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Abstract: A surgical stapling instrument comprising an elongate shaft assembly that defines a shaft axis and includes a surgical
effector that is operably coupled thereto by an articulation joint. The surgical end effector includes a cartridge support member
is configured to operably support a surgical staple cartridge therein. The surgical instrument further includes a longitudinally

movable firing beam that extends through the articulation joint and is selectively axially movable from a starting position to an end -
ing position within the surgical end effector. A firing beam locking assembly comprising a biasing member is operably supported on
the articulation joint and is configured to apply a biasing motion to the firing beam to bias the firing beam into a locked position
wherein the firing beam is prevented from moving from the starting to the ending position unless an unfired surgical staple cartridge
is operably supported in the cartridge support member.
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TITLE
SURGICAL STAPLING INSTRUMENTS WITH LOCKOUT
ARRANGEMENTS FORPREVENTING FIRING SYSTEM ACTUATION WHEN A CARTRIDGE IS SPENT OR
MISSING

BACEGROUND
Be91]  The present invention relates to surgical instraraenis and, in various embodiments, to sorgical stapling and cutting
instroments and staple cartridges for use therewith.
[0002] A stapling instrorend can include a pair of cooperating elongaie jaw members, wherein each jaw member can be
adapted to be inserted into a patient and positioned relative to tissue that is to be stapled and/or incised. In various
embodiments, one of the jaw raembers 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 cariridge. Generally, the stapling instrument can further include a pusher bar and a knife blade which
are shidable relative to the jaw members to sequentially eject the staples from the staple cartridge via camming 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
camring surfaces can be configured to activate a phlurabity of staple drivers carnied by the cartridge and associated with the
staples in order 1o push the staples against the anvil and form laterally spaced rows of deformed siaples in the tissue gripped
between the jaw members. In at least one embodiment, the knife blade can trail the caraming surfaces and cut the tissue
along a line between the staple rows.
[0003] The foregoing discussion is intended only to itustrate vanious aspects of the related art in the field of the invention

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

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] Varous features of the embodirnents described herein, together with advantages thereof, ruay be understood in
accordance with the following description taken in conjunction with the accompanying drawings as follows:
{BeOS)  FIG. 1 is a perspective view of a surgical instrument and an elongate shaft assembly embodiment;
[0006] FIG. 2 is an exploded assembly view of the handle or housing portion of the surgical instrament of FIG. 1;
{0607 FIG. 3 is an exploded assembly view of a portion of an elongate shafi assembly;
B8]  FIG. 4 is another exploded assembly view of another portion of the elongate shaft assembly of FIG. 3;
iB00%] FIG. S is an exploded assembly view of a portion of a surgical end effector erabodiment and closuie sleeve
ermbodiment;
{0618] FIG. 6 is a partial cross-sectional view of a portion of the surgical end effector and closure sleeve arrangerment of
FIG. 5;
{0011} FIG. 7 is a perspective view of the suxgical end effecior and closure sleeve ammangement of FIGS. 5 and 6 with the

anvil thereof in an open position or configuration;
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[B012] FIG. 8 is another perspective view of the surgical end effector and closure sleeve amrangement of FIGS. 5-7 with
the anvil thereof in a closed position or configuration;

[0013] FIG. 9 is a perspective view of a surgical end effector and clongate shaft assembly embodiment with portions
thereof omitted for claxity,

[B14] 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 articulated position or configuration;

[0015] FIG. 11 is a partial exploded asserbly view of porticns of the surgical end effector and clongate shaft assembly
embodiment of FIGS. 9 and 10;

Beis] FIG. 12 is a top view of portions of the surgical end effector and clongate shaft assembly 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. 9-12 with the surgical end effector in an articelaled position or configuration;

[0018] FIG. 14 is a top view of portions of the surgical end effector and clongate 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 clanty;

{0619] FIG. 15 is a perspective view of a portion of another clongate shaft assembly embodiment;

[8020] FIG. 16 is another perspective view of the elongate shaft assembly embodiment of FIG. 15 with the closure tube
and closure sleeve components omitted for claxity,

{0021] FIG. 17 is a top view of portions of the elongate shaft assembly embodiment of FIGS 15 and 16;

{0622] FIG. 18 is a cross-sectional side elevational view of the clongate shaft assembly embodiment of FIGS. 15-17 with
a surgical staple cartridge mounted in the surgical end effector portion;

{B623] FIG. 19 is another cross-sectional side clevational view of the elongate shaft assembly of FIGS. 15-18 witha
sorgical stapie cartridge mounted in the surgical end effector portion;

[0024] FIG. 20 is a top view of portions of the surgical end effector and elongate shaft assembly of FIGS. 15-19 with the
surgical end effector in an articulated position or configuration;

[0023] FIG. 20A is a side elevational view of a portion of another surgical end effector and closure sleeve embodiment;
{0026] FIG. 21 is a perspective view of another surgical end effector and elongale shaft assembly embodiment with
portions thereof omitted for clarity;

{027} FIG. 22 is an exploded assembly view of portions of the surzical end effector and elongale shaft assembly
embodiment of FIG. 21;

{0628] FIG. 23 is a top view of portions of the suxgical end effector and clongate shaft assembly embodiment of FIGS. 21
and 22;

iB02%] FIG. 24 is another 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;

{00638] FIG. 25 is ancther 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 cordiguration;

i8031] FIG. 26 is an exploded perspective view of a portion of another clongate shaft assembly enmbodiment;

[0032] FIG. 27 is an exploded assembly view of portions of another surgical end effector and elongate shaft assembly

emabodiment;
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[B033] FIG. 28 is a partial perspective view of a portion of the elongate shaft assembly embodiment of FIG. 27 with
portions thereof omitted for clanity;

[0034] FIG. 29 is another partial perspective view of portions of the elongate shaft assembly embodiment of FIGS. 27 and
28 with portions thereof omitted for clasity;

[B033] FIG. 30 is ancther partial perspective view of portions of the elongate shaft assembly embodiment of FIGS. 27-29
with portions thercof omitted for clarity;

[0036] FIG. 31 is a top view of portions of the surgical end effector and elongate shaft asserbly erabodirnent of FIGS.
27-30 with portions thereof omitted for clarity;

{80377 FIG. 32 is anciher top view of portions of the surgical end effector and elongate shaft assembly embodiment of
FIGS. 27-31 with portions thereof omitted for clarity and with the surgical end effector in an articulated position or
configuration,

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

[0038] FIG. 34 is a perspective view of portions of the surgical end effector and clongate shaft assembly embodiment of
FIGS. 27-33 with portions thereof omitted for clarity;

[pe40] 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 omitied for clanity;

[0041] PIG. 36 is an exploded assembly view of portions of a distal firing beam assembly embodiment and lateral load
canying member embodiments;

[B042] FIG. 37 is a perspective view of the distal firing beam assembly and lateral load carnrying members of FIG. 36;
{D043] FIG. 38 is an endarged cross-sectional view of pertions of the distal firing beam assembly and lateral load canving
merabers of FIGS. 36 and 37,

[0044] FIG. 39 is another cross-sectional view of the distal firing beam assembly and lateral load carrying members of
FIGS. 36-38;

[0043] FIG. 40 is a side elevational 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 lateral load carrying members joumaled thercon and with the distal firing beam assenbly embodiment in a flexed
position or configuration;

{8048] FIG. 43 is a perspective view of the distal firing beam assembly embodiment and lateral load carryving
embodiments of FIG. 42;

{0649] FIG. 44 is a perspective view of portions of another surgical end effector embodiment and clongate shaft assembly
embodiment with portions thereof oritted for clarity and with the surgical end effector in an articulated position or
configuration;

[0056] FIG. 45 is a top view of the surgical end effector embodiment and elongate shaft assembly embodiment of FIG.

44;

(5]
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[Be51)  FIG. 46 is another top view of the surgical end effector embodiment and elongate shaft assembly embodiment of
FIG. 45 with portions of the pivet link thereof shown in cross-section;

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

[BeS3] 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 omitted for clarity;

[0034] FIG. 49 is another top view of the surgical end effector embodiment and elongate shaft assembly embodiment of
FIG. 48;

{B035] FIG. 50 s a top perspective view of portions of the surgical end effector embodiment and elongate shaft assembly
embodiment of FIGS. 47-49 with portions thereof omitted for clarity and the surgical end effector in an articulated position
or configuration;

[0086] FIG. 51 is another top perspective view of portions of the surgical end effector embodiment and elongate shaft
assembly embodiment of FIG. 50;

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

{B0S8]  FIG. 53 is a top view of portions of another surgical end effector embodiment and elongate shaft assembly
embodiment with portions thereof omitied for clanity and illustrating the surgical end effector in an unadiculated position or
configuration and an articulated position or configuration;

{0659] FIG. 54 is a top view of a portion of the elongate shaft assembly embodiment of FIG. 53 with the articulation
systemn in a neutral or unarticulated position or configuration and with portions of the elongate shaft assembly omitted for
clanty,

{668}  FPIG. 35 is another top view of a portion of the slongate shaft assembly embodiment of FIG. 54 with the
articulation system in a first articulated position or configuration;

061} FIG. 56 is anciher top view of a portion of the elongate shaft assembly embodiment of FIGS. 34 and 55 with the
articulation svstem in a second articulated position or configuration;

[6D62] FIG. 37 is a partial perspective view of other portions of the slongated shaft assembly embodiment of FIGS. 33-36
and portions of the surgical end effector embodiment in an unarticnlated position or configuration and with portions thereof
omitted for clarity;

[0063] FIG. 58 is another partial perspective view of the surgical end effector embodiment and elongate shaft assernbly
embodiment of FIG. 57 with portions thereof omitied for clanty,;

[B064] FIG. 59 is a top view of a portion of another elongate shaft assembly embodiment with portions thereof omitted
for clanty;

[0063] FIG. 60 is a top view of portions of another articulation syster embodiment in a neutral or unarticudated position;
j0666] FIG. 61 is a top view of a driver articulation disc embodiment of the articulation system of FIG. 60;

867 FIG. 62 is a top view of a driven articulation disc embodiment of the articulation system FIG. 60

iB068] FIG. 63 is another fop view of the articulation system embodiment of FIG. 60 in a position or configuration after

an articulation control motion has been imtially applied thereto;
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[B69]  FIG. 64 is ancther top view of the articulation systermn embodiment of FIG. 63 in 4 first arficulated position or
configuration;

{00761 FIG. 63 is ancther fop view of the articulation system ernbodiment of FIGS. 63 and 64 in a second articulated
position or configuration;

[Be71)  FIG. 66 is a perspective view of another surgical end effector and closure slecve embodiment with the jaws thereof
in a closed position or configuration;

[6972) PIG. 67 is another pexspective view of the surgical end effector and closure sleeve smbodiment of FIG. 66 with
the jaws thereof in an open position or configuration;

Be73] FIG. 68 is a side clevational view of the surgical end effector and closure sleeve embodiment of FIGS. 66 and 67
with the closure sleeve shown in cross-section and the jaws thereof in an open position or configuration;

[0074] FIG. 69 is a side elevational view of the surgical end effector and closure slecve embodiment of FIGS. 66-68
shown in cross-section and with the jaws thereof in an open position or configuration;

{B075] FIG. 70 is an exploded assembly view of the surgical end effector and closure sleeve embodiment of FIGS. 66-69;
[0076] FIG. 71 is an exploded assembly view of another surgical end effector and closure sleeve embodiment;

{0677] FIG. 72 is a perspective view of another surgical end effector and closure slceve embodiment with the jaws thereof
in an open position or configuration;

{B678] FIG. 73 is another perspective view of the surgical end effector and closure sleeve embodiment of FIG. 72 with
the jaws thereof in a closed position or cordigiration;

{0679] FIG. 74 is an exploded perspective assembly view of the surgical end effector and closure sleeve embodiment of
FIGS. 72 and 73,

iB08G] FIG. 75 is a side elevational view of the surgical end effector and closure siceve embodiment of FIGS. 72-74 with
the jaws thereof in a closed position or configuration;

[0081] FIG. 76 is a rear perspective view of the surgical end effector embodiment of FIGS. 72-75 with the closure sleeve
smbodiment thereof shown in phantom knes 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 in 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;

[B083] 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;

[pe87)  FIG. 82 is an exploded perspective assermbly view of the surgical end effector and closuare sleeve embodiment of
FIGS. 80 and 81;

j0088] FIG. 83 is a side elkevational view of the surgical end effector and closure slecve crabodimert of FIGS. 80-82 with

the jaws thereof in a closed position or configuration;
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[p089]  FIG. 84 is a side clevational view of the surgical end effector and closure sleeve embodiment 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 configuzation;

[0099] FIG. 85 is an exploded perspective assembly view of another surgical end effector and closure sleeve embodiment;
{0691] FIG. 86 is a side elevational view of the surgical end effector and closure sleeve embodiment of FIG. 85 with the
jaws thereof in a closed position or configuration;

[0092] 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 in an open posttion 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;

{8024} FIG. 89 is anciher perspective view of the elongate shaft assembly embodiment of FIG. 88 with some cormpornents
thereof omitted for clarity;

[6D85] PIG. 90 is another pexspective view of the elongate shaft assembly of FIGS. 88 and 89 with the surgical end
effector in an arficulated position or configuration;

{B0%6] FIG. 91 is an exploded assembly view of the elongate shaft assembly of FIGS. 88-90;

{00971 FIG. 92 is a top view of the elongate shaft assembly of FIGS. 88-91 with some corponents omitted for clarity and
the surgical end effector thereof articulated in one direction;

B8] FIG. 93 is ancther top view of the elongate shaft assembly of FIGS. 88-92 with some components thereof omitted
for clanity and with the surgical end effector articnlated in another direction,

[0098]  FIG. 94 is a perspective view of a surgical staple cartridge embodiment; and

{0106] FIG. 95 is a perspective view of another surgical staple cartridge embodiment.

9191] Corresponding reference characters indicate corresponding parts throughout the several views., The
exemplifications set out herein ilhustrate various embodiments of the invention, in one form, and such exemplifications are

not to be constryed as limiting the scope of the invention in any ranner.

DETAILED DESCRIPTION
[0102] Applicant of the present application owns the following patent applications that were filed on even date herewith

and which are cach herein inoorporated by reference in their respective entireties:

- U.S. Patent Application Serial No. , entitied SURGICAL END EFFECTORS WITH POSITIVE JAW
OPENING ARRANGEMENTS, Attorney Decket No. END7675USNEP/ 1501 16,

- U.S. Patent Application Sexial No.  entitled SURGICAL END EFFECTORS WITH DUAL CAM
ACTUATED JAW CLOSING FEATURES, Attorney Docket Mo, END7677USNP/150112;

- U.S. Patent Applcation Serial No.  entitled MOVABLE FIRING BEAM SUPPORT

ARRANGEMENTS FOR ARTICULATABLE SURGICAL INSTRUMENTS, Attorney Docket No.
END7674USNP/150109;
- U.S5. Patent Application Senal No. , entitfed ARTICULATABLE SURGICAL INSTRUMENTS

WITH COMPOSITE FIRING BEAM STRUCTURES WITH CENTER FIRING SUPPORT MEMBER FOR
ARTICULATION SUPPORT, Attorney Docket No. END7673USNP/156108;
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- U.S. Patent Applcation Serial No.  entitled DUAL ARTICULATION DRIVE SYSTEM
ARRANGEMENTS FOR ARTICULATABLE SURGICAL INSTRUMENTS, Attorney Docket No.
END7672USNP/150107; and

- U.5. Patent Application Serial No. , entitled PUSH/PULL ARTICULATION DRIVE SYSTEMS
FOR ARTICULATABLE SURGICAL INSTRUMENTS, Attorney Docket No. END7671USNP/150106.

[0163] 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 sntireties:

- U.5. Patent Application Serial No. 14/640,746, entitled POWERED SURGICAL INSTRUMENT;

- U.S. Patent Application Serial No. 14/640,795, entitled MULTIPLE LEVEL THRESHOLIDIS TO MODIFY
OPERATION OF POWERED SURGICAL INSTRUMENTS;

- U.5. Patent Application Senial No. 14/640,832, entitled ADAPTIVE TISSUE COMPRESSION TECHNIQUES
TO ADJUST CLOSURE RATES FOR MULTIPLE TISSUE TYPES; Attorney Docket No. END7357USNP/140482;

- U.S. Patent Application Serial No. 14/640,935, entitled OVERLAID MULTI SENSOR RATHO FREQUENCY
(RFY ELECTRODE SYSTEM TO MEASURE TISSUE COMPRESSION,;

- U.5. Patent Application Serial No. 14/640,831, entitled MONITORING SPEED CONTROL AND PRECISION
INCREMENTING OF MOTOR FOR POWERED SURGICAL INSTRUMENTS:

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

- U.5. Patent Application Seral No. 14/640,817, entitied 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.S. Patent Application Serial 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, entitled SIGNAL AND POWER COMMUNICATION SYSTEM
POSITIONED ON A ROTATABLE SHAFT; and

- U.S. Patent Application Serial No. 14/640.780, entitled SURGICAL INSTRUMENT COMPRISING A

LOCKABLE BATTERY HOUSING.
[D194] Applicant of the present application owns the following patent applications that were filed on Febraary 27, 2015,

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

- U.S. Patent Application Serial No. 14/633,576, entitled SURGICAL INSTRUMENT SYSTEM COMPRISING
AN INSPECTION STATION;
- U.S. Patent Application Serial No. 14/633,546, entitied SURGICAL APPARATUS CONFIGURED TO ASSESS

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

~k
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- U.S. Patent Applcation Serial No. 14/633,576, entitied SURGICAL CHARGING SYSTEM THAT CHARGES
AND/OR CONDITIONS ONE OR MORE BATTERIES;

- 1.5, Patent Application Serial No. 14/633,366, entitled CHARGING SYSTEM THAT ENABLES EMERGENCY
RESOLUTIONS FOR CHARGING A BATTERY,

- U.S. Patent Application Serial No. 14/633 5355, entitled SYSTEM FOR MONITORING WHETHER A
SURGICAL INSTRUMENT NEEDS TO BE SERVICED;

- U.5. Patert Application Serial No. 14/633,542, entitled REINFORCED BATTERY FOR A SURGICAL
INSTRUMENT;

- U.S. Patent Application 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, entitled MODULAR STAPLING ASSEMBLY; and

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

AN END-OF-LIFE PARAMETER.
{0105] Applicant of the present application owns 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, entitled 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.S. Patent Application Serial No. 14/575,148, entitled LOCKING ARRANGEMENTS FOR DETACHABLE
SHAFT ASSEMBLIES WITH ARTICULATABLE SURGICAL END EFFECTORS;

- U.S. Patent Application Serial No. 14/575,130, entitled SURGICAL INSTRUMENT WITH AN ANVIL THAT IS

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.5. 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. 14/575,154, entitled SURGICAL INSTRUMENTS WITH ARTICULATABLE
END EFFECTORS AND IMPROVED FIRING BEAM SUPPORT ARRANGEMENTS;

- 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.
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[D196]  Applicant of the present application owns the following patent applications that were filed on March 1, 2013 and
which are each hercin incorporated by reference in their respective entireties:

- U.S. Patent Application Serial No. 13/782,295, entitled ARTICULATABLE SURGICAL INSTRUMENTS WITH
CONDUCTIVE PATHWAYS FOR SIGNAL COMMUNICATION, now U.S. Patent Application Publication No.
2014/0246471;

- U.S. Patent Application Serial No. 13/782,323, entitled ROTARY POWERED ARTICULATION JOINTS FOR
SURGICAL INSTRUMENTS, now U.5. Patent Application Publication No. 2014/0246472;

- U.S. Patent Application Serial No. 13/782,338, entitled THUMBWHEEL SWITCH ARRANGEMENTS FOR
SURGICAL INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0249557;

- U.S. Patent Application Serial No. 13/782,499, entitled ELECTROMECHANICAL SURGICAL DEVICE WITH
SIGNAL RELAY ARRANGEMENT, now U.5. Patent Application Publication No. 2014/0246474;

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

- U.S. Patent Apptication Serial No. 13/782 358, entitled JOYSTICK SWITCH ASSEMBLIES FOR SURGICAL
INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0246477;

- U.S. Patent Application Serial No. 13/782,481, entitled SENSOR STRAIGHTENED END EFFECTOR DURING
REMOVAL THROUGH TROCAR, now 1S, Patent Application Publication No. 2014/0246479;

- U.S. Patent Application Serial No. 13/782 518, entitled CONTROL METHODS FOR SURGICAL
INSTRUMENTS WITH REMOVABLE IMPLEMENT PORTIONS, now U.S. Patent Application Publication MNo.
2014/0246475;

- U.S. Paicnt 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, entitled SURGICAL INSTRUMENT SOFT STOP, now U.S.
Patent Application Publication No. 2014/0246476.

[0167] Applicant of the present application also owns the following patent applications that were filed on March 14, 2013
and which are cach herein inoorporated by reference in their respective entireties:

- U.S. 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 Apptication Serial No. 13/803,193, entitfed CONTROL ARBRANGEMENTS FOR A DRIVE
MEMBER OF A SURGICAL INSTRUMENT, now U.S. Patent Application Peblication Neo. 2014/6263537,;

- U.S. Patent Application Serial No. 13/803 033, entitled INTERCHANGEABLE SHAFT ASSEMBLIES FOR
USE WITH A SURGICAL INSTRUMENT, now U.S. Patent Application Publication No. 2014/0263564;

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

- U.S. Patent Application Serial No. 13/803,210, entitled SENSOR ARRANGEMENTS FOR ABSOLUTE
POSITIONING SYSTEM FOR SURGICAL INSTRUMENTS, now U.S. Patent Application Publication No.
2614/6263538;
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- U.S. Patent Application Serial No. 13/803 148, entitied MULTI-FUNCTION MOTOR FOR A SURGICAL
INSTRUMENT, now U.S. Patent Application Poblication No. 2014/0263554;

- U.S. Patent Apphcation Serial No. 13/803 066, entitled DRIVE SYSTEM LOCKOUT ARRANGEMENTS FOR
MODULAR SURGICAL INSTRUMENTS, now U.5. Patent Application Publication No. 2014/0263565;

- U.S. Patent Application Serial No. 13/803,117, entitled ARTICULATION CONTROL SYSTEM FOR
ARTICULATABLE SURGICAL INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0263553;

- U.5. 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 Application Serial No. 13/803,139, entitled METHOD AND SYSTEM FOR OPERATING A

SURGICAL INSTRUMENT, now U.S. Patent Application Publication No. 2014/0277017.

j6168] Applicant of the present application alse owns the following patent application that was filed on Maxch 7, 2014
and is herein incorporated by reference in its entirety:

- U.S. Patent Application Serial No. 14/200,111, entiled CONTROL SYSTEMS FOR SURGICAL
INSTRUMERNTS, now U.S. Patent Application Publication No. 2014/0263539.

[03169]  Applicant of the present application alse owns the following patent applications that were filed on March 26, 2014

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

- U.S. Paicnt Application Serial No. 14/226,106, entitied POWER MANAGEMENT CONTROL SYSTEMS FOR
SURGICAL INSTRUMENTS;

- U.5. Patent Application Serial No. 14/226,099, entitled STERILIZATION VERIFICATION CIRCUIT;

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

- U.S. Patent Application Serial Mo, 14/226,117, entitled POWER MANAGEMENT THROUGH SLEEP
QOPTIONS OF SEGMENTED CIRCUIT AND WAKE UP CONTROL,;

- U.S. Patent Application Serial No. 14/226,075, entitied MODULAR POWERED SURGICAL INSTRUMENT
WITH DETACHABLE SHAFT ASSEMBLIES;

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

- U.S. Patent Application Serial No. 14/226,116, entithed SURGICAL INSTRUMENT UTIHLIZING SENSOR
ADAPTATION:

- U.5. Patent Application Serial No. 14/226,071, entitled SURGICAL INSTRUMENT CONTROL CIRCUTT
HAVING A SAFETY PROCESSOR;

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

- U.5. Patent Application Senial No. 14/226,126, entitied INTERFACE SYSTEMS FOR USE WITH SURGICAL
INSTRUMENTS;

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

- U.S. Patent Apptication Serial No. 14/226 081, entitled SYSTEMS AND METHODS FOR CONTROLLING A

SEGMENTED CIRCUTT,

10
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- U.S. Patent Application Serial No. 14/226,076, entitled POWER MANAGEMENT THROUGH SEGMENTED
CIRCUIT AND VARIABLE VOLTAGE PROTECTION;

- U.S. Patent Apptication Serial No. 14/226 111 entitled SURGICAL STAPLING INSTRUMENT SYSTEM; and
- U.5. Patent Application Serial No. 14/226,125, entitled SURGICAL INSTRUMENT COMPRISING A
RUTATABLE SHAFT.

[0116] Applicant of the present application also owns the following patent applications that were filed on September 3,
2614 and which are each herein incorporated by refersnce 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 TO
QUANTIFY TISSUE COMPRESRSION;

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

- U.S. Patent Application Serial No. 14/478 895, entitled MULTIPLE SENSORS WITH ONE SENSCOR
AFFECTING A SECOND SENSOR'S OUTPUT OR INTERPRETATION;

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

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

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

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

111} Applicant of the present application also owuas the following patent applications that were filed on April 9, 2014
and which are each herein incorporated by reference in their respective entireties:

- U.S. Patent Application Senial No. 14/248,390, entitled MOTOR DRIVEN SURGICAL INSTRUMENTS WiTH
LOCKABLE DUAL DRIVE SHAFTS, now 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 FEROM THE SAME ROTATABLE OQUTPUT, now U.S. Patent Application
Publication No. 2014/03059&9;

- U.S. Patent Application Serial No. 14/248,595, entitled SURGICAL INSTRUMENT SHAFT INCLUDING
SWITCHES FOR CONTROLLING THE OPERATION OF THE SURGICAL INSTRUMENT, now U.S. Patent
Application Publication No. 2014/0305948;

- U.5. Patent Application Serial No. 14/248,388, entiticd POWERED LINEAR SURGICAL STAPLER, now U5,
Patent Apphication Publication No. 2014/0309666;

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

- U.5. Patent Application Serial No. 14/248,387, entitled POWERED SURGICAL STAPLER, now U5, Patent
Apphcation Publication No. 2014/0309665;

- U.S. Patent Application Serial No. 14/248 386, entitled DRIVE SYSTEM DECOUPLING ARRANGEMENT
FOR A SURGICAL INSTRUMENT, now U.S. Patent Application Publication No. 2014/0305990; and

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

[6112] Applicant of the present apphication alsc owns the following patent applications that were filed on Apnl 16, 2013
and which are each herein incorporated by reference in their respective entireties:

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

- U.5. Provisional Patent Application Serial No. 61/812.376, entitled LINEAR CUTTER WITH POWER;

- U.S. Provisional Patent Application Senal No. 61/812,382, entitled LINEAR CUTTER WITH MOTOR AND
PISTOL GRIP,

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

- U.S. Provisional Patent Application Senial No. 61/812,372, entitled SURGICAL INSTRUMENT WITH
MULTIPLE FUNCTIONS PERFORMED BY A SINGLE MOTOR.

[0113] Numerous specific details are set forth to provide a thorough understanding of the overall structure, function,
marufacture, and use of the embodiments as described in the specification and illustrated in the accompanying drawings.
Well-known operations, components, and slements have not been described in detail so as not to ebscure the embodiments
described in the specification. The reader will understand that the embodiments described and illusirated herein are non-
limiting examples, and thus it can be appreciated that the specific structoral and functional details disclosed herein may be
representative and illustrative. Variations and changes thereto may be made without departing from the scope of the
claims.

[0114] 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 any form of include, such as "includes” and "including”) and "contam”
(and any form of contain, such as "contains" and "contaimng") are open-ended hnking verbs. As a result, a surgical systermn,
device, or apparatus that "comprises,” "has,” "includes” or "contains” one or more elements possesses those one or more
elements, but is not limited to possessing only those one or more elements. Likewise, an element of a system, 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.

0115] The terms “proximal” and “distal” are used hercin with reference to a chinician manipulating the handle portion of
the surgical instrament. The term “proximal” refers to the portion closest to the clinician and the term “distal” refers to the

portion located away from the clinician. Tt will be further appreciated that, for convenience and clarity, spatial terms such
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as “vertical”, “honzontal”, “up”, and “dowxnt” may be used herein with respect to the drawings. However, surgical
instruments are used in many onentaticns and positions, and these terms are not intended to be imiting and/or absolute.
[0116] Various exemplary devices and methods are provided for performing laparoscopic and mimimally invasive surgical
procedures. However, the reader will readily appreciate that the various methods and devices disclosed herein can be used
in mumerous surgical procedures and applications inchiding, for example, in connection with open surgical procedures. As
the present Detailed Description proceeds, the reader will further appreciate that the various instrumenis disclosed hercin
can be nserted into a bodv in any way, such as through a natural orifice, through an incision or puncture hole formed in
tissue, etc. The working portions or end effector portions of the instruments can be inserted directly into a patient’s body or
can be inserted through an access device that has a working channef through which the end effector and elongate shaft of a
surgical instrument can be advanced.

[6117] A surgical stapling system can comprise a shaft and an end effector extending from the shaft. The end effector
comprises a first jaw and a second jaw. The first jaw comprises a staple cartridge. The staple cartridge is inseriable into
and removable from the first jaw; however, other embodiments are envisioned in which a staple cartndge is not removable
from, or at least readily replaceable from, the first jaw. The second jaw comprises an anvil configured to deform staples
cjected from the staple cartridge. The second jaw is pivotable relative to the first jaw about a closure axis; however, other
embodiments are envisioned in which first jaw is pivotable relative to the second jaw. The surgical stapling system further
coraprises an articulation joint configured to peomit the end effector to be rotated, or articulated, relative to the shaft. The
end effector is rotatable about an articalation axis extending through the articulation joint. Other embodiments are
envisioned which do not include an articulation joint.

[P118] The staple cartridge coruprises a cartridge body. The cartridge body includes a proximal end, a distal end, and a
deck exiending between the proximal end and the distal end. In use, the staple cariridge is positioned on a first side of the
tissus to be stapled and the anvil 1s positioned on a second side of the tissue. The anvil is moved toward the staple cartridge
to compress and clamp the tissue against the deck. Thereafter, staples removably stored in the cartridge body can be
deploved into the tissue. The cartridge body includes staple cavities defined therein wherein staples are removably stored
in the staple cavities. The staple cavities arc arranged in six longitudinal rows. Three rows of staple cavities are positioned
o a first side of a longitudinat slot and three rows of staple cavilies are positioned on a second side of the longitudinal slot.
Other arrangements of staple cavities and staples may be possible.

{8119} 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, position fo ¢ject the staples from the staple cavities. The drivers are retained in the
carinidge body by a retainer which extends around the botton of the cartnidge body and includes resilient members
configured to grip the cartridge body and hold the retainer to 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 drvers and 1ift the drivers, and the staples supporied thereon, foward the anvil,

{9120] Further to the above, the sled is moved distally by a firing member. The firing member is configurad to contact
the sled and push the sled toward the distal end. The longitudinal slot defined in the cartridge body is configured to receive
the firing member. The anvil also includes a slot configured to receive the firing member. The firing member further

compriscs a first cam which engages the first jaw and a second cam which engages the second jaw. As the fining mermber is
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advanced distally, the first cam and the second cam can control the distance, or fissue gap, between the deck of the staple
cartridge and the anvil. The firing member also comprises a knife configured to incise the tissue captured 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 ¢jected ahead of the knife.

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 1o be
grasped, manipulated and actuated by the climician. The housing 12 is configured for operable aitachment to an elongate
shaft assembly 200 that has a surgical end effector 300 operably coupled thereto that is configured to perform one or more
surgical tasks or procedures. The elongate shaft assembly 200 may be interchangeable with other shaft asserblies 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 entite disclosure of which is
hereby incorporated by reference herein. In other arrangements, the elongate shaft assembly mayv 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 various forms of interchangeable shaft
assemblics disclosed herein may also be effectively employed in connection with robotically -controlled surgical svstems.
Thus, the term “housing” may also encompass a housing or simmlar portion of a roboetic system that houses or otherwise
operably supports at least one ddve systen that is configured to generate and apply at least one control motion which could
be used to actuate the elongate 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 instniment 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 Sedal No. 13/118,241, entitled SURGICAL
STAPLING INSTRUMENTS WITH ROTATABLE STAPLE DEFLOYMENT ARRANGEMENTS, now U.S. Patent
Application Publication No. 2012/0298719 which is hereby incorporated by reference herein in its entirsty.

{0123] The housing 12 depicted in FIG. 1 is shown in connection with the elongate shaft assembly 200 that includes a
sorgical end effector 300 that comprises a sorgical cutting and fasiening device that is configored to 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 types, etc. In addition, the housing 12 may also be effectively eraployed with a variety of other shaft assemblies
including those assemblies that are configured to apply other motions and forms of energy such as, for example, radio
frequency (RE) 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, surgical
instruments, and/or surgical instrument systems can utilize any suitable fastener, or fasteners, to fasten tissue. For instance,
a fastener carinidge 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
assembly 200 operably coupled thereto. As can be seen in FIG. 1, the handle 14 may comprise a pair of interconnectable

handle housing segments 16 and 18 that may be interconnecied by screws, snap features, adhesive, etc. In the ithastrated
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arrangement, the handle housing segments 16, 18 cooperate to form a pistol grip portion 19 that can be gnipped 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.
[9125] Referring now to FIG. 2, the handle 14 may further include a frame 20 that operably suppornts a plurality of drive
systems. For exanmple, the frame 20 can operably support a “first” o1 closure drive system, generally designated as 30,
which may be employed to apply closing and opening motions to the elongate shaft assembly 200 that is operably attached
or 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 ilhustrated 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). In varous forms, the closure drive system 30 further inchudes a closure Hinkage assembly 34 that is pivotally
coupled to the closure trigger 32, As can be seen in FIG. 2, the closure linkage assembly 34 may include a first closure link
36 and a second closure Hnk 38 that are pivotally coupled to the closure trigger 32 by a pin 35, The second closure link 3%
may alse be referred to herein as an “attachment member” and include 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 unachuated posiiion towards the pistol grip
portion 19 of the handle 14, the first closure link 36 pivots upward to a point wherein the locking pawl 64 drops into
retaining engagement with the locking wall 39 on the first closure link 36 thereby preventing the closure trigger 32 from
returning to the unactuated position. Thus, the closure release assembly 60 serves to lock the closure trigger 32 in the fally
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
engagernent with the first closure Hnk 36, the closure trigger 32 may pivot back to the unactuated position. Other closure
trigger locking and release amangements may also be employed.
91277 When the closure trigger 32 is moved from its unactuated position to ifs actuated position, the closure release
button 62 is piveted between a first position and a second position. The motation 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
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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 offector, its second position, which is
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.

[0128] Also in the illustrated arangement, the handle 14 and the frame 20 operably support another drive svstem referred
to 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 sysiem 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 RPM, 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 canbe 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 housing portion 96.
The proximal housing portion 94 and the distal housing portion 96 are configured to operably support a plurality of
batterics 98 therein. Batierics 98 may each comprse, for example, a Lithiom lon (“LI7) or other suitable batterv. 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 baticnies 98 may be connected in series may be used as the power
source for the surgical instroment 10, In addition, the power scurce 90 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 is mounted in raeshing 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 eleciric motor 82 in a clockwise direction wherein the voltage polarily applied to the electric motor by
the battery can be reversed in order {o operate the eleciric 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 inchude a switch which can be configured fo reverse the polarity applied to the clectric motor 82
by the power source 90. As with the other forms described herein, the handle 14 can also inchude a sensor that is
configured 1o detect the position of the drive meniber 120 and/or the direction in which the drive member 120 is being
moved.

i0136] Actuation of the motor 82 is controlled by a firing trigger 130 that is pivotally supported on the handle 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
firing trigger 130, it may be pivoted or otherwise retumed fo the unactuated position by the spring 132 or biasing
arrangement. In at least one form, the firing trigger 130 can be positioned “cutboard” 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
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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 climician 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 1may be fived. Asthe
climician depresses the closure frigger 32, the safety button 134 and the firing trigger 130 pivot down wherein they can then
be manipulated by the chimician.

{0131] As discussed above, the handle 14 includes a closure trigger 32 and a firing tfrigger 130. The firing frigger 130 can
be pivotably moonied to the closure trigger 32. When the closure trigger 32 1s moved from its unactuated posiiion to its
actuated position, the firing trigger 130 can descend downwardly, as outlined above. After the safety button 134 has been
moved to its firing position, the fining trigger 130 can be depressed to operate the motor of the surgical instroment firing
systent. Invarious instances, the handle 14 can include a tracking svstem configured fo determine the position of the
closure trigger 32 and/or the position of the firing trigger 130

[0132] Asindicated 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 drve gear 86 of the gear reducer assembly 84. At least
one form also includes a mamually -actuatable “bajlowt” assembly 140 that is configured fo ¢nable the clinician to mamally
retract the longitudinally movable drive member 126 should the motor 82 become disabled. The bailout assembly 140 may
include a lever or batlout handle assembly 142 that is configured to be manuaally pivoted into ratcheting engagement with
teeth 124 alse provided in the drve 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”. U.S. Patent Application
Publication Neo. 2016/0089970 discloses batlout arrangements and other components, arrangements and systems that may
also be employed with the vanous 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. 8,608,043, is hereby incorporated by reference in its entirety.

[0133] Turning now to FIGS. 1 and 3, the elongate shaft assembly 200 includes a surgical end effector 300 that comprises
an elongate chanunel 302 that is configured to operably suppott a staple cartridge 304 therein. The end effector 300 may
further inchide an anvil 310 that is pivotally supported relative to the elongate channel 302. As will be discussed in further
detail below, the sorgical end effector 300 may be articulated relative to the elongate shaft asserubly about an articulation
joint 270. Ascan be seen in FIGS. 3 and 4, the shaft assembly 200 can further inchude a proximal housing or nozzle 201
comprised of nozzle portions 202 and 203, The shaft asserubly 200 further includes a closure tube 260 which can be
uptilized to close and/or open an anvil 310 of the end effector 300, As can be seen in FIG. 4, the shaft assembly 200
includes a spine 210 which can be configured to fixably suppont a shaft frame portion 212 of and articulation lock 350,

Details regarding the constuction and operation of the articulation lock 350 are set forth in U.S. Patent Application Serial

Wo. 13/803,086, entitlod ARTICULATABLE SURGICAL INSTRUMENT COMPRISING AN ARTICULATION LOCK,
now U.S. Patent Application Publication No. 2014/0263541, the disclosure of which is hereby incorporated by reference

hercin in its entirety. The spine 210 is configured to, one, slidably support a firing member 220 therein and, two, shidably
support the closure tube 260 which extends around the spine 210. The spine 210 also shdably supports a proximal
articulation driver 230. The proximal adiculation driver 230 has a distal end 231 that is configured to operably engage the
articulation lock 350, In one arrangement, the articulation lock 350 imterfaces with an articulation frame 352 that is adapted

to operably engage a drive pin {not shown} on the end effector frame (not shown).
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{D134] In the itlustrated arrangement, the spine 210 comprises a proximal end 211 which is rotatably supported ina
chassis 240. In one arrangement, for example, the proximal end 211 of the spine 210 has a thread 214 formed thereon for
threaded attachment to a spine bearing 216 configured to be supported within the chassis 240. See FIG. 3. Such
arrangement facilitates rotatable attachument 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 inchides a closare shuttle 250 that
is slidably supported within the chassis 240 such that it may be axially moved relative thereto. As can be seen in FIG. 3,
the closure shottle 230 includes a pair of proximally -protrading hooks 252 that are configured for attachiment to the
attachment pin 37 that is atfached to the second closure link 38 as will be discussed in further detail below. See FIG. 2. A
proxiraal end 261 of the closure tube 260 is coupled {o the closure shuttle 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 closore shutile 250, See FIG. 3. Such arrangement serves to attach the closure tube 260 1o
the closure shuttle 250 for axdal trave] therewith while enabling the closure tube 260 to rotate relative to the closure shuttle
23¢ 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 unactuated position when the
shaft assembly 200 is operably coupled fo the handle 14.

[D135] As was also indicated above, the elongate shaft assernbly 200 further inchides a firing mernber 220 that is
supporied for axial travel within the shaft spine 210, The firing member 220 includes an intermediate firing shaft portion
222 that 1s configured for attachment {o a distal cutting portion or firing beam 280. The firing member 220 may also be
referred 1o herein as a “second shaft” and/or a “second shaft assembly”™. As canbe seen in FIG. 4, the intormediate firing
shaft portion 222 wmay include a longitudinal slot 223 in the distal end thercof which can be configured to receive a tab 284
on the proximal end 282 of the distal firing beam 280. The longitudinal slot 223 and the proximal end 282 can be sized and
configored to permit relative movement therebetween and can comprise a slip joint 286. The slip joint 286 can permit 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 soitably
oriented, the infermediate firing shaft portion 222 can be advanced distally until a proximal sidewall of the longitudinal slot
223 comes into contact with the tab 284 in order to advance the firing bears 280¢ and fire a staple cartridge that may be
supported in the end effector 300. As can be further seen in FIG. 4, the shaft spine 210 has an elongate opening or window
213 therein to facilitate assernbly and insention of the intermediale firing shaft portion 222 into the shaft frame 210, Once
the intermediate firing shaft portion 222 has been inserted therein, a top frame segment 2135 may be engaged with the shaft
frame 212 to enclose the imtermediate firing shaft portion 222 and firing beam 280 therein. Further description of the
operation of the firing member 220 may be found in U.8. Patent Application Serial No. 13/803.086, now U.S. Patent
Application Publication No. 2014/0263541.

[0136] Purther 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 1o the firing member 220, In one form, the cluich assembly
400 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 366 to the firing member
220 and a disengaged position in which the articulation driver 360 is not operably coupled to the firing member 200, When

fock slecve 402 is 1 its engaged position, distal movement of the firing member 220 can move the articulation driver 360
Eib) s
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distally and, correspondingly, proxamal movement of the firing member 220 can move the proximal articulation driver 230
proximally. When lock sleeve 402 is in its disengaged position, movement of the firing member 220 is not transmitted to
the proximal articulation driver 230 and, as a result, the firing member 220 can move independently of the proximal
articulation driver 230, In various circumstances, the proximal articulation driver 230 can be held in position by the
articulation lock 350 when the proximal articulation driver 230 1s not being moved in the proximal or distal directions by
the firing member 220.

{0137 As can be further seen in F1G. 4, the lock sleeve 402 can coraprise a cylindrical, or an at least substlantially
cylindrical, bodv including a longitudinal aperture 403 defined thercin configured to receive the firing member 220, The
lock sleeve 402 can comprise diametricatly-opposed, tnwardly-facing lock protrusions 404 and an outwardly-facing lock
member 406. The lock protrusions 404 can be configured o be selectively engaged with the firing member 220. More
patticulatly, when the lock sleeve 402 1s in #ts engaged position, the lock protrusions 404 are positioned within a drive
notch 224 defined in the firing member 220 such that a distal pushing force and/or a proximal pulling force canbe
transroitied from the firing member 22¢ to the lock sleeve 402, When the lock sleeve 402 is in its engaged position, a
second lock member 406 is received within a drive notch 232 defined in the proximal articulation driver 230 such that the
distal pushing force and/or the proximal pulling force applied to the lock sleeve 402 can be ransmitied to the proximal
articulation driver 230. In effect, the firing member 220. the lock sleeve 402, and the proximal articulation driver 230 will
move together when the lock sleeve 402 is in its engaged position. On the other hand, when the lock slecve 402 isin s
disengaged position, the lock protrusions 404 may not be positioned within the drive notch 224 of the firing member 220
and, as a result, a distal pushing force and/or a proximal pulling force may not be transmitied from the firing member 220 to
the fock sieeve 402, Correspondingly, the distal pushing force and/or the proximal pulling force may not be transmitted to
the proximal articulation driver 230. In such circumstances, the firing member 220 can be shd proximally and/or distally
relative to the lock sleeve 402 and the proximal anticvdation driver 230,

[0138]  Ascan also be seen in FIG. 4, the ¢longate shaft assembly 200 further includes a switch drum 500 that is
rotatably received on the closure tube 260. The switch drum 300 comprises a hollow shaft segment 502 that has a shaft
boss 504 formed thercon for receive an outwardly protruding actuation pin 410 therein. In various circumstances, the
actuation pin 4 1¢ extends through a slot 267 inio a longitudinal slot 408 provided in the lock slesve 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
1s configured to engage the shafl boss 504 on the switch doum 300 and a portion of the nozzle howusing 203 to apply a
biasing force to the switch drum 300, The switch drum 500 can further comprise at least partially circumferential opemngs
506 defined therein which, referring to FIGS. 5 and 6, can be configured {o receive circumierontial mounis extending from
the nozzle portions 202, 203 and permit relative rotation, but not translation, between the switch drum 500 and the proximal
nozzle 201, The mounts also extend through openings 266 in the closure tube 260 to be seated in recesses n the shaft spine
210. However, rotation of the nozzle 201 to a point where the mounts xeach the end of their respective slots 506 in the
swiich dram 500 will result in rotation of the swiich drom 500 about the shaft axis SA-SA. Rotation of the swiich dram
500 will ultimately result in the rotation of the actation pin 410 and the lock slecve 402 between its engaged and
disengaged pesitions. Thus, in essence, the nozzle 201 may be employed to operably engage and disengage the articulation
drive system with the firing dnve system in the various manners described in further detail in U.S. Patent Application Serial

No. 13/863.08¢, now U.5. Patent Application Publication No. 2014/0263541.
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[0139] As also illustrated in FIGS. 3 and 4, the elongate shaft assembly 200 can comprise a slip ring assembly 600 which
can be configured o conduct electrical power to and/or from the end effector 300 and/or commumicate signals to and/or
from the surgical end effector 300, for example. The ship ring asserbly 600 can comprise a proximal connector flange 604
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 connector flange 601 can rotate relative to the proximal connector flange 604 about the shaft axis SA-SA. The
proximal comnector flange 604 can conprise a plurality of concentric, or at least substantially concentric, conductors 602
defined in the first face thereof. A connecilor 67 can be mounted on the proximal side of the distal connector flange 601
and may have a plurality of contacts (not shown) wherein each 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 connector flange 601 while maintaining electrical contact therebetween. The proximal comnector flange 604 can
inclnde an electrical connector 606 which can place the conductors 602 in signal commnunication with a shaft circuil board
610 mounted to the shaft chassis 240, for example. In at least one instance, a wiring harness cornprising a plurality of
conductors can extend between the electrical connector 606 and the shaft circuit board 610. The electrical connector 606
may extend proximally through a connector opening 243 defined in the chassis mounting flange 242. See F1G. 7. U.S.
Patent Application Senal No. 13/800,067, entitled STAPLE CARTRIDGE TISSUE THICKNESS SENSOR SYSTEM,
filed on March 13, 2013, now U.S. Patent Application Publication No. 2014/0263552, is incorporated by reference herein
in its entirety. U.S. Patent Application Serial No. 13/800,025, entitled STAPLE CARTRIDGE TISSUE THICKNERS
SENSOR SYSTEM, filed on March 13, 2013, now U.S. Patent Application Publication No. 2014/0263551 is incorporated
by reference herein in its entirety. Further details regarding ship ring asscmbly 600 may be found in U.S. Patent
Application Serial No. 153/803,086, now U.S. Patent Application Publication No. 2014/0263541.

[0140] As discussed above, the elongate shaft assembly 200 can include a proximal portion which is fixably mounted to
the handle 14 and a disial portion which is rotatable aboot a longitudinal shaft axis SA-SA. The rotatable distal shaft
portion can be rotated relative to the proximal portion about the slip ring assembly 600, as discussed above. The distal
connector flange 601 of the slip ring assembly 600 can be posttioned within the rotatable distal shaft portion. Morcover,
farther 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 dmum 500 can be rotated
synichronously with one another. In addition, the switch drum 300 can be rotated between a first position and a second
position relative 1o the distal connector flange 601, When the switch drum 500 is in its fixst position, the articulation drive
system (1.e., the proximal articulation driver 230} may be operably disengaged from the firing drive system and, thus, the
operation of the firing drive svstem may not articulate the end effector 300 of the shaft assembly 200. When the switch
drom 300 is in its second position, the articulation drive system (1., the proximal articulation driver 230) may be operably
engaged with the firing drive system and, thus, the operation of the firing drive system may articulate the end effector 300
of the shaft assembly 200. When the switch druim 500 is moved between its first position and its second position, the
switch drunt 500 is moved relative to distal commector flange 601, In various instances, the shaft assembly 200 can

comprise at least one sensor that is condigured to detect the position of the switch drom 500,
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{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 assemably 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
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
lower proximally projecting tang 274 and a lower proximal pin hole in the lower distally projecting tang 265. See also FIG.
6.

{B142) FIGS. 5-8 illostrate 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 to 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 arficulation joint, generally designated as 339, Other arrangements, however, may not be capable
of articulation. As can be scen in FIG. 6, the adiculation joint 339 defines an articulation axis B-B about which the surgical
end effector 300 may be selectively articulated. In the illustrated example, the articulation axis B-B is substantially
transverse to the shaft axis SA-SA of the clongate shaft asserably.

[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 310, However, other surgical jaw arrangements may be
enaploved without departing from the spirit and scope of the present invention. As canbe seent in FIG, 5, a suppotrt pan 303
may be attached to the surgical staple cartridge 304 to provide added support thereto as well as to prevent the staple drivers
(not shown) that are supporied in the staple pockets 306 that are formed in the sorgical staple cartridge 304 from falling out
of the surgical staple cariridge prior to use. As can be scen in FIG. 5, the elongate channel 302 has a proximal end portion
320 that inchudes two upstanding lateral walls 322, The anvil 310 inchudes an anvil body 312 that has a staple-forming
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
inchudes 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 10 herein as a “first cam slot™ with the cam surface thereof
being referred to as the “first cam surface”. Stmilardy, the other cam slot 318 may be referred to as a “second cam slot”
with the cam surface thereof being referred to herein as the “second cam surface™. A trunnion hole 324 is provided in cach
{ateral wall 322 of the elongate channel 302 for receiving a corresponding one of the anvil trunnions 317 therein. Such
armangement serves 1o movably affix the anvil 310 {o 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
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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
chamfered stop portion 357 that is configured to snappingly engage a corresponding portion of the end effector closure
sleeve wall that defines the cam hole 355, Another portion of the outer body portion 356 may have a dog leg feature 359
formed thereon that is configured to be received inside a portion of the end effecior closure sleeve 272 adjacent the cam
hole 355. Other snap tab arrangements may also be emploved to removably affix the outer body portion 356 to the end
effector closure sleeve 272, In other arrangements, for example, 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 advantageously avoid damage to adjacent tissue and/or collection of
tissue/fhuid etc. between those components, the crimp ning may actually be crimped into an annular recess that is formed in
the end effector closure sleeve.

i0145] 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
translated in the distal direction “BID7” so as to bring the distal end 275 of the of end effector closure sleeve 272 into contact
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 spper sorfaces 321 of the anvil attachment anms 3 16 as the closure tube 260 is moved distally to begin to pivot the anvil
310 to 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
surfaces 319 to pivot the anvil 310 into the open position as shown in FIGS. 6 and 7.

[9146] 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
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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 meniber or end effector closure sleeve and then bent, crimped or permanently deformed inward so as to engage the
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 varations may eraploy 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 or pins may be pressed into the first jaw, karurled and then pressed in and/or welded to the
first jaw, for example. While the opening cam arrangements discassed above have been described in the conlext 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
articulation link arrangement designated as 800 that employs an articalation lock 810 that is sinular o articulation Jock 350
described above. Those components of articulation lock 810 that differ from the components of articulation lock 350 and
which may 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 effecior 300 to be rotated, or articulated, relative to the shaft closure
tube 260 when the articulation lock 810 is in its unlocked state.

{B148] As was discussed above, when the proximal articulation driver 230 is operatively engaged with the firing member
220 via the chitch 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 clongate shaft assembly 2007 includes a
shaft frame 812 which is somewhat co-extensive with a first distal articulation driver 820, A first distal arficulation driver
%20 1s supported within the elongate shaft assembly 200”7 for selective longitudinal travel in a distal direction “DD” and a
proximal direction “PD” in response to corresponding articulation control motions applied thereto. 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°.
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{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
the first distal articulation driver 820, Inthe embodiment ihustrated in FIG. 9, for example, there are three first lock
elements 826 positioned within the first lock cavity 822 which can all act in a similar, parallel manner and can co-
operatively act as a single lock clement. Other embodirnents are envisioned which can utilize more than three or less than
three first lock elements 826, Sinularly, the articulation lock 810 can further include at Icast one second lock element 82§
at least pattially 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,

[0156] Purther to the above, refernmg primanly to FIG. 9, cach first lock clement 826 is shdably supported on a frame rail
830 and includes a lock tang 827, Each of the first lock clements 826 have a lock aperture therein (not showmn) for receiving
the frame rail 830 therethrough. The lock tang 827 can be disposed within the first lock cavity 822 and the lock aperture
can be shidably engaged with a frame rail 830 mounted 1o the shaft frame 812, The first lock clements 826 are not onented
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 B 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
direction indicated by arrow 821. IT a torque is applied to the end effector 300 in the direction of arrow 821, a proximat
pushing force P will be transmitted to the distal articulation driver 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 clements 826 can
lock the movement of the first distal articulation daver 820 1n one direction.

[DI51) To release 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 230 can be pulled proximally o 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
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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
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
articuolated in the direction of arrow 821, the first distal articulation driver 820 can be released, in various circunstances, o
permit the articulation lock 810 1o 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 rail 836 without, in various circumstances,
changing, or at least substantially changing, their angled alignment with respect to the frame rail 830, While the second
lock elemenis 828 are permussive 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 exiends through the apertures 1n the second lock elemenis 828, The
second lock elements 828 are not oriented in a perpendicular arrangement with the frame rail 830; rather, the second lock
slements 828 are arranged and aligned at a non-perpendicular angle with respect to the frame xail 830 such that the edges or
sidewalls of the lock apertures are engaged with the frame rail 830, Moreover, the inferaction 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 pulling force 13 will be transmitied to the first distal articulation driver 826, The distal
pulling force D will only serve to bolster the locking engagement between the second lock elements 828 and the frame rail
836, More particularly, the distal pulling force D can be transmitted to the tangs 829 of the second lock clements 828
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
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straighten, the second lock clements 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
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 o be pushed distally
vaiif the distal arm 233 extending therefrom contacts, or abuts, a distal drive wall 833 of the first distal articudation driver
820 and pushes the first distal articulation driver 820 disially to articulate the surgical end effector 300. In essence, a distal
pushing force can be applied from the proximal articudation 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.

{0155] Concurrent to the above, the first lock clements 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 ¢lements
826 are arranged and aligned in an angled position with respect to the shaft rail 830, the first lock clements 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
movemnent of the first distal articulation driver 820 and the articolation lock 819, the first lock elements 826 are configured
to selectively prevent, or at least inhibit, the proximal movement of the first distal articufation driver 820, as discussed
above.

[0156] In view of the above, the articulation lock 816, in a locked condition, can be configured to resist 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 ariculation drover 820 15 resisted by the first lock elements
826 when the first lock elements 826 are in their locked otientation and the distal motion of the first distal arficulation
driver 820 is resisted by the sscond lock elements 828 when the second lock elements 828 are in their Jocked oxientation, as
described above. Stated another way, the first lock elements 826 comprise a first one-way lock and the second lock
clements 828 comprise a second one~-way lock which lecks 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
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articulation driver 820 and the articulation lock 810 distally. Such a general concept is discussed in connection with several
additional excmplary embodiments disclosed below. To the extent that such discussion 1s duplicative, or generally
cumulative, with the discussion provided above, such discussion is not reproduced for the sake of brevity.

10138]  Still referring to FIGS. 9 and 10, the dual articulation link arrangement 800 is configured to establish a “push/pull”
arrangement when an articudation force is applied thereto through the first distal articulation driver 820, As can be seenin
those Figures, the first distal articulation driver 820 has a first drive rack 842 formed therein. A first articulation rod 844
protrodes distally out of the first distal articelation driver 82¢ and is attached to a first movable coupler 859 that is attached
to the first distal articulation driver 820 by a first ball joint 852. The first coupler 850 is also pivotally pinned to the
proxiral end pottion 320 of the elongate channel 302 by a first pin 834 as can be seen in FIG. 9. The dual articelation link
arrangement 800 further comprises a second distal articulation driver 860 that has a second drive rack 862 formed therein
The second distal articulation driver 860 18 movably supported within the elongate shaft assembly 2007 Tor longitudinal
travel in the distal direction “DD” and the proximal direction “PD”. A second articulation rod 864 protrades distally out of
the second distal articulation driver 860 and is atiached to a second movable coupler 870 that s attached to the second distat
articulation driver 860 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. 9. As can be seen in FIG. 9, the first
coupler 850 is attached to the elongate channel 302 on one lateral side of the shaft axis SA and the second coupler 870 is
attached to the ¢longate channel 302 on an opposite lateral side of the shaft axis. Thus, by simultancously pulling on one of
the couplers 850, 870 and pushing on the other coupler 830,870, the surgical end effector 300 will be articulated about the
articulation axis B-B relative to the clongate shaft assembly 2007, In the iHustrated arrangements, although the couplers
850, 870 that facilitate relative movement between the first and second distal articulation dritvers 820, 860, respectively and
the clongate channel 302 are fabricated from relatively tigid components, other arrangements may cmploy relatively
“flexible” coupler arrangements. For exarple cable(s), etc. may extend through one or both of the distal articolation
drivers 820, 860, couplers 850, 870 and the ball joints 852, 872, to be coupled to the clongate channel to facilitate the
transfer of articulation motions thereto.

[0159] As can also be seen in FIGS. 9 and 10, a proximal pinion gear 880 and a distal pimion gear 882 are centrally
disposed between the fivst drve rack 842 and the second diive rack 862 and are in meshing engagement therewith. In
alternative embodiments, only one pinion gear or more than fwo pinion gears may be employed. Thus, at least one pimion
gear is employed. The proximal pinion gear 880 and the distal pinion gear 882 are yotatably supported in the shaft frare
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 distal articulation driver 860 in the proximal direction “PD”. Likewise,
when the first distal articulation driver 820 is pulied in the proximal direction “PD”, the pinion gears 880, 882 drive the
sccond distal arficulation driver 860 in the distal direction “DD”. Thus, to articulate the end cffector 300 about the
articulation axis B-B in the direction of arrow 821, the articulation driver 230 is operatively engaged with the firing
member 220 via the chutch system 400 such that the firing member 220 moves or pulls the proximal articulation drver 230
in the proximal direction “PD”. Movement of the proximal articulation driver 230 in the proximal direction moves the first
distal articulation duver 820 in the proximal direction as well. As the first distal articulation driver 820 moves the in the
proximal direction, the pindon gears &8¢, 882 serve to drive the second distad articulation driver 860 in the distal direction

“DD7. Such moverment of the first and second distal ariculation drivers 820, 860 causes the surgical end effector 300 and
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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 amrow 823, the firing
member 220 is actuated to push the first distal articulation driver 820 in the distal direction “DD”. As the first distal
articulation driver 820 moves the in the distal direction, the pinion gears 880, 882 serve to drive the second distal
articulation driver 860 in the proximal direction “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
300 to pivot about the articulation axis B-B in the articolation direction of arrow 823.

[0166] The dual solid link articulation arrangement 800 and its variations may afford the surgical end effector with a
greater range of articulation when compared fo other anticulatable surgical end effector configurations. In particular, the
solid link articulation arrangements disclosed herein may facilitate ranges of articulation that exceed ranges of 45-50
degrees that are comunonly achieved by ciher articulatable end effector arrangements. Use of at least one pinion gear o
interface between the distal articulation drivers enable the end effector to be “pushed” and “pulled” into position also may
reduce the amount of end effector “slop” or undesirable or vnintended movement during vse. The dual solid link
articulation arrangements disclosed herein also comprise an articulation system that has improved strength characteristics
when compared to other articulation system arrangements,

[D161] As was briefly discussed above, the intermediate firing shaft portion 222 is configured to operably interface with a
distal cutiing or finng beam 280. The distal fiving bean 280 may comprise a laminated structure. Such amangement
enables the distal firing beam 280 to sufficiently flex when the surgical end effector 300 is articulated about the articulation
axis B-B. The distal firing beam 280 is supporied for axial movement within the shaft assembly 200 and is shidably
supported by two upstanding lateral support walls 330 formed on the proximal end of the elongate channel 302, Referning
to Fig. 11, the distal firing beam 280 is attached to a firing member 900 that includes a vertically-extending firing member
body 902 that has a tissue 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. As the firing member 900 is driven distally
through the cartidge body 304, the wedge surfaces 912 on the wedge sled 910 contact the staple drivers to actoate the
drtvers and the surgical staples supported thereon upwardly in the surgical staple cartridge 304.

j6162] End effectors that employ firing beams or fidng members and which are capable of articulating over a range of,
for example, forty five degrees may have numerous challenges to overcome. To facilitate operable articulation of such end
effectors, the firing member or firing beam must be sofficiently flexible to accommodate such range of articulation.
However. the firing beam or firing member must also avoid buckling while encountering the compressive firing loads. To
provide additional suppoxt 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.S. Patent No. 7.213.736, cntitled SURGICAL STAPLING INSTRUMENT INCORPORATING AN
ELECTROACTIVE POLYMER ACTUATED FIRING BAR TRACK THROUGH AN ARTICULATION JOINT, the
entire disclosures of each being herchy incorporated by reference herein. Blowout plates that provide substantial buclde
resistance also are difficulf to bend in general which adds to the forces the articulation joint systen must accommodate.

Other firing bearn support arrangements are disclosed in U.S. Patent Application Serial No. 14/5753 117, entitled
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SURGICAL INSTRUMENTS WITH ARTICULATABLE END EFFECTORS AND MOVABLE FIRING BEAM
SUPPORT ARRANGEMENTS, the entire disclosure of which is hereby incorporated by reference hercin.

[0163] Referring to FIGS. 11-15, the ¢longate shaft assembly 200 further comprises a multiple support link assembly
926 for providing iateral support to the distal firing bean: 280 as the surgical end effector 300 is ariculated about the
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 to the surgical end effector 300 as well as the elongate shaft assembly 200°. For
example, the middle support member 922 is pivotally pianed to the proximal end 32¢ of the slongate channel 302 such that
it is pivotable relative thereto about a pivot axis PA. As can be seen in FIG. 11, the middle 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 middie support member 922 further includes centrally disposed slot
936 for movably receiving the distal firing beam 280 therethrough.

0164] Sull referring to FIGS. 11-15, the multiple support hnk assembly 920 further comprises a proximal support link
940 and a distal support Hink 950. The proximal support link 940 includes an clongate 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 953, 956 that define a distal slot 957 therebetween. As can be seen in FIG. 14, the flexible distal firing
beam 280 is configured to extend between the proximal support walls 945, 946 of the proximal support link 940 and the
distal support walls 955, 956 of the distal support Huk 950, The proximal sppport wall 945 inclades 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
955 mchades 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 938, The distal arcuate support surfaces 958, 959 serve
to provide lateral support to the lateral side portions of a distal portion of the distal fiving beam 280 as it flexes dunng
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
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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 support walls 330
formed on the proximal end 320 of the elongate channel 302,

[6165] The multiple support linkage assembly may provide higher lateral suppert o the flexible firing beam laminates as
the beam flexes across higher arficulation angles. Such arrangements also prevent the firing beam from buckling under
high firing loads and across relatively high articulation angles. The elongate support links, in connection with the middle
sapport member, serve to provide improved lateral support to the fixing beam across the articulation zone than many prior
support arrangements. In alternative arrangements, the support links may be configured to actually interlock with the
middle sopport member at varicus articulation angles. The U-shaped support links facilitate easy instaliation and serve 1o
provide support 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.

[0166] In those embodiments wherein the firing member includes a tissue cutting surface, it may be desizable for the
elongate shaft asserbly to be configured in such a way so as to prevent the inadvertent advancement of the firing muember
unless an unspent staple cartridge is properly supported in the elongate 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 cffector, the tissue
would be severed, but not stapled. Similarly, if & spent staple cariridge (i.¢., a staple cartridge wherein at least some of the
staples have abready been fired therefrom) is present in the end effector and the firing member 1s advanced, the tissue would
be severed, but may not be cornpletely stapled, if at all. It will be appreciated that such occurrences could lead to
undesirable catastrophic resulis during the surgical procedure. U.S. Patent No. 6,988,649 entitled SURGICAL STAPLING
INSTRUMENT HAVING A SPENT CARTRIDGE LOCKOUT, U.S. Patent No. 7,044,352 entitled SURGICAL
STAPLING INSTRUMENT HAVING A SINGLE LOCKOUT MECHANISM FOR PREVENTION OF FIRING, and
U.S. Patent No. 7,380,695 entitled SURGICAL STAPLING INSTRUMENT HAVING A SINGLE LOCKOUT
MECHANISM FOR PREVENTION OF FIRING each disclose various firing member lockout arrangements. Each of
those U.S. Patents is hereby mcorporated by reference in its entirety herein.

[0167] Such lockout arrangements may be effectively emploved with a variety of surgical stapling instruments. Those
arrangerents, however, may not be particularly well-suited for use in conuection with various surgical stapling nstruments
disclosed herein that employ relatively compact and short articulation joint configurations. For example, FIGS. 15-19
ulastrate a sprgical end effector 300 that is operably attached to an clongate shaft assembly 200° by an articulation joint
270°. The elongate shaft asserbly 2007 defines a shaft axis SA-SA and the articulation joint 270° facilitates selective
articulation of the surgical end effectior 300 relative fo the clongate shaft assembly 200° about an articulation axis B-B that
is transverse to the shaft axis SA-SA. In the illustrated embodiment, a dual sohid link articulation arrangement 300 (as was
described above) may be emploved to selectively apply articulation motions to the surgical end effector 300. The elongate
shaft assembly 200° 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 io an ending position upon application of firing motions
thereto. The distal firing beam 280 extends through the articulation joint 2707 and is configured to fliex about the
articulation axis B-B to accommodate articulation of the surgical end effector 300 in the varicous manners described hercin.
In the lhustrated embodiment, the arficulation joint 2707 includes a middle support member 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,
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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 formed on the proximal end portion 320 of the elongate channel 362, The nuddle support
memnber 922 further includes a proximally protruding tab 926 that has an elongate proximal slot 928 therein. The proximal
siot 928 is configured to slidably receive a middle support pin 816 formed on the frame portion 812, The nuddle support
922 further includes a centrally disposed slot 930 for axially receiving the distal firing beam 280 therethrough. The middie
support member 922 provides lateral support to the distal firing beam 280 during articulation of the surgical end effector
300 about the articelation axis B-B while facilitating its axdal passage of the distal firing beam 280 therethrough during
firing.

{8168} 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 unless an unfired surgical staple
cartridge 304 has been operably seated in the cartridge suppott member or elongale channel 302, As can be seen in FIGS.
15-19, 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 i protrudes spwardly from the vpper surface thereof. A biasing member 984 is supported on and
attached to the middle support member 922, As can be seen in FIG. 16, for example, the biasing member 984 is
substantially planar and includes a window 9835 that is configored to accommodate the locking cam 281 therein dunng
articulation of the surgical end effector 300. Thus, as the surgical end effector 300 1s articulated about the articulation axis
B-B, the biasing member 984 dees not apply any biasing force or load to the distal firing bean 280, This feature may avoid
adding to the amount of articulation forces that must be generated fo articulate the surgical end effector 300 abowt the
articulation axis B-B. The biasing member 984 may be tack welded to the middle 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
o7 portion 986 that serves to contact the locking cam 281 when the distal firing beam 280 is in the starting position. The
locking cam 281 may be formed with a distaldacing sloping surface 283 and a proximally-facing sloping sutface 285 to
reduce the amount of firing force and retraction force required to axially move the distal firing beam 280. See FIG. 19.
{B169] As was described above, the distal firing beam 280 is operably attached to a firing member 900 that inclodes a
tissue cuiting surface 904 on the firing member body 902. In alternative arrangements, the tissue cutting surface mav be
attached to or otherwise formed on or directly supporied by a portion of the distal firng beam 280. [n the ilustrated
arrangement, a laterally extending foot 905 is formed on the bottom of the firing member body 902. The firing member
body 902 further includes a wedge sled engagement meraber 806 that is configured to engage a wedge sked in the surgical
staple cartridge 304 as will be discussed in further detail below.

{0176] FIG. 18 illustrates an “unspent” or “unfired” surgical staple cartridge 304 that has been properly instalied in the
elongate channel 302, As can be seen in that Figure, the wedge sled 910 is located in an “anfired” (proximal-most) position
in the surgical staple cartridge 304. The wedge sled 910 includes a proximally-facing sloping surface 914 that is configured
to engage the wedge sled engagement member 906 on the fining meniber 900 to thereby bias the firing member 90¢ 1n an
upward direction represented by arrow 988 such that the botiom portion and foot 903 of the firing member 900 are fiee 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 clongate channel 302 and, more
precisely, the surgical staple cartridge 304 mounted therein from the starting position illustrated in FIG. 18 1o the ending

position with the surgical staple cartridge 304 wherein the wedge sled 910 has ¢jected all of the surgical staples that wers
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operably supported in the surgical staple cartridge 304, In sach arrangements, after the firing member 900 has been
completely fired (i.c., completely advanced from its starting position to is ending position within the surgical staple
cartridge 304), the firing member 900 is retracted back to the starting position shown in FIG. 19, Because the wedge sled
916 has been distally advanced to the ending position in the staple cartridge 304 by the firing member 900 and the fiung
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
meraber 900 back to the starting position. Thus, the sorgical staple cartridge 304 1s said to be in a “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 903 of the firing member 900 extends into the lock opemng 303 in the botiom of the
elongate channel 302 due to the hiasing motion applied by the locking band 986 of the biasing member 984 to locking cam
281 on the distal firing bear 28¢. When in that position, if the clinician were to unwittingly atterapt to refire the spent
surgical staple cartridge, the body portion 902 and/or the foot 905 would contact the wall 307 in the ¢longate channel 302
and would be prevented from moving from the starting position to the ending position. Thus, the firing beam locking
asserbly 980 prevents the advancement of the distal firing beam 280 as well as the firing member 900 from the starting
position to the ending position unless an vnfired or unspernt surgical staple cartridge has been properly/operably installed in
the elongate channel of the surgical end effector. It will also be appreciated that the firing beam locking asserubly 980 also
prevents advancement of the distal firing beam 280 when no staple cartridge at all has been installed in the clongate channel
302. In addition to accommodating articulation of the surgical end effector 300 about the articulation axis B-B without
applving additional load to the distal firing beam which could result in the need for increased articulation forces to
articulate the surgical end effector, the firing beam locking assembly 980 applies no additional load on the firing member
and/or the distal firing beam once it has been distally advanced past the lockout wall whether or not the end effector jaws
are open or closed.

[0171] FIG. 20A illustrates another articulatable surgical end effector embodiment 300° that employs a firing beam
locking assembly 9807 that comprises a biasing member 9847 that is mounnted within the end effecior closure sleeve 272,
As can be seen in that Figure, for example, the biasing member 984 applies a biasing force to a sloped or tapered portion
2837 of the distal firing beam 28(¢°. The firing beam locking asserbly 3807 otherwise operates in the same manner as
described above with respect to the firing beam locking assembly 980. More specifically, the biasing member 984 applies
a biasing force to the distal fining beam 280° that forces the distal firing beam 2807 and the firing member attached thereto
dowrnward within the elongate channel. Unless an unspent surgical staple cartridge with a wedge sled or other staple
cjector member in an unfired position has been properly installed within the elongate chamnel or cariridge support member
50 as to operably engage with the firing member or firing beam to move the firing member/fiting beam out of engagement
with the lock wall, the firing member/firing beam would be prevented from being axially advanced from the statting to
ending position.

{0172] FIGS. 21-25 itlustrate a portion of another elongate shaft assembly 1200 that is similar to the clongate 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 detail beyond that which may be necessary to understand the

operation of shaft assembly 1200 when, for example, emploved with portions of the surgical instrument 10 as described
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above. As canbe seenin FIG. 21, the clongate shaft assembly 1200 inchudes an articulation lock 1810 that is substantially
sindlar to articulation lock 810 and operates in essentially the same manner. As can be seen in FIG. 22, the elongate shaft
assembly 1200 inchudes a shaft frame 1812 that has a proximal cavity 1815 that is configured to movably support a
proximal portion 1821 of a first distal articulation drver 1820 therein. The first distal articulation driver 1820 15 movably
supported within the elongate shaft assernbly 1200 for selective longitudinal travel in a distal direction “DD” and a
proximal direction “PD” in response to articulation control motions applied thereto. The shaft frame 1812 further includes
a distal end poxtion 1814 that has a pivot pin 1818 formed thereon. The pivot pin 1818 is adapted to 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 1360,
sSuch arrangement facilitates pivotal travel (i.¢., articelation) of the elongate channel 1302 of the relative to the shaft frame
1812 about an articulation axis B-B defined by the pivot hole and the pin 1818, The shaft frame 1812 further includes a
centrally disposed cavity 1817 and a distal notch 1819 that is located between the distal end 1814 and the centrally disposed
cavity 1817.

31731 The shaft assembly 1200 further inchudes a second distal articudation driver 1860 that comprises an endless
mentber 1862 that is rotatably jouwrnaled on a proximal pulley 1840 and a distal pulley 1340, Still referring to FIG. 22, the
proximal pulicy 1840 is rotatably journaled on a pulley spindie 1842 that is mounted within the centrally disposed cavity
1817 within the shaft frame 1812, The distal pulley 1340 1s non-rotatably supported or formed on the proximal end 1320 of
the clongate channel 1302 of the surgical end effector 1300, In one form, the endless member 1862 comprises a cable that
is fabricated from stainless steel, tungsten, alominum, titanium, ctc., for example. The cable may be of bratded or multi-
stranded construction with various numbers of strands {o attain desired levels of tensile strength and flexibility. Invarious
arrangements, for example, the cable 2382 may bave a diameter in the range of 0.03 inches to 0.08 inches and more
preferably in the range of 8.05 - .08 inches. A prefemed cable may, for example, be fabricated from 300 series stainless
steel - half hard to foll hard. In vadous arrangements, the cable may also be coated with, for example, Teflon®, copper,
etc. for improved ubricity and/or to reduce stretching, for example. A first lug 1863 is attached to one end of the cable and
a second lug 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 hugs 1863, 1864 are welded, glued, mechanically fastened, etc. together to form the endless
merber 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, etc. may
also be employed 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 assombly 1830 comprises an upper coupler poriion 1832 formed on
the distal end 1822 of the first distal arficulation driver 1820 and a lower coupler portion 1834, The lower coupler portion
1834 is formed with two cradles 1835 that are configured 10 receive the lugs 1862, 1864 therein. A pair of attachment pins
1836 is configured to be pressed into holes 1837 in the upper coupler portion 1832 to affix the two coupler portions 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 articolation 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 attachiment ball or lug 1866 is attached to the endless
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member 1862 and is received 1n a groove or pocket 1342 formed in the distal pulley 1340, Thus, movement of the endless
member 1862 is transferred to the surgical end effector 1300 and more specifically to the elongate channel 1302 of the
surgical end effector 1300 to articulate the end effector about articulation axis B-B. Thas, when the first distal articulation
driver 1820 is moved in the distal direction “DD”, the endless member 1862 causes the surgical end effector 13060 to
articulate about the articulation axis B-B in the articulation direction represented by arrow 823, See FIG. 21, Likewise,
when the first distal articufation driver 1820 is moved in the proximal direction “PD”, the endless member 1862 causes the
sorgical end effector 1300 to articulate aboot the articulation axis B-B in the articulation direction represented by arrow
821, See FIGS. 21 and 25. As shown in FIG. 21, arficulation direction 823 is opposite to articulation direction 821.

{B175] FIGS. 26-31 illustrate portions of another elongate shaft assembly 2200 that 1s simifar to the clongate shafi
assembly 200 described above, except for various differences discussed 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 in great detail bevond that which may be necessary to understand the
operation of the elongate shaft assembly 2200 when, for example, employed with portions of the surgical instroment 10 as
described above. As canbe seen in FIG. 26, the clongate shaft assembly 2200 includes a proximal housing or nozzie 201
comprised of nozzle portions 202 and 203, The clongate shaft assembly 2200 further includes an anvil actuater 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 thercto. Ascan 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, shdably support a firing member 2220 therein and, two, slidably suppott the clesure tube 2260 which extends arcund
the proximal spine 2210. The proximal spine 2210 also shidably supports a proximal articulation driver 2230, The
proximal articulation driver 2230 has a distal end 2231 that is configured to operably engage the articulation lock 2350,
[6176] In the dlostrated arrangeraent, the proximal spine 2210 comprises a proximal end 22311 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 attachruent to a spine bearing configured o be supporied within the chassis 240,
Such an armangement facilitates rotatable attachment of the proximal spine 2210 to the chassis 240 such that the proximal
spine 22 10 may be selectively rotated aboot a shaft axis SA-5A relative to the chassis 240. The proximal end of the closwre
tube 2260 is attached 1o a closure shuttle supported in the chassis as was described in detail above. When the elongate shaft
assembly 2200 is operably coupled o the handle or housing of the surzical instnument 10, operation of the closure tugger
distally advances the closure tabe 2260,

{0177] As was also indicated above, the elongate shaft assembly 2260 further includes a firing member 2220 that is
supported for axial travel within the proximal spine 2210, The firing member 2220 includes an intermediate firing shaft
pertion 2222 that is configured for attachment to a distal cutting or firing beam assembly 2280, See FIG. 27. The
intermediate firing shaft portion 2222 may mclude a longitudinal slot 2223 in the distal end thereof which canbe
configured 1o receive a tab on the proximal end of the distal firing beant assembly 2280, The longitudinal slot 2223 and the
proxitual end of the distal firing beam assembly 2280 can be sized and configured to permit relative moverment
therebetween and can comprise a ship joint. The slip joint can pernit the intermediate firing shaft portion 2222 of the finng
drive 2220 to be moved to articulate the end effector 300 without moving, or at least substantially moving, the distal firing

beam assembly 2280, Once the surgical end effecter 2300 has been suitably oniented, the intermediate firing shaft portion
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2222 can be advanced distally until a proximal sidewall of the longitudinal slot 2223 comes into contact with the tab in
ovder to advance the distal firing beam assembly 2280 and fire a staple cadndge that may be supported in the end effector
300. The proximal spine 2210 1s also coupled to a distal spine 2212,

{0178] Sindlar to the clongate shaft assembly 200, the illustrated elongate shaft assembly 2200 includes a cluich assembly
2400 which can be configured to selectively and releasably couple the proximal articulation driver 2230 to the firing
menber 2220, In one form, the chiich 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 articalation driver 2230 to the firing member 2220 and a disengaged position in which the proximal
atticudation driver 2230 is not operably coupled to the firing member 2220, When the lock sleeve 2402 is in its engaged
position, distal movement of the firing member 2220 can move the proximal articulation driver 2230 distally and,
correspondingly, proxiraal movernent of the fining reersber 2220 can move the proxirnal articulation driver 2230
proximally. When lock sleeve 2402 is in its disengaged position, movement of the firing member 2220 is not transmitted to
the proximal articulation driver 2230 and, as a result, the firing member 2220 can move independently of the proximal
articulation driver 2230, Invarious circumstances, 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.

i0179] As discussed above, the lock slceve 2402 can comprise a cvlindrical, or at least a substantially cylindrical body
inchuding a longitudinal aperture 2403 defined therein configured to receive the firing member 2220. The lock sleeve 2402
can comprse diametrically-opposed, inwardly-facing lock protrusions 2404 and an outwardly-facing lock member 2406.
The lock protrusions 2404 can be configured to be selectively engaged with the firing member 2220, Mo 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 firing member 2220 soch that a distal pushing force and/or a proximal pulling force can be transmitted from
the firing member 2220 1o the lock sleeve 2402, When the lock sleeve 2402 is in its engaged position, the second lock
member 2406 is xeceived within a drive notch 2232 defined in the articulation driver 2230 such that the distal poshing force
and/or the proximal pulling force applied to the lock sleeve 2402 can be transmitied to the proximal articulation driver
223¢. 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 lock sleeve 2402 is in its disengaged
posiiton, the lock protrusions 2404 may not be positioned within the drve notch 2224 of the firtng meraber 2220 and, as a
result, a distad pushing force and/or a proximal pulling force may not be tansmitted 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
proxitual articolation driver 2230, In such circumstances, the firing member 2220 can be slid proxamally and/or distally
relative to the lock sleeve 2402 and the proximal articulation driver 2230,

{0188]  As was also discussed above, the ¢longate 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 shaft
boss 2504 formed thercon for receive an cutwardly protmuding actuation pin 2410 therein. In various circumstances, the
actuation pin 2416 extends through a slot into a longitudina] slot provided in the Jock sleeve 2402 to facilitate axial
movenent of the lock sleeve 2402 when it is engaged with the articulation dover 2230, A rotary torsion spring 2420 is

configured {0 engage the boss 2504 on the switch drum 2500 and a portion of the nozzle housing 203 to apply a biasing
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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 reccive circumferential mounts extending from the nozzle halves 202, 203 and
permit relative rotation, but not translation, between the switch drum 2500 and the proximal nozzle 201. As described
above, tation of the switch drim 2560 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 201 may be emploved to operably engage
and disengage the articulation drive system with the firing drive system in the various manners described above as well as
inU.5. Patent Application Serial No. 13/803,086, now U.S. Patent Application Pablication No. 2014/026354 1.

[0181] Referring to FIG. 27, the closure fube assembly 2260 inchudes a double pivot closure sleeve assembly 2271
According to varioos forms, the double pivot closure sleeve assembly 2271 inclades an end effector closure sleeve 2272
having upper and lower distally projecting tangs. An upper double pivot link 2277 includes npwardly projecting distal and
proximal pivot pins that engage respectively an upper distal pin hole in the upper proximally projecting tang and an upper
proximal pin hole in an upper distally projecting tang on the closure tube 2260. A lower double pivot link 2278 includes
upwardly projecting distal and proxiraal pivot pios 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 tung.

{0182] The clongate shaft assembly 2200 also includes a surgical end effector 2300 that is similar to the surgical end
effector 300 that was described sbove. As canbe seen in FIG, 27, the surgical end effector 2300 inchudes an clongate
channel 2302 that is configured to operably suppott a surgical staple canridge 2304 therein. The clongate channel 2302 has
a proximal end portion 2320 that inchudes two upstanding lateral walls 2322, The surgical end effector 2300 further
includes an anwvil 2310 that has an anvil body 2312 that has a staple-forming undersurface 2313 formed thereon. The
proxitual end 2314 of the anvil body 2312 is bifurcated by a firing member slot 2315 to form two anvil attachment arms
2316, Each anvil attachment arn: 2316 includes a laterally protruding anvil trunmion 2317, A frumnion slot 2324 is
provided in each lateral wall 2322 of the slongate channel 2302 for receiving a conesponding oune of the anvil rounions
2317 therein. Such arrangement serves 1o movably affix the anvil 2310 to the elongate channel 2302 for selective pivotable
travel between open and closed or clamped positions. The anvil 2310 is moved o a closed position by distally advancing
the closure tube 2260 and more particularly, 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 position. A horseshoe-shaped opening 2273 is
provided in the end effector closure sleeve 2272 that is configured to engage an upstanding tab 2318 on the anvil 2310 of
the end effector 23G0. To open the anvit 2310, the closure tube 2260 and, more particalarly, the end effector closure sleeve
2272 1is moved in the proximal direction. In doing so, a central 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,

[9183] Turming to FIGS. 26, 28 and 29, as mentioned above, the elongate shaft assembly 2200 includes an articulation
iock 2350 that is substantially stmilar to arficulation locks 350 and 810 that were descuibed above. Those components of
articulation lock 2350 that differ from the components of articulation lock 350 and are necessary to understand the
operation of articulation lock 350 will be discussed in further detail below. As discussed above, the articulation lock 2350
can be configured and operated to selectively lock the end effector 2300 in position. Such arrangement enables the surgical
end effector 2306 1o be rotated, or articulated, relative to the shaft closure tube 2260 when the articulation lock 2350 is in
its unlocked state. When the proximal articulation driver 2230 is operatively engaged with the firing member 2220 via the

chatch system 2400, further to the above, the firing member 2220 can move the proximal articulation driver 2230
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proximally and/or distally. Movement of the proximal articulation driver 2230, whether it is proximad or distal, can salock
the articulation fock 2350 as was described above. This embodiment inchudes 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 inchudes a
lock cavity 2362 for receiving therein first lock elements 2364 and second lock elements 2366 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 seen in FIGR, 26, 28 and 29, a first distal articulation driver 2370 is attached o 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 elongate 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 1s non-rotatably suppored or integrally formed on an end effector mounting assembly 2390 and inchudes a detent or
pocket 2396. In the illustrated example, the end effector mounting assembly 2390 is non-movably attached to the proximal
end 2320 of the clongate channel 2302 by a spring pin 2393 that extends through a hole in the end effector mounting
asserbly 2390 and holes 2394 in the proximal end 2320 of the elongate channel 2302, The proximal pulley 2383 is
rotatably supporied 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 effector mounting member 2390,
Such arrangement facilitates pivotal travel (i.e., articulation) of the elongate channel 2302 welative to the distal spine 2212
about an articulation axis B-B defined by the pivot hole 2395 and the pin 2213,

{0185] Inone form, the cable 2382 nway be fabricated from stainless steel, tungsten, aluminum, titanum, ctc., for
example. The cable may be of braided or mwiti-stranded construction with various numbers of strands to attain desired
levels of tensile strength and flexibility. Invarious arrangements, for example, the cable 2382 mav have a diameter in the
range of 0.03 iuches to .08 inches and more preferably in the range of 0.05 - 0.08 inches. A preferred cable may, for
example, be fabricated from 300 serics stainiess steel - half hard to full hard. In various arrangements, the cable may also
be coated with, for example, Teflon®, copper, ete. for improved hubricity and/or to reduce streiching, for exaraple. In the
illustrated example, the cable 2382 has a lug 2384 attached to one end thereof and a Ing 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 accommeodate the lugs 2384, 2385 therebetween. For example, the
proxiral cleat 2372 includes a proximal slot 2373 for receiving a portion of the cable 2382 adjacent the hug 2384 and the
distal cleat 2374 includes a distal slot 2375 for receiving a corresponding portion of the cable 2382 adjacent the lng 2385,
The slots 2373 and 2375 are sized relative to the fugs 2384, 2385, respectively 5o as 1o prevent the fugs 2384, 2385 from
puliing 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 is attached to the
endless mermber 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 divection “PD”, in the manners described
above, the endless member 2382 will articulate the end effector 2300 in the direction represented by arrow 2376 in FIG. 31
Conversely, when the first distal articulation driver 2376 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 ugs 2384, 2383 thercbetween. A fensioning wedge
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2378 is used as shown in FIGS. 29-32 to apply sufficient tenision to the cable 2382 such that when the cable is actuated, it
will apply an articulation motion 1o the end effector 2300, In the alternmative arrangement dopicted in FIG. 35, the proximal
cleat 23747 is inttially not attached to the first articulation driver 2370, The proximal cleat 2374° is positioned on the first
distal articulation driver 2370 so as to capture the fugs 2384 and 2385 between the distal cleat 2372 and the proximal cleat
2374°. The proximal cleat 2374° is moved toward the distal cleat 2372 until a sufficient arnount of tension is generated in
the cable 2382 and then the proximal cleat 2374 is attached to the first distal articulation driver 2370, For example, the
proximal cleat 23747 may be attached to the first distal articelation driver 2370 by laser welding or other suitable form of
attachment means or fastener arrangement.

{8186] Referring FIGS. 36-39, the surgical instnument inclades for example, a central firing beam support member 2286
that is configured to extend across an articulation joint o provide support to a flexible firing beam assembly 2280. In one
form, the central firing beam support member 2286 comprises a flexible plate member or band and inclodes a downwardly
protmding distal attachment tab 2287 that is attached to the surgical end effector and an upwardly extending proximal end
portion 2288 that s attached to the elongate shaft asserbly. In at least one arrangement, the distal attachment tab 2287 is
attached to the end effector mounting 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 support to the firing beam during articulation. This is different from those
arrangements 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 fension and compression forces that they experience during
articulation. In the illustrated example, the longitudinally movable flexible firing beam assembly 2280 comprises a
laminated beam structure that includes at least two bearn lavers whercin at least one beam laver is configured to pass
adjacent one lateral side of the central fixing beam support member and at least one other beam mernber is configured to
pass adjacent another lateral side of the ceniral firing beam suppoit member. In the illustrated 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 sieel
bands that are intercomnected by, for exaniple, welding or pinning together at their proximal ends, while their respective
distal ends are not connected together to allow the laminates or bands o splay relative to cach other when the end effector
is articulated. Each pair of laminated lavers or bands 2282, 2284 is represented as a lateral firing band assembly 2285 of
the firing beam assembly 2280, Thus, as shown in FIG. 36, one lateral firing band assembly 2285 is supporied on cach
fateral side of the central articulation bar 2286 for axial travel relative thereto by a series of lateral load carrving members
229¢. Each lateral load carrying member 2290 may be fabricated from, for example, stainless steel, aluminum, titamiun,
liquid crystal polymer material, plastic material. Nylon, Acrylonitrile butadiene styrene (ABS), polyethylene. efc. and be
formed with opposed arcuate ends 2292, Each lateral load carrying member 2290 also has an axial passage 2294 extending
therethrough to receive the assenbly of the lateral firing band assemblies 2285 and the central articulation bar 2286, As
can be most particalarty seen in FIG. 38, cach axial passage is defined by two opposed arcuate surfaces 2295 that facilitate
movement of lateral load carrving members 290 on the longitudinally movable flexable firing beam assembly 2280, The
lateral foad carrying members 2290 are serially arranged on the lateral firing band assemblies 2285 and the central
articulation bar 2286 such that the opposed arcuate ends 2292 abut corresponding arcuate ends 2292 of adjacent lateral load

7
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carrying members 2290, See, for example, FIGS. 36 and 37.
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[0187] Referring again to FIG. 37, it can be seen that the proximal end portion 2288 central articulation bar 2286 extends
downwardly for atiachment 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
member 2900 includes a verticallv-extending firing member body 2902 that has a tissue cuiting surface or blade 2904
thereon. Inaddition, a wedge sled 2910 may be mounted within the surgical staple cartridge 2304 for driving contact with
the firing member 2900. As the firing member 2900 is driven distally through the cartridge body 2304, the wedge surfaces
2912 of the wedge sled 2910 contact the staple drvers to actuate the drivers and the sorgical staples supported thereon
upwardly in the cartridge 2304. The firing beam assembly 2280 is operated in the various manners described above. As
the firing beam asserably 2280 is distally advanced about the articulation joint, the lateral load carrying merabers 2290 may
help to resist buckling loads on the firing beam assembly 2280. The lateral load carrying members 2290 may also reduce
the amount of force required to ariculate the end effector and also accommodate greater articulation angles when compared
to other articulation joint arrangements. The fixed central firing beam support member 2286 serves fo carry the tension
ioads that are generated during articulation and firing.

10188] As described above, the firing beam asserubly comprises a laminated beam structure that inchudes at least two
beam lavers. As the finng beam assembly is advanced distally (during firing), the fiving beam assenibly is essentially
bifurcated by the central firing beam support member so that portions of the firing beam assembly (i.¢., lammnate layers)
pass on both sides of the of the central firing beam support menber.

[0189] FIGS. 40-43 illustrate a portion of another firing 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 inchades two outer
lateral beams or layers 2282 that each have a thickness that is designated as “a” and four central lavers 2284”7 that cach
have a thickness designated as “b”. In at least one arrangement, for example, “a” may be approximaiely 0.005 - 6.008
inches and more preferably ¢.008 inches and “b” may be approximately 0.608 - 0.012 inches and more preferably ¢.010
inches. However, other thicknesses mayv be emploved. In the illustrated example, “a” is less than “b”. In other
arangements, “a” 1s greater than “b”. In alternative arrangemenis, for exarmple, the Jaminates may be made up of three
different thicknesses “a”, “b”, “c”, wherein “a” = 0.006 inches, “b” = 0.008 inches, and “¢” = 0.010 inches (with the
thickest laminate or band being in the center of the assembly). In various arrangerentis, there may be an odd number of
laminates or bands where “c” is the single thickest laminate in the center.

{B196] The laminate composition is relevant because of the amount of strain that is applied to a beam asserably based on
its thickness and its distance from the centerline of bending. Thicker laminates or bands that are closer to the centerline
may experience the same levels of strain as the thinner ones that are farther away from the centerline because they have 10
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 internal stress than
thinner laminates given the same radius of curvatare. Thus, thinner side laminates or bands that have the smallest radius of
curvature may have the sane likelihood of plastically deforming as the thicker ones that are closure 10 the centerline.
Stated another way, when the end effector articulates in one direction, the laminates or bands located away from the
dizection of articulation have the largest bend radius and the laminates or bands closest to the direction of articulation have
the tightest bend radius. However, when the end effector is articalated in the opposite direction, the inverse is true. The

laminates on the inside of the laminate stack experience the same deviation, but their bend radius will always fall within the
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range of the outer ones. Thus, to maintain flexability, locating thinner laminates on the outside of the stack may be desired.
However, to maximize stiffness and buckling resisiance, thicker materials on the 1nside add additional benefit. Aliernately,
if the end effector needs only to articulate in a single direction, the laminates or bands located away from the direction of
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 opposite direction, the inverse is no
longer true and therefor, the laminate stack does not need to be symmetric. Thus, in such arrangement, it would be
desirable to have the thinnest laminate or band be the one that will experience the tightest bend radius (the larsinate or band
on the side of the direction of articulation).

{B191) In still other arrangernents, the laminates or bands may be fabricated from different metals with different strengths
and modulus. For example, the outer laminates or bands could have the same thickness as the inner laminates or bands
with the inner laminates or bands being fabucated from 300 series stainless sieel and the ounter laminates ox bands being
fabricated from titaninm or nitinol.

{B192] Ascan also be seen in FH33. 42 and 43, the distal firing beam asserably 22807 may be effectively emploved with
the series of lateral load carrying members 2290 described above. It will be appreciated that the distal firing beam
assembly 2280 may alsc be used in connection with a centzal articalation bar 2286 in the manner described above so that
some of the layers or lateral beams (or bands or laminates) thereof axially advance along the sides of the central articulation
bar. In sonwe embodiments, the lavers advancing on each side of the central articulation bar 2286 may have the same
thickness, composition, shape and configuration. In other arrangements the laver or lavers passing along one side of the
ceniral articulation bar may have a different thickness and/or composition and/or shape than the thickness and/or
corposition and/or shape of the faver or lavers passing along the opposite side of the central articulation bar, s¢ as to
achicve a desired range of travel and flexibility while maintaining a desired amount of stiffness so as to avoid buckling
during firing.

[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 muay also be employed. The elongate
shaft assembly 3200 also includes a longitudinally movable flexible firing beam assembly 3280 that is attached to a firing
merber 900. In alternative arrangements, the distal end of the firing beam assembly 3280 may be configured to perform
various actions within the surgical end effector without the need for a firing member atiached thersto. The flexible firing
beam asserubly 3280 may comprise a laminated beam arrangement of the varions types described herein. Inone
arrangemernt, at least two compression bands are emploved to provide lateral support to the flexible finng beam assembly
3286 as it traverses the articulation joint, The illustrated cmmbodiment emplovs a total of four compression bands for
providing lateral suppott to the flexable fixing beam as it traverses the articulation joint. For example, the elongate shaft
assembly 3200 further includes a spine 3210 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 accommedates 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 proxiral end 3905 of a second compression band 39¢1 located on another
iateral side 3283 of the flexible firing beam asscimbly 3280. The first compression band 3900 inchides a first distal end
3902 that 1s mounted within a corresponding upstanding lateral support wall 330 formed on the proximal end 320 of the

clongate channel 302 of the surgical end effector 300. Similarly, the second compression band 3901 includes a second
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distal end 3907 that is also mounted within a corresponding upstanding lateral support wall 330 formed on the proximal end
320 of the clongate channel 302 of the surgical end effector 300, The first and second distal compression bands 3900, 3961
may be tabricated from spring steel or the hike and the proximal ends 3904, 3905 may be folded in a U-shaped fashion to
form a biasing portion configured to be movably received within the distal notches 3219 as shown. Such amangement
permits the first and second distal compression bands 3900, 3201 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 clongate shaft assembly 3200 further includes a third corapression band
3916 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 ssen in FIGS. 44-46, the third compression
band 3910 may be situated between the first compression band 3900 and the lateral side 3281 of the flexible firing beam
asserubly 3280 and the fourth compression band 3911 may be sitwated between the second compression band 39¢1 and the
another lateral side 3283 of the flexible firing band assembly 3280. The third proximal end 3914 of the third compression
band 39190 as well as the fourth proximal end 3915 of the foorth compression band 3911 may 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 fowth distal end 3917 of the fourth compression band
3911 are mounted in a corresponding lateral support wall 330 1n the surgical end effector 300.

i0195] The clongate shaft assembly 3200 furher comprses a movable support link assembly 3920 for providing further
{ateral support to the flexible firing bearn assembly 3280 as the end effector 300 1s articulated about the articulation axis.
As can be seen in FIGS. 44-46, the movable support Hink assembly 3920 comprises a middie support member 3922 that is
movably coupled to the surgical end effector 300 as well as the elongate 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 middle suppont
merber 3922 further inclodes a proximally protouding tab 3926 that has an clongate proximal slot 3928 therein. The
proximal 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 mriddie support member 3922 and the spine 3210
of the clongate shaft assembly 3200 so as to accommedate a larger range of articulation while being able to dyvnamically
move 5o as to maintain adequate lateral support on the firing beam assembly 3280, As can be seen in FIGS. 44-46, the
middie support member 3922 further includes centrally disposed slot 3930 for axially receiving the firing beam assembly
3280 therethrough.

[0196]  As can be further scen in FIGR, 44-46, the movable support Bnk assembly 3920 further corprises an elongate
movable pivot Fink 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 link 3940 further inchudes a first
downwardly -protruding lateral support wall 3943 and a second downwardly protrading lateral support wall 3946 that define
a beam slot 3947 therebetween. As can be seen in FIG. 46, the firing beam assembly 3280 is configured to extend between
the first and second lateral support walls 39435, 3946 during actuation of the firing beam assembly 3280 and adiculation of
the surgical end effector 300. Further, in the illustrated arrangement, for example, the first compression band 3900 extends
between the first lateral support wall 3945 and the third compression band 3910 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 mcludes an inwardly facing first arcuate surface 3948 and the second lateral support wall 3946 includes an inwardly
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facing second arcuate surface 3949, The first and second arcuate surfaces 3948, 3949 serve to provide lateral support to the
firing beam assembly 3280 as it flexes during articulation of the end effector 300, The radiused surfaces may maich the
outer radius of the firing beam assembly 3280 and compression bands 3900, 3901, 3910, 3911 depending upon the
direction and degroe of arficulation. As can also be seen in FIGS. 44 and 45, the distal end 3217 of the spine 3210 includes
a pair of right and left opposing shaft notches 3218 into which the rounded proximally -protruding proximal nose portion
3943 of the pivot link 3940 extends depending upon the direction in which the surgical end effector is articnlated about the
articolation axis. Similarly, right and left opposed support notches 3932 are provided in the raiddle suppornt 3922 to
accommodate the distally-protruding distal nose portion 3944 of the pivot link 3940 depending upon the direction in which
the end effector is articulated. Such notch arrangements serve to properly align the pivot link 3940 in an orientation soited
to accommodate the direction of articulation while affording lateral support o the pivot link 3940,

[0197] FIGS. 47-31 ithustrate another elongate shaft assembly 4200 that is, in seme aspects, stmilar fo the clongate shaft
assembly 2200 described above, except for various differences discussed in further detail below. Those components of the
elongate shaft asserbly 2200 that have been discussed in detail above will contain ke element nombers and, for the sake
of brevity, will not be further discussed in great detail beyond that which may be necessary to understand the operation of
clongate shaft assembly 4200 when, for example. emploved 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 includes 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.g., pinned) to a first distal articulation driver 4370, As can be seen in FIGS. 47 and 50, the first distal articulation driver
437G includes a first proximal gear rack segment 4371 and a first distal gear rack segment 4373 formed on a distal end 4372
thereof. The clongate shaft assembly 4200 also includes a second distal articulation driver 4380 that includes a second
proximal 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 aricolation 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 proxtmal gear rack segment 4371 and the second proximal gear rack segiment 4381 are in meshing
engagement with a proximal power transfer gear 4390 that is rotatably supporied 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 particular, in at least one arrangement, the distal power transfer gear
assembly 4392 includes a pinion gear 4393 that 1s 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 1s formed on the proximal end portion 4320 of the elongate channel 4302 of a
surgical end effector 4300. The surgical end effoctor 4300 may otherwise be similar to the surgical end effector 2360 and
inchide an anvil 4319 that may be opened and closed in the various manners descrbed above. Hefernng to FIGS. 48, 49
and 51, the distal spine assembly 4212 may comprise an upper spine portion 42124 and a lower spine portion 4212B. The
distal power transfer gear assembly 4392, the idler gear 4395 and the driven gear portion 4306 of the ¢longate channel 4302
are cach pivotally attached to or supporied on the bottom portion 42128 of the distal spine assembly 4212,

[0198] The clongate shaft assembly 4200 depicted in FIG. 47 includes a firing beam assermbly 3280 that is attached to a

firing member (ot shown). The firing beam assembly 3280 may comprise a laminated beam arrangement of the types
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described herein. Operation of the firing member was described in detail above and will not be repeated for the sake of
brevity. As canalso be seen in FIG. 47, a fining beam support member 4400 of the type disclosed in U5, Patert
Application Serial No. 14/575,117, enttitled SURGICAL INSTRUMENTS WITH ARTICULATABLE END EFFECTORS
AND MOVABLE FIRING BEAM SUPPORT ARRANGEMENTS, the entire disclosure of which is hereby incorporated
by reference herein, is emploved to 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 elongate shaft assembly 4200. Ascanbe
seent in that Figure, a plurality of lateral load carrying members 2290 are employed in the manner described above to
provide support o the distal firing beam assembly 2280 as the surgical end effector 4300 is articulated.

B206] FIGS. 53-58 illostrate another elongate shaft asserably 5200 that is, in some aspects, similar to the elongate shafi
assembly 2200 described above, except for various differences discussed in further detail below. Those components of the
elongate shaft assembly 5200 that have been discussed in detail above with respect to the clongate shaft assembly 2200 will
be identified with like element mumbers and, for the sake of brevity, will not be further discussed in great detail beyond that
which may be necessaty to understand the operation of the elongate shaft assembly 5200 when, for example, employed
with portions of the surgical instrument 10 as described above.

j0201] Sindlar to the elongate shaft assembly 2200, the illustrated elongate shaft assembly 5200 imchudes a chiich
assembly 2400 which is configured to operably engage an articulation system 5600 that is configured to apply push and
puiling articulation motions o the surgical end effector 300 that is operably coupled thereto. In this embodiment, the cluich
asserbly 2400 includes a lock collar, or lock sleeve 2402, that is positioned around the firing member 2220 wherein the
lock sleeve 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
articelation system 5600 comprises an articulation disc or rotary member 5602 that is supporied for rotational movement
within the nozzle 201. The articulation disc 5602 is rotatably driven by a drive connection assembly 5610, Inthe
ilustrated example, the drive connection assembly 5610 inchudes 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
moverent of the articulation drive link 5614 relative to the drive pin 5612, See F1(35. 54-56. The anticulation duive link
5614 includes a drive coupler 5618 that is configured to drivingly engage the outwardly facing lock member 2466 on the
lock sleeve 2402, See FIG. 53.

[0202] As discussed above, the lock sleeve 2402 can comprise a cyvlindncal, or at least a substantially cvlindrical body
including a longitudinal aperture 2403 defined therein configured (o receive the firing member 2220, See FIG. 33, 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 selectively engaged with the fining member 2226. 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 firing member 2220 such that a distal pushing force and/or a proximal pulling force canbe
transmitted from the fiving member 2220 to the lock sleeve 2402, When the lock sleeve 2402 15 in #ts engaged position, the
outwardly facing lock member 2406 is received within a drive notch 5619 in the drive coupler 5618 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 53614, In effect, the firing menber 2220, the lock sleeve 2402, and the articudation drive Hink 5614
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will move together when the lock sleeve 2402 is in ifs 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
2220 and. as a result, a distal pushing force and/or a proximal pulling force may not be transmitted from the firing member
2226 1o the lock sleeve 2462, Correspondingly, a dave force “DF™ may not be applied to the articudation disc 5602, 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.

[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. 53. The switch drum 2500 comprises a hollow shaft segment 2502
that has a shaft boss 2504 formed thereon for receive an cutwardly protreding actuation pin 2410 therein. In vatious
circumstances, the actuation pin 2410 extends into a longitudinal slot 2401 provided in the lock sleeve 2402 to facilitate
axial movernent of the lock sleeve 2402 when it is engaged with the articulation deave hink 5614, A rofary torsion spring
2420 is configured to engage the boss 2504 on the switch drom 2500 and a portion of the nozzle housing 201 to apply a
biasing force to the switch drum 2500, As also discussed above, the switch drom 2500 can further comprise at least
partially circumferential openings defined therein which can be configured to receive circumferential mounts extending
from the nozzle halves and permit relative rotation, but not translation, between the swiitch dram 2500 and the nozzie
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 to operably engage and disengage the articulation system 5600 with the firing drive system in the various
manners described above as well as in U.S. Patent Application Serial No. 13/803.,086, now U.5. Patent Application
Publication No. 2014/0263541.

{92064] Referring again to FIGS. 53-56, the articulation system 3600 of the dHlustrated example, further inchudes a “first”
or right articulation linkage 5620 and a “second” or left articulation linkage 5640, The first articulation linkage 5620
inchudes a first articulation link 5622 that includes a first articulation pin 5624 that is movably received within a first
atticudation 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 23350, As discussed above, the articulation lock 2350 can
be configored and operated to selectively lock the surgical end effector 300 in position. Svch armangement enables the
surgical end effector 300 to be rotated, or articulated, relative to the shaft closure tube 2260 when the articulation lock 2356
1s in its unlocked state. When the articulation drive Hnk 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 6302 to move the first
articulation linkage 5620 proximally and/or distally. Movement of the first articulation connector 5626 of the first
articulation linkage 5620, whether it is proximal or distal, can unlock the articulation lock 2350 as was described above.
The proximal lock adapter 2360 includes a lock cavity 2362 for receiving therein first lock clements 2364 and second lock
elements 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 various manners descrbed above and, for the sake of brevity, will
not be further discussed herein. As can be seen in FIG. 53, a first distal arficulation driver 5370 is attached fo the proximad
lock adapier 2360. The first distal articulation driver 5370 is operably attached to the proximal end 320 of the clongate

channel 302 of the surgical end effector 300.
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[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
attached to the proximal end 320 of the elongate channel 302 of the surgical end effector 300. Referring to FIG. 54, the
articulation system 3600 further includes a first articulation biasing member

5628 that is received within the first articulation slot 5604 and a second articudation biasing member 5648 that is received
within the second articulation slot 5606, FIG. 54 illustrates the articulation svstem 5600 in a neutral or unarticulated
configuration. As canbe seen in that Figore, the first articolation 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 {irst and second atticulation biasing members 5628, 5648 may notbe in a
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 3602 in the rotary direction represented by arrow 5601, As
the aniculation disc 5602 rotates in the rotary direction 3601, 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
articulation bar 5646, Conversely, the first articulation biasing member 3628 urges the first articulation pin 5624 inthe
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 1n FIG. 35, the second anticulation 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 is discontinued, the second articulation biasing member 5648 may bias
the articulation disc 5602 back to the neutral position shown in FIG. 54, for exanmple.

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
537G through the articulation lock 2350, In addition, the second articulation biasing member 5648 urges the second
articulation pin 5644 in the direction of arrow 5603 within the second articalation slot 5606 such that a pulling force is
applied to the second articulation linkage 5640 in the proximal direction “PD¥”. 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.
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2077 FI1G. 57 illustrates the attachment of the distal end portion 814 of the shaft frame 812 to the surgical end effector
360 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) thercon 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
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 FI1G. 57, the first distal articulation driver 5370 is attached to a first coupler 850 by a first ball joint
852. The first coupler 850 1s 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. Similarly, the second articulation bar 5646 is attached to a second coupler 870 by a
second ball joint 872. The second covpler 876 15 also pivotally pinned to the proximal end portion 32¢ of the slongate
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
assernbly 5200 may further comprise a multiple support link assembly 920 for providing lateral suppott to the distal firing
beam 22380 as the surgical end effector 300 1s articulated about the articulation axis B-B. As canbe seenin FIG. 38, the
multiple support link assembly 920 compuises a middle support member 922 that is pivotally pinned to the proximal end
326 of the elongate channel 302 in the manners described above. The middie support snember 922 further includes
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.
Simitarty, the distal support link 950 includes a body portion 952 that has a rounded proximal end 953 and a roonded distal
end 954. The distal support link 950 further includes a pair of downwardly protruding lateral support walls 955 that define
a distal slot therebetween. As can be seen 1n FIG. 38, the distal fixing beam 2280 is configored to extend between the
lateral support walls 945 of the proximal support link 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 pivat closure sleeve assembly of the type described
above that is configured to operably mnteract with the anvil on the surgical end effector 300, Operation of the closure tube
assembly 2266 results in the opening and closing of the anvil of the surgical effector in the various manners described
above.

i0209] FIG. 59 illustrates a portion of another clongate shaft assembly 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
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received within an arcuate first articulation slot 5704 formed in the articudation 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
effector in any of the varous manness described hergin. A second articulation pin 5732 is attached to the second
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 second articulation slot 5706 for biasing contact with the
second articulation pin 5732

[0216] FI1G. 59 illustrates the articulation system 5701 in a neutral or unarticulated configuration. As can be seen in that
Figure, the first articulation pin 5722 is in contact with the first articulation biasing member 5703 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 cause the first articelation rod 5720 to move in the proximal direction “PI¥” as well as 1o
apply a pushing motion to the second articulation rod 5730 to cause the second articulation rod 5730 to move in the distal
direction “DD”. Conversely, actuation of the moter 5710 10 rotate the articulation disc 5702 in the rotary ditection
represented by arrow 5603 will apply a pushing motion to the fivst articulation rod 5720 to cause the first articulation rod
5726 to move in the distal direction "D as well as to apply a pulling motion to the second articulation rod 5730 fo 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 mamners
described above.

i0211] FIGS. 60-65 illustrate another articulation system 3800 that may be emaploved with various clongate shaft
assemblics and effector arrangements described herein, In this embodiment, however, the articulation systern S8G
comprises a dual articulation disc assembly 5810 that comprises a driver articulation disc 5820 and a driven articulation
disc 583¢. Both of the articelation discs 5828, 5830 may, for example, be rotatably supported within the nozzle housing of
the elongate shaft assembly such that both discs 5820, 5830 are independently rotatable about a common axis. In various
enbodiments, drive motions may be applied to the driver ardiculation 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 daver disc 5820, As can be seen in that Figure, the driver disc 5820 inchudes a
first pair of first arcuate articulation slots 58221, 5822R 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 nethod employed to drive the driver articulation disc 5820, 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 slets 58321, 3832R that each have a second arcuate length “SL” that ig 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 dover slot 5824,
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[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
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 3830 and is received within corresponding first and second
arcuate articolation slods S822R, 5832R. FIG. 60 ilhustrates the articulation system 3800 in a null posttion wherein the
surgical end effector may be freely moved. FIG. 63 illustrates the position of the articulation system 5800 upon an initial
application of motary motion to the driver articulation disc 5829 in the direction represenied by arrow 3860, 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
Figure, a pushing motion is applied fo the first articulation rod 5840 to cause the first articulation rod 5840 1o axdally move
in the distal direction “DXD” and a pulling motion is applied to the second articulation rod 3850 to cause the second
articulation rod 3850 10 axially move in the proximal divection “PD”. The movement of the first and second axiculation
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 canbe seen in that Figure, a pushing motion is applied to the second articulation rod 5850 to cause the second
articulation rod 3850 to axially move in the distal direction “DD” and a pulling motion is applied to the first articulation rod
5840 to cause the first articulation rod 5840 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 simmltaneously
movable between open and closed positions relative to the shaft axis SA-5A. The first and second jaws may comprise a
variety of surgical jaw arrangermnents without departing from the spirit and scope of the present invention. Gaining access fo
target tissuc with the jaws of a surgical end effector can, at times, be challenging. The mancuverability of a surgical 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
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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.

{0215] In the illustrated example, a first jaw 63 10 inchides an elongate channel 6312 that is configured to support a
surgical staple cartridge 6320 therein. As canbe 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 thereon. The staple
drivers 6322 are movably supported within corresponding drver 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
elongate 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 cartridge 6320 and is configured (o be
drivingly engaged by the firing member 6340 as the firing member 6340 is driven from a starting position adjacent to the
proxiral end of the surgical staple cartridge 6320 and an ending position within a distal portion of the surgical staple
cartridge 6320. As was discussed above, as the wedge sied 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 firing member 6340 includes a tissue cutting surface 6346 that serves to cut the tissue clamped between
the jaws as the finng member 6340 is drven distally. A distal firing beam (not shown) of the various types described
herein is operably attached to the firing member 6340 as well as to an intermediate firing shaft portion 2222 or other firing
system amrangement. Operation of the intermediate fintng shaft portion 2222 to drive and retvact the distal firing beam 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.

[0216] The ilustrated 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 can be seen in FIGS. 66-70, the surgical end effector 6300
includes an end effector mounting assembly 6390 that is adapted to be pivotally mounted to, for example, a distal shaft
frame (not shown) that includes a pivot pin that is configored to be rotatably recetved within the mounting hele 6392 inthe
end effector mounting assembly 6390. The surgical end effector 6300 may be articulated by an articulation lock and first
and second adiculation rod arrangements of the type described above. As can be seen in FIG, 70, the end effector
mounting assembly 6390 further includes a pair of opposed, laterally extending trunnion pins 6394, The trunnion pins 6394
extend laterally from the opposed lateral sides 6391 of the end effector mounting assembly 6390 that also define a pockst
area 6395 that 1s 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 to receive a
corresponding one of the trannion pins 6394 therein. Such arrangement serves to mevably or pivotally joumal the first jaw
£310 to the end effector mounting assernbly 6390,

i0217] The illustrated surgical end effector 6300 further comprises a sccond jaw 6360 that may comprise an anvil 6362,
The tlhustrated anvil 6362 includes an anvil body 6364 that includes an elongate slot 6366 and two staple forming surfaces

6368 formed on each side thereof. The anvil 6362 further has a proximal end poriion 6370 that has a pair of U-shaped or
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open ended slots 6372 that are also adapted to receive a corresponding one of the trunnion pins 6394 therein. Such
arrangement serves to mnovably or pivetally joumal the second jaw 6360 1o the end effector mounting assembly 6390 such
that the first and second jaws may move relative to each other as well as to relative to the shaft axis SA-SA. The first and
second jaws 6310 and 6360 may be movably actuated by a closure system of the various types disclosed herein. For
example, a first closure drive system of the type described herein may be emploved 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 closvre tube by a double pivet closure slecve assembly 1n the manner described above. As was described
above, for example, axial movement of the closure fube may be controlled through actuation of a closure trigger 32. As ¢an
be seen in FIGS. 67-69, the end effector closure sleeve 6272 extends over the end effector ruounting asserobly 6350 and is
configured to engage the proximal end 6370 of the second jaw 6360 as well as the proximal end 6314 of the first jaw 6310.
At least one cam sutface 6336 may be formed on the proximal end 6314 of the frst jaw 6310 soch that when the distal end
6274 of the end effector closure sleeve 6272 contacts the cam surface(s) 6336, the first jaw 6310 is 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 sleeve
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 “closure rates”
ot closure times relative to each other. One such arrangement is depicted in FIG. 68, As can be seen in FIG. 68, the
distance along an arcuate path between a point P, on the first jaw 6310 and a corresponding point Poon the second jaw 6360
when the first and second jaws are in their respective fully opened position is represented by Dy, The first and second
points P, and P, are said to “correspond to” each other. For example, the first point P, and the second point 2, may cach
fic on a comumon line or axis that extends thercbetween and is perpendicular 1o the shaft axis SA-SA. The distance along an
arcuate path between another point Py on the first jaw 06310 and the shaft axis SA-SA is represented by D, and the distance
along another arcuate path between another corresponding point Py on the second jaw and the shaft axis SA-SA s
represented by D,. Poind 2, and point Py, are also said o correspond to each other. For exaraple, point P, and point Py
may lie on a common line or axis that extends therebetween and which is perpendicular to the shaft axis SA-SA. In the
illustrated 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 Hes along the shafi axis SA-SA is greater than the distance Dy
that the first jaw 6310 or surgical staple cartridge 6320 moves from the folly open position to the clesed position wherein
the cartridge deck sudiace lies along the shaft axis SA-SA. For example, in at least one anangement, the second jaw or
anvil will open or move 2/3 of the distance O, (07 another distance along another travel path between the jaws) and the first
jaw or staple cartridge will open or move 1/3 of the distance O, (or other distance along yet another travel path between
the jaws), so that, in essence, one jaw attains its fully closed position gquicker or faster than the other jaw attains its fully
closed position even thongh a closure motion or motions wese initially applied to both jaws at the same or similar fimes.
For example, the cam surfaces on the first and second jaws may be arranged/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 (FI1G. 70) may be positioned between the proximal end 6314 of the first jaw 6310 and the proxiral end 6370 of the
second jaw 6300 to bias the first and second jaws 6310, 6360 to the open position when the end effector closure sleeve

1272 is positioned in the starting or unactuated position. See FIGS. 67-69.
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[9218] To move the first and second jaws 6310, 6360 to a closed position (FIG. 66), the clinician actuates the closure
systent to move the end effector closuore sleeve 6272 in the distal direction “DDY to simultaneously 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 6370 of
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 sieeve 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 {s adapied to be slidably recetved 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 (.., during firing of the staples and cotting of the tissue that is
clamped between the first and second jaws 6310, 6360). A first jaw cover 6315 is removably attached to the elongate
channel 6312 and a second jaw cover 6363 is removably atlached to the anvil 6362 for assembly porposes 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 6340.

[0219] FIG. 71 illustrates another surgical end effector 63007 that is sirnilar to surgical end effector 6300. As canbe seen
in that Figure, the surgical end effector 63007 comprises two jaws that are sinwltaneously movable between open and
closed positions relative o the shaft axis SA-SA. In the illustrated example, a first jaw 63107 includes an elongate channel
6312’ that is configured to support a surgical staple cartridge 63207 therein. The surgical staple carndge 63207 is
configured to operably support a plurality of staple drivers 6322 therein that operably support surgical staples 6324 thereon
The staple drivers 6322 are movably supported within corresponding driver pockets 63217 formed in the surgical staple
cartridge 6320°. The staple drivers 6322 are retained within their respective driver pocket 63217 by a cartridge pan 63307
that clips to or is otherwise attached 1o the surgical staple cartridge 6320°. The staple drivers 6322 are arranged in rows on
gach side of an elongate slot 63267 in the surgical staple cartridge 6320 to accommodate the axial passage of a firing
mentber 6340° therethrough. A wedge sled 6350 is movably supported within the surgical staple cartridge 6320 and is
configored to be driving engaged by the firing member 6340° as the firing raember 63407 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 cartndge 6320°. As was discussed above, as the wedge sled 633€7 is driven in the distal direction through
the surgical staple cartridge 6320°, the wedge sled 6350’ drivingly contacts the staple drivers 6322 to drive them toward the
carinidge deck surface 63237, The firing member 63407 includes a tissue cutting surface 6346 that serves o cut the tissue
clamped between the jaws as the firing member 6340 is driven distally. A distal finng beam (not shown) of the vanious
types described herein is operably attached to the fining member 63407 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 discussed in detail above and will not be repeated for the sake of brevity. Other firing beam and
firmg system avangements (motor-powered as well as manually-powered) may also be employed to power the firing
member without departing from the spirtt and scope of the present invention.

[0228] The iHustrated surgical end effector 63007 is alse configured for selective articulation about an articulation axis B-

B that is substantially tzansverse to the shaft axis SA-5A. The end effector 63007 includes an end effector mounting
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assembly 6390° that is adapted to be pivotally mounted to, for exaruple, a distal shaft frame that inchudes a pivot pin
configured to be rotatably received within a mounting hole 6392”7 in the end effector mounting assembly 63%G°. The
surgical end effector 63007 may be articulated by an articulation lock and first and second articulation rod arangements of
the type described above. As canbe seen in FIG. 71, the end cffector mounting assembly 63907 further includes a pair of
opposed, laterally extending trunnion pins 63947, The trummion pins 6394° extend laterally from the opposed lateral sides
6391 of the end effector mounting assembly 6390 that also define a pocket area 6395” that is configured fo receive the
firing member 63407 thersin. The trunnion pins 63947 serve to define a pivot axis PA-PA about which the first and second
jaws 63107, 63607 may pivol “The proximal end 63147 of the first jaw 6310° or clongate chamnel 6312”7 includes a pair of
opposed U-shaped or open ended slots 6316 that are adapted to receive a corresponding one of the trannion pins 6394°
therein. Such arrangement serves to movably or pivotally journal the first jaw 6310 to the end effector mounting assembly
639¢°.

[0221] The iHustrated surgical end effector 6300° further comprises a second jaw 6360° that mayv comprise an anvil
6362°. The ithustrated anvil 6362° includes an anvil body 6364° that includes an slongate slot 63667 and two staple forming
surfaces formed on each side thereof. The anvil 6362 further has a proximal end portion 6370 that has a pair of U-shaped
ot open ended slots 63727 that are also adapted 10 receive a corresponding one of the trunnion pins 6394 therein. Such
arrangement serves to movably or pivotally journal the second jaw 63607 to the end effector mounting assernbly 63907
The first and second jaws 63107 and 63607 are movably actuated by a closure system of the vadous types disclosed herein
For example, a first closure drive system 30 may be employed to actuate a closure tube 260 in the manner described herein.
The closure tube 260 mav 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 example, axial movement of the closure tube 260 mayv be controlled through actuation of a closure trigger 32. The end
effector closure sleeve 6272 extends over the end effector mounting assembly 63507 and is configured to engage the
proximal 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 63147 of the first jaw 6310° such that when the distal end 6274 of the end
effector closure sleeve 6272 contacts the cam surfaces 63367, the first jaw 6310° is cammed toward the second jaw 63607
and the shaft axis SA-SA. Likewise, one or more cam surfaces 63767 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 sleeve 6272, the second
jaw 63607 is moved toward the first jaw 6310° 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 10 the open position when the end cffector closure slegve 6272 is positioned in the starting or
unactuated position.

i0222] To move the first and second jaws 63107, 6360”7 10 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 surface(s) 6336
on the proximal end 63147 of the first Jaw 63107 and the cam surface(s) 6376’ on the proximal end 63707 of the second jaw
63607 to bias the fivst and second jaws 63107, 6360° towards each other { and shaft axis SA-SA). While the end effector
closure sleeve 6272 is retained mn that position, the first and second jaws 6314° and 6360° arc retained in that closed
position. Thereatter, the firing system may be actuated to axially advance the firing member 63407 distally through the

surgical end effector 6300°. The firing member 6340° may have a top tab portion 63447 that 1s configured to shidably
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etigage a slotted passage 6374° of the anvil 6362° and a foot portion 6342 that is adapted to be slidably received within a
slotted passage in the elongate channel 63127, Thus, such firing member arrangement sexves 10 positively retain the first
and second jaws 63107, 6360 at a desired spacing arrangement during firing of the firing member (i.e., during firing of the
staples and cutting of the tissue that is clamped between the first and second jaws 63107, 636G7). A first jaw cover 6315 is
removably attached to the elongate channel 6312 and a second jaw cover 63637 1s removably attached to the anvil 63627
for assembly purposes 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

[0223] The surgical end effector embodiments described hercin that employ jaws that both move relative to each other
and relative to the shaft axis may offer varous advaniages over other surgical end effector armangements wherein one of the
jaws is fixed and does not move, for example relative fo the shaft axis. In such configurations, it is often desizable for the
one movable jaw to have a relatively large range of movement relative to the fixed jaw to enable the target tissue o 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 to accommodate manipulation, positioming and clamping of the target tissue
between the jaws. Such reduced movement of the anvil, for example, may provide for improved tissue positioning. Such
arrangements may alsc enable the distance between the pivot axis and the first staple positions to be nainimized. In
addition, the firing member may always remain engaged 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 elongate
shaft assembly of the tvpes described 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-SA. The first
and second jaws may conprise a variety of different surgical related jaw arrangements. In the illustrated example, a first
Jjaw 6410 inchudes an elongate channel 6412 that is configured to sopport a surgical staple cartridge 6420 therein. As inthe
various surgical staple cartridges discussed above, the surgical staple cartridge 6420 is configured to operably support a
phurality of staple drivers (not shown) therein that operably support sprgical staples (not showny thereon. The staple drvers
are movably supported within comresponding driver 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 therethrough. A wedge sled (not shown) is movably supported within the surgical
staple cartridge 6420 and is configured to be drving engaged by the firing member 6440 as the firng merber 6440 18
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 cariridge 6420, As was discussed above, as the wedge sled is duven in the
distal divection through the surgical staple cartridge 6420, the wedge sled davingly contacts the staple drivers o drive them
toward the cartridge deck surface (not shown). The firng member 6440 includes a tissue cutting surface 6446 that serves to
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 fining merber 6440 as well as to an intermediate firing shafi
portion 2222 or other firing system arrangement. Operation of the intermediate firing shaft portion 2222 to drave and
retract the distal firing beam was discussed in detad above and will not be repeatod for the sake of brevity. Other firing
beam and firing system armangements {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 inventicn.

W
e



WO 2016/205163 PCT/US2016/037315

[9223] The illustrated surgical end effector 6400 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. 72-79, the surgical end effector 6400
inchides an end effector mounting assembly 64990 that is adapted to be pivetally mounted to, for example, a distal shaft
frame that includes a pivot pin that is configured to be rotatably received within the mounting hole 6492 1n the end effector
mounting assembly 6490, The surgical end effector 6400 may be arficulated by an articulation lock and first and second
articulation rod arrangements of the tvpe described above. As canbe seen in FIG. 74, a pair of cam plates 6500 is non-
movably attached by a spring pin 6502, for example, to the end effector moonting assembly 6490, As can be further seen
in FIG. 74, each cam plate 6500 has a cam slot 6504 that has a closure wedge portion 6505 and an opening wedge portion
63047, The closure wedge portion 6505 is formed from two opposed closure cam surfaces 6506 and the opening wedge
portion 6507 is formed from two opposed opening cam surfaces 6508, The elongate chamnel 6412 includes two proximally
extending actuator arms 64 16 that each has an opening trumion pinmion 6418 and a closing trunnion pin 6419 protreding
laterally therefrom. The opening and closing trunnion pins 6418 and 6419 are received with the cam slot 6504 of a
corresponding carm plate 6300, Such arrangement serves to movably or pivotally journal the fixst jaw 6410 to the end
effector mounting assembly 6490

{0226] The illustrated surgical end effector 6400 further comprises a second jaw 6460 that may conprise an anvil 6462,
The Hustrated anvil 6462 inchudes an anvil body 6464 that includes an elongate slot 6466 and two staple forming surfaces
6468 formed on each side thereof. The anvil 6462 forther has a proximal end portion 6470 that inclades two proximally
extending actuator arms 6472 protruding therefrom. Each actuator arm 6472 has an opening tronnion pirdon 6474 and a
closing trunmion pin 6476 protmuding laterally therefrom that are also received in the cam slot 6504 of a conesponding cam
plate 6500. Such arrangerent serves to movably or pivotally journal the second jaw 6460 to the end effector mounting
assembly 6490,

[0227] The first and second jaws 6410 and 6460 are movably actuated by a closure system of the variows types disclosed
herein. For example, a first closure drive svstem 30 may be employed to actuate a closure tube in the mamner described
herein, The closure tube 260 mav also be attached to an end effector closure sleeve 6572 that may be pivotally attached to
the closure tube by a double pivot closure sleeve assembly in the mamner described above. As was described above, for
example, axial movement of the closure tube may be controlled through actvation of a closure trigger. As can be seen in
FIGS. 77 and 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 actoator arms 6472 of the second jaw 6460, As the closure sleeve 6572 18
advanced distally, the distal end 6574 of the closure sleeve 6572 comtacts a proximal end 6411 of the first jaw 6410 and a
proximal end 6461 of the second jaw 6460 and moves the fizst and second jaws 6410, 6460 in the distal divection “DD”.
As the first and second jaws 6410 | 6460 move distally, the closing trunmions 6419, 6476 enter the closure wedge portion
6303 of the cam slot 6504 and the closure cam surfaces 6506 cant the first and second jaws 6410, 6460 toward ecach other to
a closed position (FIGS. 73,75, 77 and 78).

[6228] To facilitate opening of the fisst and second jaws 6410, 6460 with the closure sleeve 6572, the closure sleeve 6372
is 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 direction “PD” by the closure systenm. As can be seen in FIGS. 72
and 76, for example, as the closure sleeve 6572 moves in the proximal direction “PD”, the opening tabs 6576 contact the

closure trunmions 6419, 6476 and drives the closure trunmions 6419, 6476 in the proximal direction as well. The proximal
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movement of the closure trunnions 6419, 6476 causes the opening trunnions 6418 and 6474 to enter the opening wedge
portion 6507 of the cam plate slots 6504, The opening cam surfaces 6508 interact with the opening trunnions 6418, 6474
and cause the actuator arms 6416 and 6472 fo rock open on their respective rocker surfaces 6417 and 6475 as shown in
FIGS. 76 and 79. As with the above-described arrangements wherein both the first and second jaws move relative to the
shaft axis SA-SA, 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.

[0229] 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 iHustrated example, the first jaw 7410 comprises an
anvil 7412, The illustrated anvil 7412 has an anvil body 7414 that has a proximal end portion 7416 that is 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 therein. See FIG. 82. The end effector mounting
assembly 7430 is received between the upstanding latexal walls 7418 and is non-movably attached thereto by a spring pin
7421 that extends therethrough into holes 7419, The end effector mounting assembly 7430 is adapted to be pivotally
mounted to, for example, a distal shaft frane that includes a pivot pin that is configured to be rotatably received within the
mounting 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 aangements 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 invention. As can also be scen in FIGS. 80 and 82, the anvil body 7414 also includes an elongate
slot 7422 with two staple forming surfaces 7424 formed on each side thereof.

i0236] The surgical end effector 7406 further inchudes a second jaw 7440 that comprises an elongate channel 7442 that is
configured 1o support a surgical staple cartxidge 7430 therein. 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 suxgical staples (not shown} thereon. The staple drivers are movably supported within corresponding
driver pockets 7452 formed in the surgical staple cartridge 7450, The staple drivers are arranged in rows on each side of an
clongate slot 7454 in the surgical staple cartridge 7450 to accommodate the axial passage of a firing member 7460
therethrough. A cartridge pan 7451 is attached to the staple cartridge 7450 to prevent the staple drivers from falling out of
their respective driver pockets 7452 when the surgical end effector 740¢ is manipulated into various oriendations. A wedge
sled 7462 is movably supported within the surgical staple cartridge 7450 and is configured to be driving engaged by the
firing member 7460 as the firing member 7460 is doven from a starting position adjacent to the proximal end of the
surgical staple cartridge 7450 and an ending posttion 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 carridge 7436, the
wedge sled 7462 drivingly contacts the staple drivers to dave them toward the cartridge deck surface (not shown). The
firing member 7460 inchudes a tissue cuiting surface 7464 that seives to cut the tissue clamped between the jaws 7410,
7440 as the firing member 7460 is driven distally. A distal firing beam 280 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 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

(o
(]



WO 2016/205163 PCT/US2016/037315

(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 7415 is removably attached to the anvil 7412 a second jaw
cover 7441 is removably attached to the second jaw 7440 for assembly purposes 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 operaticn 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 corresponding U-shaped or open ended slot 7446 therein that is
adapted 1o receive a corresponding pivot pin 7426 that laterally protrudes from the proximal end portion 7416 of the anvil
body 7414, Such amrangerment serves to movably or pivotally jouwrnal the second jaw 7440 or elongate chamnel 7442 to the
first jaw 7410 oranvil 7412, As can be most particularly seen in FIGS. 80, 82 and 84, closure ramp segments 7447 are
formed on the proximal end 7444 of the elongate chaunel 7442, Inaddition, each lateral side 7445 of the proximal end
portion 7444 has a lateral recess area 7448 formed therein. Each lateral recessed area 7448 is located proximal fo a
corresponding closore ramp segment 7447, An opening rarp or cam 7449 is formed adjacent the proximal end of sach
iateral recessed area 7448, Each opening ramyp or cam 7449 terminates 1n a top surface 7580, See FIGS. 82 and 84.
j0232] The second jaw 7440 or ¢longate channel 7442 may be movably actuated relative to the first jaw 7410 or anvil
7412 by a closure system of the various tvpes disclosed herein. For example, a closure drive 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 attached to an end effector closure sleeve 7572 that may be pivotally attached to the closure tube
by a double pivot arrangement 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 trigger. In other arrangements, the closure tube may be
axally moved by means of a robotic control system, otc. As can be scen in FIGS. 80, 81, 83 and 84, the end effector
closure sleeve 7572 extends over the end effector mounting asserbly 7430 as well as the proximal end portion 7444 of the

7

elongate channel 7442 of the second jaw 7440. The end effector closure sleeve 7572 includes two diametrically opposed
opening mernbers 7574 that are configured to operably engage the proximal end portion 7444 of the second jaw 7440 or
clongate channel 7442. In the illustrated embodiment, the opening members 7574 comprise inwardly extending opening
tabs 7576 thal are formed in portions of the end effector closare sleeve 7572,

[0233] The second jaw 7440 is moved to a closed position (FIGS. 81 and 83) by advancing the end effector closure sleeve
7572 inthe distal divection “DI7. 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 ¢longate channel 7442 and serves
to cam the slongate channel 7442 towards the anvil 7412, Once the end effector closure sleeve 7552 has been moved to its
distal-most position, the distal end 7375 contacts an abutment surface 7443 on the elongate chamnel 7442 to maintain the
closure load or closing force on the elongate channel 7442, See FIGR. 81 and 83, When the end effector closure sloeve
7572 is in the fully-closed position, the ends of the opening tabs 7576 are received in the corresponding lateral recess arcas
7448. To move the second jaw 7440 or elongate channel 7442 to an open position, the closure system is actuated {6 move
the closure sleeve 7572 in the proximal direction “PD”. As the end effector closure sleeve 7572 moves proximally, the

opening tabs 7572 ride up the corresponding opening ramp o cam 7449 on the proximal end portion 7444 of the clongate

channel 7442 to cam or pivot the elongate channel 7442 away from the anvil 7412, Each tab xides up the cam 7449 onto
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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 itlusizated example, the
first jaw 8410 comprises an anvil 8412, The illustrated anvil 8412 hags an anvil body 8414 that has a proximal end portion
8416 that movably interfaces with an end effector adapter 8600. As can be seen in FIG. 85, the end effector adapter 8600
inchudes two distally extending distal walls 8602 that cach has a lateral pivot pin 8604 protruding laterally therefrom. Each
1ateral 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 FI(G. 85. Such arangement permits the elongate 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 inte holes 8608, The effector mounting assembly 8430 is adapted to be pivotally mounted
to, for example, a distal shaft frane that includes a pivot pin that is configured to be rotatably 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 articulation rod aangements 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
configored t¢ support a surgical staple cartxidge 8430 thersin. As in the varous suxgical staple cartridges discussed above,
the surgical staple cariridge 8450 is configured to operably support a plurality of staple drivers (not shown) therein that
operably support suxgical staples (not shown} thereon. The staple drivers are movably supported within corresponding
driver pockets 8452 formed in the surgical staple cariridge 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 8430 and is configured to be drivingly engaged by the
firing member 8460 as the firing member 8460 is doven from a starting position adjacent to the proximal end of the
surgical staple cartridge 8450 and an ending posttion 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 carridge 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
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(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
tissue and/or body fluid into the first and second jaws which may hamper or interfere with operaticn of the firing member
8460,

[0236] Ascanbe scenin FIG. 85, the clongate channel 8442 includes a proximal end portion 8444 that has two lateral
side portions 8445, Each lateral side portion 8445 has a corresponding U-shaped or open ended slot 8446 therein that is
adapted 1o receive a corresponding t lateral pivot pin 8604 that protrudes laterally from the end effector adapter 8600. Such
arrangement serves o movably or pivotally joomal the second jaw 8440 or clongate channel 8442 to the first jaw 8410 or
anvil 8412, As can also be seen in FIG. 85, closure ramp segments 8447 are formed on the proximal end 8444 of the
clongate channef 8442, In addition, cach lateral side 8445 of the proximal end poriion 8444 hias a second lateral recessed
area 8448 formed therein. Each second lateral recessed area 8448 is located proximal to a corresponding second closure
ramp segment 8447, A second opening ramp or cam 8449 1s 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, Similarly, a first
recessed area 8426 is formed on the bottom of each of the side walls 8417 of the proximal end portion 8416 of the anvil
%412, A first opening ramp or cam 8426 is formed adjacent the proximal end of each first lateral recessed arca 8420. Each
first opening ramp or cam 8426 terminates in a first top surface 8428,

10237 The second jaw 8440 or elongate channel 8442 and the first jaw 8410 or anvil 8412 may be simuitaneously moved
between open and closed positions by a closure system of the various types disclosed herein. For example, a closure drive
svstem 30 may be employed to actuate a closure tube 260 in the manner desciibed herein. The closure tube 260 may also
be attached to an end effector closure sleeve 8572 that may be pivotally attached fo the closure tube 260 by a double pivot
arrangeraernt in the manner described above. As was described above, for example, axial movement of the closure tube 260
may he controlled through actuation of a closure trigger 32. In other arrangements, the closure fube may be axially moved
by means of a robotic control system, etc. As can be seen in FIGS. 86 and 87, the end effector closure sleeve 8572 extends
over the end effector mounting assembly 8430, the end effector adapter 8500 as well as the proximal end portion 8444 of
the elongate channel 8442 of the second jaw 8440 and the proximal end pottion 8416 of the first jaw 841C 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
menbers 8574 comprise inwardly extending first opening tabs 8576 that are formed in portions of the end effector closure
sieeve 8572, Likewise, the end effector closure sleeve 8572 further inchudes two diametrically opposed, second opening
members 8580 that are configured to operably engage the proximal end portion 8444 of the second jaw 8440, Inthe
ilustrated embodiment, the second opening members 8580 comprise inwardly extending second opening tabs 8582 that arc
formed in portions of the end effector closure sleeve 8572,

j0238] The first and second jaws, 8410, 8440 are simultaneously moved to a closed position (FIG. 86) by advancing the
end effector closure sleeve 8572 1n the distal direction “DD”. As the end effector closure sleeve 8572 moves distally, the
distal end 8573 thereof contacts the botiom of the proximal end portion 8416 of the first jaw 8410 or anvil 8412 as well as
the closure ramp segments 8447 that are formed on the proximal end 8444 of the elongate 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 fo iis
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distal-most position, the distal end 8575 of the end effector closure sleeve 8572 contacts first abutment surfaces 8419 on the
first jaw 8410 or anvil 8412 as well as a second abutment surface 8443 on the second jaw 8440 or elongate channel 8442 to
matntain the closure load or closing force on both of the jaws 8410, 8440. See FIG. 86. When the end effector closure
sieeve 8572 is in the fully-closed position, the ends of the first opening tabs 8576 are received in the corresponding first
lateral recesses areas 8420 and the ends of the second opening tabs 8382 are received in the corresponding second lateral
recess areas 8448. To move the first and second jaws 8410, 8440 away from each other to open positions, the closure
systert is actoated to move the closure sleeve 8572 in the proximal direction “PIY”. As the end effector closure sleeve 8572
moves proximally, the first opening tabs 8576 ride up the corresponding first opening ramp or cam 8426 on the botiom of
the proximal end portion 8416 of the first jaw 8410 to cam or pivod the first jaw 8410 or anvil 8412 ina direction away
from the second jaw 8440 or elongate channel 8442 and the second opening tabs 8582 ride up the corresponding second
ramps 8449 on the proximal end portion 8444 of the elongate channel 8442 to cam ox pivot the clongate channel 8442 ina
direction away from the first jaw or anvil 8412, Each of the first tabs 8576 rides up the corresponding cam or ramp 8426
onto the corresponding first locking surface 8428 and each of the second tabs 8582 nides up the corresponding second cam
or ramyp 8449 onto the corresponding second locking surface 8430 {0 thereby retain the first and second jaws 8410, 8400 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 move the first and second jaws away from each other or they may be axially
offsct so that one of the jaws moves before the other jaw moves.

[0238] FIGS. 88-93 illustrate portions of another surgical instrument 9010 that includes a surgical end effector 9300 that
operably mterfaces with an clongate shaft assembly 9200. The surgical end effector 9300 is similar to surgical end effector
300 that was discussed in detail above and includes a first jaw in the form of an clongate channel 9302 that 1s configured to
operably support a surgical staple cartridge 304 therein. The iHlustrated swigical end effector 9300 fusther inchudes a second
Jaw in the form of an anvil 310 that is supported on the elongate 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 systert muay be employed to actuate a closure tube 260 in the manner described herein. The closure tube 260
15 attached to an end effector closure sleeve 272 that is pivotally attached to the closure tube 260 by a double pivot closure
sleeve assermbly 271 in the manner described above. As was descabed above, for example, axial movement of the closure
tube 260 may be controlled through actuation of a closure trigger. As was also described above, the closure sleeve 272
incudes opening cars that serve to movably actuate the anvil 310 to an open position. In use, the closure tube 260 18
translated distally (direction “BD™) to close the anvil 316, 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 coupled 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 ornide
ou the cam surfaces 319 to cam the body portion 312 of the anvil 310 away from the surgical staple cartridge 304 into an
open position. The anvil 310 is closed by distally translating the closure tube 260 in the distal divection “DD” until the
distal end 275 of the end effector closuare sleeve 272 rides up the anvil attachment arms 316 to 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

310 into the open position.
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[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
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 firing drive sysiem arrangements disclosed herein for driving a firing member through
the surgical staple cartidge in the vanous manners discussed above. As can be seen in FIG. 91, the distal spine podion
9816 includes a distal end portion 9818 that has an upwardly protruding pivot pin 9819 thereon that is adapted to be
pivotally received within a pivot hole 9328 formed in the proximal end portion 9320 of the clongate channel 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 to 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
9916 operably interfaces with a first articulation motor 9912 that is operably supporied in the suxgical instrument handle or
housing or portion of a robotically controlled systern. As canbe seen in FIGS. 92 and 93, the first articulation bar 9910 is
attached to a first articulation mut 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,

10242] The iHostrated articulation systemn 9900 forther 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 conirolled system. As can be seen in FIGS. 92 and 93, the second articulation bar 8920 is attached 1o 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 svstem 9900 further includes a cross-linkage asscmbly 9940 that is operably attached to 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 o the proximal end 9320 of the elongate channel 9302 with a first pin 9932,
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,
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[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 paticular, 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
second articalation link 9974 that is pivotally pinned to the proximal linkage tab portion 9970 of the middle sapport
mentber 9950, FIG. 92 illusirates articulation of the surgical end effector 9300 in the direction represented by arrow 9980.
As can be seen in that Pigure, the first threaded duive shaft 9916 of the first atticvdation motor 1s rolated in a first rotary
direction to drive the first articulation bar 9910 in the disial direction. In addition, the sccond threaded drive shaft 9926 of
the second articulation motor 9922 is rotated in a second rotary direction 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
cant be seen in that Figure, the second threaded drive shaft 9926 of the second articudation 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 conyputer controlied 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 employed to articulate the end effector. In such amrangements, for example, the second link may
be proximally coupled to the first link by means of a rack and pinion arrangement sindlar fo those rack and pinion
arrangerients disclosed in detaif herein.

[0246] FIG. 94 and 95 illustrate surgical staple cartridges 9304 and 9304° that each inchude a light member 9305 for
tlarminating the distal end of the surgical end effector in which it is supported. Each of the staple cartridges 9304, 9304’
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, 93047 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.

i0247] The surgical instrument systems described hersin are motivated by an electric motor, however, the surgical
instrument systems described herein can be motivated in any suitable manner. 1o various instances, the surgical instrument
systems described herein can be motivated by a manually-operated trigzer, for example. The moior 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 conmnection 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
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accordance with vanous embodiments can comprise electrodes configured to heat and seal the tissue. Also, for instance, an
end effector in accordance with certain embodiments can apply vibrational energy to seal the tissue.

[0248] The surgical instrument systems described herein are motivated by one or more ¢lectric motors; however, the
surgical instrument systems descrbed herein can be motivated in any suitable manner. In various instances, the surgical
instrument systemns described herein can be motivated by a manually-operated trigger, for example.

Fxamples

[6238] Example 1 - A surgical instrument, comprising a surgical end effector. The sorgical end effector comprises a first
jaw and a second jaw that is movably supported relative to the first jaw between an open position and closed positions. The
surgical instroment 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
conresponding slotted cam surface on the second jaw such that, opon application of the opening motion to the closure
member, 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 clesure member engages the
second jaw to move the second jaw to one of the closed 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 first 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 slotied cam surfaces.

{0252] Example 3 - The surgical instrument 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 snap engagement with the closore member.

[0253] Example 6 - The surgical instrument of Examples 1, 2 or 3, wherein the at least one opening cam is integrally
formed in the closure member.

[0256] Example 7 - The surgical instrument of Examples 1, 2, 3 or 6, wherein the at least one opening cam is crimped into
a wall of the closure member such that a crimped portion of the wall movably extends through a corresponding pottion of
the first jaw to movably engage the corresponding slotted can surface on the second jaw.

{02587 Example 8 - The surgical instrument of Examples 1, 2, 3,4, 5, 6 or 7, wherein the at least one opening cam
extends mwardly through a portion of the first jaw to engage the corresponding slotted cam sarface.

i0288] Example 9 - The surgical instrument of Examples 1, 2, 3, 4, 5, 6, 7 o1 8, wherein the second jaw comprises a pair
of laterally extending trunmons configured to be pivotally received in corresponding trunmnion holes in the first jaw to
facilitate pivotal travel of the second jaw relative to the first jaw.

{92597 Example 10 - The surgical instrament of Examples 1,2, 3,4, 5,6, 7, 8 or 9, wherein the first jaw 1s configured to
operably support a surgical staple cariridge and wherein the second jaw comprises an anvil.
[0260] Example 11 - A surgical instroment, comprising a surgical end effector. The surgical end effector comprises a

first jaw and a second jaw that is pivotally supported on the first jaw for selective movement relative thereto between an
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open position and closed positions. The second jaw comprises first and second cam surfaces. The surgical instrurment
further comprises an end effector closure sleeve that comprises a first opening cam that extends laterally inwardly from the
end effector closure sleeve through a portion of the first jaw to operably engage the first cam surface. A second opening
cam extends laterally inwardly from the end effector closuze sleeve through another portion of the first jaw to operably
engage the second cam surface such that vpon application of an opening motion to the end effector closure sleeve, the first
opening cam movably engages the first cam surface and the second opening cam movably engages the second cam surface
to move the second jaw 1o the open position and upon application of a closing motion to the end effecior closure sleeve, the
end effector closure sleeve movably engages the second jaw to move the second jaw to one of the closed positions.

B261] Example 12 - The surgical instrament of Example 11, wherein the first and second opening cams are removably
attached to the end effector closure sleeve.

10262] Example 13 - The sorgical instrument of Example 11, wherein the first and second opening cams comprise
permanent deformations in the end effector closure sleeve.

{92631 Example 14 - The surgical instrument of Examples 11 or I3, wherein the first and second opening cars are
formed by crimping the end effector closure sleeve.

[6264] Example 15 - The sorgical instrument 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 sleeve.

{98265] Example 16 - The surgical instroment of Examples 11, 12, 13, 14 or 15, wherein the first opening cam movably
protrudes through a first slot in the first jaw to operably interface with the first cam surface in the second jaw and wherein
the second opening can movably protrudes through a second slot in the fivst jaw to operably interface with the second cam
surface in the second jaw.

i8266] Example 17 - The surgical instrument of Examples 11, 12, 13, 14, 15 or 16, wherein the second jaw conprises a
pair of laterally extending tronnions configored to be pivotally recetved in corresponding tromnion holes in the first jaw to
facilitate pivotal travel of the second jaw relative to the first jaw.

{8267} Example 18 - The surgical instroment of Examples 11, 12, 13, 14, 15, 16 or 17, wherein the first jaw is configured
to operably support a surgical staple cartridge and wherein the second jaw comprises an anvil.

[0268] Example 19 - A surgical instrument, comprising a housing and a closure systern 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
applications of the closing and opening motions thereto. The surgical instrument further cornprises a surgical end effector
that comprises an clongate channel that operably interfaces with the clongate shaft assembly and is configured to operably
support a surgical staple cartridge therein. An anvil is movably supported on the ¢longate channel for selective movement
relative thereto between an open position and closed positions. The surgical instrument alse comprises at least two opening
cams that protrude from the end effector closure sleeve such that upon application of the opeming 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 fo the open posttion and upon application of the closing motion to the end effector closure
siceve, the end effector closure slegve operably interfaces with the anvil in a second direction to causc the anvil to move o

one of the closed positions.
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{92691 Example 20 - The surgical instrurment of Example 19, wherein at least one opening cam is formed in the end
gffector closure sleeve.

[0279] Example 21 - A surgical instroment, 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 each movable relative to each other and the shaft axis about a common
pivol axis between an open position and closed positions. The {irst jaw comprises a fixst point and the second jaw
comprises a second point wherein the first and second points lie along a common axis that is perpendicular to the shaft axis.
The first poind is a first distance from the shafi axis when the first yaw is in the open position and wherein the second point
15 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 instnument further compuses means for biasing the first and second jaws
away from each other to the open position and means for applying closure motions to the first and second jaws to move the
first and second jaws toward cach other o the closed positicuns.

10271] Example 22 - The surgical instrument of Example 21, wherein the one of the first and second jaws comprises an
clongate 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,

i0272] Example 23 - The surgical instrument of Example 21, wherein the first jaw comprises a surgical staple cartridge
and wherein the second jaw comprises an anvil and wherein the second distance is greater than the first distance.

{02731 Example 24 - The surgical instrument of Examples 21, 22 or 23, further comprising a fining member that is
supported for axial travel between the first and second jaws when the first and second jaws are in one of the closed
positions.

[0274] Example 25 - The sorgical instrument of Examples 21, 22, 23 or 24, wherein the end effector mounting asserbly
comprises a pair of lateral sides. Each lateral side comprises a laterally protruding trunnion pin that defines the pivot axis.
Each of the first and second jaws are pivotally supported on each of the lalerally protruding tronnion pins.

{0273] Example 26 - The surgical instrument of Examples 21, 22, 23, 24 or 25, wherein the means for biasing comprises a
spring located between the first and second jaws.

[0276] Example 27 - The surgical instrument of Examples 21, 22, 23, 24, 25 or 26, wherein the means for applving
closure motions comprises an axially movable end effector closure sleeve that is configured to simubansously engage
portions of the first and second jaws when the end effector closure sleeve is axially moved in a first direction.

{0277] Example 28 - The surgical instrument of Examples 21, 22, 23, 24, 25, 26 or 27, further 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 in one of the closed positions.

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

[0279] Example 30 - A surgical instrament, comprising an ¢longate shaft assembly that defines a shaft axis. Anend
effector mounting assembly is movably coupled to the clongate shaft assembly 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 between an open
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position and closed positions such that upon application of a closing motion to the first and second jaws causes one of the
first and second jaws to move to one of the closed positions at a closure rate that differs from another closure 1ate at which
the other of the first and second jaws moves to the closed position. The surgical instrument further comprises means for
selectively applyving the closing motion to the first and second jaws and an opening motion to the first and second jaws to
selectively move the first and second jaws from the closed positions to the open position.

{0280] Example 31 - The surgical instrument of Example 30, further comprising an axially movable firing member that is
sopported for axial travel between the first and second jaws when the first and second jaws are in one of the closed
positions.

{8281] Example 32 - The surgical instroment of Examples 30 or 31, further comprising a fixst cam slot on the end effector
mounting assembly. The first cam slot defines a first closure wedge portion and a first opening wedge portion. A second
cam slot 1s also provided on the end effector mounting assembly. The second cam slot defines a second closure wedge
portion and a second opening wedge portion. The first jaw comprises a pair of first opening members and a pair of first
closing members whetein one of the first opening members and one of the first closing members are movably received
within the first cam slot. Another 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 received 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 t¢ 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 enier the second closure wedge portion fo thereby cause the first and second
Jaws to move toward each other to one of the closed positions. The means for selectively applying is further configured to
move the first and second jaws in a second direction 50 as 1o 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 info the second opening wedge portion fo thereby cause the
first and second jaws to move away from each other to the open position.

[0282] Example 33 - The surgical instrument of Example 32, wherein the first cam slot is formed in a first cam plate that
1s conpled to the end effector mounting assembly. The second cam slot is formed 1n a second cam plate that is coupled to
the end effector mounting assembly.

{0283] Example 34 - The surgical instrument of Examples 32 or 33, wherein the means for selectively applying comprises
an end effector closure sieeve that is axially movable in response to applications of the closing and opening motions
therete. The end effector closure sleeve comprises a first opening tab that corresponds to the one of the first opening
memnbers 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 tab 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 1s moved in

the second direction.
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[0284] Example 35 - The surgical instroment of Examples 30, 31, 32, 33 or 34, wherein one of the first and second jaws
coraprises an elongate 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.

{0285] Example 36 - The surgical instrument of Examples 31, 32, 33, 34 or 33, further comprising a firing mermber that is
supported for axial travel between the first and second jaws when the first and second jaws are in one of the closed
positions.

j0286] Example 37 - A surgical instroment, 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 member is axially
movable in response to applications of closing and opening motions thereto. The closure member comprises at least two
inwardly extending opening tabs that are configured to operably engage comresponding portions of at least one of the first
and second jaws upon application of the opening motions to the closure member to wove at least one of the first and second
jaws to the open position.

{8287] Example 38 - The surgical instroment of Example 37, wherein the at least one of the at least two inwardly
extending opening tabs is integrally formed in the closure mernber.

[6288] Example 39 - The surgical instrument of Example 37, wherein each of the at least two inwardly extending opening
tabs are removably affixed to the closure member.

{9289} Example 40 - The surgical instrument of Examples 37, 38 or 39, 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.

[0290] Example 41 - A sorgical stapling instrument, comprising an elongate shaft assembly that defines a shaft axis. A
surgical end effector is operably coupied 10 the elongate shaft assembly by an articulation joint such that the surgical end
effecior is selectively anticulatable relative to the elongate shaft assembly aboot an articulation axis that is transverse to the
shaft axis. The surgical end effector comprises a cartridge support member that is configured to operably support a surgical
staple cartridge therein. A longiudinally movable firing beam extends through the articolation joint and 1s selectively
axially movable from a starting position to an ending position within the surgical end effector. The surgical instrument
further comprises a fixing beam locking assembly that comprises a biasing member that is operably supporied on the
articulation joint and is configured to apply a biasing motion fo the longitudinally movable firing beam to bias the
longitudinally movable firing beam into a locked position wherein the longitudinally movable firing beam is prevented
from moving from the starting to the ending position unless an vnfired surgical staple cartridge is operably supported in the
carinidge support member,

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

[0292] Example 43 - The surgical stapling instroment of Examples 41 or 42. wherein the biasing memnber is confignred fo
avoid applyving the biasing motion to the longitudinally movable firing beam when the swrgical end effector is being

articulated.
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[0293] Example 44 - The surgical stapling instroment of Examples 41, 42, or 43, wherein the longitudinally movable
fining beam comprises a locking cam formed on a portion thereof for engagement with the biasing member.

[0294] Example 45 - The surgical stapling instroment of Example 44, wherein the biasing member comprises a planar
body comprsing 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, or 45, wherein the biasing member
biases the longitodinally movable fiving beam into a locked position upon inttial application of a firing motion to the
longitudinally movable firing beam unless the unfired surgical staple cartridge is operably supported within the cartridge
support member.

[0296] Example 47 - The surgical stapling instrument of Examples 41, 42, 43, 44, 45, or 46, wherein the unfired surgical
staple cartridge compnses a plurality of surgical staples operably sopported within a cariridge 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 thexein. The wedge sled 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.

[0297] 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 imitial application of a firing motion to the firng beam unless a wedge
sled in a surgical staple cartridge that is supported 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.

[0298] Example 49 - The surgical stapling instroment of Example 48, wherein the wedge sled is configured to prevent the
fining beam from entering a locked position when the wedge sled is in the unfired position and upen application of an initial
firing motion to the longitudinally movable firing beam.

[0299] Example 50 - A surgical stapling instrument, comprising a surgical end effector that comprises an elongate
channel that is configured to operably support a surgical staple cartridge therein. An anvil is supporied welative to the
clongate 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. The sorgzical instnument further comprises an elongate
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 to the elongate shaft assembly aboot an
articulation axis that is transverse to the shaft axis. The clongate shaft assembly further comprises a closure assembly that
is axially movable in response to closure motions that are applied thereto. The closure assembly comprises a distal closwre
member segment and a proximal closure member segment that movably interfaces with the distal closure member segment
to accommodate articulation of the surgical end effector about the articulation axis. The proximal closure member segment
is condigured to move one of the anvil and the clongate channel between the open and closed positions upon application of
the closare motions to the closure assembly. The surgical stapling instroment further comprises a longitudinally movable
firmg beam that extends through the articulation joint and is selectively axially movable from a starting position to an
ending position within the surgical end effector. The longitudinally movable firing beam is configured 10 operably engage
a corresponding portion of an unfired surgical staple cartridge that is operably supported 1n the elongate channel when the

longitudinally movable firing beam is in the starting position. The surgical stapling instrument further comprises a firing
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beam locking assembly that comprises a biasing member that is operably supported on the distal closure member segment
for biasing the longitudinally movable fiing beam into a locked pesition wherein the longitudinally movable firing beam is
prevented from moving from the starting position to the ending position vuless an vafired surgical staple cartridge is
operably supported in the clongate chamnel.

[0300] Example 51 - The surgical stapling instroment of Exaraple 50. wherein the longitudinally movable finng 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.

[0301] Example 52 - The surgical stapling instrament of Examples 50 or 51, wherein the unfired surgical staple cartridge
coraprises a phurality of surgical staples operably sopported within a cartndge 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 is in the starting position and the wedge sled is in the unfired
position.

[0302] Example 53 - The surgical stapling instroment of Examples 52 wherein the wedge sled 1s 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 fo the longitodinally movable finng beam.

{0303] Example 34 - A surgical stapling instrument, comprising an clongate shaft assembly that defines a shaft axis. A
surgical end effector is operably coupled to the elongate shaft assernbly by an articulation joint such that the surgical end
effector is selectively articulatable relative 1o the elongate shaft assembly about an adiculation axis that is transverse o the
shaft axis. The surgical end effector comprises a cartridge suppont member that is configured to operably support a surgical
staple cartridge therein. The surgical siapling instrument further comprses a longitudinally movable firing beam that
inchudes a portion that extends through the arficalation joint and is selectively axially movable frorm a starting position to an
ending position within the surgical end effector. The longitudinally movable firing beam is 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 instrument further includes
means for providing lateral support to the portion of the longitudinally movable firing beam that exiends through the
articulation joint as the surgical end effector is articulated about the articulation axis. The means for providing further
comprises means for preventing the longitodinally 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 support member.

{0304] Example 55 - The surgical stapling instrament of Exanple 34, wherein the nmeans for providing lateral support
further corprises a middle support member that is movably attached to the cartridge support member and the elongate shaft
assembly., The middle sapport member compriscs a slot for movably receiving the pottion of the longitudinally movable
firing beam therethrough. The means for preventing comyprises a biasing member that is supported on the muddle sapport
member and 1s configured to apply a biasing motion 1o the longitudinally movable firing beam to move the longitudinally
movable fiving beam into a locked position wherein the longitudinally movable firing beam is prevented from moving from
the starting position to the ending position unless the unfired surgical staple cartndge is operably supported in the cariridge

support member.
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[0305] Example 36 - The surgical stapling instroment of Example 55, wherein the longitudinally movable firing beam
comprises 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.

[63¢7] Example 58 - The sorgical stapling instnument of Examples 54, 55, 55 or 37, wherein the unfired surgical staple
cariridge comprises a plurality of surgical staples that are operably supported within a cartridge body and a wedge sled that
1s 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.

{B308] Example 39 - The surgical stapling instroment of Example 38, 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.

[0309] Example 60 - A surgical instrument, comprising an ¢longate 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 bean 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 sopport member is
movably coupled to the clongate shaft assembly and a portion of the surgical end effecior. The middie support member
comprises a middle body portion that includes a proximal end and a distal end. A {iring beam slot extends between that
proximal end and the disial end and is configured to movably support each lateral side of a portion of the flexible firing
beam traversing the articulation joird. The surgical instrument further comprises a proximal support link that comprises an
clongate proximal body that is located proximal to the middle support member and is configured to laterally support
proximal lateral side portions of the flexible firing beam traversing the articulation joint. The proximal support Hink
movably interfaces with the proximal end of the middle 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 merber and is
configured to laterally support corresponding distal lateral side portions of the flexible firing beam traversing the
articulation joint. The distal support Hink movably interfaces with the distal end of the nxiddie support member.

{9318] Example 61 - The surgical instrament of Example 60, wherein the elongate proximal body of the proximal support
link comprises a proximal top member and two downwardly extending opposed proximal support walls. One of the
proximal support walls is located adjacent one of the proximal lateral side portions of the flexible fiving beam traversing the
articulation joint. Another one 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 hink
comaprises a distal iop 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.
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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 ariculation joint.

{0311] 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 beam traversing the
articulation joint and wherein the another one of the proximal support walls inchides 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 includes a distal arcuate sorface that faces one of the distal lateral side portious 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 articolation joint.

{0312] Example 63 - The surgical instrument of Examples 61 or 62, wherein the proximal end of the middle support
merber comprises an arcoate proximal pocket that is configured to movably receive a distal nose portion of the proximat
top member of the proximal support link therein. The distal end of the middle support member comprises a distal arcuate
pocket 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 middic support member is
pivotally coupled to the portion of the surgical end effector for pivotal travel relative thereto about a pivot axis. The middle
suppott member is coupled to the clongate shaft assembly for pivotal and axial travel relative thersto.

[0314] Example 65 - The sorgical instrument of Example 64, wherein the middle support member is pinned to the
clongate shaft assembly by a proximal pin that extends through an clongate slot in the middle support member.

[8315] Example 66 - The surgical instrament of Examples 60, 61, 62, 63, 64 or 63, wherein the elongate shaft assembly
comapriscs a distal spine conyprising a distal spine pocket that is configured to movably receive therein a proximal nose
portien 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 fop
member therein.

[0317] Example 68 - The sorgical instrument 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 configured to operably support a surgical staple cartridge
therein,

{0318] Example 69 - The surgical instrument 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
anvil and the elongate channel between open and closed positions.

i831%9] Example 70 - A surgical instrument, comprising an elongate shaft assembly that defines a shaft axis and comprises
right and left opposing shaft notches that are formed in a distal end thercof. 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 1o flexibly traverse the articulation joint and is selectively axially movabic from a starting
position to an ending position within the surgical end effector. A muddie support member is movably coupled to the

clongate shaft assembly and a portion of the surgical end effector. The middie support member comprises a middie body
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portion that includes right and left opposing support notches that are formed in a distal end thereof and a firing beam slot
that 1s configured to movably support lateral side portions of the longitudinallv movable flexible firing beam traversing the
articulation joint. A pivot link is configured to laterally support side portions of the longitudinally movable flexible firing
beam traversing the articulation joint. The pivot link comprises a proximally protruding proximal nose portion that is
configured to movably engage either one of the right and left opposing shaft notches as the longitudinally movable flexible
firing beam flexes in response to articulation of the surgical end effector about the arficulation axis. A distally protruding
distal nose portion is configured to movably engage either one of the right and left opposing support notches in the movable
support member as the longitndinally movable flexible firing beam flexes in response to articnlation of the surgical end
gffector about the articulation axis.

[0320] Example 71 - The surgical instrument of Example 70, wherein the pivot link further comprises a first lateral
sopport wall that is adjacent to one of the lateral side portions of the longitedinally movable flexible firing beam and a
second lateral support wall that is adjacent to another one of the lateral side portions of the longitudinally movable flexible
firing beam.

10321] Example 72 - The sorgical instrument 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
lateral support wall includes a second arcuate surface that faces another one of the another lateral side portions of the
iongitudinally movable flexible firing beam.

10322] Example 73 - The surgical instrument of Examples 71 or 72, further compnsing a first compression band that
extends between the one Iateral side portion of the longitudinally movable flexible firing beam and the first lateral suppoxt
wall. The first compression band compnses a first distal end that is supported on the surgical end effector and a first
proximal end that is movably supported on the clongate shaft assembly. A second compression band extends between the
another lateral side portion of the longitudinally movable flexible firing bearn and the second lateral support wall. The
second compression band comprises a second distal end that is supported on the surgical end effector and a second
proxiral end that is movably sopported on the clongate shaft assembly.

{0323] Example 74 - The surgical instrument of Example 73, further comprising a third compression band that exiends
between the one lateral side portion of the longitudinally movable flexible firing beam and the first compression band. The
third compression band comprises a third distal end that is supporied on the surgical end effector and a third proximal end
that is movably supported on the clongate shaft assembly. A fourth compression band extends between the another lateral
side portion of the longitudinally movable flexible firing beam and the second cormpression band. The fourth compression
band comprises a fourth distal end that is supported on the swigical end effector and a fourth proximal end that is movably
supported on the clongate shaft assembly.

{0324] Example 75 - A surgical instrument comprsing an clongate 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 clongate shaft assembly about an articulation axis that is fransverse to the shaft axis.
A longitudinally movable flexible finng beam is configured to flexibly traverse the arficulation joint and is selectively
axially movabie from a starting position to an ending position within the surgical end ¢ffector. A nxiddle support member is
movably coupled to the clongate shaft assembly for axial and pivotal travel relative thereto and is pivotally coupled to the

surgical end effector. The surgical instrument further comprises a U-shaped proximal suppont link conmprises a proximal



WO 2016/205163 PCT/US2016/037315

top member and two proximal side members. The U-shaped proximal support link extends over a proximal portion of the
iongitudinally movable flexible firing beam such that one of the proximal side members is adjacent onc lateral side of the
proxitnal portion of the longitudinally movable flexible finng beam and another 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 mterfaces with the middle support member. The surgical instriment 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 rnembers is adjacent
one lateral side of the distal portion of the longitudinally movable flexible firing beam and another one of the distal side
members is adjacent another lateral side of the distal portion of the longituedinally movable flexible firing beam. The distal
top member movably interfaces with the middle support member.

[6325] Example 76 - The sorgical instrument of Example 75, wherein the proximal top member movably interfaces with
the ¢longate shaft assembly and wherein the distal top member movably interfaces with a portion of the surgical end
gffector.

[0326] Example 77 - The surgical instrument of Examples 75 or 76, wherein the proximal top member comprises a first
proximally protruding proxinwgl nose portion that movably extends into a distal pocket formed in the clongate 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 protruding proximal nose portion that movably
extends info 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.

[8327] Example 78 - The surgical instrament 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 beamn. The another one of the proximal side merbers includes another proximal arcuate 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 longitodinally
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 middle support member is
mwvably coupled to an elongate channel of the surgical end effector that is configured fo operably support a surgical staple
cartridge therein,

{0329] Example 80 - A surgical instrument, comprising an clongate shaft assembly 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 effector 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 mernber extends across the articulation joint and comprises a distal end that is coupled to the
surgical end effector and a proxamal end that is attached to the elongate shaft assembly. A longitudinally movable flexible
firing beam assemnbly is configured to flexibly traverse the articulation joint and is selectively axially movable froma
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

lavers is configured to movably pass on one lateral side of the central firing beam support member and at Jeast one other of
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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 least one of the beam lavers that is configured to
movably pass on the one lateral side of the central firing bear support member comprises two of the beam layers and
wherein the at least one other of the beam lavers that is configured o 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 carrving members are
movable relative to each other.

[0332] Example 83 - The surgical instrument of Examples 80, 81 or 82, wherein each of the lateral load carrving members
comprises an axial passage for movably teceiving the portions of the least one of the beam layers that are configored to
movably pass on the one lateral side of the central fiving 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.

{83331 Example 84 - The surgical instrurment of Examples 80, 81, 82 or 83, whercin a portion of the sargical end effector
that is coupled to the clongate shaft assembly by the articulation joint comprises an elongate channel that is configured to
operably support a surgical staplk cartridge therein,

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

[6335] Example 86 - The sorgical 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 longitndinally movable flexible firing beam assembly
to be attached to the surgical end effector and the proxiraal end of the central finng beam supporl member protrudes above
an upper surface of the longitudinally movable flexible firing beam assembly 10 be atiached to the clongate shaft assembly.
[0336] Example 87 - The sorgical instrument of Example 86, wherein the distal end of the central firing beam support
member is pinned to an elongate channel of the surgical end effector and wherein the proximal end of the centzal firing
beam support member is pianed to a spine portion of the clongate shaft assembly .

10337] Exuample 88 - The surgical instrument of Examples 80, 81, 82, 83, 84, 85, 86 or 87, wherein at least two of the
plorality of the lateral load carrying members each include arcuate end surfaces and are amranged on the 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
cendral firing beam support member 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 cartying
members.

i0338] Example 89 - The surgical instrument of Example 83, wherein cach axial passage comprises a pair of spaced
internal arcoate surfaces that are configured to facilitate pivotal movement of each of the lateral load canrving mermbers on

the longitudinally movable fiexible fining beam.
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[0339] Example 90 - A surgical instrument, comprising an ¢longate 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 central firing beam support member is axially alignod along the shaft axis and extends across the articulation joint. The
ceniral fining beam support member comprises a distal end that is coupled to the surgical end effector and a proximal end
that is atfached to the elongate shaft assembly. The surgical instrument furrther comprises a longitudinally movable flexible
firing beam assembly that comprises a ploiality of beam layers that are configored 1o axially pass the central firing beam
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 fixing beam assembly traverses the articulation joint. Meaus 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 articulated about the
articulation axis.

{B346] Example 91 - The surgical instrorment of Example 90, wherein the distal end of the central fiving beam support
member protrudes below a bottom surface of the longitudinally movable flexible firing beam assembly to be attached to the
surgical end cffector. The proximal end of the central firing beam support member protrades above an upper surface of the
longitudinally movable flexible firing beam assembly to be attached to the elongate shaft assembly.

i0341] Example 92 - The surgical instrument of Examples 90 or 91, wherein a portion of the surgical end effector that is
coupled to the clongate shaft assembly by the articulation joint comprises an elongate channel that is configured to operably
support a surgical staple cartridge therein

[9342] Example 93 - The suwrgical instrament of Example 92, further comprising an anvil that is 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.

[0343] Example 94 - The surgical instrument 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 effector is operably conpled to the elongate shafi asserably by an articulation joint such that the surgical end effecior is
selectively articulatable relative to the elongate 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
centtral firing beam support member comprises a distal end that is coupled to the surgical end effector and a proxiral 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 firing beam
assembly is distally advanced, the longitudinally movable flexible firing beam assembly is bifurcated by the central firing
beam support member so that portions of the longitudinally movable flexible firing beam assenibly pass adjacent to each
lateral side of the central firing beam support member

{9345] Example 96 - The surgical instrurpent of Example 93, further comprising means that are movably supported on the
longitudinally movable flexible firing beam assembly for laterally supporiing 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.
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{9346] Example 97 - The surgical instrament of Example 93, wherein means for laterally supporting comprises a plurality
of lateral load carrving members that are supporied on the longitudinaily movable flexible firing beam assembly. Each of
the lateral load cartying members is independently movable on the longitudinally movable flexible firing beam assembly.
16347} Example 98 - The sorgical instrument of Examples 95, 96 or 97, wherein a distal end of the central firing beam
support member protrudes below a bottom surface of the longitudinally movable flexible firing beam assenbly to be
attached to the surgical end effector and the proximal end of the central firing beam support member protrudes above an
vpper surface of the longitudinally movable flexible firing beam assembly to be attached to the clongate shaft assembly.
[0348] Example 99 - The surgical instrument of Example 97, wherein each of the lateral load carrying members includes
an axial passage therethrough 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.

16349] Example 100 - A surgical instrument compusing an elongate 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 further comprises an
articulation system that compnses a first distal articulation driver that is supported for selective longitudingl travel ina
distal divection and a proximal direction in response to corresponding articulation motions applied thereto. The first distal
articulation driver is operably coupled to the surgical end effector. The articulation system further comprises a second
distal articulation duver 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. At least one pinion gear 1S in meshing engagement with
the first distal articulation driver and the second distal atticulation driver such that when the first distal articolation driver is
moved in the distal divection, the at least one pinion gear is configured to drive the second distal articudation driver in the

proximal direction to articulate the surgical end effector about the articulation axis in a first articulation direction and when

articulation driver in the distal direction to articulate the surgical end effector about the articulation axis in a second
articulation direction that is opposite o the first articulation direction.

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

{#351] Example 102 - The suxgical 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 articulation driver is attached
to the surgical end effector by a second movable coupler.

[0352] Example 103 - The surgical instrument of Example 102, wherein the first movable coupler is attached fo the first
distal articulation duver by a first ball joint and, wherein the second distal articulation driver is attached 10 the second
movable coupler by a second ball joint.

16353} 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 articulated positions relative to the elongate shaft assembly.
i0384] Example 105 - The surgical instrument 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.
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[0355] Example 106 - The surgical instrument of Examples 104 or 105, further comprising a proximal articulation driver
that operably interfaces with a source of proximal and distal articulation motiens. The proxamal articulation driver opemably
interfaces with the means for selectively 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.
[0356] 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 is
configured {0 operably support a surgical staple cartridge therein,

[0357] Example 108 - The surgical stapling instrument of Example 107, further comprising an anvil that is supported
relative to the elongate chanunel 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.

[6338] Example 109 - A surgical instnoment, comprising an elongate 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 compnses a first distal articulation driver that is supported for selective longitudingl travel ina
distal divection and in a proximal direction in response to corresponding adiculation motions applied thereto. The first
distal articulation driver is operably coupled to the surgical end effector. The articulation system further comprises a
second distal articulation driver that comprises an endless member that operably interfaces with the first distal articulation
driver and the surgical end effector. The endless mermber is supported on the elongate shaft assembly for selective
rotational travel in response to a longitadinal 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 articulate about
the articulation axis in a first articolation direction and when the first distal aticulation driver is moved in the proximal
direction, the endless member causes the surgical end effector to articulate about the articelation axis in a second
articulation direction that is opposite to the first articulation direction.

{B359] Example 110 - The sorgical instrument of Example 109, wherein the endless member is rotatably supported on a
proximal pulley mounted to the elongate shaft assembly and a distal pulley on the surgical end effector.

[0368] Example 111 - The surgical instrorent of Examples 110 wherein the endless member is operably attached 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.

[0361] Example 112 - The surgical instrument of Examples 109, 110 or 111, wherein the endiess member comprises a
length of cable including a first lug attached to a first cable end and a second lug attached to a second cable end. The
second g is also attached to the first lug to form the endless member,

{8#362] Example 113 - The suzgical instrument of Example 112, wherein the distal articulation driver comprises first and
second cradies for receiving the first and second Ings 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 configured to operably support a surgical staple cartridge

thercin,



WO 2016/205163 PCT/US2016/037315

[8364] Example 115 - The surgical instrument of Examples 110 or 111, wherein the distal pulley is formed on an end
effector mounting assembly that is attached to an elongate channel portion of the surgical end effector. The clongate
channel is configured to operably support a surgical staple cartridge therein,

{0365] Example 116 ~ The surgical instrument of Examples 114 or 115, further comprising an anvil supporied relative o
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 clongate channel between open and closed positions.

[6366] Example 117 - A surgical instnument, comprising an elongate 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 further comprises an
articulation system comprising a first distal articulation driver that is supported for selective longitudinal travel in a distal
direction and in a proximal direction in respouse to corresponding articulation motions applied thereto. The first distal
articulation driver is operably coupled to the surgical end effector. The articulation system further comprises a second
distal articulation driver that is supported for longitudinagl travel in the distal and proximal directions. The second distat
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 divection, the drive means drives the sccond distal articulation 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 proximal divection, the drive means drives 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 to the first arficulation direction.

i0367] Example 118 - The surgical instrument of Example 117, wherin the surgical end effecior comprises an elongate
channel that is configured to operably support a soxgical staple cartridge therein. An anvil is supporied relative to the
elongate channel such that one of the anvil and the elongate 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 instmiment, comprising an clongate shaft assembly that defines a shaft axis. A surgical
end effector is pivotally coupled to the elongate shaft asserubly Tor selective ardiculation relative to the elongate shaft
assembly about an arficulation axis that is transverse fo the shaft axis. The surgical instrument further comprises an
atticulation system that comprises a rotary articulation merber that is supported for rolational travel about a rotary axis that
is transverse to the shaft axis. A first distal articulation driver assembly operably interfaces with the rotary articulation
member and 1s supported for selective longitudinal travel in a distal direction and in a proximal direction in response o
corresponding articalation motions applicd thereto by the rotary articulation member. The first distal articulation driver
assembly operably interfaces with the surgical end effector. A second distal articulation driver assembly operably
interfaces with the rotary articulation member and is supported for longitudinal travel in the distal and proximal directions.
The second distal articulation daver assembly operably interfaces with the surgical end effector. The articulation system
further comprises means for selectively rotating the rotary articulation member in first and second rotary ditections about
the rotary axis such that when the rotary atticulation member is rotated in the first rotary direction by the means for
selectively rotating, the first distal articulation driver assembly is longitudinally driven in the distal direction and the second

distal articulation driver is simultaneously moved in the proximal direction to articulate the surgical end effector about the
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articulation axis in a first articulation direction and when the rotary articulation merber is rotated in the second rotary
dizection by the means for sclectively rotating, the first distal articulation driver assembly is longiudinally driven inthe
proximal direction and the second distal articulation driver assembly is simultanecusly 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 to the first articulation direction.

[0369] Example 120 - The surgical instrument of Example 119, wherein the rotary articulation member comprises a rotary
articelation disc and wherein the first distal articulation driver assembly comprises a first articulation driver portion that is
movably supported within a first articulation slot in the rotary articulation disc and wherein the second distal arficulation
driver assembly comprises a second articulation driver portion movably supported within a second articulation slot in the
rotary articulation disc.

16378} Example 121 - The surgical instrurnent of Examples 119 or 120, further comprising a first biasing member that
interacts with the first articulation driver portion to bias the first distal articulation driver assembly into a first neutral
articulation position when the meauns for selectively rotated is unactuated. A second biasing member interacts with the
second articulation driver portion to bias the second distal articulation driver assembly into a second neutral articulation
position when the means 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 agiculation link 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 articulation assembly comprises a second articnlation link that movably
interfaces with the rotary anticulation member and a second articulation member is pivotally coupled to the second
articulation ink and operably interfaces with the surgical end effecior.

[6372] Example 123- The surgical instrument of Example 122, wherein the first distal articnlation 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 plorality of articulated positions relative to the
clongate shaft assembly.

16373} Example 124 - The surgical instrurnent of Example 123, further comprising a first articulation member that
operably interfaces with the articulation lock assembly and the surgical end effector.

{8374] Example 123 - The suxgical instrument of Example 124 wherein the first adticulation member is covpled to the
surgical end effector by a first movable coupler and wherein the second articulation member is coupled to the surgical end
effector by a second movable coupler.

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

{0376] Example 127 - The surgical instrument 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 ariculation member.

i0377] Example 128 - The surgical instrument of Examples 119, 120, 121, 122, 123, 124, 125 or 126, further comprising
a longimdinally movable firing member and wherein the means for selectively rotating comprises a motor that is configured

1o generate rotary output mnotions and a switching arrangenment that operably interfaces with the motor and the
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longitudinally movable firing member and an articulation drve link that is in operable engagement with the rotary
articulation member, The switching amrangement 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

[0378] Example 129 - A surgical instrument, comprising an elongate shaft assembly that defines a shaft axds. A surgical
end effector is pivotally coupled to the elongate shaft asserubly Tor selective ardiculation relative to the elongate shaft
assembly about an arficulation axis that is transverse to the shaft axis. The surgical instrinment further comprises an
atticulation system that comprises a rotary driver meruber that is supported for rolation travel about a rolary axis that is
transverse to the shaft axis. A rotary driven member is supported for rotational travel relative to the rotary driver member
about the rotary axis. The rotary driven meraber operably interfaces with the rotary drive member such that applcation of
articulation confrol motions to the rotary driver member causes the rotary driven member to rotate about the rotary axis. A
first distal articulation driver asserably operably interfaces with at least the rotary driven member and is supported for
selective longitudinal ravel in a distal direction and a proximal direction in response to rotation of at least the first rotary
driven mernber. The first distal articulation driver assembly operably interfaces with the surgical end effector. The
articulation system further comprises a second distal articulation driver assernbly that operably interfaces with at least the
rotary driven member and is supported for longitudinal fravel in the distal and proximal directions. The second distal
articulation driver asserbly operably interfaces with the surgical end effector. The articulation system further comprises
means for selectively applying the articulation control motions 1o the rotary driver member o cause the rotary daver
member {o rotate about the rotary axis and to thereby cause the rotary driven member to rotate about the rotary axis such
that when the rotary driven member otates in a first rotary dircction, the first distal articulation driver assembly is
longitudinally driven in the distal direction and the second distal articulation daver is simubtancously 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 s 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 atticulate the surgical end effector about the articulation axis in a second articulation direction about the

articulation axis that is opposite to the first articulation direction.

{8379} Example 130 - The suxgical instrument of Example 129, wherein the rotary driver member comprises a rotary
driver articulation disc and wherein the second rotary driven member comprises a rotary driven articudation disc and
wherein the first distal articulation ddver assembly comprises a first agticulation driver portion that is movably supported
within corresponding first articulation slots in each of the rotary driver articulation disc and the rotary driven articulation
disc and wherein the second distal articulation driver assembly comprises a second articulation driver portion movably
supported within corresponding second articulation slots in each of the rotary driver articulation disc and the rotary driven
articulation disc.

[0380] Example 131 - The surgical instrument of Examples 129 or 130 wherein the first distal articulation driver
assembly comprises a first aiculation link that movably interfaces with the rotary driver member and the rotary driven
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
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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.

[0382] 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.

{#383] Example 134 - The surgical instrument of Examples 129, 130, 131, 132 or 133, wherein the means for selectively
applying comprises a motor in meshing engagement with the rotary driver member.

[6384] Example 135 - The surgical instromend of Examples 129, 1306, 131, 132 or 133, forther compuising a longitudinally
movable firing member and wherein the means for selectively applving comprises a motor that is configured to generate
rotary ouiput motions. The means for selectively applying further comprising a switching arrangement 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 arrangement is configured io move between a fixst position
wherein actuation of the motor results in applications of axial articulation motions to the arficulation drive hink to thereby
cause the rotary drver mermber {o rotate about the rotary axds and a second position wherein actuation of the motor resulis
in applications of axial finng motions fo the longitudinally movable firing member.

{0385] Example 136 ~ 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
articelation system that comprises means that is operably coupled to the surgicat end effecior for articulating the sorgical
end effector about the articulation axis and means for selectively generating rotary motions. The articulation system further
coraprises a rodary raernber that operably interfaces with the means for generating a rotary ymotion and the means for
articulating such that application of the rotary motions by the means for selectively generating fo the rotary member causes
the means for articelating to stonsltancously apply opposed axial articulation motions o the surgical end effector wherein
one of the opposed axial motions is applied fo at a point of atfachment on the surgical end effector that is laterally offset to
one lateral side of the adticulation axis and wherein the other opposed axial motion is applied 1o ancther point of attachiment
ou the surgical end effector that is laterally offset on another lateral side of the articulation axis.

{0386] The cntire disclosures of:

U.S. Patent No. 5,403,312, entitled ELECTROSURGICAL HEMOSTATIC DEVICE, which issucd on April 4,

el
D
(/]

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 Mo. 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;

20
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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. Patont 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.S. Patent No. 7,845,537,

U.S. Patent Application Serial No. 12/031,573, entitled SURGICAL CUTTING AND FASTENING
INSTRUMENT HAVING RF ELECTRODES, filed Febroary 14, 2008;

U.S. Patent Application Ser. No. 12/031,873, entitled 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.S. Patent Apptication Serial No. 12/249 117 entitled POWERED SURGICAL CUTTING AND STAPLING
APPARATUS WITH MANUALLY RETRACTABLE FIRING SYSTEM, now .S, Patent No. 8,608,045,

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

U.5. Patent Application Ser. No. 12/893,461, entitled STAPLE CARTRIDGE, filed September 29, 2012, now U.S,
Patent No. 8,733,613;

U.S. Patent Application Ser. No. 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 3. Patent Application Publication No.
2012/0298719;

U.S. Patent Application Senial Mo, 13/524,049, entitled ARTICULATABLE SURGICAL INSTRUMENT
COMPRISING A FIRING DRIVE, filed on June 15, 2012; now U.S. Patent Application Publication No. 2013/0334278;

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

U.5. 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.5. Patent Application Publication No. 2010/0264194, entitled SURGICAL STAPLING INSTRUMENT WITH
AN ARTICULATABLE END EFFECTOR, filed Apnif 22, 2016, now U.3. 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 o those embodiments may be implemented. Also, where materials are
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disclosed for certain components, other materials may be used. Furthermore. according to various embodiments, a single
comaponent may be replaced by multiple components, and multiple components may be replaced by a single component, 1o
perform a given function or functions. The foregoing description and following claims are intended to cover all such
modification and variations.

[8388] 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 cither case, however, the device can be reconditioned for reuse after at least one use.
Reconditioning can inchide any combination of the steps of disassembly of the device, followed by cleaning or replacement
of particular pieces, and subsequent reassembly. In particular, the device can be disassembled, and anv number of the
particular pieces or parts of the device can be selectively replaced or removed in any combination. Upon cleaning and/or
replacement of particular paxts, the device can be reassembled for subsequent use either at a reconditioning facility, orby a
sorgical tearn immediately pror {0 a sorgical procedore. Those skilled in the art will appreciate that reconditioning of a
device can utilize a variety of techniques for disassembly, cleaning/replacement, and reassembly. Use of such technigues,
and the resulting reconditioned device, are all within the scope of the present application.

[0388] By way of example only, aspects described herein may be processed before surgery. First, a new or used
instrument may be obiained and when necessary cleaned. The instrament may then be sterilized. In one sterilization
techmque, the instroment is placed in a closed and sealed container, such as a plastic or TY VEK bag. The container and
instrument may then be placed in a ficld of radiation that can penetrate the container, such as gamma radiation, x-tays, or
high-energy electrons. The radiation may kill bactenia on the instrument and in the container. The sterilized instroment may
then be stored in the sterile container. The scaled container may keep the instroment stexile until it is opened in a medical
facility. A device also may be sterilized using any other technique known in the art, including but not limited to beta or
zamma radiation, sthylene oxide, plasma peroxide, or steam.

10396] While this invention has been described as having exeraplary designs, the present invention muay be further
modificd within the spirit and scope of the disclosure. This application is therefore intended to cover any variations, uses, or
adaptations of the invention using its general principles.

{0391] Any patent, publication, or other disclosure material, in whele or in part, that is said to be incorporated by
reference herein is incorporated herein only to the extent that the ncorporated 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,
ot portion thereof, that is said to be incorporated by reference herein, but which conflicts with existing definitions,
statements, or other disclosure matenial 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 stapling instrument, comprising:

an clongate shaft assembly defining a shaft axis;

a surgical end effector operably coupled to said clongate shaft assembly by an articulation joint such that said
surgical end effector is selectively arficulatable relative to said elongate shaft assembly about an articulation axis that is
transverse to said shaft axis, said surgical end effector comprising a cartadge support member that is configured to operably
support a surgical staple cartridge therein;

4 longitadinally movable firing beam exiending through said articulation joint and being selectively axially
movable from a starting position to an ending position within said surgical end effector; and

a firing beam locking assernbly comprising a biasing member operably supported on said atticulation joint and
being configured to apply a biasing motion to said longitudinally movable firing beam to bias said longitudinally movable
firing beam into a locked position whersin said longitadinally movable firing beam 1s prevented from moving from said
starting to said ending position unless an unfired surgical staple cartridge is operably supported in said cartridge support

member,

2. The surgical stapling instrament of Claim 1, wherein said biasing member is supported on a middle
support member that interfaces with said cartridge support member and said elongate shaft assemnbly, said middle suppornt
member being configured to laterally support said lengiiudinally movable firing beam dunng articulation of said surgical

end effector about said articulation axis.

3. The surgical stapling instrament of Claim 1, wherein said biasing member is configured to avoid applying

said biasing motion to said longitudinally movable firing beam when said surgical end effector is being articulated.

4. The surgical stapling instrament of Claim 3, wherein said longitudinally movable firing beam comprises a

locking cam formed on a portion thereof for engagement with said biasing member.

3. The surzical stapling instrurnent of Claim 4, wherein said biasing member comprises a planar body
comprising a window located therein such that said locking car protrudes therein during said articulation of said surgical

end effector.

6. The surgical stapling instrament of Claim 1, wherein said biasing member biases said longitudinally
movable firing beam into a locked position upon initial application of a firing metion to said longitudinally movable firing
beam uniess said unfired surgical staple cariridge is operably supported within said cartridge support member.

7. The surgical stapling instrurnent of Claim 1, wherein said unfired surgical staple cariridge comprises:

a pharality of surgical staples operably supported within a cartridge body; and
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a wedge sled axially meovable through said cariridge body to gject said surgical staples therefrom when said wedge
sled is moved from an unfired position to a fived position therein, said wedge sled being configured for operable
engagerent with said longitudinally movable firing bearm when said longitudinally movable fintng beam is in said starting

position and said wedge sled is in said onfired position.

8. The surgical stapling instrament of Claim I, wherein said biasing member biases said firing beam into a
locked position upon initial application of a firing motion to said fixdag beam valess a wedge sled 1n a surzical staple
cariridge that is supported within said cartridge support member is in an unfired position within said surgical staple

cartridge and in operable engagement with said longitudinally movable firing beam.

9. The surgical stapling instroment of Claim 7, wherein said wedge sled is configured to prevent said firing
beam from enfering a locked position when said wedge sled is in said unfired position and upon application of an initial

firing motion to said longitudinally movable firing beam.

1. A surgical stapling instrument, comprising:
a surgical end effector comprising:
an clongate channel configured to operably support a surgical staple cartridge thercin; and
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 elongate channel between open and closed
positions and wherein said surgical stapling instrument further comprises an elongate shaft assernbly defining a
shaft axis, said elongate shaft assembly comprising:
an articulation joint operably coupled to said surgical end effector to facilitate selective
articulation of said surgical end effector relative 1o said elongate shaft assembly about an articulation axis
that is transverse to said shaft axis; and
a closure assembly axially movable in response to closure motions
applied thereto, said closore assembly comprising:
a distal closure member segment; and
a proximal closure member segment movably interfacing with said distal closure
member segment to accommodate artficulation of said surgical end effector about said
articulation axis, said proximal closure menber segment configured to move said one of said
anvil and said elongate channel between said open and closed positions upon said application of
said closure motions o said closue assembly and wherein said surgical staphing instrument
further comprises:
a longitudinally movable firing beam extending through said articulation joint and being selectively axially
movable from a starting position to an ending posttion within said surgical end effector, said longitudinally movable firing
beam configured to operably engage a corresponding potion of an unfired surgical staple cartridge operably suppored in

said elongate channel when said longitudinally movable firing bearn is in said starting position; and
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a firing beam locking assembly compnsing a biasing member operably supported on said distal closure member
segment for biasing said longitudinallyv movable firing beam into a locked position wherein said Jongitudinally movable
firing beam is prevented from moving from said starting position to said ending position unless an ynfired surgical staple

carinidge is operably supported in said elongate chamnel.

it The surgical stapling instrament of Claim 10, wherein said longitudinally movable firing beam has a
sioped portion that is configured for engagement with said biasing member when said longitodinally movable firing beam

is in said starting position.

i2. The surgical stapling instrument of Claim 10, wherein said unfired surgical staple cartridge comprises:

a phuratity of surgical staples operably supported within a cartadge body; and

a wedge sled axially movable through said cariridge body to gject said surgical staples therefrom when said wedge
sted is moved from an unfired position to a fired position therein, said wedge sled being configured for operable
engagerent with said longitudinally movable firing bearm when said longitudinally movable fintng beam is in said starting

position and said wedge sled is in said unfired position.

3. The surgical stapling instrument of Claim 12, wherein said wedge sled 1s configured 1o prevent said firing
beam from entering a locked position when said wedge sled is in said unfired position and upon application of an initial

firing motion 1o said longitudinally movable firing beam.

14. A surgical stapling instrumend, comprising:

an elongate shafi asserubly defining a shaft axis;

a surgical end effector operably coupled to said elongate shaft assembly by an articulation joint such that said
surgical end effector is selectively articulatable relative to said elongate shaft assernbly about an articulation axis that is
transverse to said shaft axis, said surgical end effector comprising a cartridge support member that is configured to operably
sopport a sorgical staple cartridge therein;

a longitudinally movable firing beam including a portion extending through said articulation joint and being
selectively axially movable from a starting position to an ending position within said surgical end effector, said
longitudinally movable firing beam configured to operably engage a corresponding portion of an unfired surgical staple
carinidge operably supporied in said carndge support member when said longitudinally movable firing beam is in said
starting position; and

means for providing lateral support to said portion of said longitudinally movable firing beam extending through
said articulation joint as said surgical end effector is articulated about said articulation axis, said means for providing
further conprising means for preventing said longitudinally movable firing beam from moving from said starting positicn

to said ending position unless an unfired surgical staple cartridge is operably supported in said cartridge support member.

is The surgical stapling instrument of Claim 14, wherein said means for providing lateral support further

compriscs a middle support member that is movably attached to said cartridge suppor member and said clongate shaft
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assembly, said middle support mermber comprising a slot for movably receiving said portion of said longitudinally movable
firing beam therethrough and wherein said means for preventing comprises a biasing member that is supported on said
middie support member and is configured to apply 2 biasing motion to said longitmdinally movable firing beam to move
said Jongitudinally movable firing beam into a locked position wherein said lengitudinally movable firing beam is
prevented from moving from said starting position {o said ending position unless said unfired surgical staple cartnidge is

operably supported in said cartridge support member.

i6. The surgical stapling instroment of Claim 15, wherein said longitudinally movable firing beam comprises
a locking cam formed on said portion of said longitudinally movable firing beam for engagement with said biasing

meniber.

17. The surgical stapling instrument of Claim 16, wherein said biasing member comprises a planar body
comprising a window located theresin such that said locking cam protrudes therein doring said articulation of said surgical

end effector,

18, The surgical stapling instrament of Claim 14, wherein said unfived surgical staple cartridge comprises:

a pharality of surgical staples operably suppored within a cartridge body; and

a wedge sled axially movable through said cartridge body to gject said surgical staples therefrom when said wedge
sled 1s moved from an unfired position to a fired position therein, said wedge sled being confignred for operable
engagement with said longitudinally movable firing beam when said longitudinally movable firing beam is in said starting

position and said wedge sled is in said unfired position.
19 The surgical stapling instroment of Claim 18, wherein said wedge sled is configured to prevent said firing

beam from entering a locked position when said wedge sled is in said unfired position and upon application of an 1nitial

firing motion fo said longitudinally movable firing beam.
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