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(57) Abstract: A modular shatt assembly is disclosed. The modular shaft assembly includes one or more inputs configured to re-
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staple cartridge. The end eftector can include a plurality of jaw members and the firing member can comprise camming members
which are configured to position the jaw members relative to one another.
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TITLE
MOBDULARSTAPLING ASSEMBLY

BACKGROUND
{0001}  Vanous forms of the invention relate to surgical instruments and, in various embodiments, to surgical cutting

and stapling instruments and staple cartridges therefor that are designed to cut and staple tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

{0002] The vanous features and advaniages of this invention and the manner of attaining ther will become more
apparent and the invention itself will be better understond by reference to the following description of embodiments of
the invention taken in conjunction with the accompanying drawings, wherein:

{00031 FIG. 1 is a perspective view of a modular surgical system that includes a motor-driven surgical instrument and
three interchangeable end effectors;

{0004] FIG. 2 is a side perspective view of the motor-driven surgical instrument with a portion of the handle housing
removed for clanty;

{00058} FIG. 3 is a partial exploded assembly view of the surgical instrument of FIG. 2;

{0066} FIG. 4 is another partial exploded assenibly view of the surgical instrument of FIGS. 2 and 3;

{00071 FIG. S s a side elevational view of the motor-driven surgical instrument with a portion of the handle housing
removed,

{0008] FIG. 6 is a perspective view of a motor dove system and transmission assembly with the fransmission
assembly in the first drive position wherein actuation of the motor will result in the actuation of a first drive svsten: of
the surgical instoument of FIGS, 2-5;

j000%] FIG. 6A is a perspective view of an alternative transmission carriage with locking means;

{0018] FIG. 6B is a perspective view of a motor drive system and transmission assernbly inchuding the transmission
carriage of FIG. 6A with the fransmission assembly in the first drive position wherein actuation of the motor will result
in the actuation of the first drive system and the second drive svsiem is locked by the locking means;

{0011} FIG. 6C is a perspective view of the motor drive syster and transmission assernbly of FIG. 6B with the
transmission assembly in the second drive position wherein actuation of the motor will rosult in the actuation of the
second drive system and the first drive system is locked by the locking means;

{0012 FIG. 7 is another perspective view of the moter drive syster and iransmission assembly of FIG. 6 with the
transmission assembly in the second drive position wherein actuation of the motor will result in the actuation of the
second drive system;

{0013] FIG. 8is a side elevational view of another motor-driven sargical instrument with a portion of the handle
housing and other portions thereof omitted for clarity;

{0014] FIG. 9 is a perspective view of the motor, transiission assembly and first and second drive systems of the
surgical instrument of FIG. 8 with the {ransmission assembly thereof in the first drive position;

{80131 FIG. 10 is a cross-sectional elevational view of the motor, ransmission asserubly and first and second drive

svstems of FIG. 9 with the transmission assembly in the first drive position;
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{9016] FIG. 11 is ancther perspective view of the motor, transmission assembly and first and second deive systems of
FI1GS. 9 and 10 with the transmission assembly in the second drive position;

{0017} FIG. 12 is another cross-sectional elevational view of the motor, transmission assembly and first and second
drive systerns of FIGS. 9-1 Iwith the transmission assembly in the second drive position;

{0618] FIG. 13 is a partial rear perspective view of a portion of another motor driven surgical instruraent,

{0019] FIG. 14 is a side elevational view of the motor, transrission asseimbly and first and second drive systems of
the surgical instrument of FIG. 13;

{00281 FIG. 15 is a cross-sectionad view of the transmission assembly of the surgical instrument of FIGS. 13 and 14 in
a first drive position;

{0021} FIG. 16 is another cross-sectional view of the transmission assermbly of the surgical instrument of FIGS, 13-15
in a second drive position;

{80221 FIG. 17 is a perspective view of another motor daven surgical instrument arrangement with a portion of the
housing removed for clarity;

{00231 FIG. 18 is a perspective view of a rnotor, transmission asserably and first and second drive systems of the
surgical instrument of FIG. 17;

{90241 FIG. 19 is an exploded asserubly view of the motor, transraission assembly and first and second drive systers
of FIG. 1¥;

{6025] FIG. 20 is a cross-sectional view of portions of the motor, transmission assembly and first and second drive
systems of FIGS. 18 and 19 with the transmission shaft asserubly thereof in a first drive position;

{86261 FIG. 21 is another cross-sectional view of the portions of the motor, iransmission assembly and first and
second drive systerns of FIG. 20 with the transmission shaft assembly thereof in a second drive position;

{60271 FIG. 22 is a perspective view of another motor, fransoission assembly and first and second drive systems of
one form of a surgical instrument of the present invention:

{86281 FIG. 23 is an exploded assembly view of the motor, transmission assembly and first and second drive systems
of FIG. 22,

{00291 FIG. 24 is a cross-sectional view of the motor, transmission assembly and first and second drive systems of
FIGS. 22 and 23 with the transmission assembly in fixst drive position;

j0036] FIG. 25 is another cross-sectional view of the motor, fransmission assembly and first and second drive svstems
of FIGS. 22-24 with the transmission asserubly in a second drive position;

{00311 FIG. 26 is another cross-sectional view of the motor and transmission assembly of FIGS. 22-25 with the
fransmission assembly in the first drive position;

{0032} FIG. 27 is another cross-sectional view of the motor and transmission assernbly of FIGS. 22-26 with the
transmission assembly in the second drive position;

{00331 FIG. 28 is a side clevational view of & portion of another motor driven surgical instrument with a portion of the
housing omitted for clarnity.

{0034] FIG. 29 is a perspective view of a portion of another motor driven surgical instrument with a portion of the
housing omitted for clarity;

{0033] FIG. 30 is a fromt perspective view of a motor driven nmit with first and second rotary drive systerns;

{0036] FIG. 31 is a bottom perspective view of the motor driven unit of FIG. 30;
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{90371 FIG. 32 is a perspective view of the motor doven unit of FIGS. 31 and 32 with the housing removed
therefrony;

{0038] FIG. 33 is an exploded assembly view of a mechanical coupling system for operably coupling four rotary diive
shafts together;

{803%] FIG. 34 is a front perspective view of a surgical end effector with a portion of the end effector housing
removed for clarity;

{0046] FIG. 33 is another front perspective view of the surgical end effector of FIG. 34 with portions of the closure
system and lower jaw omitted for clarity;

{80411 FIG. 36 is an exploded perspective assembly view of the surgical end effector of FIGS. 34 and 35;

{0042] FIG. 37 is a side elevational view of the surgical end effector of FIGS. 33-36 with a portion of the housing
onitted for clarity;

{80437 FIG. 3815 a left side parspective view of another end effector arrangement with a portion of the end effector
housing omitted for clarity;

{0044] FIG. 39 is an exploded assembly view of the end effecior of FIG. 38,

{0045] FIG. 40 is a right side perspective view of the end effector arrangement of FIGS. 37 and 38 with another
porttion of the end effector housing omitted for clarity;

j0046] FIG. 41 is a cross-sectional view of the surgical end effector arrangement of FIGS. 38-40;

{00477 FIG. 42 is a cross-sectional perspective view of another surgical end effector;

{0048] FIG. 43 is a partial exploded assembly view of the surgical end effector of FIG. 42;

{80491 FIG. 44 is another partial perspective view of a portion of the surgical end effector of FIGS. 42 and 43;
{0038] FIG. 43 is another cross-sectional view of the surgical end effector of FIGS. 42-44;

{6051] FIG. 46 is a perspective view of an end effector arrangement with a drive dissngagement assembly;

{0032} FIG. 47 is a partial perspective view of the surgical end effector of FIG. 46 with portions thereof omitted for
clanty and with the proximal drive train portion of the closure systen detached from the distal drove taim portion of the
closure systen;

{0033} FIG. 48 is a partial perspective view of the surgical end effector of FIGS. 46 and 47 with portions thereof
omitted for clarity and with the distal coupler member seated within the slot in the proximal coupler member and the
drive coupler pin removed therefrom;

{0854} FIG. 49 is another partial perspective view of the surgical end effector of FIG. 48 showing portions of the end
effector firing system;

{8038} FIG. 30 is a perspective view of ancther surgical end effector arrangement;

{0056] FIG. 50A 1s an enlarged view of a portion of the surgical end effector of FIG. 30;

{6087} FIG. 51 is a perspective view of a portion of the end effector of FIG. 50 with a portion of the housing omitted
for clarity;

{00381 FIG. 52 is another perspective view of the end effector of FIGS. 30 and 51 with portions of the housing and
closure system omitted for clarity;

{60891 FIG. 53 is another perspective view of the end effector of FIGS. 50-52 with portions of the closure system and
a portion of the housing omitted for clarity;

{0068] FIG. 54 is a perspective view of another end effector that is equipped with a drive disengagement assembly;
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{80611 FIG. 55 is a side elevational view of the end effector of FIG. 34;

{0062] FIG. 56 is a perspective view of a portion of the end effector of FIGS. 54 and 55 with a portion of the end
effector housing omitted for clarity;

{0063} FIG. 57 is another perspective view of the end effector of FIGS. 54-36 with the tool head thereof in a closed
position;

{0064} FIG. 58 is a another partial perspective view of the end effector of FIG. 57 with a portion of the end effector
housing omitted for clarity;

{0063] FIG. 59 is another perspective view of the end effector of FIG. 58 with the drive coupler pin removed;

{8661 FIG. 60 is another perspective view of the end effector of FIG. 59 with the drive coupler pin removed and the
closure drtve beam asserbly moved proximally o open the toof head;

{0067] FIG. 61 is a block diagram of a modular motor driven surgical instrument conprising a handle portion and a
shaft portion;

{0068] FIG. 62 is a table depicting total time fo complete a stroke and load current requirements for various operations
of various device shafls;

{00691 FIG. 63, which is divided into FIGS. 63-A and 63-B, is a detail diagram of the electrical svstem in the handle
portion of the modular motor drven surgical instrument;

j0076] FIG. 64 is block diagram of the electrical system of the handle and shaft portions of the modular motor driven
surgical instrument;

{0071 FIG. 65 illustrates a mechanical switching motion control system to ¢liminate microprocessor control of motor
functions;

{0072] FIG. 66 is a perspective view of a coupling amangement comprising a coupler housing and a pair of sockets
positioned within the coupler housing, according to various embodiments of the present disclosure;

{00731 FIG. 67 is a cross-sectional, perspective view of the coupling arrangement of FIG. 66, depicting a pair of drive
members uncoupled to the pair of sockets and further depicting the coupling arangement in an unlocked configuration,
according to various embodiments of the present disclosure;

{00741 FIG. 68 is a cross-sectional, perspective view of the coupling arrangement of FIG. 66, depicting the pair of
drive mnembers couplad to the pair of sockets and further depicting the coupling arrangement in a locked configuration,
according to various embodiments of the present disclosure;

{00753] FIG. 69 is a cross-sectional, perspective view of the couphing arrangement of FIG. 66, depicting the pair of
drive members coupled to the pair of sockets and further depicting the coupling arrangement in an unlocked
configuration, according to various erbodiments of the present disclosure;

{0076] FIG. 70 is a perspective view of an insert of the coupling amangement of FIG. 66, according to varicus
embodiments of the present disclosure;

{00771 FIG. 71 is a perspective view of a socket of the coupling arrangement of FIG. 66, according to various
embodiments of the present disclosure;

{0078] FIG. 72 is a perspective view of a latch of the coupling arrangement of FIG. 66, according to various
embodiments of the present disclosure;

{00791 FI1G. 73 is g cross-sectional, perspective view of a surgical end effector attachment for use with a surgical

instrument handle, according to various embodimentis of the present disclosure;
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{8088} FIG. 74 is an exploded, perspective view of drive systems of the surgical end effector attachiment of FIG. 73,
according to various embodiments of the present disclosure;

{0083] FIG. 73 is a perspective view of a handle for a surgical instroment, wherein the handle comprises a diive
system having a first output drive asserably and a second output drive assembly, according to various embodiments of
the present disclosure;

{0082] FIG. 76 is a perspective view of the drive system of FIG. 73, according to various embodiments of the present
disclosure;

{PU8B3] FIG. 77 is a cross-sectiongd, elevation view of the handle of FIG. 75, depicting the drive system engaged with
the first output drive assembly and disengaged from the second output drive assembly, according to various
embodirents of the present disclosure;

{6084] FIG. 78 is a cross-sectional, elevation view of the drive system of FIG. 73, depicting the drive system engaged
with the second output drive assembly and disengaged from the first output drive assembly, according to various
embodiments of the present disclosure;

{0083] FIG. 79 is a partial cross-sectional perspective view of a surgical instrument including a rotatable drive shaft, a
closure drive operable by said drive shafl, and a firing drive operable by said drive shaft, wherein the closure drive is
ilfostrated in a parttially open configuration and the firing drive is illustiated in an unfired configuration;

{0086] FIG. 80 is a perspective view of the rotatable drive shaft of FIG. 79;

{00871 FIG. &1 is a partial cross-sectional perspective view of the surgical instrument of FIG. 79 illustrated with the
closure drive in an open configuration and the firing drive in an nnfired configuration;

{00881 FIG. 82 is a partial cross-sectional perspective view of the surgical instronent of FIG. 79 ifhustrated with the
closure drtve in a closed configuration and the firing drive in an unfired configuration;

{00891 FIG. 83 is a partial cross-sectional perspective view of the surgical instrument of FIG. 79 illustrated with the
closure drive in a closed configuration and the firing drive in a fired configuration;

{8098] FIG. 84 is a partial cross-sectional perspective view of the surgical instrument of FIG. 79 illustrated with the
firing drive in a retracted configuration and the closure drive in the process of being re-opened;

{0091] FIG. 85 is a partial cross-sectional view of an end effector and a shaft of a surgical instrument illastrated in a
closed, unfired configuration;

j0092] FIG. 86 is a perspective view of a transniission for operating the surgical instrument of FIG. 85 illustrated ina
configoration which corresponds with the configuration of FIG. 83;

{00931 FIG. 87 is an exploded view of the transmission of FIG. 86;

{00941 FIG. 84 is a partial cross-sectional view of the end effector and the shaft of FIG. 85 ithustrated in an open,
prfired configuration;

{0095] FIG. 89 is a perspective view of the transmission of FIG. 86 illustrated in a configuration which corresponds
with the configuration ilhustrated in FIG. 88;

{80961 FIG. 90 is a partial cross-sectional view of the end effector and the shaft of FIG. 85 illustrated in a closed,
prfired configuration;

{6097 FIG. 91 is a perspective view of the transmission of FIG. 86 illustrated in a configuration which corresponds

with the configuration ilhustrated in FIG. 90;
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{80981 FIG. 92 is a partial cross-sectional view of the end effector and the shaft of FI1G. 85 ithustrated in a closed, fired
configuration;

{0099]  FIG. 93 is a perspective view of the transrission of FIG. 86 illustraied in a configoration which corresponds
with the configuration ilhustrated in FIG. 92;

{01861 FIG. 94 is a perspective view of a surgical siapling instrument 1n accordance with at least one embodiment;
{0101} FIG. 93 is an exploded view of a handle of the surgical stapling instrument of FIG. 94;

{61621 FIG. 96 is an exploded view of an end effector of the surgical stapling instrument of FIG. 94;

{01831 FIG. 97 is a partial perspective view of a motor and gear assembly of the surgical stapling instrnimment of FIG.
94,

{0104] FIG. 98 is a cross-sectional elevational view of the surgical stapling instrument of FIG. 94;

{6165] FIG. 99 is a perspective view of a surgical stapling instrument in accordance with at least one embodiment
illostrated in an open, unlatched condition;

{0106] FIG. 100 is a perspective view of the surgical stapling instrument of FIG. 99 illustrated in a closed, unlatched
condition;

{01677 FIG. 101 is a perspective view of the surgical stapling instrument of FIG. 99 illustrated in a closed, latched
condition;

{0108] FIG. 102 is a plan view of the surgical stapling instrument of FIG. 99;

{0169] FIG. 103 is a cross-sectional view of the surgical stapling instrument of FiG. 99;

{0118] FIG. 104 is a detail cross-sectional view of the surgical stapling instrument of FIG. 99;

{01131 FIG. 105 is an exploded view of a firing drive of the surgical stapling instrument of FIG. 99;

{0112} FIG. 106 1s an exploded view of a closing drive of the surgical stapling instrament of FIG. 99;

{0113] FIG. 107 is a cross-sectional view of a surgical stapling instrament in accordance with at least one embodiment
comprising a handle, a shaft, and an e¢nd effector;

{0114] FIG. 108 is a cross-sectional view of the handle of the surgical stapling instrument of FIG. 107 illustrated in an
open configuration;

{0115] FIG. 109 is a cross-sectional view of the handle of the surgical stapling instrument of FIG. 107 illustrated in a
closed configoration;

{0116] FIG. 110 is a perspective view of the handle of the surgical stapling instrument of FIG. 107 illustrated with
some components removed;

{01177 FIG. 111 is a perspective view of a surgical stapling instrament in accordance with at least one embodiment
comprising a handle and a shaft;

{0118} FIG. 112 is a perspective view of the surgical stapling instrument of FIG. 111 illustrating the handle detached
from the shaft;

{0119} FIG. 113 is an exploded view of the surgical stapling instroment of F1G. 111;

{9128] FIG. 114 is a panial cross-sectional view of the handie of FIG. 111 illusizating a transnyission operably
engaged with a closure system of the surgical stapling instrurment of FIG. 111,

{01231] FIG. 115 is a partial cross-sectional view of the handie of FIG. 111 iHustrating the transmission of FIG. 114
operably engaged with a fining system of the surgical stapling instrument of FIG. 111;

{0122} FIG. 116 is an exploded view of the transmission of FIG. 114;
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{9123} FIG. 117 is a perspective view of a surgical stapling instrument in accordance with at lest one embodiment
illustrated with some components removed and illustrated in an open configuration;

{0124} FIG. 118 is a perspective view of the surgical stapling mnstrument of FIG. 117 ilhusirated with some
compornents removed and itlustrated in a closed configuration;

{01231 FIG. 119 is a perspective view of another end effector arrangement and a staple pack embediment therefor
prior to installing the staple pack into the end effector;

{0126] FIG. 120 is another perspective view of the end effector and staple pack of FIG 119 with the staple pack
installed into the end effector;

{01271 FIG. 121 is another perspective view of the end effector and staple pack of FIG. 120 with the keeper member
of the staple pack removed therefrom;

{01281 FIG. 122 is a perspective view of a shaft assembly attached to a handle of a surgical instrument system in
accordance with at least one embodiment;

{01281 FIG. 123 is a perspective view of the shaft assembly of FIG. 122 illustrated in an articulated configuration;
{0136} FIG. 124 is a perspective view of the shaft assembly of FIG. 122 detached from the handle of FIG. 122;
{0131} FIG. 125 is a partial perspective view of the handle of FIG. 122 illustrated with portions removed for the
purpose of ilustation;

{0132} FIG. 126 is a partial cross-sectional view of the shaft assembly of FIG. 122 illustrated in an unarticulated,
unclosed, and unfired configuration;

{0133]1 FIG. 127 is a partigd cross-sectional view of the shaft assembly of FIG. 122 illustrated in an articulated,
unclosed, and unfired configuration;

{0134] FIG. 128 is a detan] view of a portion of the shaft assembly of FIG. 122 in the configuration depicted in FIG.
127,

{0133) FIG. 129 is a partiad cross-sectional view of the shaft assembly of FIG. 122 in an arficulated, closed, and
unfired configuration;

§0136] FIG. 130 is a partial cross-sectional view of the shaft asserably of FIG. 122 in an ariculated, closed, and
partially-fired configuration;

{81371 FIG. 131 1s a detail view of a portion of the shaft assembly of FIG. 122 in the configuration depicted in FIG.
130;

{0138] FIG. 132 is a cross-sectional view of a handle of a surgical instrament sysiem in accordance with at least one
embodiment, wherein the handle is illustrated in a pistol-grip configuration;

{013%1 FIG. 133 1s a cross-sectional view of the handie of FIG. 132 iHustrating the handle in a wand configuration;
{0148] FIG. 134 is a cross-sectional view of 4 handle of a surgical instrument system comprising electric motors
meovably supporied in the handle in accordance with at least one embodiment; and

{0141} FIG. 135 is a cross-sectional view of the handle of FIG. 134 illustrating the handle in a wand configuration.
{01421 Corresponding reference characters indicate comresponding parts throughout the several views. The
excmplifications set out herein illustrate preferred embodiments of the invention, in one form, and such

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

~3
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DETAILED DESCRIPTION
j0143] Applicant of the present application owns the following patent applications that were filed on even date
herewith and which are each herein tncorporated by reference in their respective entireties:
- U.S. Patent Application Serial No. entitled SURGICAL APPARATUS CONFIGURED TO
TRACK AN END-OF-LIFE PARAMETER; Attorncy Docket No. END7539USNP/140464;
- U.S. Patent Application Serial No.  _entitled SURGICAL INSTRUMENT SYSTEM
COMPRISING AN INSPECTION STATION; Attorncy Docket No. END7342USNP/140467;
- U.S. Patent Application Serial No. entitled SURGICAL APPARATUS CONFIGURED TO
ASSESS WHETHER A PERFORMANCE PARAMETER OF THE SURGICAL APPARATUS IS WITHIN AN
ACCEPTABLE PERFORMANCE BAND; Attorney Docket Mo, END7S47USNP/140472:
- U.S. Patent Application Senal No. , entitfed SURGICAL CHARGING SYSTEM THAT
CHARGES ANEYOR CONEMTIONS ONE OR MORE BATTERIES; Attorney Docket No. END7545USNP/14047¢;
~ U.S. Patent Application Serial No. , entitled CHARGING SYSTEM THAT ENABLES
EMERGENCY RESOLUTIONS FOR CHARGING A BATTERY; Attormey Docket Mo, END75431U SNP/140468;
- U.S. Patent Application Serial No. , entitfed SYSTEM FOR MONITORING WHETHER A
SURGICAL INSTRUMENT NEEDS TO BE SERVICED; Attorney Docket No. END7S58USNP/140483;
~ U.S. Patent Application Serial No. , entitled REINFORCED BATTERY FOR A SURGICAL
INSTRUMENT; Aitorney Docket No. END7551LISNP/140476;
- U.S. Patent Application Serial No. .~ entitled POWER ADAPTER FOR A SURGICAL
INSTRUMENT, Attorney Docket No. END7S53USNP/146478; and
- U.S5. Patent Application Serial No. ~ entitled ADAPTABLE SURGICAL INSTRUMENT
HANDLE; Attomey Bocket No. END754 1USNP/140466.
{0144}  Applicant of the present application owns the following patemt applications that were filed on December 18,
2014 and which are each herein incorporated by reference in their respective entireties:
- U.5. Patent Application Serial Mo. 14/574 478, entitied SURGICAL INSTRUMENT SYSTEMS
COMPRISING AN ARTICULATABLE END EFFECTOR AND MEANS FOR ADJUSTING THE FIRING STROKE
OF A FIRING;
~ U.S. Patent Application Serial No. 14/574,483, entitled SURGICAL INSTRUMENT ASSEMBLY
COMPRISING LOCKABLE SYSTEMS;
- U.S. Patent Application Serial No. 14/575,139, 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 Senal 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. Paicnt Application Serial No. 14/575,143, entitied SURGICAL INSTRUMENTS WITH IMPROVED
CLOSURE ARRANGEMENTS:
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- U.S. Patent Application Senal No. 14/575,117, entitled SURGICAL INSTRUMENTS WITH
ARTICULATABLE END EFFECTORS AND MOVABLE FIRING BEAM SUPPORT ARRANGEMENTS;
- U.S. Patent Application Serial No. 14/575,154, entitled SURGICAL INSTRUMENTS WITH
ARTICULATABLE END EFFECTORS AND IMPROVED FIRING BEAM SUPPORT ARRANGEMENTS;
~ 1.5, Patent Application Serial No. 14/574,493, entitled SURGICAL INSTRUMENT ASSEMBLY
COMPRISING A FLEXIBLE ARTICULATION SYSTEM: and

- U.5. Patent Application Senial No. 14/574,500, entitled SURGICAL INSTRUMENT ASSEMBLY

COMPRISING A LOCKABLE ARTICULATION SYSTEM.

{0145]  Applicant of the prosent application owns the following patent applications that were filed on March 1, 2013
and which are each herein incorperated by reference in their respective entireties:

- U.5. Patent Application Sernal No. 13/782,293, entiticd ARTICULATABLE SURGICAL INSTRUMENTS
WITH CONDUCTIVE PATHWAYS FOR SIGNAL COMMUNICATION, now U.S. Patent Application Publication
No. 2014/0246471;

- U.5. Patent Application Serial No. 13/782.323, entitled ROTARY POWERED ARTICULATION JOINTS
FOR SURGICAL INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0246472;

- U.S. Patent Application Serial No. 13/782,338, entitled THUMBWHEEL SWITCH ARRANGEMENTS FOR
SURGICAL INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0249357,

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

~ 11.S. Patent Apphication Sexial No. 13/782,460, entitled MULTIPLE PROCESSOR MOTOR CONTROL FOR
MODULAR SURGICAL INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0246478;

- U 8. Patent Application Serial No. 13/782,358, entitled JOYSTICK SWITCH ASSEMBLIES FOR
SURGICAL INSTRUMENTS. now U.S. Patent Application Publication No. 2014/0246477;

~ 11.S. Patent Apphcation Serial No. 13/782,481, entitled SENSOR STRAIGHTENED END EFFECTOR
DURING REMOVAL THROUGH TROCAR, now U.S. Patent Application Publication No. 2014/0246479;

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

INSTRUMENTS WITH REMOVABLE IMPLEMENT BORTIONS, now U.S. Patent Application Peblication No.
2014/0246475;

- U.5. Patent Application Serial No. 13/782,375, entithed ROTARY POWERED SURGICAL INSTRUMENTS
WITH MULTIPLE DEGREES OF FREEDOM, now U.S. Patent Application Publication No. 2014/0246473; and
- ULS. Patent Application Serial No. 13/782,536, entitied SURGICAL INSTRUMENT SOFT STOPR, now 1.8,

Patent Application Publication Neo. 2014/0246476.
{0146]  Apphicant of the present application also owns the following patent applications that were filed on March 14,

2013 and which are each herein incorporated by reference in their respective entiretios:

~ 1.5, Patent Application Serial No. 13/803,097, entitled ARTICULATABLE SURGICAL INSTRUMENT
COMPRISING A FIRING DRIVE, now U.8. Patent Application Pablication No. 2014/0263542;
- U.S. Patent Application Serial No. 13/803,193, entitied CONTROL ARRANGEMENTS FOR A DRIVE

MEMBER OF A SURGICAL INSTRUMENT, now U.S. Patent Application Publication No. 2014/0263537;
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- 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.5. Patent Application Serial No. 13/8¢3 086, entitied ARTICULATABLE SURGICAL INSTRUMENT
COMPRISING AN ARTICULATION LOCK, now U.S. Patent Application Publication No. 2014/0263541;

~ 11.S. Patent Apphcation Serial No. 13/803,210, entitied SENSOR ARRANGEMENTS FOR ABSOLUTE
POSITIONING SYSTEM FOR SURGICAL INSTRUMENTS, now U.S. Patent Application Publication No.
2G14/6263538;

- U S, Patent Apphication Serial No. 13/803,148, entitled MULTE-FUNCTION MOTOR FOR A SURGICAL
BNSTRUMENT, now U.S. Patent Application Publication Neo. 2014/0263554;

- U.S. Patent Application Serial No. 13/803 066, entitled DRIVE SYSTEM LOCEOUT ARRANGEMENTS
FOR MODULAR SURGICAL INSTRUMENTS, now U.S. 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. 13/8¢3 130, entitied DRIVE TRAIN CONTROL ARRANGEMENTS FOR
MODULAR SURGICAL INSTRUMENTS, now 1.8, 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.

{0147}  Apphcant of the present application also owns the following patent application that was filed on March 7,
2014 and is herein incorporated by reference in its entirety:

~ 1.5, Patent Application Serial Neo. 14/200,111, entitled CONTROL SYSTEMS FOR SURGICAL
INSTRUMENTS, now U.S. Patent Application Publication No. 2014/0263539.

{01481  Apphicant of the present application also owns the following patent applications that were filed on March 26,
2014 and are each herein incorporated by reference in their respective entireties:

~ 11.S. Patent Apphcation Serial No. 14/226,106, entitied POWER MANAGEMENT CONTROL SYSTEMS
FOR SURGICAL INSTRUMENTS;

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

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

- U.5. Patent Application Sexial Mo. 14/226,117, entitled POWER MANAGEMENT THROUGH SLEEP
OPTIONS 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.5. Patent Application Sernal No. 14/226,003, entitled FEEDBACK ALGORITHMS FOR MANUAL
BAILOUT SYSTEMS FOR SURGICAL INSTRUMENTS;

~ 11.S. Patent Apphcation Serial No. 14/226,116, entitied SURGICAL INSTRUMENT UTILIZING SENSOR
ADAPTATION;

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

10
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- U.S. Patent Application Serial No. 14/226,097, entitled SURGICAL INSTRUMENT COMPRISING
INTERACTIVE SYSTEMS;

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

~ 11.S. Patent Apphcation Serial No. 14/226,133, entitied MODULAR SURGICAL INSTRUMENT S5YSTEM;
- U.S. Patent Application Serial No. 14/226 081, entitled SYSTEMS AND METHODS FOR CONTROLLING
A SEGMENTED CIRCUIT,

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

- U.S. Patent Application Serial No. 14/226.111, entitled SURGICAL STAPLING INSTRUMENT SYSTEM;
and

- U.S. Patent Application Serial No. 14/226,125, entitled SURGICAL INSTRUMENT COMPRISING A
ROTATABLE SHAFT.

{0149}  Applicant of the present application alse owas the following patent applications that were filed on Septeraber
5, 2014 and which are each herein incomporated by reference in their respective entireties:

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

- U 8. Patent Application Serial No. 14/479,119, entitled ADJUNCT WITH INTEGRATED SENSORS TO
QUANTIFY TISSUE COMPRESSION;

~ 11.S. Patent Apphication Serial No. 14/478,908, entitied MONITORING DEVICE DEGRADATION BASED
ON COMPONENT EVALUATION;

- U.5. Patent Application Serial No. 14/478,8935, entitled MULTIPLE SENSORS WITH ONE SENSOR
AFFECTING A SECOND SENSOR'S QUTPUT OR INTERPRETATION;

~ 1.5, Patent Application Serial No. 14/479,110, entitled USE OF POLARITY OF HALL MAGNET
DETECTION TO DETECT MISLOADED CARTRIDGE,

- U.S. Patent Application Serial No. 14/479,098, entitied 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
STABBLIZATION.

{0158]  Apphlicant of the present application also owns the following patent applications that were filed on April 9,
2614 and which are each herein incorporated by reference in their respective entiretics:

- U.S. Patent Application Serial No. 14/248,590, entitied 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 FROM THE SAME ROTATABLE OUTPUT, now U.S.
Patent Application Publication No. 2014/0303989;

i1
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- 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.5. Patent
Application Publication No. 2014/0305988;

- U.S. Patent Application Serial No. 14/248 583, entitled POWERED LINEAR SURGICAL STAPLER, now
U.S. Patent Application Publication No. 2014/0309666,

- U.8. Patent Application Serial No. 14/248 591, entitled TRANSMISSION ARRANGEMENT FOR A
SURGICAL INSTRUMENT, now 11.5. Patent Application Publication No. 2014/0305991;

- 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.5. Patent Application Publication No. 2014/030599%4;

- U.5. Patent Application Sernial No. 14/248,587, entitled POWERED SURGICAL STAPLER, now U.5. Patent
Application 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 Poblication No. 2014/0305%990; and

- U.S. Patent Application Serial No. 14/248,607, entitled MODULAR MOTOR DRIVEN SURGICAL
INSTRUMENTS WITH STATUS INDICATION ARRANGEMENTS, now U.5. Patent Application Publication No.
2014/6305992.

{0151}  Apphicant of the present application also owns the following patent applications that were filed on April 16,
2013 and which are each herein incorporated by reference in their respective entiretios:

~ 1.5, Provisional Patent Application Senal No. 61/812,365, entitled SURGICAL INSTRUMENT WITH
MULTIPLE FUNCTIONS PERFORMED BY A SINGLE MOTOR:

- U.8. Provisional Patent Application Serial No. 61/812.376, entitled LINEAR CUTTER WITH POWER;

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

- U.5. Provisional Patent Application Serial No. 61/812.385, entithed SURGICAL INSTRUMENT HANDLE
WITH MULTIPLE ACTUATION MOTORS AND MOTOR CONTROL; and

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

{0152) Certain exemplary embodimenis will now be described to provide an overall onderstanding of the principles of
the structure, function, manufacture, and use of the devices and methods disclosed herein. One or more examples of
these embodiments are ilustrated in the accompanying drawings. Those of oxdinary skill in the art will undersiand that
the devices and methods specifically described herein and ilustrated in the accompanying drawings are non-limiting
excmplary embodiments and that the scope of the various embodiments of the present invention is defined solely by the
claims. The features illustrated or described in connection with one exemplary embodiment may be combined with the
features of other embodiments. Such modifications and variations are intended to be included within the scope of the
present invention.

33 4

{6183] Reference throughout the specification to “various embodiments,” “some embodiments,” “one embodiment,”

or “an embodiment”, or the like, means that a particular feature, structure, or characteristic described in connection with

the embodiment is included in at least one embodiment. Thus, appearances of the phrases “in various embodiments,”
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“in some ernbodiments,” “in one embodirnent”, or “in an exwbodiment”, or the Hke, in places throughout the
specification are not necessarily all referring to the same embodiment. Furthermore, the particular features, strctures,
or chatacteristics may be combined in any suitable manner in one or more embodiments. Thes, the particolar features,
structures, or characteristics illustrated or described in connection with ong embodiment may be combined, in whole or
in part, with the features structures, or characteristics of one or more other embodiments without Hmitation. Such
modifications and varations are intended to be included within the scope of the present invention.

{0154] The terms “proximmal” and “distal” are used herein with reference 1o a clinician manipulating the handle pottion
of the surgical instroment. The term “proximal” referring fo the portion closest to the clinician and the term “distal”
referring to the portion located away from the chinician. It will be further appreciated that, for convenience and clarity,
spatial terms such as “vertical”, “horizontal”, “up”, and “down” may be used herein with respect to the drawings.
However, surgical instruments are used in many ornentations and positions, and these teoms are not intended to be
{imiting and/or absolute.

{0153] Varnious exemplary devices and methods are provided for performing laparoscopic and minimally invasive
surgical procedures. However, the person of ordinary skill in the art will readily approciate that the vadous methods
and devices disclosed herein can be used in numerous surgical procedures and applications including, for example, in
connection with open surgical procedures. As the present Detailed Description proceeds, those of ordinary skill in the
art will further appreciate that the various instninments disclosed herein can be inserted into a body in anv way, such as
through a natuzal orifice, through an incision or punctore hele formed in tissue, etc. The working portions or end
effector portions of the instniuments can be inserted directly into a patient’s body or can be inserted through an access
device that has a working channel through which the end effector and elongated shaft of a surgical instrument can be
advanced.

{6186] Turning to the Drawings wherein like numerals denote like components throughout the several views, FIG. 1
depicts a modular surgical instrument systern generally designated as 2 that, in one form, includes a motor driven
surgical instroment 10 that may be used in connection with a variety of surgical end effectors such as, for example, end
effectors 1600, 2000 and 3000. In the Hustrated embodirent, the motor driven sorgical ynstruinent 10 includes a
housing 12 that consists of a handle 14 that is configured to be grasped, manipulated and actuated by a clinician. As the
present Detailed Description proceeds, it will be undersiood that the varions gnigque and novel drive sysiem
arrangements depicted in connection with handle 14 as well as the various end effector arrangements disclosed herein
may also be effectively employed in connection with robotically-controled surgical systems. Thes, the term “housing”
may also encompass a housing or sintlar portion of a robotic system that may house or otherwise operably support
various forms of the drive sysiems depicted herein and which may be configured to generate control motions which
could be used to actuate the end effector arrangements described herein and their respective equivalent structures. The
term “frame” may refer io a portion of a handheld surgical instrument. The term “frame”™ may alse represent a portion
of a motor driven syster or a robotically controlled surgical instrurment and/or a portion of the rohotic system that may
be used to operably control a surgical instrument. For example, the drive system arrangements and end effector
arrangerments disclosed herein may be employed with various roboetic systems, instraments, components and methods
disciosed in U.S. Patent Application Serial No. 13/118,241, entitled SURGICAL STAPLING INSTRUMENTS WITH
ROTATABLE STAPLE DEPLOYMENT ARBANGEMENTS, now U.5. Patent Application Publication No.

2012/0298719 which is hereby incorporated by reference herein in its enfirety.
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{9157} Referdng now to FIGS. 2-5, the handle 14 may comprise a pair of handle housing segments 16 and 18 that
mayv be interconnected by screws, snap features, adhesive, etc. In the illusirated arrangement, the handle housing
segments 16, 18 cooperate to form a pistol grip portion 19 that can be gripped and manipulated by the clinician, As will
be discassed 1 further detai! below, the handle 14 operably supports two rotary drive systems 20, 40 therein that are
configured to gencrate and apply various contrel motions to corresponding drive shaft portions of a particular end
effector coupled thereto. The first rotary drive system 20 may, for example, be emploved to apply “closure”™ motions to
a comesponding closure drive shaft arrangement that is operably supported in an end effector and the second rotany
drive systern 40 may be employed to apply “firing” motions to a corresponding firing drive shaft arrangement in the end
¢ffector that is coupled thersto.

{0158] The first and second rotary drive systerns 20, 40 are powerad by a motor 80 through a unigque and novel
“shiftable” transmission assembly 60 that cssentially shifts power/motion between two power trains. The first rotary
drive system 20 includes a first rotary drive shaft 22 that is rotatably supported in the housing 12 of the handie 14 and
defines a first drive shaft axis “FDA-FDA”. A first drive gear 24 is keved onto or otherwise non-rotatably affixed to the
first otary drive shaft 22 for rotation therewith about the first drve shafi axis FDA-FDA. Similarly, the second rotary
drive system 40 inchides a second rotary drive shaft 42 that is rotatably supported in the housing 12 of the handle 14
and defines a second drive shafi axis “SDA-SDA”. In atl least one arrangement, the second drive shaft axis SDA-SDA
is offset from and paralle] or is substantially parallel to the first drive shaft axis FDA-FDA. As used in this context, the
term “offset” means that the first and second drive shaft axes are not coaxial for example. The second rotary drive shaft
42 has a second drive gear 44 keved onto or otherwise non-rotatably affixed to the second drive shaft 42 for rotation
therewith about the second drive shaft axis SDA-SDA. In addition, the second drive shaft 42 has an intcrmediate drive
gear 46 rotatably journaled thereon such that the intermediate drive gear 46 is freely rotatable on the second rotary drive
shaft 42 about the second drive shaft axis SDA-SDA.

{0159] Referring to FIGS. 2-5, in one form, the motor 80 includes a motor cutput shaft 81 that has a motor drive gear
82 non-rotatably attached thereto. The moior duve gear 82 is configured for intermeshing “operable” engagement with
the transmission assembly 60 as will be discussed in further detail below. In at least one form, the transmission
assembly 60 includes a transmission carriage 62 that is supported for axial travel between the drive gear 82 and gears 44
and 46 on the second wotary dave shafi 42, For example, the ransmission carriage 62 may be shidably joumaled on a
support shaft 63 that is mounted within the housing 12 on a shaft mount 61 such that the line of action of the
transmission carriage is perpendicular to the gear tratns of the rotary drive systerms. The shaft mount 61 is configured to
be rigidly supported within slots or other features within the housing 10. The transmission carriage 62 includes a
carniage gear 64 that is rotatably supporied on the suppoxt shaft 63 and is configured for selective meshing engagement
with gears 44 and 46 while in driving engagement with drive gear 82. In the arrangement depicted in FIGS. 2-5, the
transmission carriage 62 is operably attached to a shifier or a “means for shifting” 70 that is configured 1o axially shift
the transmission carriage 62 between a “first drive position” and a “second drive position”. In one form, for example,
the means for shifting 70 includes a shifter solencid 71 that is supported within the housing 12 of the handle 14, The
shifter solenoid 71 may comprise a bi-stable solenoid or, for example, may comprise a “dual position, spring loaded”
selenoid. The illustrated arrangement, for exanyple, includes a spring 72 that biases the transmission carriage 62 in the
distal direction “DD” to the first drive position wherein the carriage gear 64 1s in meshing engagement with the

intermediate drive gear 46 while also in meshing engagement with the drive gear 82. When in that first drive position,
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activation of the motor 80 will result in rotation of gears 82, 46 and 24 which will ultimately resolt in rotation of the
first drive shaft 22, As will be further discussed herein, the shifter solenoid 71 may be actuated by a firing trigger 90
that is pivotally supported on the hoosing 12 of handle 14 as shown in FIGS. 2 and 5. In the iltustrated embodiment, the
firing trigger 90 is pivotally supported on a firing frigger shaft 92 mounted in the handle 14, The firing trigger 90 is
normally biased in an unactaated position by a fining trigger spring 94. See FIG. 3. The firing trigger 90 is mounted for
operable actuation of a firing switch 96 that is operably supported on a control circuit board assembly 100, Inthe
illustrated arangement, actuation of the firing trigger 90 results in the actuation of the shifier selenocid 71, As described
in more detail hereinbelow in connection with FIGS. 61, 63, 64, the handle processor 7024 provides the drive signal to
shifier solenoid 7032 (71). With reference now back to FIGS. 2-5, thus, actuation of the firing trigger 90 will result in
the shifter solenoid 71 pulling the transmission carage 62 in the proximal direction “PD™ to thereby move the carriage
gear 64 into meshing engagement with the second drive gear 44, See FIG. 7. Actuation of motor 80 when the carriage
gear 64 15 in meshing engagement with the drive gear 82 and the second drive gear 44 will resolt in the rotation of the
second drive shaft 42 about the second drive shaft axis “SDA”. As can also be seen in FIGS. 2-3, the shiftable
transmission assembly 66 may alse inchude an indicator system 74 that inchudes a pair of swiiches 75 and 76 that are
operably coupled to the control board 100 as well as a transmission indicator light 77. The switches 75, 76 serve fo
detect the position of the transmission carriage 62 which results in the control syster actuating the indicator hght 77
depending upon the position of the transmission carriage 62. For example, the indicator light 77 may be energized
when the transnussion carriage 62 is in the first drive position. This provides the clinician with an indication that
actuation of the motor 80 will result in the actuation of the first drive system 20.

{01661 Various surgical instroments disclosed herein may also include a transndssion assembly 60 that is
substantially identical to transmission assermbly 60, but also include a locking asserubly or means (generally designated
as 63) for locking the first and second ddve systems 26, 40 to provent their inadvertent actuation when they are not
intended to be actuated. For example, FIG. 6A illustrates an altemative transmission carriage 62° that includes a first
the transmission cartiage 62 that is located for intermeshing engagement with the second drive gear 44 when the
carriage gear 64 is in driving engagement with the infermediate gear 46 (i.c., when the transmission assembly 60 is in
the first drive position). See FIG. 6B. Thus, when the transmission assembly 607 15 in the first drive position, the first
drive lock 66 is in meshing engagement with the second drive gear 44 and prevents relative rotation thereof while the
first drive shaft 22 is rotated in the above-described manner. Likewise, when the transmission asseimbly 607 is in the
second drive position (i.e., the carriage gear 64 is in meshing engagement with the second drive gear 44), the second
drive lock 68 is in meshing engagernent with the intermediate drive gear 46. See FIG. 6C. Thos, when the transmission
assembly 60° is in the second drive position, the second drive lock 68 prevents the imtermediate gear 46 from rotating
which also prevents the first drive gear 24 from rotating.  As such, when the clinician operates the motor 80 fo actuate
the first drive system 20, the second drive system 40 is locked in position. Likewise, when the clinician actuates the
second drive system 40, the first drive system 20 is locked in position,

{0161} The control system for the motor 80, as described hereinbelow in connection with FIGS. 61, 63, 64, may be
programmed in such a way that it always stops in an orientation when one tooth of gears 42, 44 remains vertical or other
defined position depending vpon the orientation of the other matching gear. This feature will serve to avoid any

interference between the gear teeth while shifting. When shifting, the locking members also shift and locks the position
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of the non-rofating gear tratn. When employed in connection with an end effector that includes a cartridge/anvil
arrangement or other clamping configuration, another advantage gained by locking the non-rotating (i.c., non-powered)
gear train is the retention of the clamp/anvil in a stable position while firing.

{0162} The motor 80 may be a DC brushed driving motor having a maximum rotation of, approximately, 25,000
RPM, for example. In other arrangements, the motor may inchude a brushless motor, a cordless motor, a synchronous
motor, a stepper motor, or any other suitable electric motor, ncluding motors which can be autoclavable. The motor 80
may be powered by a power source 84 that in one form may comprise a power pack 86 that is removably stored in the
handle 14. As can be seen in FIGS. 2-5, for example, the power pack 86 may be removably housed within the pistol
grip portion 19 of the handle 14. To access the power pack 86, the clinician removes a removable cap 17 that is
attached to the pistel grip portion 19 as shown. The power pack 86 may operably support a plurality of batteries (not
shown) therein. The batterics may each comprise, for example, a Lithium fon (“LI7) or other suitable batterv. The
power pack 86 is configured for removable operable attachment to the control circuit board assernbly 100 which is also
operably coupled to the motor 80 and mounted within the handle 14. A number of batteries mayv be connected in series
may be used as the powet sonrce for the surgical mstrument. {n addition, the power sovrce 84 may be replaceable
and/or rechargeable and, in at least one instance, can include CR123 batteries, for example. The motor 80 may be
actuated by a “rocker-trigger” 116 that is pivotally mounted o the pistol grip portion 19 of the handle 14, The rocker
trigger 110 is configured to actuate a first motor switch 112 that is operably coupled to the control board 100, The first
motor switch 112 may comprise a pressure switch which is actuated by pivoting the rocker trigger 1190 into contact
therewith. Actuation of the first motor switch 112 will result in actuation of the motor 80 such that the drive gear 82
rotates in a first otary direction. A second motor switch 114 is also attached to the cirenit board 100 and mounted for
selective contact by the rocker trigger 110, Actuation of the second motor switch 114 will result in actuation of the
motor 80 such that the drive gear 82 is rotated in a second direction. For exaniple, 1n use, a voltage pelarnity provided by
the power source 84 can operate the electric motor 80 in a clockwise direction wherein the voltage polarity applied to
the electric motor by the battery can be reversed in order to operate the electric motor 80 in a counter-clockwise
direction. As with the other forms described herein, the handle 14 can also inclode a sensor that is configured fo detect
the directions in which the drive svstems are being moved. One particular implementation of the motor 80 is described
hereinbelow in connection with FIGS. 61, 63, 64 where a brushless DC moitor 7038 is described. DC motor 7038 can
be autoclavable.

{0163} FIGS. 8-12 illustrate ancther form of surgical instrument 1¢° that may be identical to surgical tnstrument 10
except for the differences noted below. Those components of surgical instrument 107 that are the same as the
components in the surgical mstoument 10 descrbed above will be designated with the same clement nombers, Those
components of surgical instrument 107 that may be similar in operation, but not identical to corresponding components
of surgical instroment 10, will be designated with the same component numbers along witha “”” orinsome cases &«
As can be seen in FIG. 8, for example, the first drive shaft axis “FIDA” is offset from and parallel with or is substantially
parallel with the second drve shaft axis “SDA”. Referring primarily to FIG. 9, for example, the transmission assembly
60 and, more specifically, the transmission carriage 627 is manually shiftable by a linkage assenmbly 120 that is opembly
attached to the firing trigger 90°. As can be seen in that Figure, for example, the inkage assembly 120 includes a first
transmission link 122 that is pivotally coupled to the firing trigger 907 and extends axially to be pivotally coupledto a

transmission yoke 124. The transmission voke 124 is movably pinned to the transmission carriage 627, Thus, actuation
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of the fining irigger 90° results in the axial movement of the transmission cartage 627, 1t will therefore be anderstocd
that the linkage assembly 120 essentially performs similar actuation motions fo those performed by the shifter solenoid
71 that was described above. As uvsed in the context of this embodiment with respect to moverent of the transmission
carriage 627, the term “manually shiftable”™ refers to moving the transmission carniage between the first and second
drive posttions without the use of electricity or other power means other than depressing the firing trigger 907

{0164] As can also be seen in FIGS. 8-12, the second drive gear 44° is spaced apart from the intermediate gear 46° on
the second drive shaft 427 by a spacer 45, The second drive gear 447 is keyed onto or otherwise non-rotatably affised to
the second drive shaft 42°, while the intermediate drive gear 46° is rotatably journaled on the second drive shaft 42° for
free rotation relative thereto. In one form, for example, a distal dove gear 130 is supported in meshing engagement with
the intermediate drive gear 46°. Similardy, a proximal drive gear 136 is supported in meshing engagement with the
second drive gear 44°. In this arrangement, however, the transndssion carriage 627 also includes a centrafly-disposed,
transiission gear assembly 140 that is operably altached o the transmission carriage 62” Tor axial travel therewith, Sall
referring to FIGS. 8-12, the transmission gear assembly 140 includes a cenirally-disposed shifter drive gear 142 that is
in shidable meshing engagement with the motor drive gear 82, Thus, rotation of motor drive gear 82 results in rotation
of the shifter drive gear 142. In addition, a proximally extending, conically-shaped drive gear 144 is coupled to the
shifter drive gear 142 and is configured for selective meshing engagement with a proximal gear socket 146 that 1s
attached to the proximal drive gear 136, Likewisc a distally extending, conically shaped drive gear 148 is configured
{01631 When the clinician desires to actuate the first drive system 20, the clinmician moves the finng trigger 90 to
axially move the transnussion gear assembly 140 to bring the distally extending conically-shaped duve gear 148 into
seated meshing engagement with the distal gear socket 150 that is attached to distal drive gear 130, See FIGS. 8-10.
When in that pesition, operation of moter 80 will result in the rotation of motor drive gear 82, shifter drive gear 142,
distal drive gear 130, intermediate droive gear 46°, the first drive gear 24 and the first drive shaft 22. When the clinician
desites t0 actuate the second drive system 40, the clinician moves the firing trigger 907 to the position shown in FIGS.
11 and 12 to thereby bring the proximally extending comically-shaped drive gear 144 into seated meshing engagement
with the proximal gear socket 146 that is attached to the proximal drive gear 136. When in that position, operation of
meior 80 will result in the wotation of drve gear 82, shifier drive gear 142, proximal drive gear 136, the second drive
gear 44" and the second drive shaft 42°. As can also be seen in FIGS. 8-12, sensors 152 and 154 may be emploved to
detect the position of the transraission cartiage 627 as will be discussed in forther detail below. For example, the
sensors 152 and 154 may be implemented using the Hall effect sensors 7028 described hereinbelow in connection with
FIGS. 61, 63, 64.

{0166} FIGS. 13-16 ilustrate another form of moter driven surgical instrument 310 that may be identical fo surgical
instrument 10 except for the differences noted below. Those components of surgical instrument 310 that are the same
as the components 1 the surgical nstrument 10 described above will be designated with the same ¢lement nambers. In
this arrangement, the first and second drive systems 20, 40 are powered by motor 86 through a unique and novel
“shiftable” transmission assembly 360. The first drive system 20 includes a first drive shaft 22 that has a first drive
pulley 324 keved thereon or otherwise non-rotatably affixed thereto. Similarly, the second drive system 40 inchudes a

second drve shaft 42 that has a second drive pulley 344 keved thereon or otherwise non-rotatably thereto. As can be
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seen in FI1G. 14, for example, the first drive shaft axis “FIDA” 15 offset from and parallel with or is substantially parallel
with the second drive shaft axis “SDA”.

{0167} Still referring to FIGS. 13-16, in one form, the mector 80 inchides a first motor polley 382 that is non-rolatably
attached to the shaft of the motor 80. The first motor pulley 382 drives a first drive belt 385 that is received on the first
drive pulley 324. In addition, a second motor pulley 384 is non-rotatably mounted to the motor shaft and operably
supports a second drive belt 387 thereon. The second drive belt 387 is also received on the second drive pulley 344 on
the second drive shaft 42. The first and second drive belts 385, 387 may comprise V-belts, for example.

{0168] The instrument 310 also inchudes a transmission assernbly 360 that inchides a transruission carnage 362 that is
sapported for axial travel within the instroment housing. The transmission cartage 362 operably interacts with an idler
carriage 374 that is supported to move laterally in response to contact with transniission carriage 362 as the transmission
catriage 362 is moved axially by the shifter solenoid 71. The idler carriage 374 inchades a first idler pulley 375 and a
second idler pulley 376 moonted thereon. In the lusirated arrangement, the spring 72 biases the transmission camriage
362 in the distal direction “DD” to a first drive position wherein the fransmission carriage 362 causes the idler carnage
374 1o move in a first lateral direction “FLD™ which causes the first idler pulley 375 to remove the slack from the first
drive belt 385, When in that position, the second idler pulley 376 is located out of engagement with the second drive
belt 387, Thus, eperation of motor 80 will result in the rotation of the first drive shaft 22, Althoogh the second motor
pulley 384 will also be rotated when the motor 80 is activated, the slack in the second drive belt 387 prevents that rotary
metion from being transferred to the second drive pulley 344, Thus, no 1otary motion is iransferred to the second drive
system 40. As discussed above, the shifter solenoid 71 may be actuated by the firing trigger 90. However, in
alternative arrangements, the shifter solenoid 71 mav also be replaced by a manually actuatable linkage assembly of the
type described above, for example. In the illustrated arrangerent, actuation of the fining tigger 90 will result in the
shifter solencid 71 pulling the transmission camriage 362 in the proximal direction “PI¥ io thereby laterally displace the
idler carriage 374 in a second lateral divection “SLD” to bring the second idler 376 into contact with the second drive
belt 387 to remove the slack therefrom. Such lateral movement of the idler carriage 374 also moves the first idler 375
out of eugagement with the first drive belt 385 to perrait the first drive belt 385 to slacken. Thus, when in such second
drive position, actuation of the motor 80 results in the actuation of the second drive system 40. The slack in the first
drive belt 385 prevents the rotary motion from being transferred to the fixst drive system 20.

j016%9] The transmission assenbly 360 may provide several distinct advantages. For example, the use of V-belts
elirainates meshing gears or gear alignments with a clotch. Furthemore, such transmission arangement may be
activated or deactivated under load. In addition, the transmission assembly 360 requires little displacement to disengage
and engage.

{0179} FIGS. 17-21 ilustrate another form of moter driven surgical instrument 410 that may be identical fo surgical
instrument 10 except for the differences noted below. Those components of surgical instrument 410 that are the same
as the components 1 the surgical nstrument 10 described above will be designated with the same element nombers. In
this arrangement, the first and second drive systems 20, 40 are powered by motor 480 through a vnigue and novel
“shiftable” transmission assembly 460, The first drive system 20 includes a first drive shaft 22 that has a first drive
pulley 424 keved thereon or otherwise non-rotatably affixed thereto. Similarly, the second drive system 40 inchudes a

second drive shaft 42 that has a second drive puliey 444 keved thereon or otherwise non-rotatably fixed thereto. As can
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be scen in FIG. 18, for example, the first dove shaft axis “FDA” is offset from and paralle]l with or is substantially
parallel with the second drive shaft axis “SDA”.

{01731 Referring now to FIG. 19, inone form, the motor 480 inchudes a splined doive shaft 481 that is adapted to
slidably engage a transmission shaft assembly 490 that is configured to interact with a transmission carriage 462 such
that axial movement of the transmission camriage 462 resulis in axial movement of the transmission shaft assembly 490
on the splined drive shaft 481, As canbe seen in FIG. 19, the transmission shaft assembly 490 has a splined bore 491
therein for slidably and operably receiving the splined drive shaft 481 therein. In addition, a distal engagement collar
4972 is formed on a distal end of the transmission shaft assembly 490, The distal engagement collar 492 is configured
with an anmular groove 493 that is configured o receive therein two opposed voke rods 463 that are attached to a voke
portion 464 of the transmission carriage 462. Such arrangerient serves to couple the transmission carriage 462 to the
transmission shaft assembly 490 while permitting the transmission shaft assembly 490 to wotate relative to the
fransmission cartiage 462

{01721 Sall referring to FIG. 19, a first motor pulley 482 is configured for selective driving engagement with the
transmission shaft assembly 490. As can be seen 1n FIG. 19, for example, the transmission shaft asserbly 490 has a
bearing collar 494 formed on the proximal end thereof that is sized to be slidably and rotatably received within bore 483
in the first motor pulley 482, In addition, the first motor pulley 482 alse includes a star-shaped proximal drive cavity
488 that is adapted to meshingly engage a complementary-shaped drive portion 495 formed on the transmission shaft
assenibly 490. The first motor pulley 482 drives a first drive belt 485 that is also received on the first drive pulley 424,
The surgical instrument 410 also includes a second motor pulley 484 that has a star-shaped bore 489 that is configured
to meshingly engage the drve portion 495 of the transmission shaft assembly 490 thersin. A second motor pulley 484
operably supports a second drive belt 487 thercon that is also received on the second drive pulley 444,

{61731  Asindicaied above, the instrument 410 also inchxdes a transmission assembly 460 that includes a transmission
carriage 462 that is supported for axial travel within the instrument housing. The transrission carriage 462 operably
imteracts with fransmission shaft assembly 490 1o also move the transnssion shaft assembly 490 axially while the
transmission shaft assembly 490 remains engaged with the maotor shaft 481, FIG. 20 ithistrates the shifter solenoid 71
in the unactuated position. As can be seen in that Figure, the transmission carriage 462 has moved the transmission
shaft asserably 490 to its proximal-most position which may also be referred to as the “first drive position” wherein the
drive portion 493 is in driving engagement with the star-shaped bore 488 in the first motor pulley 482, Thus, rotation of
the motor shaft 481 will resoli in rolation of the transmission shaft assembly 490 and the first motor polley 482,
Rotation of the first motor pulley 482 resulfs in rotation of the first drive belt 485 which ultimately results in rotation of
the first drive shaft 22. When the transmission shaft asserably 490 is in the first drive position, the transmission shaft
assembly 490 rotates freely relative to the second motor pulley 484, Thus, when the first drive system 20 is actuated,
the second drive sysiem 40 remains unactuated. When the shifter solenoid 71 is actuated to the position shown in FIG.
21 (by actuating the firing trigger 90), the transmission catriage 462 moves the transmission shaft assembly 490 to its
distal-most position on the motor shaft 481 which may also be referred to as the “second drive position”. As can be scen
in FIG. 21, when the transmission shaft assembly 490 1s in the second drive position, the drive portion 495 thereof is
moved into meshing engagement with the star-shaped bore 489 in the second notor pulley 484, Thus, rotation of the
motor shaft 481 will result in the rotation of the second motor pulley 484, Rotation of the second motor pulley 484 will

result in the rotation of the second drive belt 487 which results in the rotation of the second drive shaft 42. When in that
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second drive posilion, the transmission shaft assembly 490 rotates freely within the first motor pulley 482, Thes, when
the second drive system 40 is actuated, the first drive system 20 is in an unactuated siate.

{0174] FIGS. 22 -27 illustrate another motor, transmission assembly and first and second drive systerns that may be
employed with various surgical instruments described herein. The illustrated armrangement includes a motor 580 that has
a motor shaft 581, See FIGS. 23 and 24. A motor duve gear 582 or “sun gear” 582 is non-rotatably affixed to the
motor shaft 581 for rotation therewith, The arrangement further includes a planctary gear assembly 5370 that includes
three planetary gears 572 that are rotatably supported between a distal carrier bracket 573 and proximal carrier bracket
5§74, The proximal carrier bracket 574 1s supported on a hub portion of the sun gear 582 such that the sun gear 582 may
rotate relative to the proximal carrier bracket 574, The distal carvier bracket 373 is affixed 1o a second drive shaft 542
of a second drive systern 40 such that rotation of the distal carrier bracket 573 will result in the rotation of the second
drive shaft 542 of the second dnive system 40. The three planctary gears 572 are sopported in meshing engagement with
a ring gear assembly 575, More specifically, the planstary gears 372 are in meshing engagement with an internal ring
gear 576 on the ring gear assembly 575, The ring gear assembly 575 further includes an external ring gear 577 that is in
meshing engagement with a first drive gear 524 that is affixed to a first drive shaft 522 of the first deive system 20. As
can be seen in FIG. 24, for example, the first drive shaft axis “FDA” is offset from and parallel with or is substantially
paraliel with the second drive shaft axis “SDA”.

{0175] Ascanbe seen in FIG. 23, the arrangement further includes a solenoid 71 that may be operated by the firing
trigger in the various manners described herein. In this amangement, the transmission assembly 560 is attached to the
shaft 73 of the solencid 71. FIG. 24 illustrates the transmission assembly 560 in the first drive position. In one form,
the iransmission assembly 360 includes a locking assembly, generally designated as 590 that comprises a first or
proximal lock lng portion 592 and a second or distal lock hug portion 394 on the transmission assembly 560. Ascan be
seen in that Figure, the transmission assembly 560 is positioned such that the proximal lock fug portion 592 is in
engagement with the proximal carrier bracket 574. When in that first drive position, the proxial lock Ing portion 592
prevents the planctary gear assembly 370 from rofating as a unit with the sun gear 582. However, rotation of the sun
gear 582 results in wtation of the planstary gears 572. Rotation of the planetary gears 572 results in rotation of the ring
gear assembly 575, Rotation of the ring gear assembly 575 resulis in rotation of the first drive gear 524 and the first
drive shaft 522. Because the proximal carrier bracket 574 1s prevented from rotating, the distal carrier bracket 373 is
also prevented from rotating. Thus, the second drive shaft 544 is also prevented from rotating while the first drive shaft
522 is rotated. A spring (not showny may be employed to bias the solenoid 71 (and the transmission assembly 560
attached thereto) into this “first drive position”. When the clinician desires to actuate the second drive system 40, the
solenoid 71 may be aciualed using the firing trigger as described above to move the solenoid shaft 73 io the position
shown in FIG. 25. When the transmission asserubly 560 is in that “second drive position”, the distal lock lug portion
594 retatmingly engages the ring gear assembly 575 to prevent rotation thexeof. Thus, when the sun gear 582 is rotated,
the planetary gear carrier (i.e., the distal carrier bracket 573 and proximal carrier bracket 574) will also rotate. The
planetary gears 572 will rotate within the fixed internal ring gear 576. Such rotary motion will be transferred to the
second drive shaft 542 while the first drive shaft 522 remains unactuated.

{6176] FIG. 28 ilustrates another form of motor driven surgical instrument 610 that may be identical to surgical
instrument 10 except for the differences noted below. Those components of surgical instniment 610 that are the same

as the components in the surgical instrument 10 described above will be designated with the same element mumbers. As
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can be seen in FIG. 28, for example, the first drive shaft axis “FDA” is offset from and parallel with or is substantially
parallel with the second drive shaft axis “SDA”. This arrangement comprises a motor 680 that has dual, independently
actuatable motor shafts 681, 683. The motor 680 may be controlled by a firing trigger arrangement of the varicus types
described herein, such that actuation of the finng trigger in one manner causes the motor 680 to rotate the first motor
shaft 681 and actuation of the firing trigger in another manner causes the motor 680 to mtate the second motor shaft
683. In this armangement, a first motor gear 682 is mounted on the first motor shaft 681and is supported in meshing
engagement with an idler gear 646, Idler gear 646 15 operably supporied in meshing engagement with a first daive gear
624 that is mounted to a first dove shaft 622 of a first drive system 620, Thus, actuation of the first motor shaft 681 will
result in actuation of the first drive system 620, Likewise, a second motor gear 684 is mounted on the second motor
shaft 683 and is supported in meshing engagement with a second dive gear 644 that is mounted on a second drive shaft
642 of a second drive system 640. As such, actuation of the second motor shaft 683 will result in the actuation of the
second drive sysiem 640.

{01771 FIG. 29 illustrates another form of motor driven surgical instrument 710 that may be identical to surgical
instroment 16 except for the differences noted below. Those components of surgical instrument 710 that arce the same
as the components in the surgical instrument 10 described above will be designated with the same element nmumbers. As
can be seen in FIG. 29, for example, the first drive shaft axis “FDA” is offset from and parallel with or is substantially
parallel with the second drive shaft axis “SDA”. In this arrangement, first and second drive systems 720, 740 are
powered by a mator 780 through a unmique and novel “shiftable” transnxssion assembly 760. The first drive system 720
includes a first drive shaft 722 that has a first drive gear 724 keyed thereon or otherwise non-rotatably affixed thereto.
Similarly, the second drive system 740 inchdes a second drive shaft 742 that has a second drive gear 744 koyed thereon
or otherwise non-rotatably thereto. The motor 78¢ includes a motor gear 782 that is non-rotatably attached to the shaft
781 of the motor 780.

{0178} In the iliustrated arrangement, a second motor 750 1s employed to shift the transmission assembly 760 as will
be discussed in further detail below. The second motor 750 may be controlled, for example, by the various firing trigger
and switch arrangements disclosed herein. The second motor 750 can be controlled in a mamner sinilar to the way that
the motor 7038 is controlled as described hercinbelow in connection with FIGS. 61, 63, 64, As can be seen in FIG. 29,
a first transfer pulley 753 is keved onto or otherwise non-rotatably affixed to the motor shaft 752, A first pivot shaft
754 is rotatably supported within the housing 12 of the handle 4. The first pivot shaft defines a pivot axis “PA”. A
second transfer pulley 755 is non-rolatably mounted on the first pivot shaft 754 and a transfer beli 736 is mounted on
the first and second transfer pulleys 753, 755. In one form, the shiftable transmission assembly 760 includes a fransfer
{ink 762 that 1s attached to the first pivot shaft 754, Inaddition, an idler shaft 763 is attached to the transfer Bnk 762
which operably supports an idler gear 764 thereon. The shiftable transmission assembly 760 is movable between a first
drive position and a second drive position. To move the shifiable fransmission assembly 760 to the first duve position,
the clinician actuates the second miotor 75€ to rotate the pivet shaft 763 and idler gear 764 about pivot axis PA such that
it is in meshing engagement with the motor gear 782 and the first drve gear 724, When in that pesition, actuation of the
motor 780 will then result in actuation of the first drive system 720, When the clinician desires to actuate the second
drive system 740, the second motor 730 is actuated to rotate the idler gear 764 about pivot axis PA into meshing
engagement with the motor gear 782 and the second drive gear 744, When in that position, actuation of motor 780

results in actuation of the second drive system 740. One benefit that may be achieved with this arrangement is that
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precise gear onentation 1s not required.  As the idler gear 764 swings into position, it may be rotating and automatically
will find a mating footh.

{0179] FIGS. 30-32 ithustrate a onigue and novel motor unit 800 that reay be mounted within a howosing of the types
described herein. The motor unit 800 may inchude a separate housing structure 801 that operably supports a first motor
802 with a first motor shaft 803 that defines a first drive system 804, The motor wiit 800 may include a second motor
805 with a second motor shaft 806 that defines a second drive system 807, As can be seen in FIG. §, for example, the
first drive shaft axis “FDA” is offset from and paraliel with or is substantially paraliel with the second drive shafi axis
“SDA”. The pnit 800 may further inclade a control circuit board 808 which contacts 808 A that operably interface with
corresponding contacts on the circuit board mounted within the instrument housing or otherwise supported therein and
cominunicating with the instromnent’s control system. The housing may further inchude slectrical contacts 8088 which
are configured to operably mterface with corresponding electrical contacts on an end effector ool that is coupled
thereto.

j0186] Asillustrated in FIG. 1, the modular surgical system 2 may include a variety of different surgical end effector
arrangernenis 1000, 2000, and 3000 that may be used in connection with various surgical instroments described hercin.
As will be discussed in further detail below, cach of the end effectors 1000, 2000, 3000 include dual, separate “first and
second end effector drive systerns™ that are adapted io operably inlerface with the first and second dove systems in the
surgical instrument fo receive control motions therefrom. The end effector drive systems are each configured to linearly
move corresponding end effector actuator conponents from first or beginning Hnear positions to second or ending linear
positions in response to corresponding rotary motions applicd to the end effector drive systems by the sorgical
instrument to which the end effector is operably attached. The end effector actuator conponents apply Hnear actuation
motions to varous end effector components located 1n the end effector fool head portion in order fo perform various
surgical procedures. As will be discussed in further detail below, the end effectors omploy unique components and
systems for assisting the clinician in coupling the first and second drive shafts of the surgical instrament with the
corresponding drive shafts in the end cffector. Because the four drive shafts are essentially simultancously coupled
together, various coupling arrangements and control techuiques may be enmiployed to ensure that the shafts are in the
correct positions or “near correct positions” that will facilitate such simultaneous coupling of the drive systems.

{91811 Reflerring now to FIG. 33, one form of mechanical coupling system 3¢ may be employed to facilitate the
simultaneous removable and operable coupling of the two drive systems in the surgical instrument {o the corresponding
“driven” shafts in the end effectors. The coupling system 3¢ may comprise male conplers that may be attached to the
drive shafts in the surgical instroment and corresponding female socket couplers that are attached to the driven shafts in
the sorgzical end effector. For example, FIG. 9 illustrates male couplers 51 attached to the first and second drive shafis
22, 42 by set screws 52, Heferning again to FIG. 33, each of the male couplers 51 are configured to be drivingly
received within conesponding female socket couplers 57 that mav also be attached to the drven shafts within the end
effector. In one form, each male coupler 51 includes at least three ditve ribs 53 that are equally spaced around a center
portion 54 of the male coupler 51. In the illustrated embodinment, for example, five drive 1ibs 53 are equally spaced
around the center portion 54, Each drive rib 53 has a pointed distal end 55, Each drive rib 53may be formed with
semewhat rounded edges 56 to facilitate easy insertion into corresponding socket grooves 58 within the fomale socket
coupler 37, Each socket groove 58 has a tapered proximal entrance portion 39 to facilitate insertion of a corresponding

drive rib 53 thercin. The pointed distal end 535 of each drive rib 53 in conjunction with the tapered entrance 59 of each
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socket groove 58 will accominodate some misalignment between the male coupler 51 and its corresponding female
socket coupler 57 during the coupling process. In addition, the rounded edges 57 on the pointed distal end 55 also assist
in the shdable insertion of the male coupler 51 into the corresponding female socket coupler 38.

{0182] In one form, at least one of the male couplers 31 is movably attached to its corresponding first or second drive
shaft of the surgical instrument or its corresponding first and second daven shaft of the surgical end effector. More
specifically, the male coupler 51 may be attached for radial, or angular, travel on the shaft for a “first predetermined
amount of radial fravel” on the shafi. This mav be accomplished for exanwple, by kev and keyway arrangements that are
sized relative to each other to facilitate an amount of radial, or angular, travel of the male coupler 51 on the shaft.

Stated another way, for example, the shaft mayv have a kev fooned thereon or otherwise mounted thereto that is smaller
than a corresponding keyway formed in the male coupler 51 such that the key may move within the keyway and
establish a first predetermined amount of radial travel. This first predetermined amount of radial travel is preferably
sufficient enough to back drive or forward drive the coupler. For a male coupler 51 that has five xibs 53, for exanple,
the first predetermined range of radial travel may be, for example, 5-37 degrees. Some embodiments may exist where
the first predetermined range of adial travel may be less than 5 and preferably not more than 4°, for exaraple. Such
range of radial, or angular, travel may be sufficient if, for example, the comresponding female socket coupler 57 was
rigidly affixed o its corresponding drive shaft and otherwise was incapable of any radial travel. However, if both the
male and female couplers have the ability to radially, or angularly, adjust, such range of radial, or angular, travel mav be
reduced by 50% to provide each coupler (male coupler and corresponding fomale socket coupler) with a range of travel
of about 3-16 degrees. The amount of radial, or angular, travel that a female socket coupler 57 may move on its
corresponding shaft may be referred to herein as a “second predeterniined amount of radial travel”. The female sockst
couplers 57 may also be attached to their respective drive shafts with a key and kevway arrangement as described above
that provides the desired second predetermined amount of radial travel. Some embodiments may exist where the second
range of predetermined radial travel may be less than 5° and preferably not more than 4°, for example.

{0183} Various combinations and mounting arrangements of the male couplers and the female socket couplers are
contemplated. For example, one ox both of the male couplers may be movably mounted to their respective drive shalts
of the surgical instrument (or driven shafts of the surgical end effector) in the various manners described herein.
Likewise one or both of the female socket couplers may be movably mounted to their respective driven shafts on the
end effector (or drive shafis of the surgical instrument) in the various manners described herein. For example, a male
coopler on one of the first and second drive shafis may be movably mounied thereon. The other male coupler that is
attached to the other drive shaft may be non-movably mounted thereto. The female socket coupler on the driven shaft
that corresponds o the movably mounted male coupler may be non-movably attached to its doven shaft and the fomale
socket coupler mounted on the other driven shaft that corresponds to the non-movably mounted coupler may be
movably mounted to its driven shaft. Thus, one of a male coupler and a female coupler socket of a “coupler pait” is
movable. The term “coupler pair” refers to the male coupler and corresponding female socket coupler that is configured
1o be coupled together 1o operably couple a drive shaft of the surgical instrument to its comresponding drven shaft of the
end effector. In other armangements both the male coupler and female coupler socket of a coupler pair may both be
movably coupled to their respective shafis.

{0184] Such coupler arrangerents serve to provide a small amount of angudar slack, for example, between the coupler

components so that the components may rotate slightly for sufficient alignment which will permif simultancous
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aligniment of the coupler components attached to the two separate rotary drive trains. In addition, there may be a
sufficient amount of backlash or slack provided in the drive trains to accommodate the coupling process. Such backlash
or stack may be provided by forming keys/keyways inlo the gears, couplers and or mating shafts to Tacilitate such slight
rotation of components. In addition, a switch arrangement may be emploved in connection with the various shiftable
transmission assemblics which may activate the motor {6 cause a shight rotation of the drive shafis for coupling
purposes. This and other control technigues may be employed to ensure that the dove shafts in the surgical instruments
are positioned in desired positions that facilitate their coupling with the comesponding drive shafis in the end effectors.
The unigue and novel mechanical coupling system 50 serves to provide some additional flexibility during the coupling
process to enable the drive shafis 1o be coupled together in the event that there is some misalignment between the
respective shafts. It will be snderstood that although the various embodiments described herein iflustrate the male
couplers 51 attached to the drive shafts within the surgical instmument and the female socket couplers 38 attached fo the
end effector drive shafts, the male couplers 51 could be attached to the end effector drive shafts and the fomale socket
couplers 58 could be attached {o the instrument drive shafts.

{01853] FIGS. 34-37 depict a surgical end effector 1000 that comprises a sorgical cuiting and fasiening instrument of a
type that is commonly referred to as an “open lincar” stapler. Various forms of such open linear stapling devices are
disclosed in, for example, U.S. Patent No. 5,415,334, entitled SURGICAL STAPLER AND STAPLE CARTRIDGE
and U.S. Patent No. 8,561,870, entitled SURGICAL STAPLING INSTRUMENT, the entire disclosures of each being
hereby incorporated by reference hercin. The end effector 1000 comprises an end effector housing 1010 that may be
fabricated from housing segments 1012, 1014 that are removably coupled together by screws, lugs, snap features, ete.
Protruding from the end effector bousing 1010 are a lower jaw 1020 and an upper jaw 1040 which may collectively
form the end effector toof head 1004, The lower jaw 1020 comprises a lower jaw frame 1022 that is configured to
operably support a surgical staple cartridge 1060 thercin. Such surgical staple cartridges are well known in the ant and
will therefor not be described 1n great detail herein. Briefly, the surgical staple cartridge 1060 may comprise a cartridge
body 1062 that has lines of staple pockets 1066 formed therein on each lateral side of an elongate slot 1068 that is
centrally disposed within cartridge body 1062, The slot 1068 is configured to accommeodate the longitudinal travel of a
cutting member 1090 therethrough as will be discussed in further detail below. A surgical staple or staples (not shown)
are supported in the staple pockets 1066 on staple drive members (not shown) that are configored to move vpward
within their respective pocket 1066 during a firing process. The staple cartridge 1060 may be configured to be removed
from the lower jaw frame 1022 and replaced with another unspent cattridge making the end effector 1000 reusable.
However, the end effector 1000 mayv also be disposable after a single use.

{01861 Reflerring to FIG. 36, the lower jaw frame 1022 may be formed from metal material and have a U-shaped distal
portion 1024 that is configured to seatingly receive the surgical staple cartridge 1060 thexein. The side walls 1026 of
the U-shaped distal portion 1024 mav have a distal end 1028 that is configured o releasably and retainingly engage a
poertion of the surgical cartridge 1060, The staple cartridge body 1062 may also have engagement features 1064 that are
comprises an upper jaw 1040 that inchudes an anvil portion 1042, The anvil portion 1042 may inciude an underside (not
shown) that has a plurality of staple-fonming pockets therein. The upper jaw 1040 further includes a proximal body
portion 1044 that has a distal trunnion pin 1046 extending therethrough. The ends of the distal tronnion pin 1046 that

protrude laterally from the proximal end of the proximal body portion 1044 are rotatably received within trunnion holes
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1932 in the lower jaw 102€¢. The trunnion pin 1046 defines an attachment axis AA-AA abowt which the proximal end
of the upper jaw 1040 pivots relative to the lower jaw 1020 such that the anvil portion 1042 is movable between an open
position spaced from the staple cartridge 1060 mounted within the lower jaw 102€ and a closed position adjacent the
staple cartridge 1060 and/or tissue that is located therebetween. The end effector 1000 may further include a transverse
fulcrum pin 1050 that is received within cradles 1034 formed in the upstanding walls 1036 of the lower jaw 1020 and is
mounted within holes 1016 in the housing segrments 1012, 1014, The fulcrom pin 1050 may serve as a fulcrum axis or
surface about which the anvil portion 1042 pivots.

{0187 The movement of the anvil portion 1042 between the open and closed positions is controlled by a first end
effector drive system also referred 10 herein as the end effector closure system 1670, In one form, for example, the end
effector closure system 1070 includes a closure shuttle 1072 that extends around the proximal body portion 1624 of the
lower jaw 1020, The closure shuttle 1672 may also be referred to as a “first end effector actuator”. The closure shuttle
1972 may inchude a U-shape portion that inclodes distal upstanding walls 1074 and proximal upstanding walls 1676
Each distal upstanding wall 1074 includes an arcuate cam slot 1078 that 15 adapted to receive a corresponding portion of
a cam pin 1048 that 1s attached to the opper jaw 1040, Thus, axtal or lincar movement of the closore shutile 1072
relative to the lower jaw 1020 will cause the npper jaw 1040 to pivot on the fulcrum pin 1050 and about the attachment
axis AA-AA by virtpe of the inleraction of the cam pin 1048 within the cam slots 1078,

{0188] In various forms, the closure system 1070 includes a rotary end effector closure shaft 1080 that is threaded and
includes a distal end portion 1082 that is rotatably supporied within the end effector housing 1010, The end effector
closure shaft 1080 defines a closure shaft axis CSA-CSA. See FIG. 37, A female socket coupler 37 is attached to the
proximal end of the closure shaft 1080 {o facilifate coupling of the closure shaft 1080 with a male coupler 51 atiached to
a first drive shaft in a surgical instrument. The closure system 1070 further inchudes a closure tut 1084 that is
threadably received on the closure shaft 108G, The closure nut 1084 is configured 10 be seated within mounting slots
1077 in the upstanding walls 1076 of the closure shuttle 1072, Thus, rotation of the closure shaft 1080 in a first
direction will cause the closure nut 1084 io drive the closure shuttle 1072 in the distal direction “DD”. Movement of
the closure shattle 1072 in the distal divection "I results in the pivotal travel of the upper jaw 1040 from an open
position to a closed position. Likewise, movement of the closure shuttle 1084 in the proximal direction “PD” will result
in the movement of the upper jaw 1040 from a closed position back to an open position.

j0189] The end effector 1000 further includes a second end effector drive system also referred to herein as a firing
systern 1100 for drving a tissue cuiting member 1090 and wedge sled assembly 1092 between starting and ending
positions. When the wedge sled assembly 1092 is driven distally through the surgical staple cartridge 1060, the wedge
sled assembly 1092 operably interacts with the drivers within the cartridge 1066 that have sorgical staples supporied
thereon. As the wedge sled assembly 1092 is driven distally, the drivers are driven upward within their respective
pockets to drive the staples supported thercon indo forming engagement with the underside of the anvil portion 1042 of
the upper jaw 1040. In one form, the firing system 1100 further includes a rotary threaded firing shaft 1102 that is
rotatably supported in the end effector housing 1010, The firing shaft 1102 defines a firing shaft axis FSA-FSA that is
paralle! with or substantially parallel with the closure shaft axis CSA-CSA. See, e.g., FIG. 37, The firing shaft 1102
includes a distal end pottion 1104 that is rotatably supported in a mounting unit 1106 that is mounted within the end
effector housing 1010, A female socket coupler 57 is attached to the proximal end of the firing shaft 1102 {o facilitate

coupling of the firing shaft 1102 with a male closure coupler 51 that is attached to a second drive shaft in a surgical
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instrument. The firing system 110¢ further includes a firing nut 1110 that is threadably recetved on the firing shaft
1102, Thus, rotation of the firing shaft 1102 results in the axial travel of the firing mut 1110 within the end effector
housing 1010, In one form, the tissne cutting member 1090 and wedge sled assembly 1092 are coupled to the firing nut
1110 by a firing bar or firing bars 1112. The firing bar or bars may also be referred to herein as a “second end effector
actuator” that is linearly or axdally moved in response o actuation of the firing svstem. Thus, 1otation of the firing shafi
1102 in a first direction will drive the firing nut 1110, firing bar(s) 1112, the tissue cutting member 1090 and the wedge
sled assembly 1092 in the distal direction “DD” from, for example, a starting position (FIG. 35) to an ending positicn
wherein the tissue cutting member 1090 and wedge sled assembly 1092 have been driven to the distal end of the
sargical staple cartridge 1060. Rotation of the firing shaft 1102 in an opposite direction will drive the firing nut 1110,
the firing bar(s) 1112, the tissue cutting member 1090 and the wedge sled assembly 1092 in a proximal direction “PD”
from their respective ending positions back fo their respective starting positions. In some endbodiments, the wedge sled
assembly mav remain at the distal end of the surgical staple cartridge and not return with the tissue cutting member
1090 to the starting position. In still other embodiments, the tissue cutting member and the wedge sled assembly
meraber may remain at the distal end of the staple cartridge member.

{0196] The end effector 1000 may also be equipped with various sensors that are coupled to an end effector contact
board 1120 mounted within the end effector hounsing 1010, The contact board 1126 may be positioned with the end
effector housing 1020 such that when the end effector 1000 is operably coupled to the surgical instrument, the end
effector contact board 1120 is electrically coupled to a surgical instrument contact board 30 mounted in the surgical
instrument housing 12. See, e.g, FIG. 1. Referring again to FIG. 34, a closure sensor 1122 may be mounted within the
end effector housing 1610 and be electrically coupled to the end effector contact board 1120 such that when the end
effector 1000 is operably coupled to the surgical instrument, the closure sensor 1122 is in commuunication with the
surgical instrument’s control system. The closure sensor 1122 may comprise a Hall effect sensor 7028 as shown
hereinbelow. for example, in connection with FIGS. 61, 63 that is configured to detect the position of a switch lug 1086
on the closare nut 1084, In addition, a firing sensor 1124 may also be mounted within the end effector housing 1010 10
detect the presence of a firing bar 1112, The firing sensor 1112 may comprise a Hall effect sensor 7028 as shown
hereinbelow, for example, in connection with FIGS. 61, 63 and be electrically coupled to the end effector contact board
1120 for ultimate commurnication with the surgical instrurment contrel system, such as the handle processor 7024 as will
be discussed in further detail below in connection with FIGS. 61, 63, 64.

{0193] Use of the end effector 1000 will now be explained in connection with surgical instrument 1G. It will be
appreciated, however, that the end effector 1000 may be operably coupled to various other surgical instrument
arrangements disclosed herein. Pror to use, the closure shaft 1080 and the finng shaft 1192 are “clocked” or positioned
in their respective starting positions to facilitate attachment to the first and second drive shafts 22, 42, respectively. To
couple the end effecior 1000 1o the surgical instrument 10, for example, the climician moves the end effector 1000 into a
position wherein the closure shaft axis CA-CA is in axial alignment with the first drive shaft axis FDA-FDA and
wherein the firing shaft axis FSA-FSA is in axial alignment with the second drive shaft axis SDA-SDA. The fenals
socket coupler 57 on the closure shaft 1080 1s inserted info operable engagement with the male coupler 51 on the first
drive shaft 22, Likewise, the fomale socket coupler 57 on the firing shaft 1102 is inserted into operable cngagement
with the male coupler 51 on the second drive shaft 42. Thus, when in that position, the closure shaft 1080 is operably

coupled to the first drive shaft 22 and the firing shaft 1102 is operably coupled to the second drive shaft 42. The end
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effector contact board 1120 is operably coupled to the surgical instrament contact board 30 so that the sensors 1122,
1124 (and any other sensors within the end effector 1000) are in operable communication with the surgical instrument’s
control system. To retain the end effector 1000 in coupled operable engagement with the surgical instrment 10, the
end effector 1000 includes a retainer latch 1130 that is attached to the end effector housing 1010 and configured to
relcasably engage a portion of the instrument housing 12, The retainer latch 1130 may include a retention lug 1132 that
may releasable engage a retainer cavity 15 formed in the housing 12. See Fig. 1.

{6192] When coupled together, the closure sensor 1122 detects the position of the closure nut 1084 and the firing
sensor 1124 detects the position of the finng bar 1112, That information is communicated to the sargical instrument
conttrol system. In addition, the clinician may confirm that the shifiable transmission assembiy (or the transmission
carriage 62 thereotf) is in its first drive position. This may be confirmed by the actuation of the indicator light 77 on the
housing 12 as discussed above. Hf the shiftable transmission assembly 60 is not in its first drive position, the climician
may actuate the fining trigger 92 to move the transmission cardage 62 inlo the first drve position, such that actuation of
the rocker trigger 110 to actuate the motor 80 will result in actuation of the first drive system 20. Assuming that the
closure systern 1070 and firing system 1300 are each in their respective starting positions and the end effector 1000 has
an unspent staple cartridge 1060 properly installed therein, the clinician can then position the jaws 1020, 1040 relative
1o the target lissoe to be cul and stapled. The chinician may close the upper jaw 1040 by actuating the rocker trigger 110
1o actuate the motor 80 and rotate the first drive shaft 22. Once the target tissue has been clamped between the upper
jaw 1040 and the surgical staple cartridge 1060 in the lower jaw 1020, the clinician may then actuate the firing trigger
92 to move the transmission carriage 62 to its second drive position such that actuation of the motor 80 will result in the
rotation of the second drive shaft 42. Once the transnuission carriage 62 is moved to the second drive position, the
clinician may once again actuate the rocker tigger 110 to actaate the second drive system 40 and the firing system 1100
in the end effector 10