgical instrument of Claim 6, further comprising a proximal articulation driver operably interfacing
with a source of proximal and distal articulation motions, said proximal articulation driver operably interfacing with said
means for selectively preventing to selectively unlock satd means for selectively preventing and cause said means for

selectively preventing to apply said proximal and distal articulation motions to said first distal articolation drver.

8. The surgical instrument of Claim 1, wherein a portion of said surgical end effector that is pivotally
couopled to said elongate shaft assembly comprises an elongate channel that is configured to operably suppotit a surgical

staple cartridge therein.

9. The surgical instrument of Claim 8, further comprising an anvil supported relative to said elongate
chanuel such that one of said anvil and said elongate channel is selectively movable relative to the other one of said anvil

and said elongate channel between open and closed positions.

10, A surgical instrument comprising:

an clongate shaft assembly defining a shaft axis;

a surgical end effector pivotally coupled to said elongate shaft assembly for selective articulation relative to said
clongate shaft assembly about an articulation axis that is transverse to said shaft axis;

an articulation system, comprising;

a first distal articulation driver supporied for selective longitudinal travel in a distal direction and a
proximal direction in response to corresponding articulation motions applied thereto, said first distal articolation
driver operably coupled to said surgical end offector; and

a second distal articulation driver comprising an endless member operably interfacing with said first
distal articulation driver and said surgical end effector, said endless member supported on said elongate shaft
asserably for selective rotational travel in response to longitudinal travel of said first distal articulation driver such
that when said first distal articulation driver is moved in said distal direction, said endless member causes said
surgical end effector {0 adiculate about said adiculation axis in a first articulation direction and when said first
distal articulation driver is moved in said proximal direction, said endless member causes said surgical end effector
to articolate about said articnlation axis in a second articulation direction that 1s opposite to said first articulation

direction.

1t The surgical instrument of Claim 10, wherein said endless member is rotatably supported on a proximal

pulley mounted to said elongate shaft assembly and a distal pulley on said surgical end effector,
12, The surgical instrument of Claim 11, wherein said endless member is operably attached to said distal

pulley by an attachment hug attached to said endless member and configured to be received in an attachment pocket in said

distal pulley.
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13. The surgical instrument of Claim 10, wherein said endless mernber comprises a length of cable including
a first fug attached to a first cable end and a second lug attached 1o a second cable end, said second hag also attached fo said

first lug to form said endless merber.

14 The surgical instrument of Claim 13, wherein said distal articulation driver comprises first and second

cradles for recetving said first and second Iugs therein.

15. The surgical instrument of Claim 11, wherein said distal pulley is formed on an elongate chamnel of said

surgical end effector, said elongate channel configured to operably sopport a surgical staple cartridge therein

i6, The surgical instroment of Claim 11, wherein said distal pulley is formed on an end effector mounting
assembly attached to an elongate channel portion of said surgical end effector, said elongate channel configured to operably

support a surgical staple cartridge therein,

7. The surgical instrument of Claim 15, further comprising an anvil supported relative to said elongate
channel such that one of said anvil and said elongate channel is selectively movable relative to the other one of said anvil

and said ¢longate channel between open and closed positions,

i8. The surgical instrument of Claim 16, further comprising an anvil supported relative to said elongate
channel such that one of said anvil and said elongate channel is selectively movable relative to the other one of said anvil

and said ¢longate channel between open and closed positions,

9. A surgical instroment comprising:

an clongate shaft assembly defining a shaft axis;

a surgical end effector pivotally coupled to said elongate shaft assembly for selective articulation relative to said
clongate shaft assembly about an articulation axis that is transverse to said shaft axis;

an arficulation system, comprising:

a first distal articnlation driver supported Tor selective longitudingl iravel in a distal direction and a
proximal direction in response to corresponding articulation motions applied thereto, said first distal articulation
driver operably coupled to said surgical end effector;

a second distal articulation driver supported for longitudinal travel in said distal and proximal divections,
said second distal articulation dover operably coupled to said surgical end effector; and

drive means interfacing with said first distal articulation driver and said second distal articulation driver
such that when said first distal articulation driver is  moved in said distal direction, said drive means drives said
second distal articulation driver in said proximal direction to articulate said surgical end effector about said
articulation axis in a first articulation direction and when said first distal articulation driver is moved in said

proximal direction, said drive means drives said second distal articulation driver in said distal direction to
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articulate said surgical end effector abowt said articulation axis in a second articulation direction that is opposite

to said first articulation direction.

24, The surgical instrument of Claim 19, wherein said surgical end effector comprises:
an ¢longate channel configured to operably support a surgical staple carinidge therein; and
an anwvil supported relative to said elongate channel such that one of said anvil and said elongate channel is

selectively movable relative fo the other one of said anvil and said elongate channel between open and closed positions.
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the priority date claimed
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considered novel or cannot be considered to involve an inventive
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being obvious to a person skilled in the art

"&" document member of the same patent family
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BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-9, 19, 20

A surgical instrument comprising:

an pivotable end effector;

an articulation system comprising a first and a second
articulation driver supported for longitudinal travel and

at least one pinion gear in meshing engagement with both
articulation drivers.

2. claims: 10-18

A surgical instrument comprising:

an pivotable end effector;

an articulation system comprising a first articulation
driver supported for longitudinal travel and

and a second articulation driver, being a endless member
which is supported for selective rotational travel.
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