GEARI NG SELECTOR FOR A POAERED SURA CAL CUTTI NG AND FASTENI NG | NSTRUMENT
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 00011 The present application is
related to the followi ng concurrently-filed U S. patent applications, which
are incorporated herein by reference: MOTOR- DRI VEN SURG CAL CUTTI NG AND
FASTENI NG | NSTRUVENT W TH USER FEEDBACK SYSTEM | nventors: Frederick E.

Shel ton, 1V, John Quwerkerk and Jeronme R Mirgan (K&NG 050519/ END5687USNP)
MOTOR- DRI VEN SURGQ CAL CUTTI NG AND FASTENI NG | NSTRUVENT W TH LQADI NG FORCE
FEEDBACK I nventors: Frederick E. Shelton, IV, John N. Quwerkerk, Jeronme R
Morgan, and Jeffrey S. Swayz ] D5692USNP) MOTOR- DRI VEN
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I nventors: Frederick E_Shelton, IV, John N _Quwerkerk. Jerone R._Nbrgan,
and Jef f RORA PAWERED RERGd b SET BN s NDIMATEN NORUMENTRG cAL
CUTTI NG AND FASTENI NG | NSTRUVENT W TH ADAPTI VE USER FEEDBACK | nvent ors:
Frederick E. Shelton, 1V, John N Quwerkerk, and Jeronme R Mirgan (K&LNG
050513/ END5694USNP) MOTOR- DRI VEN SURGA CAL CUTTI NG AND FASTENI NG | NSTRUMENT
W TH CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is related to the following concurrently-filed U.S. patent

applications, which are incorporated herein by reference:

MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT WITH USER
FEEDBACK SYSTEM
Inventors: Frederick E. Shelton, IV, John Ouwerkerk and Jerome R. Morgan

(K&LNG 050519/END5687USNP)

MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT WITH
LOADING FORCE FEEDBACK
Inventors: Frederick E. Shelton, IV, John N. Ouwerkerk, Jerome R. Morgan, and

Jeffrey S. Swayze (K&LNG 050516/END5692USNP)

MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT WITH
TACTILE POSITION FEEDBACK

Inventors: Frederick E. Shelton, IV, John N. Ouwerkerk, Jerome R. Morgan, and

Jeffrey S. Swayze (K&LNG 050515/END5693USNP)



ARTI CULATABLE END EFFECTOR I nventors: Frederick E. Shelton, 1V and Chri stoph
L. Gllum (K&NG 050692/ END5769USNP) MOTOR- DRI VEN SURA CAL CUTTI NG AND
FASTENI NG | NSTRUVENT W TH MECHANI CAL CLOSURE SYSTEM | nventors: Frederick E
Shelton, IV and Christoph L. G|lum (K&NG 050693/ END5770USNP) SURG CAL
CUTTI NG AND FASTENI NG | NSTRUVMENT W TH CLOSURE TRI GGER LOCKI NG MECHANI SM

| nvent MGTORBRIBIEN RURGIS] COTTING AND KeSTANRNGDNSITRUMEENG WITH
050694/ END5771USNP) SURG CAL | NSTRUVENT HAVI NG RECORDI NG CAPABI LI TI ES

| nvent gphwpTrvedest g FEEDBEREkt on, |V, John N. Quwerkerk, and Eugene L.
Ti mper man  (K&NG 050698/ END5773USNP) 2 SURG CAL | NSTRUMVENT HAVI NG A

REMOVABLE BATTERY | nvgnt, ok §: Rheder i ) |t o 'V, ; Kevi n R D0l |,
Jef f réﬁwgltogwayze an rﬁggé%eE'Lgheﬂﬁ’r%p%gEﬂi‘nﬁE@ﬁﬁﬁ é%ﬁ%‘b 7 %%%)
ELECTRONI C LOCKOUTS. AND SURG CAL | NSTRUMENT | NCLUDI NG SAME | nvent ors:
Jef f r elR&ELNG RS LI/ENIIPEIAUSRPE. Shelton, 1V, Kevin R Dol |l (K&LNG
050700/ END5775USNP) ENDOSCOPI C SURG CAL | NSTRUVENT W TH A HANDLE THAT CAN
ARTI CULATE W TH RESPECT TO THE SHAFT

MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT WITH

ARTICULATABLE END EFFECTOR
Inventors: Frederick E. Shelton, IV and Christoph L. Gillum (K&LNG

050692/END5769USNP)

MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT WITH
MECHANICAL CLOSURE SYSTEM
Inventors: Frederick E. Shelton, IV and Christoph L. Gillum (K&LNG

050693/END5770USNP)

SURGICAL CUTTING AND FASTENING INSTRUMENT WITH CLOSURE TRIGGER
LOCKING MECHANISM
Inventors: Frederick E. Shelton, IV and Kevin R. Doll (K&LNG

050694/END5771USNP)

SURGICAL INSTRUMENT HAVING RECORDING CAPABILITIES
Inventors: Frederick E. Shelton, IV, John N. Ouwerkerk, and Eugene L. Timperman

(K&LNG 050698/END5773USNP)



I nventors: Frederick E. Shelton, IV, Jeffrey S. Swayze, Mark S. Otiz, and
Leslie M Fugi kawa (K&NG 050701/ END5776USNP) ELECTRO- MECHANI CAL SURG CAL
CUTTI NG AND FASTENI NG | NSTRUVENT HAVI NG A ROTARY FI RI NG AND CLOSURE SYSTEM
W TH PARALLEL CLOSURE AND ANVI L ALI GNVENT COVPONENTS | nventors: Frederick
E. Shelton, 1V, Stephen J. Bal ek and Eugene L. Tinperman (K&LNG

0507025ERIGACAT UNY)R IVBROSABNANGT AREMOARTRL PEA TR NG AN ANVI L W TH TI SSUE
LOCATOR FOR USE WTH A SURGA CAL CUTTI NG AND FASTENI NG | NSTRUMENT AND

EFFECT T Y
NEOUL AfhvghibR: EFPECTCRrUSTRNM: TG Y. KR 0 JEIRACY S B0

Eugene L Ti 778USNP) 3 SURGI CAL INSTRUI\/EI\FI‘ HAVI NG
A FEE %@N@W@%S% CK E. Shelton, 1V, Jerone R Morgan,
Kevin R DoI |, Jeffrey S. Swayze and Eugene L. Ti nperman ( K&LNG

050705/ EDN5780USNP) BACKGROUND | 02] The present invention gener ally
concer HEEEAREBNIELQCKLNGTT AND & s ENSIRUMERST ENGAUIRINGE SAME

not or -dri ven endoscopi ¢ surgical instrunments. [0003] Endoscopi c surgi cal
i nst r uimehtersar e of t enJgffrey 8r §wayaeyEredérickdi.tShehanh, I¥Wp&rvinsRirDolt 6K &UdMG ces
since a snmaller incision tends to reduce the post-operative recovery tine

and cgsplopaNDoNBUSNsequent Iy, significant devel opment has gone into a
range of endoscopic surgical instrunments that are suitable for precise

pl acenent of a distal end effector at a desired
ENDOSCOPIC SURGICAL INSTRUMENT WITH A HANDLE THAT CAN ARTICULATE

WITH RESPECT TO THE SHAFT
Inventors: Frederick E. Shelton, IV, Jeffrey S. Swayze, Mark S. Ortiz, and Leslie M.

Fugikawa (K&LNG 050701/END5776USNP)

ELECTRO-MECHANICAL SURGICAL CUTTING AND FASTENING INSTRUMENT
HAVING A ROTARY FIRING AND CLOSURE SYSTEM WITH PARALLEL CLOSURE
AND ANVIL ALIGNMENT COMPONENTS

Inventors: Frederick E. Shelton, IV, Stephen J. Balek and Eugene L. Timperman

(K&LNG 050702/END5777USNP)

DISPOSABLE STAPLE CARTRIDGE HAVING AN ANVIL WITH TISSUE LOCATOR FOR
USE WITH A SURGICAL CUTTING AND FASTENING INSTRUMENT AND MODULAR
END EFFECTOR SYSTEM THEREFOR

Inventors: Frederick E. Shelton, IV, Michael S. Cropper, Joshua M. Broehl, Ryan S.

Crisp, Jamison J. Float, Eugene L. Timperman (K&LNG 050703/END5778USNP)



surgical site through a carnula of a trocar. These distal end effectors
engage the tissue in a nunber of ways to achi eve a di agnostic or
therapeutic effect (e.g., endocutter, grasper, cutter, staplers, clip
applier, access device, drug/gene therapy delivery device, and energy device
using wultrasound, RF, laser, etc.). [0004] Known surgical staplers include

an endS . f@@}kﬁrﬂéﬁl}@% f—ﬂ\ﬂ%l@@ﬁ%ﬁﬁcﬁ S{{g@?% udinal incision in tissue

and applies nes eS on opposing sides o he incision. The end

effector includes a pair of operating jaw nenb that,. if the instyunment
Cs. § e Bianlr diredesinita copien o Tear B Midsitn. Kmm fpobsiey s, Sayanr of
passin% t hrough a cannul a passagemgé. One of the jaw nenbers receives a

st apl eEvganerli. dgmpéraan(§ SNGHRO7 0T UDNSABEYANPY spaced rows of staples. The
ot her jaw nmenber defines an anvil having staple-form ng pockets aligned with
the rows of staples in the cartridge. The instrument includes a plurality
of reciprocating wedges 4 which, when driven distally, pass through openings
in thegai@ahroeNri dge and engage drivers supporting the staples to effect
the firing of the staples toward the anvil. [0005] An exanple of a surgical

stapl er sui L I i i i i . No.
5. 465, o5, IAOZh AREREERIFARNiEn B I-EHAS biosPRE oA Il bindhys B 10
actions. A cl.i r]i ﬁ:i an using this device i sl,abl e to close the jaw nmenbers upon
ti ssue™Moge PasBeeny, matpsdsyesdossopissurgicalinsiygentnce the clini ci an has
determ ned that the jaw nmenbers are properly gripping tissue, the clinician
can then fi [(908heEsdesgppialsurgicap instrumients are aftemgirefefred over teaditinel openher eby
severing and stapling of the tissue. The sinultaneous severing and stapling
avoi dssurgieapddvivet sinosa shalleringision iterds whedugeetht postiapgrative hecaotrnyaiite and
sequentially wth different surgical tools that respectively only sever or

stapl e cor[mﬂl@&ﬁbns@@orfs@&féﬁg&,csi SlFad: a8e1PmdR hRg il iftol LrafhOSLerldBRRdpld SSUE

before firing is that 't

surgical instruments that are suitable for precise placement of a distal end effector at a desired
surgical site through a cannula of a trocar. These distal end effectors engage the tissue in a
number of ways to achieve a diagnostic or therapeutic effect (e.g., endocutter, grasper, cutter,
staplers, clip applier, access device, drug/gene therapy delivery device, and energy device using
ultrasound, RF, laser, etc.).

[0004] Known surgical staplers include an end effector that simultaneously makes a
longitudinal incision in tissue and applies lines of staples on opposing sides of the incision. The
end effector includes a pair of cooperating jaw members that, if the instrument is intended for
endoscopic or laparoscopic applications, are capable of passing through a cannula passageway.
One of the jaw members receives a staple cartridge having at least two laterally spaced rows of
staples. The other jaw member defines an anvil having staple-forming pockets aligned with the

rows of staples in the cartridge. The instrument includes a plurality of reciprocating wedges



clinician is able to verify via an endoscope that the desired | ocation for
the cut has been achieved, including a sufficient anmount of tissue has been
captured between opposing jaws. Oherw se, opposing jaws nay be drawn too
cl ose together, especially pinching at their distal ends, and thus not
effectively formng closed staples in the severed tissue. At the other

Xt T e o BB R Eh ggb@?')g&g (Fbull ST 4 BRUBH PGS nPLAEPA0Rd o

|nconpl e firing 0SCO pIers ontin to i ncrease
in compl ex nd, f t|o One.of the main reasons

f or thlsélpP@[i{% e(fLPé)i SQ‘ &n?t%%ﬁrlf‘%f’g@ ggapféis e 'flﬁe)aribl a level that all or
a great mpjority of surgeons can, handle. One known solution to | ower FTF it
use orp or (890 rAw sxamele of 8 surgical daplet suable AaRRNABOPICARPHERIARE IS bet t er
than traditional hand- powered devices, but for a different reason. Surgeons
t ypi caldeycrihedfiet).3.dagtyre 5i46R95, phishalisclosessanceridocuster avitht distinet closingand hat

bei ng experienced by the end-effector in the formng the staple to assure

t hem t hgring &e€oRdI A E11G¢iah ﬁﬁh% figs 84G¢cEisiable@o mh@ﬂﬁiiawdmﬁdﬂﬁumsué fom t
within the 5 capabilities of npost surgeons (usually around 15-30 | bs). They

al so typigah e HQ0¢ 1t1<9r t@%ﬁgﬂ?e {’Hc?,’?:'llfngia Has qé@hﬁ%h@%&& it g?&%’?«lhn?begggr cDel ng

able to stop at any orces Int V|cefeel

t t th | Th db ff
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there is a general lack of acceptance by physicians of notor-drive
endocuttherely sgverieg anbstapling ofghastisspe.i hhe @g@ﬁ)talthoyﬁ s¢vgring @ang, seplinggvoidsr el y
pressing a button. [0008] Depending on the type and density of tissue being
st apl ectoarpdicatitns thad meaypoise when perfomang swndi astioms segyerttiallg egilr diffefentsnrgioa
surgical stapling and cutting instrunent in various situations. For

exanpl aeolk that RRpeHIVERUhINSS@B ot Aapsik.apl e and cut a relatively dense section

of tissue, as could be the case in revisional surgery, it would be hel pful
for the i nst[bm ntOﬁé)sﬂ%glfﬁbadgantage of being able to close upon tissue before firing is that the
clinician is able to verify via an endoscope that the desired location for the cut has been
achieved, including a sufficient amount of tissue has been captured between opposing jaws.
Otherwise, opposing jaws may be drawn too close together, especially pinching at their distal
ends, and thus not effectively forming closed staples in the severed tissue. At the other extreme,
an excessive amount of clamped tissue may cause binding and an incomplete firing.
[0007] Endoscopic staplers/cutters continue to increase in complexity and function with
each generation. One of the main reasons for this is the quest for lower force-to-fire (FTF) to a
level that all or a great majority of surgeons can handle. One known solution to lower FTF it use
CO; or electrical motors. These devices have not faired much better than traditional hand-
powered devices, but for a different reason. Surgeons typically prefer to experience

proportionate force distribution to that being experienced by the end-effector in the forming the

staple to assure them that the cutting/stapling cycle is complete, with the upper limit within the



to adjust the gear setting of the notor to deliver nore torque and | ess
speed to accommobdate the denser tissue. In general, the ability to adjust
gear settings for the instrument would pronote increased control of the
end-effector, especially when the surgeon operates on various types of
exceptional ly dense or exceptionally thin tissue. SUVWARY [0009] In various

erbodt PR fiet BEmbALERbAN S SEGIELSS611R) DA AS S AanCihdifin and

f ast eni I nstrunent. nst runent may 1 nc ve shaft; a notor; and

gear sl b PSeBRERY Sty FRIRTES e & S Eathlif e R Ko Bhelydf el

coupled to the notor and to the drive shaft for operat.i the_gear shifting
assenbihg deice fee foor grgat or farsomepiher gligical rgason. dbgss w*gfesgg%fwscﬂre not
selectively coupling at |east one additional gear to the drive shaft for
oper at suigblyhrealipable is Iprdsentrgotas-davdi sndoputters esvatesulictheresen igemeyal 16ckDHAW NGS

[ 00101 Various enbodi nents of the present invention are described herein

byway adcept4adayEptyRict@B jod it dradiival dnbodutersf wihdre wienatiinghitame opbatien s Fi gur es
1 and 2 are perspective views of an endoscopic surgical instrunent according

to ar, | j resent invention; Figures 3-5 are expl oded
R L L e e et ‘@

Vi ews 0 ctor aft of the instrunent according to various
enbodi nent s h h resent j.nvention, Fi e 6is a side view of the end
ot fect o aclPBl PR on I (G sarbet vt g BeTald Bt Rt qur o
7 is an expl oded view of the handle of the instrument according to various
or more precision may be desired from the surgical stapling and cutting instrument in various
situations. For example, if the surgeon needs to staple and cut a relatively dense section of
tissue, as could be the case in revisional surgery, it would be helpful for the instrument to be able
to adjust the gear setting of the motor to deliver more torque and less speed to accommodate the
denser tissue. In general, the ability to adjust gear settings for the instrument would promote

increased control of the end-effector, especially when the surgeon operates on various types of

exceptionally dense or exceptionally thin tissue.

SUMMARY

[0009] In various embodiments, the invention is directed to a powered surgical cutting
and fastening instrument. The instrument may include a drive shaft; a motor; and a gear shifting
assembly connected to the drive shaft and the motor. The gear shifting assembly may include at
least a first stage gear assembly coupled to the motor and to the drive shaft for operating the gear
shifting assembly in a first gear setting; and a gear coupling assembly for selectively coupling at
least one additional gear to the drive shaft for operating the gear shifting assembly in a second

gear setting,



enbodi mrents of the present invention; Figures 8 and 9 are parti al
perspective views of the handle according to various enbodinents of the
present invention; Figure 10 is a side view of the handle according to
vari ous enbodi ments of the present invention; Figure 11 is a schematic
diagramof a circuit used in the instrument according to various
enbodi nents of the present invention; Figures 12-13 are side views of the
handl e according to other enbodi nents of the present invention; Figures
14- 22 kﬁi&?ﬁﬁ ke di fferent nechanisnms for |ocking the closure trigger
accordi varlous enbodi nents of the present invention 7 Figures 23A-B
oi nt t hat nmay be. enp the articu

BB?Y& %ot n;xﬁ{qlﬁi‘t @ﬁl@m raﬁ%mpﬁ@fﬂ& RSt bl HiAdcHs ﬁ%ﬁfl&e%herﬁwéoypwé%#a“ o

invention; Figures 24A-B shows a torsion cable that may be enployed at the
arti culemldmrp@ﬂmunc@bn withethe fadloming figurgs.ovdiesting t o vari ous enbodi ments of
the present invention; Figures 25-31 illustrate an endoscopi c surgical

i nst runent mguk‘esﬂoamm a8 pesbeane oiavngf anendestopicaurgicdd diriment acotdivg tor esent
invention; Figures 32-36 illustrate an endoscopic surgical instrument with

power Q&%hg%nﬁﬁggﬁgm§§fﬁé)n%g&lﬁﬂﬂhbﬁr enbodi ment of the present invention;
Figures 37-40 illustrate an endoscopi c surgical instrunent with tactile

feedback to W%Ojdﬁ grfnc[tx% fedklbse R rf%ﬁ% eff@é{glgz}ndosﬂ?ft kgll‘%lr 1§§E}gué}r}en{'%cdouhﬁ§t rate

u
a proporti OIE% sens e USE accor

to various embodiments of the present invention;

Figure 6 is a side view of the end effector according to various embodiments of the
present invention;

Figure 7 is an exploded view of the handle of the instrument according to various
embodiments of the present invention;

Figures 8 and 9 are partial perspective views of the handle according to various
embodiments of the present invention;

Figure 10 is a side view of the handle according to various embodiments of the present
invention;

Figure 11 is a schematic diagram of a circuit used in the instrument according to various
embodiments of the present invention;

Figures 12-13 are side views of the handle according to other embodiments of the present
invention;

Figures 14-22 illustrate different mechanisms for locking the closure trigger according to

various embodiments of the present invention;



enbodi ments of the present invention; Figure 43 includes a side view of a
handl e of a surgical instrunent that may be provided in association with
enbodi ments of the invention; Figure 44 illustrates a partially
cross-sectional, partially schematic side view of a gear shifting assenbly
that can be provided in accordance with enbodi nents of the invention;

Figure 45 i |fipgts 2888 dhovehBAMEIsS] j8int B uUPLAMSUBAMBLEY erAplbPEDATENArtictiatiors an
be provided in accordance with enbodinents of thé invention; Figure 46 is

an enl ' b ' - jE an expl oded
Vi ew o?br %ﬁgégﬂre ﬁﬁﬁ{‘?ﬁq‘ﬁg‘?ﬁe&‘ggﬁ%‘”ﬁ%‘g? ﬁl?géﬂgzél@p(%f\a/? LeégF d|t nmeg{gg%’r dance with
enbodi nents of the [nvention;, Figu 48 i ncl udes, a riiall . .

cross- sect i gr&res %H%"?% §1°I"V astef‘?é?fg‘faili’ﬁe tg?tdBaX/'?eeWBle%‘Paéh? m@ﬁkaflf’? RAbeE enbl y
that can be provided in accordance wth enbodi nents of the invention; 8

Fi gur e theinssumentjasoprdingdo yaueussmbogivaents pf iha greseptgayantion; and Figure 50 is
an enl arged view of a section of Figure 48. DETAILED DESCRI PTI ON [ 0011]

Fi gures 1 arkigitedepdtillaratrmoendogiopicsurgicat &istrumeht witk powidasarstarcdiding too
vari ous enbodi nents of the present invention. The endoscopi c surgical

i nst r unRBthed SnBSUTRELSSIhe Prebeidh@nflon;2 shaft 8, and an articulating end
effector 12 pivotally connected to the shaft 8 at an articulation pivot 14.

ffoct 1ot ath Besreh Pk TReniEbRNRE AARER vl phlfr JEREBolEl0 | |
the illustrated  enbodi t, the end effector 12 is configured to act as an
endocut%eé@q%aerr e&bﬁﬁ%‘%gg’@%ﬁeﬂb‘n&%wnét apling tissue, although, in other
enbodi ments, different types of end effectors may be used,
Figures 37-40 illustrate an endoscopic surgical instrument with tactile feedback to
embodiments of the present invention;
Figures 41-42 illustrate a proportional sensor that may be used according to various
embodiments of the present invention;
Figure 43 includes a side view of a handle of a surgical instrument that may be provided
in association with embodiments of the invention;
Figure 44 illustrates a partially cross-sectional, partially schematic side view of a gear
shifting assembly that can be provided in accordance with embodiments of the invention;
Figure 45 illustrates a schematic of a planetary gear arrangement that can be provided in
accordance with embodiments of the invention;
Figure 46 is an enlarged view of a section of Figure 44;
Figure 47 includes an exploded view of a gear shifting assembly that can be provided in
accordance with embodiments of the invention;

Figure 48 includes a partially cross-sectional, partially schematic side view of a gear

shifting assembly that can be provided in accordance with embodiments of the invention;



such as end effectors for other types of surgical devices, such as graspers,
cutters, staplers, clip appliers, access devices, drug/gene therapy

devi ces, ultrasound, RF or |aser devices, etc. [0012] The handle 6 of the

i nstrunent 10 may i ncl ude a closure trigger 18 and a firing trigger 20 for
actuating the end effector It wll be appreciated that instrunments
havi ng end f tasks may have

di fferent ng%ieéra?%r%l%eggggako%?%%&elrﬂ%%{égpﬁgﬁwﬁ %ﬁ?t able controls for
operating the en effecbv E end efFecto 12 is shown separated from
the handl e 688 4 BrA&FB a%qdy“%‘flé) 88708 04 $n one enbodi nent, a
clinician or operator of the instrunent 10 nmay articulate the end effector
12 relative to the shaft 8 by utilizing the articulation control 16, as
described in nore detail in pending U S. patent application Ser. No.

11/ 329DPEAAILED IDESOBRHIEON 10, 2006, entitled "Surgical |nstrument Having An
Articulating End Effector,” by Geoffrey C. Hueil et al., which is

i ncor por at efhoh ey eFpubys Ir &fdex &d1i@.ann{ 63 &s{[ﬂg&aenﬂtreﬁxéﬁtctmdccaﬁiﬂgml udes in

this exanple, anong other things, a staple channel 22 and a pivotally
trans| alabls nﬁ)bamn&goﬂﬁ RSent IMetiGE T eﬂ&é@gb i€4ur rgmn fy préfnt ¢ fHsged at
a spaci ng that assure ective stapl |ng and severin t1ssue clanped in

Llos o ahaffit 54 smir A oRRARlGe rd ey Rl E?Oén %te@’ S s BAR R R N 2

cl osing of the anV|I 24 toward the staple channel 22 of the end effector 12
to thefidisylatipnpiyot |4 sha aﬁt?élhtlpaﬁ@@r%émnbetmewéﬁwha@t inthe hapdlafde 22, The

firing trigger 20 is farther outboard of the closure trigger 18. Once the
cl osur effedt rotgtimr ofltBe exd effaritard 2 abotitihe aftwslatien posit § #.0in the iflustiatedr descri bed
bel ow, the firing trigger 20 nay rotate slightly toward the pistol grip 26

so t habmbbdifrRht, BR dndaERedr bY id dafigRRAAS 8¢t ab Gh BEdNReMRRdlampli Bevekhig @R@r at or
may p| votaIIy draw the firi ng trigger 20 toward the pistol grip 26 to cause

the g@ ﬂ(ﬁr@ssn %tﬁ@y r thfo en%o%ﬁmgiﬂs tdlﬁérHﬁ’t t&ﬁbst&%n@ Qﬁe@chfsqﬁa}pﬁe &s%d, In

ot her e f er ent

such as end effectors for other types of surgical devices, such as graspers, cutters, staplers, clip
appliers, access devices, drug/gene therapy devices, ultrasound, RF or laser devices, etc.

[0012] The handle 6 of the instrument 10 may include a closure trigger 18 and a firing
trigger 20 for actuating the end effector 12. It will be appreciated that instruments having end
effectors directed to different surgical tasks may have different numbers or types of triggers or
other suitable controls for operating the end effector 12. The end effector 12 is shown separated
from the handle 6 by a preferably elongate shaft 8. In one embodiment, a clinician or operator of
the instrument 10 may articulate the end effector 12 relative to the shaft 8 by utilizing the
articulation control 16, as described in more detail in pending U.S. patent application Ser. No.
11/329,020, filed January 10, 2006, entitled “Surgical Instrument Having An Articulating End

Effector,” by Geoffrey C. Hueil et al., which is incorporated herein by reference.



types of clanping nenbers besides the anvil 24 could be used, such as, for
exanpl e, an opposing jaw, etc. [0014] It wll be appreciated that the terns
"proximal" and "distal" are used herein with reference to a clinician
gripping the handle 6 of an instrunment 10. Thus, the end effector 12 is
distal with respect to the nore proximal handle 6. It wll be further
appreci at ed (0083), Tl endoeffectoril@nodudasdn dlisexample, apatigaithdr elings, sustapleas
"vertical" and "horizontal" are used herein with respect to the draw ngs.

However ghafikié]l 20 Gal aipﬂﬁtzﬁlwﬂis&tﬂﬂ@cluﬁlgmgi eBétysueh ia€ Bh ahviDD4, valiieh afeosi ti ons,
and these terns aré not intended to be limting and absolute. [00151 The

cl osure. tri r i : el L Gl i s t.hed
R R R e S VR S R A Rl S 49
the closure trigger 1 0 it fully ¢l d ocked position proximte to
the pi scibierasy 198 hardle Sindthdes aieglit® SoEShapd ER sB0Nbie BBeI¥ Nme £ ¢ ing
trigger 20 returns to the open position (shown in Figures 1 and 2) when the
10 cl i npirptaly deawmkysthe cliBisigndo cause glasmningeiclogpgof the apvib e wvard thesttepie e
button on the handle 6, when depressed, may rel ease the | ocked cl osure

t ri gger chib8nel 2Q®T e dridgfifeetod 12 o therabyelanetissue positdnedretvecwmh tbé imdt 24 arkl?
according to various enbodinents. As shown in the illustrated enbodi nent,

t he endciphh&@Qpo rrhé;ﬁriﬁgyriggalzodgfarihe; ow@Bslird bothelchsttarigh Vi 80 UShaé-the slobased
channel 22 and anvil 24, a cutting instrunent 32, a sled 33, a staple

cartri d{g& &8 Mckbd irl @x@‘%l’cﬁﬁlle%’%o%ft%i%%%g rfrlgr;het g?‘scﬁB@d‘B‘éBw e fﬁ‘ﬁ%éﬁg%ﬁﬁ%ﬁég screw

shaft 3 e cutting instru or exanple, anvi |
24 may b i,vot abl ned .and.cl osed. at i vot. poj.nt 25 connected to the
o ox oG EHIERR o ABRE ol 235 26+ BRhn Bo Fratfite Rt orfiaist SRRESE BN, o
its proximate end that is inserted into a conponent of the mechanical

cl osur eThapdthe apqrates may piptally drawrthe Bripgjrigest 2 Envasdh theqpigelegimd torsause the,

When the cl osure
stapling and severing of clamped tissue in the end effector 12. In other embodiments, different

types of clamping members besides the anvil 24 could be used, such as, for example, an
opposing jaw, etc.

[0014] It will be appreciated that the terms "proximal” and "distal" are used herein with
reference to a clinician gripping the handle 6 of an instrument 10. Thus, the end effector 12 is
distal with respect to the more proximal handle 6. It will be further appreciated that, for
convenience and clarity, spatial terms such as "vertical" and "horizontal" are used herein with
respect to the drawings. However, surgical instruments are used in many orientations and
positions, and these terms are not intended to be limiting and absolute.

[0015] The closure trigger 18 may be actuated first. Once the clinician is satisfied with
the positioning of the end effector 12, the clinician may draw back the closure trigger 18 to its
fully closed, locked position proximate to the pistol grip 26. The firing trigger 20 may then be

actuated. The firing trigger 20 returns to the open position (shown in Figures 1 and 2) when the
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trigger 18 is actuated, that is, drawn in by a user of the instrunment 10,
the anvil 24 may pivot about the pivot point 25 into the clanped or cl osed
position. |If clanping of the end effector 12 is satisfactory, the operator
may actuate the firing trigger 20, which, as explained in nore detai

bel ow, causes the knife 32 and sled 33 to travel longitudinally along the
channel;22; t ﬁp{eqio f r5.12. The
rmverre%lltnggl }{:ﬁd&‘?gdes%g& a S?r%a&!tbﬁg%r ngé:gél}ghesg |Btﬁtt§19§1t1 ?pe }gﬁs:laf(enot shown)
of the e ca tr|d ryen t hropggh the severed tissue and

agai nsf” gepé?sgg tﬂe?%ﬁ%e%ﬁofﬁfﬁrég%eﬁggstapI es to seal the severed
tissue. U S Pat 6 978 921, titled " Sur | i i nstr.unent

i ncor por at i H’Qléln E‘Hﬁ‘é“a}ﬂsfalnrfixﬁ&’dgﬁé{lﬂ’i‘éﬂﬁ theen 93%‘?06‘?{ lizsapCFngrngtBrV&fl@EP herein by
reference, provides nore details about such two- stroke endoscopic

i nst r uembodimemise Asishowa & theyillpsiragedrembedimend, theend elfepsor3l2 may oisludgain when t he
knife 32 retracts follow ng the cutting operation, the sled 33 does not

r et r achddifiéitb Ahe pievivasiyltletned tiechnthZd amall dnlkil 2gha tieing ifsadingRrN3 3 acledtdle
instrunent 10 described herein enploy an end effector 12 that staples the

sever ed g l%%Hﬁnd#e’héptthQﬁ &R RAR lﬂmef&laﬁz%l 221&1dta91&?émhpéé?e°w Eip#t 4, 0sing or

sealing the severed tissue may be used. For exanple, end effectors that use

RF ene adhesi ves,+{ 0 s the severe Q be ed. U

A I e A S e L
Recessed and/or O fset, Electrodes” to Yates et and S. . Pat

5, 709, swbelesediaf p glyot pPISEL? sgrmeaﬁeaacr thegredmate e@dwgmec@m% %?fatTé@ agyil 2?

whi ch are incorporated herein by reference, disclose an endoscopic cuttlng
i nst r umepals adludesatgb 2R[At #hprogymate esé Hiat istinsested tte d compenent ofile. mezhaeinal
Application Serial No. 11/267,811 to Jerone R Mrgan, et. al, and U S.

Pat ent clépit sysdémn @desEetddofurthier. belo'kl(/)2t62)p8183nd clofer thelenvic ks EWBhehd dlosurd V, et .
al, which are also incorporated herein by reference, disclose an endoscopic

cut ting; sBEHY B ied! R <88 3 BESLNED 1R AN 09GUGREH 24 k2 o

Accor di t hough t escrlp ion herein ers

about the pivot point 25 into the clamped or closed position. If clamping of the end effector 12 is
satisfactory, the operator may actuate the firing trigger 20, which, as explained in more detail
below, causes the knife 32 and sled 33 to travel longitudinally along the channel 22, thereby
cutting tissue clamped within the end effector 12. The movement of the sled 33 along the
channel 22 causes the staples (not shown) of the staple cartridge 34 to be driven through the
severed tissue and against the closed anvil 24, which turns the staples to seal the severed tissue.
U.S. Pat. 6,978,921, entitled “Surgical stapling instrument incorporating an E-beam firing
mechanism,” which is incorporated herein by reference, provides more details about such two-
stroke endoscopic instruments. The sled 33 may be part of the cartridge 34, such that when the
knife 32 retracts following the cutting operation, the sled 33 does not retract.

[0017] It should be noted that although the embodiments of the instrument 10 described

herein employ an end effector 12 that staples the severed tissue, in other embodiments different
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to cutting/stapling operations and the |like below, it should be recognized
that this is an exenplary enbodinent and is not neant to be Ilimting. OQher
ti ssue-sealing techniques may also be used. 100181 Figures 4 and 5 are

expl oded views and Figure 6 is a side view of the end effector 12 and shaft
8 according to various enbodi ments. As shown in the illustrated enbodi nent,

the shabthq 8 Yor MG Rali Ok T8 RelliRad iRy beRSed! FRRYaBpR] SiPEfRtRS tHal
t ube 4% éh[g?(\l/ot a%l y Ilnkedabyg)'?(g1 pi VO? 1| nks 54 The di st al P closure tubea4

i ncl udes t C n ed in
order t8° opeﬁpaﬁ?’aorgdldggsév ﬁg S%ér,l:{{/ilkﬁ J&g%@&&@r&} hegg) Eerd]'gsggr ﬂbé fagelﬁévé s7t|gosed
i nside the ure tub r oxi.mat osed
i nsi de Wﬁ‘é‘eél&? %‘fg ‘isﬁ?é’é %‘V‘tlbgg%fzsﬁl dﬁa?ﬁfﬁebﬁ&rﬁr%‘? i 8gie Frgtt e)
drive shaft 48 that communi cates with a secondary (or distal) drive shaft
50 vi a @, bed/BIS. FehNoa§s/ORIBY eatitled “FlectepsurginahHymastaie Dstiaft tosbatesetddnnect ed
to a drive gear 54 that engages a proximte drive gear 56 of the helical

scr ew swhith a@Gncokperatedrieraimby beforehcq disclos2 n emdossific emttdnginsaumient that wspeni ng
57 in the distal end of the proxinmate spine tube 46. A distal spine tube 58

may be Mﬁeﬁergpt&@ﬁi mégexﬂe%eé iQus co® Parent A Pj)ch%uSH@%ﬁalWo anmdrte 146 iMem@ear s
54, 56. Collectively, the main drive shaf , secondary drive shaft

ismf‘rﬁ@w%@?;re@@ SEEBNAT L O SRR

sl ed 33ma made . of , for B | asti.c, and y have a.sl oped di stal
sur f acedl» Rbighe aisa incgiparpisg B bm TEBREnAiSFloseAN qnasCOpHutin B yr f ace

may push up or drive the staples in the staple cartri dge through the
cl anpedthat ussuadhgsiticsigaealshe severedrissue. 2ccortingly zalthonglpthetdgseriptiondersimpsifers,
t hereby stapling the severed tissue. Wien the knife 32 is retracted, the
kni f e 3@ catthgstapting Sperasioxendike Hksbsigagie shoulhibe ebyglisalthagthishieas| ed 33 at
the distal end of the

exemplary embodiment and is not meant to be limiting. Other tissue-sealing techniques may

also be used.

[0018] Figures 4 and 5 are exploded views and Figure 6 is a side view of the end
effector 12 and shaft 8 according to various embodiments. As shown in the illustrated
embodiment, the shaft 8 may include a proximate closure tube 40 and a distal closure tube 42
pivotably linked by a pivot links 44. The distal closure tube 42 includes an opening 45 into
which the tab 27 on the anvil 24 is inserted in order to open and close the anvil 24, as further
described below. Disposed inside the closure tubes 40, 42 may be a proximate spine tube 46.
Disposed inside the proximate spine tube 46 may be a main rotational (or proximate) drive shaft
48 that communicates with a secondary (or distal) drive shaft 50 via a bevel gear assembly 52.
The secondary drive shaft 50 is connected to a drive gear 54 that engages a proximate drive gear

56 of the helical screw shaft 36. The vertical bevel gear 52b may sit and pivot in an opening 57

in the distal end of the proximate spine tube 46. A distal spine tube 58 may be used to enclose
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channel . 100201 As descri bed above, because of the |ack of user feedback for
the cutting/stapling operation, there is a general |ack of acceptance anong
physi ci ans of notor-driven endocutters where the cutting/stapling operation
is actuated by nmerely pressing a button. In contrast, enbodinents of the
present invention provide a notor-driven endocutter wth user-feedback of

the dephOytEtary &ﬁv&&aﬂ%%@rth@@ﬁ\&é %e‘afk of 56h@oﬁé@tﬁv’eﬂgtﬂer}ﬁ&hlél%%hdﬂﬂé g end
effector. 100211 Fi gures -10 illustrate an exenpl ary enbodi ment of

nDtor-driv nd [ fant

pr ovi dggcotﬂlse d? %‘S E‘S raéldg}r1 d?IJH@uIE ﬁ&{ %Sgg‘jf‘g“e/ r%%t’ tﬁ% f%egda%n ﬁﬁ@’r 52a-§% E? he
over  BPERNBEITEGTCHE htaééin ) Q%n%&%ﬁrweﬁ pEebp 'ﬁS tr .“392?“’88' Lo pover the
device (a so-called "power assist” nDde) As shown in the illustrated
enbodi ment , [0H8] hahgIskeded3 may belmadet, ot exemplep plastics jatié n@lydere a s@peddisiahd

exterior upper side pieces 61, 62 that fit together to form in general,

t he extseffacel Axfthé bled BamEhersés théchaintEl) thedslopd dbrvasd sudfaceimdy pahtuproy, may be
provided in the pistol grip portion 26 of the handle 6. The battery 64

powers g VQ‘EHe%apq’é i HIRPIHAE AR (HIRREH R tisShe ﬁlﬂiea%irﬁ e 2801 P4PPRE T ON

26 of the handl'e 6. According to varrous enbodi nents e m)tor 65 13 may be

a DC brus. driyin WHXIHU 1Iola | ¥, 5000
Rev LT ot e SihalRReesl? oG e S RS SR o s PR BRI Yo P
bevel 68 and a_ second bevel gear_ 70. The bevel gear asse 66 may
dri ve Snit andnangd 33 massens Ryreneteobrohy KAVPR TR s@gﬁ%s aisbe r@ewom

i nclude a pinion gear 74 connected to a drive shaft 76. The pinion gear 74
may drichenmgl.mating ring gear 78 that drives a helical gear drum80 via a
drive shaft 82. Aring 84 may be threaded on the helical gear drum 80.

Thus, when {0e20)0tAY desbribadaibat € becdu’e of the Gackbfiuserdfaetback fur the axtthg/sthplivg t he

hel i cal gear drum 80 by neans of the interposed
operation, there is a general lack of acceptance among physicians of motor-driven endocutters
where the cutting/stapling operation is actuated by merely pressing a button. In contrast,
embodiments of the present invention provide a motor-driven endocutter with user-feedback of
the deployment, force, and/or position of the cutting instrument in the end effector.

[0021] Figures 7-10 illustrate an exemplary embodiment of a motor-driven endocutter,
and in particular the handle 6 thereof, that provides user-feedback regarding the deployment and
loading force of the cutting instrument in the end effector. In addition, the embodiment may use
power provided by the user in retracting the firing trigger 20 to power the device (a so-called
“power assist” mode). As shown in the illustrated embodiment, the handle 6 includes exterior
lower side pieces 59, 60 and exterior upper side pieces 61, 62 that fit together to form, in general,
the exterior of the handle 6. A battery 64, such as a Li ion battery, may be provided in the pistol

grip portion 26 of the handle 6. The battery 64 powers a motor 65 disposed in an upper portion

of the pistol grip portion 26 of the handle 6. According to various embodiments, the motor 65
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bevel gear assenbly 66, planetary gear assenbly 72 and ring gear 78. [0022]
The handle 6 may al so include a run notor sensor 110 in comuni cation with
the firing trigger 20 to detect when the firing trigger 20 has been drawn in
(or "closed") toward the pistol grip portion 26 of the handle 6 by the
operator to thereby actuate the cutting/stapling operation by the end

eff ect ie?{ y%@ B@ﬁ&?&’rﬁwﬁ% ‘Eﬁf%a@fig rﬁ%@&%@ﬁ&@h Jxx E&Q%OO

exanpl Pheos or va ere ger

dr awn the ensor . 110 cts the ment d ds el |ca

o1 gna THBOEE 63 S o0, SRV i e o B asffratp et 6 fid ot or 65,
When the sensor 110 is a variable resistor or the |ike, the rotatlon of the
ot or  &Bondiyevskeeps By dibe peyrl @garassamtly 66 gnayHsiveralenctasy geenassesnbly 2. The
firing trigger 20. That is, if the operator only draws or closes the firing
t ri ggeplag@anyrgear dss¢rhbly 7Qimay inkhide atpatiow geanf74tchanecnmit tora dibveishaft gbaTheyel y | ow.
When the firing trigger 20 is fully drawn in (or in the fully closed

posi ti pidlon gelL74 Radldtio8 a@ﬁatitr@en@geer 76Mat &k albeRcdlRshiaiiin $0Wighhgie Wor ds,

t he harder %%e user pulls on the firing trigger 20, the nore voltage is

appl i EQE gt %rlggkg glaoe t%ldaécﬂ galre%%h@aﬁ Eﬁtcgﬁm%fg Thk %ﬂgé}ﬂpﬁk%%eés The

handl e may i n acent

portion of thefl ng tri 0, Th nde6als i

Por | ngrotss, g §4a tasdsofdfaed 10;51&%?%@@%4%@ it B PR e BEing Supgeds o
t he fll’ln? trigger 20. The bias spring 112 may bias the firing trigger 20
to it sbével gsar eprembhinet, langtary geariaase 72 aprbring peardBer at or rel eases the
firing trigger 20, the bias spring 112 will pull the firing trigger 20 to
its open pofigR2pnThé haidddy mayedovinclgdas tuahbon safsot hE) Bevaonunidiontwidr eby
stopping rotation of the notor 65. Mreover, by virtue of the bias spring

112, ap ffriﬂtg%?%éi@@rto akReeshdrge Firing ‘f‘xg%]éef DOUS bedH, dré\bﬁl Fcldbddr) @%agd | ence
resi stance e closing operation, thereby providing the user wth

feedb aﬁl‘é p?ﬁoltg(?l ﬂb?tlm&@f thgfhandle 6 by the operator to thereby actuate the cutting/stapling

operation by the end effector 12. The sensor 110 may be a proportional sensor such as, for
example, a rheostat or variable resistor. When the firing trigger 20 is drawn in, the sensor 110
detects the movement, and sends an electrical signal indicative of the voltage (or power) to be
supplied to the motor 65. When the sensor 110 is a variable resistor or the like, the rotation of
the motor 65 may be generally proportional to the amount of movement of the firing trigger 20.
That is, if the operator only draws or closes the firing trigger 20 in a little bit, the rotation of the
motor 65 is relatively low. When the firing trigger 20 is fully drawn in (or in the fully closed
position), the rotation of the motor 65 is at its maximum. In other words, the harder the user
pulls on the firing trigger 20, the more voltage is applied to the motor 65, causing greater rates of
rotation.

[0023] The handle 6 may include a middle handle piece 104 adjacent to the upper

portion of the firing trigger 20. The handle 6 also may comprise a bias spring 112 connected
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rotation exerted by the notor 65. Further, the operator could stop
retracting the firing trigger 20 to thereby renove force fromthe sensor
100, to thereby stop the notor 65. As such, the user may stop the

depl oynment of the end effector 12, thereby providing a neasure of control of
the cutting/sealing operation to the operator. [0024] The distal end of the

hel i cajergRa pshi oA GO nlifdle ‘l'ﬁﬁﬁe Picdk 3b& megfh'e\fﬁm%hﬁé §er D40 TR @fas sﬂﬁh%‘?fz fhal/l NY

gear 122, which nates wth a p| n| on gear . e p| n| on gear

conn ecgﬁg the(}'n 'lﬁﬁg%% fjattﬁ 1t!s go‘s‘%ogf Iﬁ rﬂ?h Hg oé&?{?afeffga%&[ﬁl In

t hat way causes r|v assenbly to
rotate mhlch causes actuatlo ) e end effect as descri above.
[ 0025] Tifingtrigery2 B Ahg has SR ldﬁ ‘Y‘I‘Jé’“ﬂé}‘? N Hegger 345 %‘%@PWSF‘H& Gré?g& post
86 that is disposed within a slot 88 of a slotted arm90. The slotted arm
90 hasremwvingsasivagion 2f thesseninpd . therebyistopping nefationeefehe swter 63 \Weorepyer, 96 t hat
is connected between the handl e exterior side pieces 59, 60. The pivot pin

96 is eirtwe ofliheisseprihfl 02iGiy dimeopaser bipsdsQhe fifing egdet 2O, be Usdr gl lexpéicadel an
opening 102 in the mddle handl e piece 104. [0026] In addition, the handle 6

may i nf%'sié%c@tortﬁé’ @1r0§1‘ﬁ§ %?Ex@fioﬁﬁﬁer@l%dpl%fmﬁﬁgr Pk Qs RaPTebdbakBAs @@ﬂle%rﬁﬁlﬁpoﬂmt or

(or begi nning-of-stro sensor I n various enbodi nents, the reverse

) I3 e b L8 o

on the helical gear_ dr n180 contacbs trips the reverse notor sensor 130
when t i ?qehbgreslszFéa@ﬁ m the sgnsor 400 eeﬁbYtsmp he matan 6yeAs SHhUIRESEr The
reverse notor sensor 130, when activated, sends a signal to the notor 65 to
r ever smay s®opithxt deplaymadit oétheicod effecthet L herelt pravidini gammeasirk of doamtrepofothe t he end
effector 12 follow ng the cutting operation.
cutting/sealing operation to the operator.
[0024] The distal end of the helical gear drum 80 includes a distal drive shaft 120 that
drives a ring gear 122, which mates with a pinion gear 124. The pinion gear 124 is connected to
the main drive shaft 48 of the main drive shaft assembly. In that way, rotation of the motor 65
causes the main drive shaft assembly to rotate, which causes actuation of the end effector 12, as
described above.
[0025] The ring 84 threaded on the helical gear drum 80 may include a post 86 that is
disposed within a slot 88 of a slotted arm 90. The slotted arm 90 has an opening 92 its opposite
end 94 that receives a pivot pin 96 that is connected between the handle exterior side pieces 59,
60. The pivot pin 96 is also disposed through an opening 100 in the firing trigger 20 and an
opening 102 in the middle handle piece 104.
[0026] In addition, the handle 6 may include a reverse motor (or end-of-stroke sensor)

130 and a stop motor (or beginning-of-stroke) sensor 142. In various embodiments, the reverse

motor sensor 130 may be a limit switch located at the distal end of the helical gear drum 80 such
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[0027] The stop notor sensor 142 may be, for exanple, a normally-closed
limt switch. In various enbodinents, it nay be |located at the proxinate
end of the helical gear drum80 so that the ring 84 trips the switch 142
when the ring 84 reaches the proximate end of the helical gear drum 80.
100281 In operation, when an operator of the instrunment 10 pulls back the

firing thidHOARg 84 threddd@ oRQRS RElichll Eead BFAE BE coitgets il @RI reQérsé iR tdrisehdde

trigger 20 and sends a signal to the notor 65 to cause forward rotation of

the, ot % Bkuthe ib ' FARAR Ge oy 8 oPHORORLA B3 lark) ORI hrddihoroppEr 3t o

pul | s back trigger rward-rotation o e notor 65 in

turn causes e.rin ear 78 at. t i stal of th | anet ary. .qear
nssenbi s 180 gt vAEfrity S intal o feihdor LR B s PARR A ot at e
causing the ring 84 threaded on the helical ?ear_drun180_to travel distally
al ong ttl‘iéreh)éwlfbglla the dnif3g of therradrediiegior &4 Ieftowing theequiting ongeationdr um 80

al so drives the nmain drive shaft assenbly as descri bed above, which in turn
causes depl d¢9aZTt Tle sthemonirfsens®d? 142 may Ibe, fon cxatfiflect wornbHy-cldsad linst svitvh.
knife 32 and sled 33 are caused to traverse the channel 22 |ongitudinally,

t her ebynGidtibhdEnbddnnbsts Gt AAp S 1ddatddne tRHoihfa@Cédlr of te héMcaPgeak BAIMS BABS | NY
operation of the end effector 12 is caused to happen in enbodi nents where a

stapl i ng; RS Lt 42 WRGH Jredhed E phd #id giesit ap! i ng
opor at | it P Apf 3% o' Gl P42 YRGS rediticl 16 pholihalghathd AR 20
gear drum 80 V\%d | have reached the distal end of the helical gear drum 80,
t her eby®8%@H ‘the reverse notor sensor 130 to be tripped, which sends a
signal to the notor 65 16 to cause the notor 65 to reverse its rotation.
Thi's in turn0028]sek apseationi Whergan eperater oftbe insparent Khpullshasle thetfhing triggers4 on
the helical gear drum 80 to nove back to the proximate end of the helical
gear dr20ntiGensor 110 detects the deployment of the firing trigger 20 and sends a signal to the motor

65 to cause forward rotation of the motor 65 at, for example, a rate proportional to how hard the

operator pulls back the firing trigger 20. The forward rotation of the motor 65 in turn causes the

ring gear 78 at the distal end of the planetary gear assembly 72 to rotate, thereby causing the

helical gear drum 80 to rotate, causing the ring 84 threaded on the helical gear drum 80 to travel

distally along the helical gear drum 80. The rotation of the helical gear drum 80 also drives the

main drive shaft assembly as described above, which in turn causes deployment of the knife 32

in the end effector 12. That is, the knife 32 and sled 33 are caused to traverse the channel 22

longitudinally, thereby cutting tissue clamped in the end effector 12. Also, the stapling operation

of the end effector 12 is caused to happen in embodiments where a stapling-type end effector is

used.

[0029] By the time the cutting/stapling operation of the end effector 12 is complete, the

ring 84 on the helical gear drum 80 will have reached the distal end of the helical gear drum 80,

thereby causing the reverse motor sensor 130 to be tripped, which sends a signal to the motor 65
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[ 0030] The m ddl e handl e piece 104 includes a backsi de shoul der 106 t hat
engages the slotted arm90 as best shown in Figures 8 and 9. The m ddl e
handl e pi ece 104 also has a forward notion stop 107 that engages the firing
trigger 20. The novenent of the slotted arm90 is controlled, as expl ai ned
above, by rotation of the notor 65. Wen the slotted arm90 rotates CCW as
t he ritogatst the meadr$5fto asnetdedtsporaronalhis émthro tadsbethbdinife 80 tg earact andals® t o
the distal end, the mddle handle piece 104 will be free to rotate CCW

Thus, @ssdshBe H8E84 B aWShelliBall J28r drufi 8Wto thévAURK tfhe prit@nfatd ériddbrithd BARA 20
wi ||l engage the forward notion stop 107 of the m ddle handle piece 104,

causin I‘E'I%ggk@.dl e handl e piece 104 to rotate CCW Due to the backside
e

shoul et ngagi ng the slotted arm 90, however, the m ddl e handl e piece

104 will o e abl e. r ot at.e as, far as. t.he slott rm90 permts.
- that | v 0830Y° P sl el b TP in Sbraig sl dfle Ml acpebs ke
slotted arm90 will stop rotating, and the user will not be able to further
dr aw | fottadearm; 30 asdestrshgyann P ansled. t Flee middin kandlenieee Widedso hag 4 fafward not
be free to rotate CCW due to the slotted arm 90. [0031] Figure 41 and 42

i 'l ustmatien stop 1687 thiheengagesathw firing lodigees 20.s The troatmomtyofhkee slekell @m 9@ Be run
not or sensor 110 according to various enbodi nents of the present invention.

The seng@blled 19 cXP¥inbdghHRELRrdt@ R TR midr 880 Wigenfthé Slotted &6k HOHRated) 282, a
second el ectrode (B , and a conpressible dielectric material 286 (e.g.,

) 284
EAP) b | i.tioned such
That (76 O aet e B SVER RN B Drofifie hASrEIRRE cbPasiRY 80 MBI BREC SU°

Accor di ngl, en the firing trigger 20.is.refracted, the dielectrijc

o or 1 it POl e M0LRPoe beRiRite Gy o This St useriTatads BRORect r odes
282, 284 are closer together. Since 17 the distance "b" between the

el ect rioigeer 208the g triggeti 200wl gngped the derweard migtion e d A ©é theeniddierhangdle

el ectrodes 282, 284, the greater the distance the nore inpedance, and the
cl oserpitdeel 0di sdudimgehd méddle handle piece 104 to rotate CCW. Due to the backside shoulder

106 engaging the slotted arm 90, however, the middle handle piece 104 will only be able to
rotate CCW as far as the slotted arm 90 permits. In that way, if the motor 65 should stop rotating
for some reason, the slotted arm 90 will stop rotating, and the user will not be able to further
draw in the firing trigger 20 because the middle handle piece 104 will not be free to rotate CCW
due to the slotted arm 90.

[0031] Figure 41 and 42 illustrate two states of a variable sensor that may be used as
the run motor sensor 110 according to various embodiments of the present invention. The sensor
110 may include a face portion 280, a first electrode (A) 282, a second electrode (B) 284, and a
compressible dielectric material 286 (e.g., EAP) between the electrodes 282, 284. The sensor
110 may be positioned such that the face portion 280 contacts the firing trigger 20 when
retracted. Accordingly, when the firing trigger 20 is retracted, the dielectric material 286 is

compressed, as shown in Figure 42, such that the electrodes 282, 284 are closer together. Since
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| ess i npedance. In that way, the anmount that the dielectric material 286 is
conpressed due to retraction of the firing trigger 20 (denoted as force "F"
in Figure 42) is proportional to the inpedance between the el ectrodes 282,
284, which can be used to proportionally control the notor 65. [0032]
Conponents of an exenplary closure systemfor closing (or clanping) the

anvil 4 dRfantdrey’ ﬂjww@efxﬂ‘tﬁ@brabtra&esmzrmlgqheag refagedab disd inpeldhh@dRtwde (B¢ €
al so shown in Figures 7- In the illustrated enbodi nent, the closure

systemJ A&(ﬁ{?ﬁ ) AP Iﬂ?e %l%gtep aRNGGARY tl&)@n%&qﬁ?eg ECandlthé FRSEr thE ggﬁn@e gn 251

inserte rougn’a openlngs In osure trlgger and

! nser (SR APRIAR. L oo Ryt e O G el SR g Bt 7 e

from where the pin_251 is inserted through the closure trigger % Thus,

r et r actieBaction of the finngsirieges 34 Qj‘ﬁ@‘?teCiBS fosers ds IPIEégLEi?) lsﬁéﬁﬁo%‘?naﬂ ethe| osur e
trigger 18, to which the yoke 250 is attached via the pin 251, to rotate
CCcwW THmpd'd&tcaIbe‘emadnd'ie eledimdgoRE2, 284, whick oambexysed to proportiqmially eeapolthe a first
cl osure bracket 256. The first closure bracket 256 connects to a second

cl osur embiopeket 258. Col lectively, the closure brackets 256, 258 define an
opening in which the proxinmte end of the proximate closure tube 40 (see

Figure 4) '305%8 Ca@g@m?%kgng 0S fe fop @los \(Sf@ ggg‘g?{ﬂg%ngﬁosure

brackets 25 ongltu I a not | the p OX|nat osure tube

or oxi A aPE e el 3 T e T e e A A

into which a post 263 on one of t he handl e exterlor pi eces, such as exterior
| ower sthel éh}ﬂré@é emdogiment, ke ¢losuie sysitra inclidss avakan 50 panngeted it clasure xed v
connect the closure rod 260 to the handle 6. In that way, the proximte
cl osur etrigpdrel 846y a pinap atdeeted throwgh alignbd opgningdiimhbthythe elosre veggen 18 larnd i
closure rod 260. The closure rod 260 may also include a distal collar 267
that fiokei2800A%i¢a\ih 252, about which the closure trigger 18 pivots, is inserted through another

opening in the closure trigger 18 which is offset from where the pin 251 is inserted through the

closure trigger 18. Thus, retraction of the closure trigger 18 causes the upper part of the closure

trigger 18, to which the yoke 250 is attached via the pin 251, to rotate CCW. The distal end of

the yoke 250 is connected, via a pin 254, to a first closure bracket 256. The first closure bracket

256 connects to a second closure bracket 258. Collectively, the closure brackets 256, 258 define

an opening in which the proximate end of the proximate closure tube 40 (see Figure 4) is seated

and held such that longitudinal movement of the closure brackets 256, 258 causes longitudinal

motion by the proximate closure tube 40. The instrument 10 also includes a closure rod 260

disposed inside the proximate closure tube 40. The closure rod 260 may include a window 261

into which a post 263 on one of the handle exterior pieces, such as exterior lower side piece 59 in

the illustrated embodiment, is disposed to fixedly connect the closure rod 260 to the handle 6. In

that way, the proximate closure tube 40 is capable of moving longitudinally relative to the
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269 in proximte spine tube 46 and is retained therein by a cap 271 (see
Figure 4). [0033] In operation, when the yoke 250 rotates due to retraction
of the closure trigger 18, the closure brackets 256, 258 cause the

proxi mate closure tube 40 to nove distally (i.e., away fromthe handl e end
of the instrunent 10), which causes the distal closure tube 42 to nove

di st al J:leurMﬁ%OcaI‘h%s%stunieroﬁ@éblm%éaléo1 El?lﬁ@% ﬂlsﬁﬁg art2%9 tffét‘if@g iftd B3 ‘g@ into
t he cl anped or cl ose position en the ¢ osure rigger I'S” Uinf ocked
fromt l ocked OSltIO osure e 40 is,caused to slide
br o ) i Prodiiale Spise BB 6,85 B SneR 1acif oY BufaE 24b (e FrEah" pr oxi mal .

whi ch, by Vi rtue of the tab 27 being inserted in the opening 45 of the
distal cl 0s[9083] t lineperation whewthersioke 254 rqtatpsdyegopetyastioniobihe dlomirgirigger pi ns
25 into the open or unclanped position. |In that way, by retracting and

| ocki nig, ttiwecloduns hraekdts 2 55 Q58 T8yseadhe peimadto closmy tdieatitotmesudistalie (ivwe @way he
anvil 24 and channel 22, and may unclanp the tissue follow ng the

cut ti NgomittAPhAral: erfIRATRS indFu¥ntUInh OOIGER BadsBethe ldRsal lchstifel tdBE42 dPmbvom t he
| ocked p05|t|on 100341 Figure 11 is a schematic diagram of an el ectrical

circui Vbl’ﬁcﬁ Qﬁfsvﬁ{ﬁg Qhvil 94 tHtRE DbAE tﬁeggflvardl arpadic Eﬁﬂﬁeﬂ RlidsOe

presen nen|0n an operator Initi S 1n |r|ngtr|gger

20 after.loc he closuretrl th ensor 1 acti.va

201 owi n@m%%%} o 1B e B PR 9 e SRR Do AroitalEse ot or
sensor switch 130 is open (neaning the end of the end effector stroke has
not beelAsure BbrdA)is cauge mhdmmmma whichcaysefghe distpd closuigdubs 42 torslidey r el ay
132. Since the reverse notor sensor switch 130 is not closed, coil 134 of
t he r epayinddl, which, bptirtne of thertgh 2@ deing insehted mathappdrididg 46 bf theelistal cldsare
non-energi zed state. The <circuit also includes a cartridge | ockout sensor

136. | {fubt be, &ﬁsieseﬁef ﬁﬁtilo;_m t%%wdi%bbkﬂ%e pivet FR 85 ﬁ@ﬂierdpég Or Bfolathp&l SRRRA 136

will beinthe closed state, allowing current to flow Oherwise, if 19 the

end ef fn%ﬁ%tﬁféa}}é&?&%%uﬂé’ﬁnd REkig theeishaPlefpet R4, h%%@ra?‘o‘} mdy QWAL 136 W

be open

between the anvil 24 and channel 22, and may unclamp the tissue following the cutting/stapling
operation by unlocking the closure trigger 18 from the locked position.

[0034] Figure 11 is a schematic diagram of an electrical circuit of the instrument 10
according to various embodiments of the present invention. When an operator initially pulls in
the firing trigger 20 after locking the closure trigger 18, the sensor 110 is activated, allowing
current to flow therethrough. If the normally-open reverse motor sensor switch 130 is open
(meaning the end of the end effector stroke has not been reached), current will flow to a single
pole, double throw relay 132. Since the reverse motor sensor switch 130 is not closed, coil 134
of the relay 132 will not be energized, so the relay 132 will be in its non-energized state. The
circuit also includes a cartridge lockout sensor 136. If the end effector 12 includes a staple

cartridge 34, the sensor 136 will be in the closed state, allowing current to flow. Otherwise, if
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preventing the battery 64 from powering the notor 65. [0035] When the staple
cartridge 34 is present, the sensor 136 is closed, which energizes a single
pole, single throw relay 138. Wien the relay 138 is energized, current flows
t hrough the relay 138, through the variable resistor sensor 110, and to the
notor 65 via a double pole, double throw relay 140, thereby powering the
mot or  Ghe aitfleflckaViR®et hotticlieé at@plertatti@ge 34 tededsddi 136641100 opkAAB&EbYNEN
the end effector 12 reaches the end of its stroke, the reverse notor sensor

130 wi 'Aﬁ%ﬁiﬁ@ﬂeﬁh@&sﬁ“t?ﬁﬂg%’%ﬁ&@ [eWofoPgsswitch 130 and energizing the

relay 1 S caus rela 2 to assune its energized state (not

ensor 136 ANTar Whel et aiies gt iEasinh e MRRREI A B B, °F N ow 1o

both the normal|ly-closed double pole, double throw relay 140 and back to the
mot or  EBergizss e singlepalarsieale thipw relag 13%| When t relaydd 8 dnencsgizedh surrsitdlovss t o
reverse its rotational direction. [0037] Because the stop notor sensor

swi t ch thrbRgh sherrolayd 3B ythodugbelk; variableensistai fdnsér 0w, adxhiokthe motdredSrah agdodtde t o
keep it closed until the switch 142 opens. Wen the knife 32 is fully

r et r actgye, dolilsle $r6i¥ roRY A0 SBBRBY psWeiindithd dbtdiS6 Paid Al itq@ LAt Gn tHee switch
142 to open, thereby renoving power fromthe notor 65. [0038] In other

enbodi ther than a proportional -type sensor 110, an on-off type
sensormggﬁﬁ dgg Bgéd. In such enbodi nents, the rate of rotation of the notor

65 woul d not ortional..to the force appli.ed by the operator. Rather,
Phe ot or "odOngs), BRI Frreb B 2 bR BREDLR ke ohe pRRER ety
woul d still_ experience force feedback because the firing trigger 20 is
gear ed 13%twillihgactivaied, dhgroly ¢lpsing thezoviichd30 anprpugigingthe elay K1 elhis eapses t he
handl e 6 of a power-assist notorized endocutter
the relay 132 to assume its energized state (not shown in Figure 11), which causes current to
bypass the cartridge lockout sensor 136 and variable resistor 110, and instead causes current to
flow to both the normally-closed double pole, double throw relay 140 and back to the motor 65,
but in a manner, via the relay 140, that causes the motor 65 to reverse its rotational direction.
[0037] Because the stop motor sensor switch 142 is normally-closed, current will flow
back to the relay 132 to keep it closed until the switch 142 opens. When the knife 32 is fully
retracted, the stop motor sensor switch 142 is activated, causing the switch 142 to open, thereby
removing power from the motor 65.
[0038] In other embodiments, rather than a proportional-type sensor 110, an on-off type
sensor could be used. In such embodiments, the rate of rotation of the motor 65 would not be
proportional to the force applied by the operator. Rather, the motor 65 would generally rotate at

a constant rate. But the operator would still experience force feedback because the firing trigger

20 is geared into the gear drive train.
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according to anot her enbodi nent. The enbodi nent of Figure 12 is simlar to
that of Figures 7- 10 except that in the enbodi nent of Figure 12, there is
no slotted arm 90 connected to the ring 84 threaded on the helical gear
drum 80. Instead, in the enbodi ment of Figure 12, the ring 84 includes a
sensor portion 114 that noves with the ring 84 as the ring 84 advances down

(and back)[0089]t hEigh®) ixXigla siRaview loff heHand[BHeco feapsar-aasttrhodrizdderidochtedes a
notch 116. The reverse notor sensor 130 may be | ocated at the distal end of

the n éct%ﬁrdir#qt ?ﬂ&h@é‘mﬁ&&ﬂleﬂptﬂ{e cHfbRhent 4 Fi 1%% shxﬂﬁé%%%eﬁtof FRrdroxi mat e

end of 116. As the ri ng 84 noves down el1cal gear dr um8

F gur orteery i iSO b siels 7605 " b O EmosBa R s e

notch 116. [00401 I n_operation, as an operat or, of the instrument 10 retracts
in t heS4 thrsaded on thedwtical @ear dryay 6. tingieg. dn e egbogiment of Rigura k. er 898 8&nsor

110 detects the notion and sends a signal to power the nmotor 65, which
causesincladernmsensdreuortidni highsthat thevdsevitlcthk rigg 8¢ ad themi@N84 @dwram:@tcmwm(snd he
helical gear drum 80 rotates, the ring 84 threaded on the helical gear drum

80 advidekesn (Hehelic# lgt&Cdrm xd)epmd;emr @ortiof €l 14 dickides A)notel BIG. Theaetedsd he
pulllng in of the firing trigger 20, the mddle piece 104 is caused to

rotat ey SB{:I 300Gy bé 188l 't BRGH stﬁ%ﬁg lé%%owﬁel 1f6°e[n Eg Eﬂr%(?(g} Cfeﬁ§09 R4107

t hat engagest e firing trigger 2 rotatlono l'e piece 104

S oan iy e et AP SrERhBle el delen 115, PAV BB ic rltfégve\ﬁ# infhehdfal) 59

reaches the distal end of the heI ical gear drum 80, the arm 118 wil|
cont acgeaa At BR(aadpack) hersrasor gorioad 1&@@%@5 withdbrFurther, asishewain Higuisien t he

ring 84 reaches the proximate end of the helical gear drum 80, the arm 118
wi || cthandddle aivde 1 e malpyhave an gy hES thabextersisantosleamsaich 142. Such acti ons nmay
reverse and stop the notor 65, respectively, as described above. 21
[0040] In operation, as an operator of the instrument 10 retracts in the firing trigger 20

toward the pistol grip 26, the run motor sensor 110 detects the motion and sends a signal to

power the motor 65, which causes, among other things, the helical gear drum 80 to rotate. As the

helical gear drum 80 rotates, the ring 84 threaded on the helical gear drum 80 advances (or

retracts, depending on the rotation). Also, due to the pulling in of the firing trigger 20, the

middle piece 104 is caused to rotate CCW with the firing trigger 20 due to the forward motion

stop 107 that engages the firing trigger 20. The CCW rotation of the middle piece 104 cause the

arm 118 to rotate CCW with the sensor portion 114 of the ring 84 such that the arm 118 stays

disposed in the notch 116. When the ring 84 reaches the distal end of the helical gear drum 80,

the arm 118 will contact and thereby trip the reverse motor sensor 130. Similarly, when the ring

84 reaches the proximate end of the helical gear drum 80, the arm 118 will contact and thereby

trip the stop motor sensor 142. Such actions may reverse and stop the motor 65, respectively, as

described above.
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[0041] Figure 13 is a side-view of the handle 6 of a power-assist notorized
endocutter according to another enbodi nent. The enbodi nent of Figure 13 is
simlar to that of Figures 7- 10 except that in the enbodi nent of Figure 13,
there is no slot in the arm90. Instead, the ring 84 threaded on the

hel i cal gear drum 80 includes a vertical channel 126. Instead of a slot, the

arm 90 inclygqs FiRRel 3 12Psihb3tew Sf HE RRREEH of B pber-&RANARor28 endiubie

hel i cal gear drum rotates, the ring 84 threaded on the helical gear drum

as_ e RS0 ol Btrieo Tl BRnBenCey bR iRyl R RT L

as the'ring advances I Spose annel
126, as_shown in F| gur 3. [0042 nti oned abqve, | si ng t wo- st roke
ot or | A8GRF6RS it ifchE F@Hi‘"&fﬁLP%‘&LﬁAﬁ" there laeamsgﬁ e o0 daxeat fhe eur o
trigger 18. Figures 14 and 15 show one enbodiment of a way to |ock the

cl osur ¢hreaded garthel Belical gaae dping 80 includep aperticalochapiel d261 Hasthathef aslet, therarmhe
illustrated enbodinent, the pistol grip portion 26 includes a hook 150 that

i's bi a9edndlndes atpabicl 28@Hdtdd disposed iptheahamil 126.1A4 tHeyhebicilqtear drans§0 totges] 52.
Al so, the closure trigger 18 includes a closure bar 154. As the operator

draws i ﬁ%ex@dhp&ae&oﬁ ’Eﬂe%ﬁEal]gt%ar ddif §) QRMAGS 6 relkads ARPEARS &n BleOPEd _
portion 15 of the hook 150, thereby rotating the hook 150 upward (or CWin

Figures 14-15 Nt i lont re.b 4 I h | .

port1 ofoa; o ih p08Gies SR e Bl S A RANR ok heBRSCRR S BB
closure trigger 18 in place, The operator may rel ease the closure trigger 18
by pusﬁbwaﬂﬂﬁiﬂzéﬁséggwpé‘é?&'}ﬂ% rel ease 160 on the back or opposite side
of the pistol grip portion 26. Pushing down the slide button rel ease 160
rotates thel[MH#2k PsOomewoned hbaveain using a tioesitnke nhetorizelinstsumesitcthe eperfitoom t he
recessed notch 158. [0043] Figure 16 shows another closure trigger |ocking
mec hanifigstipatle baci ang 16¢ks theaclbauts tripen 8. nEighices 14and h6 skow ode smbbdiafentofiir e 16,

the closure trigger 18 includes a wedge 160 having an arrow head portion

161. Theyas [RRREATsROHIRP 18 Blthe $itd 133D oRMMBEEhE Bhindle 6. In the illustrated
embodiment, the pistol grip portion 26 includes a hook 150 that is biased to rotate CCW about a
pivot point 151 by a torsion spring 152. Also, the closure trigger 18 includes a closure bar 154.
As the operator draws in the closure trigger 18, the closure bar 154 engages a sloped portion 156
of the hook 150, thereby rotating the hook 150 upward (or CW in Figures 14-15) until the
closure bar 154 completely passes the sloped portion 156 into a recessed notch 158 of the hook
150, which locks the closure trigger 18 in place. The operator may release the closure trigger 18
by pushing down on a slide button release 160 on the back or opposite side of the pistol grip
portion 26. Pushing down the slide button release 160 rotates the hook 150 CW such that the
closure bar 154 is released from the recessed notch 158.

[0043] Figure 16 shows another closure trigger locking mechanism according to

various embodiments. In the embodiment of Figure 16, the closure trigger 18 includes a wedge

160 having an arrow-head portion 161. The arrow-head portion 161 is biased downward (or
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22 CWN by a leaf spring 162. The wedge 160 and | eaf spring 162 may be nmade
from for exanple, nolded plastic. Wien the closure trigger 18 is
retracted, the arrow head portion 161 is inserted through an opening 164 in
the pistol grip portion 26 of the handle 6. A |lower chanfered surface 166
of the arrow head portion 161 engages a | ower sidewall 168 of the opening

164, QW BYPaldde spiig Y. MERAvERE60And Rhf §RidgOlelfayHdhaky BBEY 8drlexahpRr, | over

chanfered surface 166 fully passes the |ower sidewall 168, reénoving the CCW

force %{1‘%@%13 e@@%{c"%ﬁ&aﬁe Q%%Bfﬁ%ﬂg%&ii?dg Eeg%%:t%g, t!\% Grrow Il Héggﬁvﬁll lis l]nggrtet slip

into a ositronn e arrow portio 61.
100441 To unl ock the closure trigger 18, a_user ess down on a button 172
on t he UigHEAE pReniteskoAin therpistel 8dE partiop2g e therniledt: o Reperrrbamisrehsyiass
portion 161 to rotate CCWand allowi ng the arrow head portion 161 to slide
out of lthef tsamomghaadportigohlieragesradowersidowalhth8 ef the openieg 164.depsingithe ki ng
mechani sm according to another enbodinent. As shown in this enbodi nent, the

cl osur arfow-ig@d pottibn 16d|to detateaCE WeXtiveheially airdbivecls haad ferrd sudfdée 166afully padsedes a
| ateral pin 178 extending therefrom The arm 176 and pin 178 nmay be nade

from myj dedePlidshAlf 168 %m_@%iﬁ@'ﬁlelecciﬁh%ré@ & Bk aBbiPheR@pbRIh 1B, Slusinenyrandl e 6

i ncludes an opening 180 with a laterally extendi ng wedge 182’ di sposed
therein. \Wen t QSur i r I8 is ret . t in 178 .engages the
wedge 105 k'8 SEA o bL0RET badfor B RRPEFICbebind e BHGp G BOHRATS, o1 oo
CW by the | ower surface 184 of the wedge 182, as shown in Figures 17 and
18. WheRlt he pin 178 fully passes the | ower surface 184, the CWforce on the
arm 176 is renoved, and the E)I n 178 is rotated CCWsuch that the pin 178
comes to red0044h alo yrdodkithe 8B shestiiipgertlBea weed gresded Aowaionshiowttoni I72Ringbe e 19,
thereby | ocking the closure trigger 18. The pin 178 is further held in
pl ace ioppbdie stdecifaiet ¢losiré tripeby8 aatidigxitelagrost-kyad bBaiaxtaINgiro@ted COW and

allowing the arrow-head portion 161 to slide out of the opening 164.

[0045]) Figures 17-22 show a closure trigger locking mechanism according to another

embodiment. As shown in this embodiment, the closure trigger 18 includes a flexible

longitudinal arm 176 that includes a lateral pin 178 extending therefrom. The arm 176 and pin

178 may be made from molded plastic, for example. The pistol grip portion 26 of the handle 6

includes an opening 180 with a laterally extending wedge 182 disposed therein. When the

closure trigger 18 is retracted, the pin 178 engages the wedge 182, and the pin 178 is forced

downward (i.e., the arm 176 is rotated CW) by the lower surface 184 of the wedge 182, as shown

in Figures 17 and 18. When the pin 178 fully passes the lower surface 184, the CW force on the

arm 176 is removed, and the pin 178 is rotated CCW such that the pin 178 comes to rest in a

notch 186 behind the wedge 182, as shown in Figure 19, thereby locking the closure trigger 18.

The pin 178 is further held in place in the locked position by a flexible stop 188 extending from

the wedge 184.
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t he wedge 184. 23 [0046] To unlock the closure trigger 18, the operator may

further squeeze the closure trigger 18, causing the pin 178 to engage a

sl oped backwal | 190 of the opening 180, forcing the pin 178 upward past the
flexible stop 188, as shown in Figures 20 and 21. The pin 178 is then free

to travel out an upper channel 192 in the opening 180 such that the closure

trigger E“S%Q% TE%%%{( hed gﬁg e lr 5%\/#?8 RhSS 'rata 1'n9y Iﬁﬂfﬁe't gal}m%ﬁe th@%@ ol iTﬂe

Fi gure 22 I gures 2 a unl

i o TREST 1 805 o8 P bRy el i S T ;%@@h%‘?fé'erﬁff?i?% 58 P

| i near (180) orientatiaon and e 23B shows the u-j

appr oxPiel/8upwardipashthg rﬂeékhl%ﬁtpbgg&'ﬂﬁéhwn jrofigures g8 aﬁ‘é&l bé hagwdl 78ri§ thead of

t he bevel gears 52a-c (see Figure 4, for exanple) at the articul ation point
14 of (frhetortedvel oirtiauappérathiainzed 4 82 ghetopeniag {l B¢ suchttbatttheclosate dfiggec il § s .

Fi gures 24A-B show a torsion cable 197 that may be used in lieu of both the

bevel pRg&So82ats iR stbh@ipiportioh 06, ab3howA il EdutezZ. arti cul ation of the end
effector 12. [0048] Figures 25-31 illustrate another enbodi ment of a

nmot ori zed, d [ k Si st
according t n](S)t ﬁ%lﬁ?e r%%dlﬁﬁeﬁ% g*n%&qﬁﬁ#tésgi&ﬁyﬁg%t?@enwc&ﬁ% 2%Igdﬁa?ﬁent of
Fi gures. im/lar to that.of Fi 0, exce hat_.i nst.ead of the
el + cabt GeuDo TaT thees gt Birisgalehan® bFWEER b usess fs:t el 23
alternative gear drive assembly. The embodi ment of Figures 25-31 includes a
gear b#hovwsdbewiript PHon 4 linepudi8Ag ogicptahpe andFigyeead3B @howdh@a-ww B #tame 201,
wherein the gears ar e connected between the planetary gear 72 and the

pi ni onageaximbly af 5eheieptation nithe ugniht 495 miag be usedeinsthaf of the bevas gemx patned
further below, the gear box assenbly 200 provides feedback to the user via

the fi(e8Bigutd 4, 8LExaripIE)@ HetiriellAthd bR 1aY0TeR mandir veadhfasseRbBeoof the end

ef f ect or f Al'so, the user may
articulate the end effector 12. Figures 24A-B show a torsion cable 197 that may be used in lieu
of both the bevel gears 52a-c and the u-joint 195 to realize articulation of the end effector 12.

[0048] Figures 25-31 illustrate another embodiment of a motorized, two-stroke

endoscopic surgical instrument 10 with power assist according to another embodiment of the
present invention. The embodiment of Figures 25-31 is similar to that of Figures 6-10 except
that instead of the helical gear drum 80, the embodiment of Figures 25-31 includes an alternative
gear drive assembly. The embodiment of Figures 25-31 includes a gear box assembly 200
including a number of gears disposed in a frame 201, wherein the gears are connected between
the planetary gear 72 and the pinion gear 124 at the proximate end of the drive shaft 48. As
explained further below, the gear box assembly 200 provides feedback to the user via the firing
trigger 20 regarding the deployment and loading force of the end effector 12. Also, the user may

provide power to the system via the gear box assembly 200 to assist the deployment of the end

effector 12. In that sense, like the embodiments described above, the embodiment of Figures 25-
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provi de power to the systemvia the gear box assenbly 200 to assist the

depl oynent of the end effector 12. In that sense, |like the enbodi nents
descri bed above, the enbodi nent of Figures 25 24 31 is another power assist,
notori zed instrunment 10 that provides feedback to the user regarding the

| oadi ng force experienced by the cutting instrunment 32. 100491 In the

i |1 ust r3atieahcidypdiveeadsist,trhetofized ingtraméry d 8 tha? Pro viddds feketbat ko the asee segaading@i n
body portion 202 and a stiffening portion 204. The nmain body portion 202 nay

be madendloadik 8srté ExpekiehcddHNBE SuttiaP thsttimesi 34.f eni ng portion 204 may be nade
out of a nore rlgld material, such as netal. In the illustrated enbodi nent,

the stiff en Orﬂi 't}%llﬁ%até@exﬂﬂéﬂ@%@% Itr#ecﬁrir&quggérrﬁo 19919% g 3{]% s2PainPut

accordi ng t enbodi nment s fenin ortlon

?Lfgﬂéﬁdsisﬁﬁﬁ'tﬁﬁgb?ﬁng?ﬁ ?‘P%/RER‘P 288 i hg math S Gorbonatt e R e ?ﬁ?rfoﬁidm

about which the firing trlg% 20 rotates. In addltlon a spring 222 may

bi as t astif.fpneramnlegad thstitteningtneriéon 204maciv wadeewt ofig. mauegig$iategial, 222" may
have a distal end connected to a pin 224 that is connected to the pieces
202, 204dclods httel. Thithe nigstratedjgabodithentT e gifferinggoeticaniz4ab atjacers po thagn@22 may
be connected to one of the handle exterior |ower side pieces 59, 60. [00501

I n t he yolly péttioateg, tﬁﬁ*ﬁ@&irdﬁﬁ?fto othet EmbaBmeRts ﬁh@@@ﬂe:ﬂ@% $106n 202 cand behe

stiffening portion 204 include gear portions 206 (respectively) at

their R gedqpr%flgﬁ%%aﬂﬁodg- Q(gling:ﬁ%Q% %3{1%‘[%?28”)% S%p[gdaﬁﬁo hin! E n%

gear box“ asse o driv naln rrve

assenbl nd to rQV|d back to t user I the de ment of the
end of fisfgRe fize rllae%ef?‘)%h@d AR oy D ol 8‘311%&@9 R ey

the illustrated enbodinent, six (6) gears. A first 8ear 210 of the gear box
assenblly agdbomrigngag 22H glagé)aq:s the firing trigger 20 to rotate in a CCW direction. The spring

222 may have a distal end connected to a pin 224 that is connected to the pieces 202, 204 of the
firing trigger 20. The proximate end of the spring 222 may be connected to one of the handle
exterior lower side pieces 59, 60.

[0050] In the illustrated embodiment, both the main body portion 202 and the stiffening
portion 204 include gear portions 206, 208 (respectively) at their upper end portions. The gear
portions 206, 208 engage a gear in the gear box assembly 200, as explained below, to drive the
main drive shaft assembly and to provide feedback to the user regarding the deployment of the
end effector 12.

[0051]) The gear box assembly 200 may include as shown, in the illustrated
embodiment, six (6) gears. A first gear 210 of the gear box assembly 200 engages the gear
portions 206, 208 of the firing trigger 20. In addition, the first gear 210 engages a smaller
second gear 212, the smaller second gear 212 being coaxial with a large third gear 214. The

third gear 214 engages a smaller fourth gear 216, the smaller fourth gear 216 being coaxial with
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portions 206, 208 of the firing trigger 20. In addition, the first gear 210
engages a snmaller second gear 212, the snmaller second gear 212 being
coaxial with a large third gear 214. The third gear 214 engages a smaller
fourth gear 216, the smaller fourth gear 216 being coaxial with 25 a fifth
gear 218. The fifth gear 218 is a 900 bevel gear that engages a mating 90

bevel Qﬁﬁggaﬁ%gﬁ Eﬁéhﬂﬁ .fﬂsﬁi%pbg’\;‘% gématieﬁ &Ieg'a%%ﬁ %mbé\tagﬁamb n gear

124 t hat Ives the nai rive shaft [ 0052 n operation, en the user
retracts . the firjk.ng,irjiqgger 20 [N A0t or s r..Gnot ..shown) .i s

ot | velbn Pt bR DishUF Erateig of R rBOT ke 8 Dot 9% g BRI R ohat, o o
propor#ional to the extent or force with which the operator is retracting
the fi &ng trigger 20. This causes the notor 65 to rotate at a speed
proportional to the signal fromthe sensor. The sensor is not shown for

thi s enbodil@8P], Imusperationowhen the usérritrasts the firing trigger 268t rungenion pensq(not
descri bed above. The sensor could be located in the handle 6 such that it

i s depshesapis astiedied, vehiéh map gravidegpdpnal @ ihe mdtet 6awtrechte Al sate propirdaghled a
proportional -type sensor, an on/off type sensor may be used. [0053] Rotation

of t henaRk®ht EFolc@Wi8swhils t%ﬁ#a&%‘%@?éra@éng thg ffrﬁlﬁgﬁgéér%. WHichusauaes the

pl anetary gear 72 to rotate, causes, via't rive shaft 76, the ring

gear 122 to.rotate. The.rin ea 2 .meshes with thepinion gear 124,

o ch g0k 85 Pl a4 neFa phabbr Rl o RE R oy the'stndo 7Bt RRBHERL hE™i i on
gear 124 drives_ the main drive shaft 48, which causes actuation of_ the

cut t i nigr dussmbotimepe puliit epnld pe Flﬁéﬁ'é Hythe repOky sqpsor Hs)‘bé‘iﬁfﬂg‘%ﬁ ¥ove: ABEati on
of the pinion gear 124 in turn causes the bevel gear 220 to rotate, which
causesseniyy conld beflocatesl ingke hasfdla feuchahatdt isdepriassed edhen laxfiring tiggey2®B0, t he
first gear 210 to rotate. The first gear 210 engages the gear portions 206,
208 ofretrhi@ed.i AlsBginkteadIgRd prédPortiohhleypdyensaish 0@otthepd sehkdignay bgaed. 20 to

rotate CCWwhen the notor 65 provides forward drive

[0053] Rotation of the motor 65 causes the bevel gears 66, 70 to rotate, which causes
the planetary gear 72 to rotate, which causes, via the drive shaft 76, the ring gear 122 to rotate.
The ring gear 122 meshes with the pinion gear 124, which is connected to the main drive shaft
48. Thus, rotation of the pinion gear 124 drives the main drive shaft 48, which causes actuation
of the cutting/stapling operation of the end effector 12.

[0054] Forward rotation of the pinion gear 124 in turn causes the bevel gear 220 to
rotate, which causes, by way of the rest of the gears of the gear box assembly 200, the first gear
210 to rotate. The first gear 210 engages the gear portions 206, 208 of the firing trigger 20,
thereby causing the firing trigger 20 to rotate CCW when the motor 65 provides forward drive
for the end effector 12 (and to rotate CCW when the motor 65 rotates in reverse to retract the end
effector 12). In that way, the user experiences feedback regarding loading force and deployment

of the end effector 12 by way of the user’s grip on the firing trigger 20. Thus, when the user

retracts the firing trigger 20, the operator will experience a resistance related to the load force
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for the end effector 12 (and to rotate CINthen the not or 65 rotates in
reverse to retract the end effector 12). In that way, the user experiences
f eedback regarding | oading force and depl oynent of the end effector 12 by
way of the user's grip on the firing trigger 20. Thus, when the user
retracts the firing trigger 20, the operator will experience a resistance

rel at edpbierncbEby REnk QHRE0L P2 eSﬁ%[drFynGvﬁE‘n ¥ dpBfatdReletdet Bt Mringlitigesti 20 | AT 1Y,

when the oper ator reI eases the firing trlgger 20 after the cuttlng/stapllng
oper at j [ S&h wil |
experi g E%‘%%“&\R? lfl g %Rerfa gérn!(i:l%&fh%glrtnc ?? ?\g ?g 93106 OSRQ’B hﬁ Séjrl s llgener ally
proportional taq erse speed .of the tor 055] It s d al so be
not ed qxﬁ%{ﬂenic?natqw §°@H% fﬁ%ﬁ?“‘ttﬁ%gﬂ%m%ﬁﬁ Bt i HQBF‘IGQY@ Hoﬁ‘é?n llFi eu of

or in addition to the force fromthe notor 65) to actuate the main drive
shaft ravsssadpesd of thaandterrfe t he cutting/ stapling operation of the end
effector 12) through retracting the firing trigger 20. That is, retracting
t he firing [0035)0dr situldalss bs nbteé tige air thixsmhbodirae @k used 8art appipfate(eithéW

whi ch causes the gears of the gear box assenbly 200 to rotate, thereby

causi ng 1iehef 91' 1ﬂ'a@ﬂltloQQ@fhe]f3ﬂ:etffbnﬁ Hehtor B4) 16 ActuAe SRS mblFdAWR! shaflhkmbihal t 48
to rotate. [0056] Although not shown in Figures 25-31, the instrunent” 10 may

furt hga%r é:nlc%rg'[e cu&?\r%j{téqel\mg%%{atl?ﬂ gf AeWd gﬁ%&or g@r}ﬁx%qxﬁh réAt‘facgg tf}?n% above,

the r S€ or a sensors tecty resp ec rve t he end

of the cuttln stroke (ful eIo of the knife 32 ed 33) and the
end oftriggar2qct hewSorse?e(mgdh gvagi %géf eaqsen%eeewm?ﬂ@%ﬁ@%wdm ng
menber 32). Acircuit simlar to that described above in connection with

Fi gur CQW, ménjchirauses b gears efphe gearibax assembixnef0 tolretates theretgscaupio 8w pisiogur es
32-36 illustrate a two-stroke, notorized endoscopic surgical instrunent 10
W th peuer24assotte, abihradusg thomaimairivesharb®di rené.. The enbodi ment of Figures
32-36 1s

[0056] Although not shown in Figures 25-31, the instrument 10 may further include
reverse motor and stop motor sensors. As described above, the reverse motor and stop motor
sensors may detect, respectively, the end of the cutting stroke (full deployment of the knife 32
and sled 33) and the end of retraction operation (full retraction of the knife/sled driving member
32). A circuit similar to that described above in connection with Figure 11 may be used to
appropriately power the motor 65.

[0057]) Figures 32-36 illustrate a two-stroke, motorized endoscopic surgical instrument
10 with power assist according to another embodiment. The embodiment of Figures 32-36 is
similar to that of Figures 25-31 except that in the embodiment of Figures 32-36, the firing trigger
20 includes a lower portion 228 and an upper portion 230. Both portions 228, 230 are connected
to and pivot about a pivot pin 207 that is disposed through each portion 228, 230. The upper
portion 230 includes a gear portion 232 that engages the first gear 210 of the gear box assembly

200. The spring 222 is connected to the upper portion 230 such that the upper portion is biased
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simlar to that of Figures 25-31 except that in the enbodi nent of Figures
32-36, the firing trigger 20 includes a |ower portion 228 and an upper
portion 230. Both portions 228, 230 are connected to and pivot about a
pivot pin 207 that is disposed through each portion 228, 230. The upper
portion 230 includes a gear portion 232 that engages the first gear 210 of

the gegrofy a‘ﬁit%i@ﬁbhi}‘ecti%ﬂp-Th;“ilﬁpe??otti& %ﬁ%géfalﬁ&ﬁf&ﬁf&%%qo%& %}r@?%&{ portion

230 such t e upper portio I as to rotate Int Irection.
The upper_ portion 230 may.al.so incl ud r.. arm 234 that, contacts an
ipper Sl ispey R SRL R 5P e BRI G Ehinf IHRes 20 ypaiigielfn o
when the upper g)o_rtion 230 is caused to rotate CWthe | ower portion 228
al so r'Wpst B UemZ3Q pragsrdioraiate CWiide gyt prrion 228 alsorratates C¥naRt whem e
portion 230 also rotates CCW Simlarly, the lower portion 228 includes a
r ot at i lowat patiop 228 r@ateh €C Vé theauppst portion@Bd0 slso ndtates COIWt Renilglye thedower on
230. In that way, when the upper portion 230 is caused to rotate CCWthe

| ower fetion 278 bidfidedd Enaticiiabitep 28 Mat empdeyhelowich shduddee lof B dppenpatéi8n r ot at es
CWthe upper portion 230 also rotates CW [00581 The illustrated enbodi nent

al SO iy Y@ Raf&g Wwhéh {I‘i@tuﬁge ot GH 23049 chikall to FRABEE WRhERWRT gbntgfgﬂbzko the

not or 65 that, vari ous nments, may cause the notor 6 rotate at
a spee roportiqnal .te the force hed gper.at or_..wh retracting
Cher 1 gt G Y Anglheh I 108RERor0R 8> fryie E W wRAERE et 350 SR KRR o
sone ot her variable resistance sensor, as explained herein. In addition,
the i ns™-ument 10 may include a reverse notor sensor 130 that is tripped or
swi tched when contacted by a front face 242 of the upper portion 230 of the

firing trigl§@58]20ThaMlestrated embhodithent dlso melndesthe mat motgsasor 11Bthasends a
signal to the notor 65 to reverse direction. A so, the instrunent 10 may

i ncl ud@nanttieRed®iihial 36 HeQhotbA85 tHagtin varidusicRibodinddnts, asdyuatsdthehsiorcsanbact ed

by the | ower portion 228 of the firing trigger 20. Wen activated, the
rotate at a speed proportional to the force applied by the operator when retracting the firing
trigger 20. The sensor 110 may be, for example, a rheostat or some other variable resistance
sensor, as explained herein. In addition, the instrument 10 may include a reverse motor sensor
130 that is tripped or switched when contacted by a front face 242 of the upper portion 230 of the
firing trigger 20. When activated, the reverse motor sensor 130 sends a signal to the motor 65 to
reverse direction. Also, the instrument 10 may include a stop motor sensor 142 that is tripped or
actuated when contacted by the lower portion 228 of the firing trigger 20. When activated, the
stop motor sensor 142 sends a signal to stop the reverse rotation of the motor 65.

[0059] In operation, when an operator retracts the closure trigger 18 into the locked

position, the firing trigger 20 is retracted slightly (through mechanisms known in the art,
including U.S. Pat. No. 6,905,057 entitled “Surgical Stapling Instrument incorporating a Firing

Mechanism having a Linked Rack Transmission” to Swayze et al., which is incorporated herein

by reference) so that the user can grasp the firing trigger 20 to initiate the cutting/stapling
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stop notor sensor 142 sends a signal to stop the reverse rotatlon of the
not or 65. 100591 I n operation, when an operator retracts the closure trigger
18 into the locked position, the firing trigger 20 is retracted slightly
(through nechani snms known in the art, including U S Pat. No. 6,905, 057
entitled "Surgical Stapling Instrunent incorporating a Firing Mechanism

havi ngoerdtlBKEAHBA% D FARSB BN, ACGhaWof Casthoh in FYgi'l'ré? B3, Ithe bl EBRR)hat ed

herein by reference) so that the user can grasp the firing trlgg
initi t cuttin / | i S wnoin S nd 33.
At hat il otk bRRISR AP o PR i B R B AR ks ol WIS i o8

portlon 230 of the firin noves into agenent with the first
gear 2Htpidhe g38 @éaffse’é@%’ %@%g@ﬁpﬁrﬁm@r%éﬁrﬁ% 6 PEHEBEL 20y 2Rl
firing trigger 20, according to various enbodinments, the firing trigger 20
may r ovaiows ambedinentsnthefiringdtigker29 mayrotate g soeld amobpt; sueh asifivgplegtges,ne run
not or sensor 110, as shown in Figure 34. Activation of the sensor 110
causesbdfbe tfippiag tHeauh endtor ssasad 110f Atshowh imFigate3r Apivativavdthetsenddne 10
retraction force applied by the operator. The forward rotation of the notor

65 causfiSes tAS mdRst¥51th estwabPMRate b LralPH R pbitioHAl t8 lfl?eflretraélﬁ)ntfgrcrechbﬁﬁ&i byMRkCh

causes the knife 32 in the end effector 12 to be deployed (i.e., egln
traversin I e

connectisirivh Thsdo AR r%f%ﬁ%%oﬁ%%%ﬁ#%?éag%%sae@e?%@&g%iﬁ% gl B gear
box assenbl to rota S 10 is ngagenent wth
t he ge@ﬁtoge%fq, a\%lcisczlu&s t{“hénl&p b%re@ 02dp bﬁﬁsplpw?d Hg-OFBfger 20, the

upper portion 230 is caused to rot ate CCW Whl ch causes the | ower portion
228 t otrasesung e ahannelZN Ra@donof\thepinidnezeknl 34e whichi is conneciedde heapaid dfivee. |
at the end of the cutting stroke), the front face 242 of the upper portion
230 triHag A8heauk&MBE §EarsRI 0226 anthefgedrHdx dsdeintHly S@Masrotats.i Qinde thetfirsitdear not or

65 to reverse rotational direction. This causes the main drive shaft

assembh y {59 engagement with the gear portion 232 of the upper portion 230 of the firing trigger 20,
the upper portion 230 is caused to rotate CCW, which causes the lower portion 228 to also rotate
CCW.

[0060] When the knife 32 is fully deployed (i.e., at the end of the cutting stroke), the
front face 242 of the upper portion 230 trips the reverse motor sensor 130, which sends a signal
to the motor 65 to reverse rotational direction. This causes the main drive shaft assembly to
reverse rotational direction to retract the knife 32. Reverse rotation of the main drive shaft
assembly causes the gears 210-220 in the gear box assembly 200 to reverse direction, which
causes the upper portion 230 of the firing trigger 20 to rotate CW, which causes the lower
portion 228 of the firing trigger 20 to rotate CW until the front face 242 of the upper portion 230
trips or actuates the stop motor sensor 142 when the knife 32 is fully retracted, which causes the

motor 65 to stop. In that way, the user experiences feedback regarding deployment of the end

effector 12 by way of the user’s grip on the firing trigger 20. Thus, when the user retracts the
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reverse rotational direction to retract the knife 32. Reverse rotation of
the main drive shaft assenbly causes the gears 210-220 in the gear box
assenbly 200 to reverse direction, which causes the upper portion 230 of
the firing trigger 20 to rotate CW which causes the |ower portion 228 of
the firing trigger 20 to rotate CWuntil the front face 242 of the upper

por t i offriA3@rigdef DOShObp@aiod ¥R expeRnéd PRsIHRNOE redRAB QY thd deplvirasntioTehdeiidl € 32
is fully retracted, ich causes the notor 65 to stop. In that way, the

user e i (Yol I : r by
wey of CRRGCELER, WEFROATE. [ReIAAR, AR ANRAbePby lodaRD2, SiRRAR S
retracts the 29 firi r.igger 2 he, operator w || experience a resistance
"ol ot el aperad Tolspies ke ineHeene balet Tur REGA ol gnatoR sp I RE o f he
| oadi ng force experienced by the knife 32. Simlarly, when_the operator

r el easésits praginalmopigiony the year vit] experiance p& W sotationyfoseisomyibe BBg Higgsh28o t hat
it can return to its original position, the user will experience a CW

rot at i dhat fsogenerafly propohéorfal to thg réversggpeedad thd tnatorié§. general |y proportional to
the reverse speed of the notor 65. [0061] It should also be noted that in

this embodi nEus] t EsheGRIralsAbe RREd thaf RIER eh®ollih®int tHeMuisk? & @Elwtrordertemﬁii tion
to the force fromthe notor 65) to actuate the main drive shaft assenbly

(and hengs, étﬂg iff ?@clii{r%grg{osﬁlgg%ﬂg?gr?glétﬁ%_ﬁ{a({t&{%ﬁfto %{i@at@ﬁ{% rigﬁi[nﬁigfv Ehéf?éss%x?lﬁ ugh

retracting tri S, retractin I'ring ger 20
causes  t ear portion 232 of the er orti 230 .to rotat whi ch
causes @Hthegtahe BiingREofag oosrationabBREn oo ) iouettenatiits B Fritk s ng
t he pinion gear 124 to rotate, which causes the main drive shaft assenbly to
r ot at e Irigggn80) Thaids, apieasiing dhechining-i ggattieavsesthe gensiportion 233 vaf theapnest user
feedback systens, with or w thout adaptive control (e.g., using a sensor
110, 1396rtioar2d0 tdebtata G Wewhichtcheses theosears dfalapgeny bbe assomblyn2)notrotate, gear
drive train, and end effector) for a two-stroke, notorized

thereby causing the pinion gear 124 to rotate, which causes the main drive shaft assembly to

rotate.

[0062] The above-described embodiments employed power-assist user feedback

systems, with or without adaptive control (e.g., using a sensor 110, 130, and 142 outside of the

closed loop system of the motor, gear drive train, and end effector) for a two-stroke, motorized

endoscopic surgical instrument. That is, force applied by the user in retracting the firing trigger

20 may be added to the force applied by the motor 65 by virtue of the firing trigger 20 being

geared into (either directly or indirectly) the gear drive train between the motor 65 and the main

drive shaft 48. In other embodiments of the present invention, the user may be provided with

tactile feedback regarding the position of the knife 32 in the end effector 12, but without having

the firing trigger 20 geared into the gear drive train. Figures 37-40 illustrate a motorized

endoscopic surgical instrument 10 with such a tactile position feedback system.
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endoscopi ¢ surgical instrunment. That is, force applied by the user in
retracting the firing trigger 20 may be added to the force applied by the
notor 65 by virtue of the firing trigger 20 being geared into (either
directly or indirectly) the gear drive train between the notor 65 and the
main drive shaft 48. In other enbodi nents of the present invention, the
user may be[edyi dietheiludiratddaghbddeménted Pagites 37940, dhdBrih d &idges20 inaf hate 4 he
knife 32 in the end effector 12, but without having the firing trigger 20
gear ed ik Yokt m%d%'uyﬁeﬁgo%h 237, Giies tctfie A tiublen 16 HewPin kL 3846,

endoscopi c "surgical 1nstrunent 10 mnth such a tactile position Teedback
syste Q In th l|| i I firing
tri gg[ean nglg h}a %Je(l)\(/hementt ré’?i 5? i }bor‘{v e%ﬁ%%de ‘r’p?f%%g?% 4o Sl%oghﬁ%oa g%?m | ar
to the |nstrunent 10 shomn |n Flg res 32-36. _Unljke the enbodi nent of

Fi gur e PaBionghat maigs with parhef (s gear ivertrah Insigadidessingigimazhd) Helydesa sepand i on
that nmates with part of the gear drive train. Instead, the instrunment 10

i ncl udemter 266 oniftta thieaded r@bB66ihtdaded theresa die throadedaad 266 eaddeatérer ei n. The

t hreaded rod 266 reciprocates longitudinally in and out of the notor 265 as

t he nDidgitddinallyinaingout ohe MLt 63nastthemdior 265 rétbtedfdeperatig 6@ the diieetion of
instrunment 10 al so includes an encoder 268 that is responsive to the

rotati ongudf Tﬂ%qutHﬁﬁéht 4 ia)8 iRadds aft@néHer ?é@{h%{ f%trbéli)gn&b@td e rr&gff?c%s%ft e

angul ar notion o main drive shaft 48 (or conponent

drive assenb res ndi n ies.of digit si gnal s

exanp! Eu fpryaabap o r Rl RGO e heAR il Simi ojdhs HadBihrafls @
proxinmate drive shaft 270 that connects to the encoder 68 {0064] The

i nst r uRESE compenertof the Magedrive asssrbly) ingg 2 eQmesppbing 8¢ digifa] #gnaksfome

i npl enented using a mcrocontroller or sone other type of integrated

ci r cui examplat I the éllusgrsted lembodingént che pingoregesr 124 mciudes @ poxdmate 288 sBebed on
the signals fromthe encoder 268, the control ~circuit may cal cul ate the
st age ofi0 daptenneesto Bk ehbsddknsge 32 in the end effector 12. That is, the

n

[0064] The instrument 10 also includes a control circuit (not shown), which may be
implemented using a microcontroller or some other type of integrated circuit, that receives the
digital signals from the encoder 268. Based on the signals from the encoder 268, the control
circuit may calculate the stage of deployment of the knife 32 in the end effector 12. That is, the
control circuit can calculate if the knife 32 is fully deployed, fully retracted, or at an intermittent
stage. Based on the calculation of the stage of deployment of the end effector 12, the control
circuit may send a signal to the second motor 265 to control its rotation to thereby control the
reciprocating movement of the threaded rod 266.

[0065] In operation, as shown in Figure 37, when the closure trigger 18 is not locked
into the clamped position, the firing trigger 20 rotated away from the pistol grip portion 26 of the
handle 6 such that the front face 242 of the upper portion 230 of the firing trigger 20 is not in

contact with the proximate end of the threaded rod 266. When the operator retracts the closure
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control circuit can calculate if the knife 32 is fully deployed, fully
retracted, or at an intermttent stage. Based on the cal culation of the
stage of deploynment of the end effector 12, the control «circuit my send a
signal to the second notor 265 to control its rotation to thereby control
the reciprocating novenent of the threaded rod 266. [0065] In operation, as
shown iBodi 1N ictks itMERe SIRGPEd PSHish, el ﬁlﬁ'}%rtriégeﬂ ) fakes Mek@H tovdOthE he

cl anped position, the firing trigger 20 rotated away fromthe pistol grip
portio £ r e f. e
porti o&no%lg%t?ggé{@em@ ?ﬁiﬁg 0? ?r?ﬂggearl& %ER %‘Qﬁé{ng?ﬁége&%gt %Sgstﬁ%wwgtlﬂ%ﬁéyggo% mat e
end of  the t.hreaded rod ) en the o tor retracts.the closure 31

1 ggdhis e o aRat fee 747 o5A° BPahIcH s oBHe St RPN ITAIG <69 PGJEr 20
rotates slightly towards the closure trigger 18 so that the operator can
grasp threed¢d 10d@§6t ri gger 20, as shown in Figure 38. In this position, the
front face 242 of the upper portion 230 contacts the proximate end of the
t hr eaded r d@0686. A§ fhieais¢r then tdmactysier fitilemigpet 20 after drhimitfal rotagortat agowrt 20,
after an initial rotational amount (e.g., 5 degrees of rotation) the run

ot or g .,%Qfegﬂe%@oﬂﬁ%at%%ﬂfetﬂﬁ{%cﬁ& RHER 110@tay RAcE¥RERENAHhat2ROMPlaiidle SENSOr
110 sends a signhal to the notor 65 to cause’'it to rotate at a forward speed

Phert 1 o8 the felodrtg SR ol i HERGLOMS olife RRPLACHOY (I RERELA 0T
rotate rain, which. causes the knife

drive shaft 48 t ia the gear drive
32 andPrapattions) tq e obfsiiationd Senanniad B Rt it e b gRerileq | n
the end effector 12. The control circuit receives the output signals from
t he erkiderd R&8on oégermidtay 6 hausehidic anaimdeive shaftAS tometatsfvia the geat drivirtraie shaf t
assenbly and sends a signal to the second notor 265 to cause the second
nmot or whidh tauseothakaife BPiaad sled 33 as trhvd dbwheladetinhel @22mQ st eer tisaier darhpddiho t he
not or 265. This allows the upper portion 230 of the firing trigger 20 to
rot at &he end effector 12. The control circuit receives the output signals from the encoder 268

regarding the incremental rotations of the main drive shaft assembly and sends a signal to the

second motor 265 to cause the second motor 265 to rotate, which causes the threaded rod 266 to

retract into the motor 265. This allows the upper portion 230 of the firing trigger 20 to rotate

CCW, which allows the lower portion 228 of the firing trigger to also rotate CCW. In that way,

because the reciprocating movement of the threaded rod 266 is related to the rotations of the

main drive shaft assembly, the operator of the instrument 10, by way of his/her grip on the firing

trigger 20, experiences tactile feedback as to the position of the end effector 12. The retraction

force applied by the operator, however, does not directly affect the drive of the main drive shaft

assembly because the firing trigger 20 is not geared into the gear drive train in this embodiment.

[0067] By virtue of tracking the incremental rotations of the main drive shaft assembly

via the output signals from the encoder 268, the control circuit can calculate when the knife 32 is

fully deployed (i.e., fully extended). At this point, the control circuit may send a signal to the
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CCW which allows the | ower portion 228 of the firing trigger to also rotate
CCW In that way, because the reciprocating novenent of the threaded rod
266 is related to the rotations of the nain drive shaft assenbly, the
operator of the instrunent 10, by way of his/her grip on the firing trigger
20, experiences tactile feedback as to the position of the end effector 12.
The r i l.] t o] (o} ] prectly

at t ect MPRE oo oSk fpdRA Skl BEIRIAI 207 MRE Rver AR ot
trigger 20 is not geared ipto the gear, drive train in this.enbodinent.

[ 00GT epr 65 Fadies BF Toiatienphie i (s SbssHm S FuE S CEPStice WHES 859 ve
shaft assenbly via the output signals fromthe encoder 268, the control

ci r cui deteetad byzthe ancader Jfe nBasaéd or the isvese rosation detagteddyyl thy eacoder 208, they| | y
extended). At this point, the control circuit may send a signal to the 32
not or @hatrbbeiroaitaesds akigeat to the seapndanster 26 toaatseantoak vérberdiatidnal directidhe
reverse direction of the notor 65 causes the rotation of the main drive

shaft @R eabthe thRad&MeH 266 Jiake ¢S babnd MWhpiEkHihalydt SR thak@bRe DSl Phistgioancoder
268. Based on the reverse rotation detected by the encoder 268, the control

circui I i [

ot at 1 SrEF UieBerhin 2400t A (RAEHAL 03 GRS O BERabies YR DBV AT

| ongi t ydi nal | omthe notor 265, This notion rces the upper portion 230
of Shei P ir?f@%été‘fR’gg]%Fhaﬁb"a@’ot F OPSIRLOT EWRY SKRFEHCE a&i‘&fowﬁeﬁ%w@#ﬁﬁ&tﬁgsﬂ 228
to rotate CW In that wa% the operator may experience a CWforce fromthe
firing2Q mhigheprovides fegdhack tg the\opdratorfas éalthgakiraction pesitpe phthgrknifs 32 an thee
retraction position of the knife 32 in the end effector 12. The control

Ci r cui éndadifecide i 2r The eontdvd Rirtuiecdodeteemdit wherf the kyife 82 isftitlgdetradtedt Mishispoi nt
the control circuit may send a signal to the notor 65 to stop rotation.

[ 0068] pefifiC e ool lcPrc Bk Ry sBAPL dighBIND $he MBloP85 1 f8P rdtaiyé1g the control
circuit determne the position of the knife 32, reverse notor and stop

TOCOr - Sens SRRV ABSHRE o BERLEAETaBPNEn HhRoBU J0nEB) ik hPEr € han

using a pr ona sor 0o contro ero

determine the position of the knife 32, reverse motor and stop motor sensors may be used, as
described above. In addition, rather than using a proportional sensor 110 to control the rotation
of the motor 65, an on/off switch or sensor can be used. In such an embodiment, the operator
would not be able to control the rate of rotation of the motor 65. Rather, it would rotate at a
preprogrammed rate.

[0069] With general reference to Figures 43 through 50, in various embodiments of the
invention, a gear shifting assembly 1002 may be employed for operative interaction with the
motor 65, for example, of the surgical instrument 10. The gear shifting assembly 1002 can be
connected to the motor 65 and to the drive shaft 76 and can be configured to permit a user to
adjust mechanical power transferred to the drive shaft 76 from the motor 65. As described below
in more detail, the gear shifting assembly 1002 allows for the selective increase or decrease of

gear ratio for transfer of power developed by the motor 65 of the instrument 10. This selective
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of the notor 65, an on/off switch or sensor can be used. In such an

enbodi nent, the operator would not be able to control the rate of rotation
of the notor 65. Rather, it would rotate at a preprogranmed rate. [0069]
Wth general reference to Figures 43 through 50, in various enbodi nents of
the invention, a gear shifting assenbly 1002 may be enpl oyed for operative

i nter a%&résﬁglf}#%eérgaste h&arudRLR be @gneﬂccpc{l f(ﬁ%@mﬂl %so&gtiaah\?iéﬁ Fl{t]rgic%%pérﬁ%nrs nt 10.

The gear I'ng assenbly 1002 can be connecte not'or 65 and to the
drive shaft 76 d.can _he figur to permt sel. . 1o...adj ust nmechani ca
pover TP Eefe o PmaR P IRGRE SRR iRl St “Gescri pod
below in nore detajl, the gear shifting assenbly 100& allows for the

sel ective i h079hsVish referepesyod igires 43 Hirovel4 o theggeas shiftingassembly 4007

devel oped by the notor 65 of the instrument 10. This selective 33
i ncr easwlales adustestdge geanassaably 1804 easeiving méchhnicalisputi powes Sooi ait inpnt shiafth
surgi cal operations that involve using the instrunent 10 to cut/staple

var i oug 004 pemeatad telthe hdtbe65. Ol varissiembidiéatks, tHe idput st F0GEndOcdnngtteds 43
through 47, the gear shifting assenbly 1002 includes a first stage gear

assenb 'dYrgétRpt% themBlof 6B QOW I?Itl/ e thaRBftre @ BURT the MUWAES 1oAY InpRP&alt 10806

connected t'o the notor 6 I ous enbodi nents, the I nput 'shatft 1006 may
connected .directly tgq the nptor 65, ar wer may be.trapsferred fromthe
motor . aoped diecShmdre othek SSmPoRedls, W SR OSRLedP s eliaf e L ik SRl sucn
as the bevel gear assenblies 66, 70, for exanple. As shown npre

par ti cisshpynimprepaticelady in Figurg 43, dhe pshyageqgear assemblybl 404 moaysinglide 2 §un ude a
sun gear 1004A interneshed at |east partially with one or nore surroundi ng
pl anet ggaal094A00«Bneshidavl€ast paially mothpme\or derasytamdingrplangt gearad 0@dRyenent

for the first stage gear assenbly 1004. During operation of the instrunent
10, theos4m 196aD td BRAAIDS plah@arlyl deat arsdnaeRefterdf thadisseloy gb0AkseriBly 1004,

connected to the input shaft 1006 for transferring nmechanical input power

from t s #BBEration of the instrument 10, the sun gear 1004A of the first stage gear assembly 1004
may be connected to the input shaft 1006 for transferring mechanical input power from the motor
65 to cause rotation of the sun gear 1004A. It can be seen that, as a consequence of the rotation
of the sun gear 1004 A, each of the planet gears 1004B, 1004C, 1004D, also rotate accordingly.
Each of the planet gears 1004B, 1004C, 1004D may be connected through pins 1004E, 1004F,
1004G (respectively) to transfer mechanical power generated by the rotational movement of the
sun gear 1004A to a gear disc 1004H of the first stage gear assembly 1004, as shown.

[0071] The gear disc 1004H of the first stage gear assembly 1004 may be connected to
an input shaft 1008 which may be connected, in turn, to a second gear stage assembly 1010. The
second stage gear assembly 1010 may be structured in substantial accordance with the structure
and components employed by the first stage gear assembly 1004 (described above). The second

stage gear assembly 1010 may include a sun gear 1010A intermeshed at least partially with one

or more planet gears, such as planet gear 1010B, for example, to provide a planetary gear
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65 to cause rotation of the sun gear 1004A. It can be seen that, as a
consequence of the rotation of the sun gear 1004A, each of the planet gears
1004B, 1004C, 1004D, also rotate accordingly. Each of the planet gears
1004B, 1004C, 1004D may be connected through pins 1004E, 1004F, 1004G
(respectively) to transfer nechanical power generated by the rotational

nove 1004 I age gear
asseman%%%ﬁq%rsﬁg H%%m%q)f 0071?#%33 &gﬁr?i Oé?ézﬁi%eg%éﬂg?gtfa%é;&é ?%? ItnEtgltage gear
assenb 1004 may b onnect ed .t i nput .shaft 1008 which may be

conne ctdéi(g ,mqyﬁoe‘t ‘i?%ﬂ?‘g?(gtogﬂ% énc%ﬂ ﬂ’aglela@ g g?ratg%’sggré%{ﬂt%}l%]l’ﬁpuﬁﬂ?év erﬁ%cc?bvﬁﬂ st age
gear assenbly 1010 nmay be structured in, substantial accordance wth the

st r uct liera thefygt %&ﬁﬁﬁ%?&ssméf}bl e dn Byaships sinplag to dheyplangg @gars 4844841 004€0 04
(descri bed above). The second stage gear assenbly 1010 may include a sun
gear 1W04Dwfithe Brsheisgrgbanassembbit | 9y thepldngt gdarh1 Q98 may beroommepled tiwpuglear s,
such as planet gear 101 OB, for exanple, to provide a planetary gear 34

ar r angsinend10l00w tidnsfeppoweideyierhtiby thd fotstivhap@avenéhit obhetuntdesr REOANM ast age
gear assenbly 1010 may be connected to the input shaft 1008 for

{r ansf giar 430 ) AIRbE MO SkeonlRtae ONGsARALAYRA  Tromthe first stage gear
assenbly 1004. In a fashion Simlar to the planet gears 1004B, 1004C, 1004D

of the firs a ar ass I 004 | ane s 10 1 OB

connect ed tmpﬁ]gﬁﬁl %‘iﬁ:ﬁgg%i&% gg #S?Fssﬁ’gf‘ngﬁﬁﬁ?‘%&}gﬁ@?ai‘%sgww 1{1@;3%%? i onal
novenent of the sun gear 10 1 QCAto a ear disc 1010D of the second stage
gear abe8rtRyd sesond stagpgert apssmblies A4, Q@H} cagehergonpled fo drye sl 769fithg i ng
assenbly 1002, as shown in Figure 44, the first and second stage gear
assenhinstesnd® 04, Itkande apprebigted ohphar, tthatadndre er khagear dseoblichthan ithesgeaunent

10. It can be appreci ated, however, that nore or |ess gear assenblies than

t he gepkemBlksaotd,i1830 10 4ated 0dibortidrsshéradothay BF sRitdbly employbeie®@t, my be
suitably enployed in the instrunent 10, depending on the gear ratio or

appl i G3ki e8! depondiff oh AR deaS i Be ApplicAtiof @ésired for the instrument 10. For

example, in certain embodiments, a third stage gear assembly could be included in the drive train
with an input shaft connected to the output of the second stage gear assembly 1010.

[0073] In various embodiments, a gear coupling assembly 1020 may be connected to
the gear disc 1010D of the second stage gear assembly 1010 through an input shaft 1022. The
gear coupling assembly 1020 may include a sun gear 1020A at least partially intermeshed with
one or more planet gears, such as planet gear 1020B. This planetary gear arrangement, including
the sun gear 1020A and planet gear 1020B, may be abutted by a retainer disc 1020C connected
through a pin 1020D extending through each of the planet gears 1020B to a collar 1020E. In
addition, a thrust bearing 1020F may be positioned between the sun gear 1020A and the retainer
disc 1020C; and a thrust bearing 1020G may be positioned between the sun gear 1020A and the
collar 1020E, to promote secure positioning of the sun gear 1020A within the gear coupling

assembly 1020.
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exanple, in certain enbodinents, a third stage gear assenbly could be
included in the drive train wth an input shaft connected to the output of
t he second stage gear assenbly 1010. [00731 In various enbodi nents, a gear
coupling assenbly 1020 nay be connected to the gear disc 10 1 OD of the
second stage gear assenbly 1010 through an input shaft 1022. The gear

coupl i ng asgerhl VrikORA 3810200l ipirR IR HRAL sctP o2k bkfkcaRdet L2l |y

i nt er neshe one or nore planet gears, such as planet gear 10208 Thi s

bl anet g 46Ak bt @%g&ggwlmrehggwhﬁg pilSesith B LI0206 aduliangt gear

1020B, "may etal ner connec

1020D gexte d t hr ou h of Ia rs 1020 IIar 1020E. In
adai 0 2 T e Bt i 1vgsried thjBuE Aot SPbtreobut WAl o e sihegear
1020A and t he retainer dlsc 1020C, and a thrust bearing 1020G nmay be

posi t | BREA ibBetisermeshed s the spTEGRGANGH4 ok the iopHIsaRt 102D E! cambpr onot e
secure positioning of the sun gear 1020A within the gear coupling assenbly
1020. apprechicddhatiihe fisst gegsatting p2BAdevadirectdrivedeom tisgdecoe] saget geanask®@ABbl whi ch
can be structured to correspondingly internmesh with a spline section 1024

formedim0 ’fh% retamefs dizbabioc 4@ ggér’boh?ﬁn%ésﬁéﬁbIQQQQO S@fifidui9peratikst rated in

Figure 44, the spline section 1020H o e sun gear 1020A I's not

I nt er eS| Fb%g }[{"hﬁ{i&e sﬁ&‘ggﬁ' 1096ASGE 18Tt SheClo2Nn ogﬁpgvgf drhles Béar 10bo&aN be

apprecl a gear Set th ng pr ovi des ve from
second s ear. asse 010 to. the c_.1020C of the gear
coupl .qfdﬁ%g% n&@%ﬁwm&‘é PeppRiad fo e oGt fi 6 e end yBhe 10204
wi th the input shaf t 1022. In other words, the sun gear 1020A of the gear
coupl i qeypled seth|dyive shaft 76 aloag mithttheifirs and srsohdeipgd gear hesefblies 1¢Mal OKbt £ i ng
and is not coupled to the drive shaft 76 along with the first and second
st age Teasollas KR0Blih€ladesQsplind 8dddion 10D6 whith s8dn BOSAkhired tolgesporsliglyne
section 10201 which can be structured to correspondingly

intermesh with a spline section 1026 formed on the drive shaft 76. It can be seen that, in the first

gear setting, the spline section 10201 of the collar 1020E intermeshes with the spline section

1026 of the drive shaft 76 to transfer mechanical rotational power from the collar 1020E to the

drive shaft 76. In addition, in the first gear setting, the spline section 10201 of the collar 1020E

may correspondingly intermesh with the spline section 1024 on the input shaft 1022.

[0075] In various embodiments, the gear coupling assembly 1020 may be moved from

or into the first gear setting by use of a gear selector assembly 1032. The gear selector assembly

1032 includes a switch 1032A connected to a yoke 1032B. The switch 1032A may be

configured to permit the thumb or finger of a user, for example, to move the gear coupling

assembly 1020 from or into the first gear setting through its connection to the yoke 1032B. As

shown more particularly in Figure 47, the yoke 1032B may be connected to the collar 1020E of

the gear coupling assembly 1020 by being received into a yoke receiving groove 1020J

positioned around at least a portion of the circumference of the collar 1020E. The yoke 1032B
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intermesh with a spline section 1026 fornmed on the drive shaft 76. It can be
seen that, in the first gear setting, the spline section 10201 of the
collar 1020E intermeshes with the spline section 1026 of the drive shaft 76
to transfer mechanical rotational power fromthe collar 1020E to the drive
shaft 76. In addition, in the first gear setting, the spline section 10201

of t hem@@ldcide b BFEmor@yinS Q03 ES, NOB YD RS tevidinBifiRimTB R okt 1103 2B ehat BAd Bre secti on
1024 on the input shaft 1022. [0075] In various enbodi nents, the gear

coupl i o, ARSPEHeddel iﬁﬁythggo@%@gﬁfr{g%%%ov%ﬁ@m&) frBfotd §e§ﬁreg§f’}f ofifE i ng by
use of a gear selector assenbly 1032. e gear sel'ector asse y 1032

i ncl ud Ltch .1032A 1ect ed ke 1032B. T i 1032 b
cont i guried B eB BRIy AeREor s e 1F Bt e ahem S D bt he S0 B T he

gear coupling assenbly 1020 fromor .into the first gear setting through its
connectoi Ry thegeprhiljing asseoddp 00%in the, Bigh eeas settipg Pesiiolar |y in Figure 47, the
yoke 1032B nay be connected to the collar 1020E of the gear coupling
assenbly 100076y Baihngfareceity Eurast4d thropgh 80ie @sevindoeegr sastineg ARE gear
positioned around at |east a portion of the circunference of the collar

1020E. shifimg¥detbl0 BHR, 8 guay coupling desemibly D120r8ah e BelB& veDBRIOGVed 8i3RNY evithendi ng
fromthe yoke 1032B that can be structured to be received into the yoke

rece V}eegeﬁe{oqm/ ﬁloitq?é%‘]toteﬁgggem%ﬁplé%g fHE ﬁ%ﬁeﬁ 1842@{ oYﬁl@Esgé%@%Ei o&bﬁrﬁig{]- : /35

shown 1 n Figure 44, the g sel ector assenbly 1032 has activate

ut th r shiftij enbly.1 in-the first ar setti 0si tion.
oo7e10enohne erivh P8 REMRY S A02 The e e of B aSEb NP aBR R g o
the gear. shifting assenbly 1002, the_gear coupling assenbly 1020 can be

sel ect 1 W paypreiiEctrdsyagtipngf the yoke dBaeh thraughyts Goppestiondo thy ellgayf206rofcoupl e
the spline section 1020H of the sun gear 1020A with the spline section 1024

of t hethegpartcosplirig asi@ably 1086. Asvesweibed abovehthegetion abthplypke 103 Bemhgving 020
may be effected by action of the yoke 1032B through its connection to the
col | ar tht@é&Heopling assembly 1020 between first and second gear settings may be effected by a
user activating the switch 1032A of the gear selector assembly 1032. It can be seen that the
spline section 10201 of the collar 1020E remains engaged or intermeshed with the spline section
1026 formed on the drive shaft 76 in both first and second gear settings to transfer mechanical
power through the gear coupling assembly 1020 to the drive shaft 76.
[0077] It can be appreciated that in the first gear setting, only the first and second stage
gear assemblies 1004, 1010 are operatively involved with the motor 65 in directly driving the
drive shaft 76. The first gear setting can be used for comparatively lower torque, higher speed
applications of the drive shaft 76, such as for operations involving cutting/stapling relatively low
density tissue, for example. In the second gear setting, the planetary gear arrangement of the
gear coupling assembly 1020 can be coupled to the drive train to provide comparatively higher

torque, lower speed action of the drive shaft 76, such as for operations involving cutting/stapling

relatively high density tissue, for example. In general, in various embodiments, the gear shifting
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t he gear coupling assenbly 1020. As descri bed above, the action of the yoke
1032B in noving the gear coupling assenbly 1020 between first and second
gear settings nay be effected by a user activating the switch 1032A of the
gear selector assenbly 1032. It can be seen that the spline section 10201
of the collar 1020E renai ns engaged or internmeshed with the spline section
1026 f esswatblpO2hermiits ¥ @sahiahthide amappadpiiatd bledd efdriraad dpeedor setdiivegs to
transfer mechanical power through the gear coupling assen%ly 1020 to the

drive shaf Hege@dlrlg%ztﬁé nééds%%e%r@ﬁ@ﬁﬁ&b@&ﬁqln WhRth th®idshEmbht & is Qﬁ%’loryégf[ ting,
operatively

only the first and second stage gear assenblies 1004, 1010 are

i nvol ved mnth r|V| e drive shaft 76. The
first é’gélrssusee t|%’rel(l:ta&r?f'n%1§ ltjlélglgl %?’?%gl\énf) |vetl§pl ower torque, higher speed

appl i cati ons_of the drive shaft 76, such r o eratlons i nvol.vin

cutti ng/staiﬂwﬁé rﬁér@vgh/@wﬁﬁw mars@fgqntfsﬁsg crilpegrhegsin i pnnertion Weh second
gear setting, the planetary gear arrangenent of the ear coupling assenbly
1020 caertie dmmcbdanﬂlmhewdmamemdtﬂcnmm apd yetiatong eiembedimenisghast be
torque, |ower speed action of the drive shaft 76, such as for operations

i nvol viim@legi¢hiedn Fos &aphplaglifferehedypssedfientieffbctdsnnayt be émployed. ABb, whaepl e. In
general, in various enbodiments, the gear shifting 37 assenbly 1002 permits

a_Uuser e ﬁaﬁ%fé\q?scﬁﬁe@ﬁﬂ rcelr:eélh%ﬁlpttah&&d oftfer hafeidR AAFbSR&Ad The r‘fofegangr Ive

train, pendi ng on the needs of "the various operations in which
instru on Lis f diff densi t thlck ess, or
ot ner - dRarintpn i BRYME Jairaos EAEAR elst o S mORAT I i el Boen
described herein in connection with ﬁ ai n discl osed enbodlnents
modi fi cat i on@07hd Ay pasgntablicaiqn, geethenddesvesmateral, yw Olier%uréﬁ%rhtﬂaad ls For
exanple, different types of end effectors may be enployed. Al so, where
mat er i ahid tabe indogoraedbly falerenes hengin iciveppamtedsherein loply tn&h@cxtemtshamlye be used.
The foregoing description and follow ng clains are intended to cover al
such maghoipdaed aiateiath dork ndf ¢odfisct with existing definitions, statements, or other disclosure
material set forth in this disclosure. As such, and to the extent necessary, the disclosure as
explicitly set forth herein supersedes any conflicting material incorporated herein by reference.
Any material, or portion thereof, that is said to be incorporated by reference herein, but which
conflicts with existing definitions, statements, or other disclosure material set forth herein will

only be incorporated to the extent that no conflict arises between that incorporated material and

the existing disclosure material.
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[ 00791 Any patent, publication, or other disclosure material, in whole or in
part, that is said to be incorporated by reference herein is incorporated
herein only to the extent that the incorporated materials does not conflict
with existing definitions, statements, or other disclosure material set
forth in this disclosure. As such, and to the extent necessary, the
disclosure as explicitly set forthchaggisn supersedes any conflicting

mat erial incorporated herein by reference. Any material, or portion
thereof, that is said to be incorporated by reference herein, but which
conflicts with existing definitions, statements, or other disclosure
naterigl :E{ Egrig aegein wll only be incorporated to the extent that no
confli A 7 that incorporated material and the existing

di scl osure material. 38 CLAAMS WHAT IS CLAIMED I'S: 1. A surgical cutting
and fastening instrument conprising: (a) a drive shaft; (b) a notor; and
(c) a gear shifting assenbly connected to the drive shaft and the notor, the
gear shiftiing asseurhicyl antify awi fagteniag idseagienbecdmpriingst age gear assenbly
coupled to the notor and to the drive shaft for operating the gear shifting
assenbly in a figst g&RfveSRhfi Ng; and a gear coupling assenbly for

sel ectively coupling at |east one additional gear to the drive shaft for
operating the g shifting assenbly in a second gear setting. 2. The

i nstrument of Cﬁgfn1ffnwﬁﬁgggn the first stage gear assenbly conprises a sun

ear interneshed at | east tially with one or npre pl ane ears to provide
g pl anetary gea c) a gear sheglrng asserr}/bly connecteg to the drive shaft anc} th% motor, the P

gear shifting assembly comprising:

at least a first stage gear assembly coupled to the motor and to the drive
shaft for operating the gear shifting assembly in a first gear setting; and

a gear coupling assembly for selectively coupling at least one additional

gear to the drive shaft for operating the gear shifting assembly in a second gear setting.

2. The instrument of Claim 1, wherein the first stage gear assembly comprises a sun
gear intermeshed at least partially with one or more planet gears to provide a planetary gear

arrangement for the first stage gear assembly.

3. The instrument of Claim 1, further comprising a second stage gear assembly

connected to the first stage gear assembly.

4. The instrument of Claim 3, wherein at least one of the first stage gear assembly or

the second stage gear assembly comprises a sun gear intermeshed at least partially with one or
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arrangenment for the first stage gear assenbly. 3. The instrunent of Caima1l,
further conprising a second stage gear assenbly connected to the first
stage gear assenbly. 4. The instrunent of Caim3, wherein at |east one of
the first stage gear assenbly or the second stage gear assenbly conprises a
sun gear interneshed at |least partially with one or 39 nore planet gears to
provi dmoge phigéas Yo gro@idearplangspsir drahgdént for the figdt 3@Qe geaTas@BRAVBE the OF
the second stage gear assenbly. 5. The instrunment of Claiml,wherein the
gear cguiphd 8% ghkypfyurther conprises a sun gear at least partially
i nternmeshed with one or ‘nore planet gears to provide a planetary gear
arrangenent whi ch can be selectively coupled to the first stage gear
assenbly. 6. The instrunent of Claimb5, wherein the sun gear of the gear
coupling assenbl¥ further includes_a spline sectjon structured to
correspondi frgl y 1hg wswwagntiof Glaim Lakersin e gear couplingapseinbly furthes copwprisesct i on
formed on an i nput shaft received fromthe first stage gear assenbly into
t he geasurcgaapht lnast pagielp interneshethwith nse oumeretplafet Gbars th Brovide@rpianstarhgeaun
gear of the gear coupling assenbly further includes a spline section
st r uct atrggementnoliiclk oir Bsttively|cpupled s fiie Sististagk Rearfdssatiblgear  setting with
a spline section forned on an i nput shaft received fromthe first stage gear
assenbly into the gear coupling assenbly. 8. The instrunent of Claim1l, the
gear coupling assenbly further conprising a collar including a spline
section forped therein. 9. 1 nstrunment, of C ai further conpr,i.sing the
2ol | ne sectfon off psippite Cighl HonierRn o gl Tufs et bR f vosh
with a spline section formed on the drive shaft in .

further includes a spline section structured to correspondingly intermesh in the second gear

setting with a spline section formed on an input shaft received from the first stage gear assembly

into the gear coupling assembly.

7. The instrument of Claim 5, wherein the sun gear of the gear coupling assembly
further includes a spline section structured to not correspondingly intermesh in the first gear
setting with a spline section formed on an input shaft received from the first stage gear assembly

into the gear coupling assembly.

8. The instrument of Claim 1, the gear coupling assembly further comprising a collar

including a spline section formed therein.
9. The instrument of Claim 8, further comprising the spline section of the collar

being structured to correspondingly intermesh with a spline section formed on the drive shaft in

the first gear setting or the second gear setting.
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the first gear setting or the second gear setting. 40 10. The instrunent of
Claiml, wherein the gear shifting assenbly further conprises a gear
sel ector assenbly for noving the gear coupling assenbly between the first
and second gear settings. 11. The instrunent of Claim1l, the gear selector
assenbly further conprising a swtch connected to a yoke operatively
associated with a collar of the gear coupling assenbly. 12. The i nstrunent
of Caiml, further conprising at | east one bevel gear assenbly connected
to the not an -y Of i f1

. dTﬁe bt Bﬁﬁéﬂt n?bl?ﬁ)(# %v}g?egﬂ tl@:ﬁ%mlﬂmg as%elﬂﬁ)l? Ritthes PohpbriRd

assenbly. 13, The 10ns ne erein t I TSt stage gear

assenbl an t he sec sta ear ass h i.nclu gear

ot of LB SR SR Ol dpr PaT Ry G fhr ERETE srery b et M5 A sHRYy i de

pl anetary gear arrangenents for the first stage gear assenbly and t he
secondgedt safenggear assenmbly. 14. The instrument of Claim 3, the gear coupling
assenbly further conprising a sun gear at |least partially internmeshed with

one or nore planet gears to provide a planetary gear arrangenment which can
be selectively coupled to the second stage gear assenbly. 15. The instrunent

of O ai m 1441 wherid jisthiiferit bR CBARY 1, Yhe %é&?seﬂ&%r é?s%i%lyﬂfﬁkﬂ?e'i%@ﬂﬁmﬁn%fa!éﬁﬁtbﬁr

i ncl udes a spllne section structured to correspondingly internmesh in the
second [ shaft
ool vl AR Rl R REbNR DR IR BB RR Py 5

assenbly. 16. The instrunent of Cla|n114, wherein the sun gear of the gear
coupling assenbly further includes a spline section structured to not

correspondingly internesh in the first gear
12 The instrument of Claim 1, further comprising at least one bevel gear assembly

connected to the motor and to the first stage gear assembly of the gear shifting assembly.

13.  The instrument of Claim 3, wherein the first stage gear assembly and the second
stage gear assembly each include a sun gear intermeshed at least partially with one or more
planet gears to provide planetary gear arrangements for the first stage gear assembly and the

second stage gear assembly.
14.  The instrument of Claim 3, the gear coupling assembly further comprising a sun
gear at least partially intermeshed with one or more planet gears to provide a planetary gear

arrangement which can be selectively coupled to the second stage gear assembly.

15. The instrument of Claim 14, wherein the sun gear of the gear coupling assembly

further includes a spline section structured to correspondingly intermesh in the second gear
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setting with a spline section formed on an input shaft received into the
gear coupling assenbly fromthe second stage gear assenbly. 17. A surgical
cutting and fastening instrument conprising: (a) a drive shaft; (b) a
notor; and (c) a gear shifting assenbly connected to the drive shaft and the
notor, the gear shifting assenbly conprising: a first stage gear assenbly

coupl : : 3 A . I hifting
asserl P % P SecB oo U IR AR el P inGRR l D R R Y g
a sun ]g)ea{hei ntoer I shed at Se! el?lSt partially with one or nore planet gears to
provié R SF%N& atgggagraq,s ar X'ngerrent for the first stage gear assenbly; a
second gear stage assenbly connected to the first gear stage assenbly and
to the drive shaft, the second stage gear assenbly conprising a sun gear
intermeshed at least partially with one or nore planet gears to provide a
pl anetary déar dheansgpment of Claimié, wheremdhe siunsgpar gbthe gasrswmpliyg assemblyr
coupling assenbly for selectively coupling at | east one additional gear to

t he sdamig isdhaide agGphiic &stenbhyctired toRcatrespondinglyd@aimedt intthefrsdgsenbly in a
second gear 42 setting, the gear coupling assenbly further conprising a sun
gear ; " Yn B SAN VA 59 }@@@t-

provi %Iémggg\lﬁglne 5&5%%1}3? farré‘ngen&ﬂ?uﬁ?@ﬁ&(@:gﬁggg seele%e%ti v |1§5‘g%§%§’5’? }gd to

the figyst stage ar assenbly. 18. The instrunent of Claim 17, wherein the
sun gé%ﬁmwsfﬁ)é’d%gaﬁ ETPTRY assenbly further includes a spline section
structured to correspondingly internmesh in the second gear

17. A surgical cutting and fastening instrument comprising:
(a) a drive shaft;
(b)  amotor; and
(c) a gear shifting assembly connected to the drive shaft and the motor, the
gear shifting assembly comprising:

a first stage gear assembly coupled to the motor and to the drive shaft for
operating the gear shifting assembly in a first gear setting, the first stage gear assembly
comprising a sun gear intermeshed at least partially with one or more planet gears to provide a
planetary gear arrangement for the first stage gear assembly;

a second gear stage assembly connected to the first gear stage assembly
and to the drive shaft, the second stage gear assembly comprising a sun gear intermeshed at least
partially with one or more planet gears to provide a planetary gear arrangement for the second
stage gear assembly;

a gear coupling assembly for selectively coupling at least one additional

gear to the second stage gear assembly for operating the gear shifting assembly in a second gear
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setting with a spline section formed on an input shaft received into the
gear coupling assenbly fromthe second stage gear assenbly. 19. The
instrument of Claim 17, wherein the sun gear of the gear coupling assenbly
further includes a spline section structured to not correspondingly
intermesh in the first gear setting with a spline section forned on an

| nput s%ﬂﬁf%}h&%%gﬂbcﬁﬁglifé%éﬁeﬁlﬁﬁ ARAL: MPRIsIRG s%ﬁ}ﬁ&@deasf %%Mﬁne?&%%ﬂ stage

gear asse rgical” cutting and fastening Instrunent conpri sing:
(a) a drjve shaft; .(b) a nptor:..and,(c) a gear shifting.assenbly connected
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first stage gear_assenbly coupled to the notor and to the drive shaft for
oper at§ougled @ thsdipt stageracripseBl¥nbly in a first gear setting, the first
stage gear assenbly conprising a sun gear interneshed at |east partially
with one or nore planet gears to provide a planetary gear arrangenent for
the first stage gear assenbly; 43 a second gear stage assenbly connected to

the first gmar sriagastgseividf Claiand, wbeteethdsiny gedivdithie gdaheotiagaskesibhge gear
assenbly conprising a sun gear interneshed at least partially with one or
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stage gear assenbly; a gear coupling ass sel ective ing at
| east one additignal e to,the second.stage ,gear,assenbl y..for operating
the geXIgit § jHEseei rmed o S BREGE IR Eaibiothe BPR Eopdine ety ng
assenbly further conprising a sun gear at |east partially interneshed

from the second stage gear assembly.

19. The instrument of Claim 17, wherein the sun gear of the gear coupling assembly
further includes a spline section structured to not correspondingly intermesh in the first gear
setting with a spline section formed on an input shaft received into the gear coupling assembly

from the second stage gear assembly.

20. A surgical cutting and fastening instrument comprising:

(a) a drive shatft;

(b)  amotor; and

(c) a gear shifting assembly connected to the drive shaft and the motor, the
gear shifting assembly comprising:

a first stage gear assembly coupled to the motor and to the drive shaft for

operating the gear shifting assembly in a first gear setting, the first stage gear assembly
comprising a sun gear intermeshed at least partially with one or more planet gears to provide a

planetary gear arrangement for the first stage gear assembly;
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with one or nore planet gears to provide a planetary gear arrangenent which
can be selectively coupled to the second stage gear assenbly; and, wherein
the sun gear of the gear coupling assenbly further includes a spline
section structured to correspondingly internesh in the second gear setting
with a spline section fornmed on an input shaft received into the gear

coupling assenbly fromddgq gﬁcg%gh%e%s%%ly &ﬁﬁéct@éﬂ%ﬁf% l%ré&dstéééeas%%ﬂl?e

section of the sun gear of ar coupl1ng ass t her™ bel ng
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stage gear assembly;

a gear coupling assembly fof selectively coupling at least one additional
gear to the second stage gear assembly for operating the gear shifting assembly in a second gear
setting, the gear coupling assembly further comprising a sun gear at least partially intermeshed
with one or more planet gears to provide a planetary gear arrangement which can be selectively
coupled to the second stage gear assembly; and,

wherein the sun gear of the gear coupling assembly further includes a
spline section structured to correspondingly intermesh in the second gear setting with a spline
section formed on an input shaft received into the gear coupling assembly from the second stage
gear assembly, and the spline section of the sun gear of the gear coupling assembly further being

structured to not correspondingly intermesh in the first gear setting with a spline section formed

on an input shaft received into the gear coupling assembly from the second stage gear assembly.
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