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(57) Abstract: A surgical instrument includes an end ef-
fector, a drive assembly operably coupled to the end et-
fector, and a replaceable motor cartridge that includes a
motor control circuit board and a motor. The surgical in-
strument further includes a main control circuit board in-
cluding a processor and a computer-readable storage
device storing program instructions, which when ex-
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circuit board to the main control circuit board.
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TITLE
SURGICAL INSTRUMENTS WITH SEPARABLE MOTORS AND MOTOR CONTROL
CIRCUITS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is related to commuonly-owned and concusrrently filed U S, Application
raferenced under Attorney Docket No. END7792USNP/150506 and titled MECHANISMS FOR
COMPENSATING FOR BATTERY PACK FAILURE IN POWERED SURGICAL INSTRUMENTS
and U.S. Application referenced under Atiorney Docket No. END7797USNP/150511 and titied
MECHANISMS FOR COMPENSATING FOR DRIVETRAIN FAILURE IN POWERED
SURGICAL INSTRUMENTS, sach of which is incorporated herein by reference in its gntirsty.

BACKGROUND
[0002] The presentinvention relates to surgical instruments and, in various arrangements, to
surgical stapling and cutling instrumentis and staple carlridges for use therswith that are

designed io staple and cut tissue.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] The features of the various aspecis are set forth with particularity in the appended
claims. The various aspects, however, both as to organization and methods of operation,
together with advantages thereof, may best be undersiood by reference {o the following
description, taken in conjunction with the accompanying drawings as follows:
[0004] FiG. 1is a perspsclive, disassembled view of an eleciromechanical surgical system
including a surgical instrument, an adapter, and an end effector, according to the present
disclosure;
[0005] FIG. 2 is a perspective view of the surgical instrument of FIG. 1, according io at least
one aspect of the present disclosure;
[0006] FiG. 3 is perspective, sxploded view of the surgical instrument of FIG. 1, according to
at lzast one aspect of the present disclosure;
[0007] FiG. 4 is a perspective view of a baltery of the surgical instrument of FIG. 1, according
to at least one aspect of the present disclosure;
[0008] FIG. 5 is a top, partially-disassembled view of the surgical instrument of FIG. 1,

according to at least one aspect of the present disclosure,
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[0008] FIG. 6 is a front, perspective view of the surgical instrument of FIG. 1 with the adapter
saparated thersfrom, according to at least one aspect of the prasent disclosure;

[0010] FIG. 7 is a side, cross-sectional view of the surgical instrument of FIG. 1, as taken
through 7-7 of FIG. 2, according to at least one aspect of the present disclosure;

[0011] FiG. 8 is a top, cross-sectional view of the surgical instrument of FIG. 1, as taken
through 8-8 of FIG. 2, according to at leasi onsg aspect of the presant disclosure;

[0012] FIG. 9is a perspective, exploded view of a end effector of FIG. 1, according o at least
one aspect of the present disclosure;

[0013] FiG. 10A is a top view of a locking member according o at least one aspect of the
present disclosurs;

[0014] FIG. 10B is a perspective view of the locking membsar of FIG. 10A according to at least
one aspect of the present disclosure;

[0015] FIG. 11 is a schematic diagram of the surgical instrument of FIG. 1 according to at
least one aspect of the present disclosure,

[0016] FiG. 12 is a perspactive view, with parts separaied, of an electromechanical surgical
system in accordance with at least one aspect of the present disclosure;

[0017] FIG. 13is a rear, perspective view of a shaft assembly and a powered surgical
instrument, of the electromechanical surgical systemn of FIG. 12, illustrating a connection
therebetween, according o at least aspect of the present disclosure,

[0018] FiG. 14 is a perspactive view, with parts separaied, of the shaft assembly of FIG. 13,
according to at least aspect of the present disclosure;

[0019] FIG. 15 is a perspective view, with parts separated of a transmission housing of the
shaft assembly of FIG. 13, according to at least aspsct of the present disclosure;

[0020] FiG. 16 is a perspective view of a first gear train system that is supported in the
transmission housing of FIG. 15, according to at least aspect of the present disclosure,;

[0021] FIG. 17 is a perspective view of a second gear train system that is supported in the
transmission housing of FIG. 15, according to at least aspect of the present disclosure;

[0022] FiG. 18 is a perspective view of a third drive shaft that is supported in the transmission
housing of FIG. 15, according to at least aspect of the present disciosure;

[0023] FiG. 19 is a perspactive view of a surgical instrument, according to at Isast one aspect
of the present disclosure;

[0024] FIG. 19A is a top view of the surgical instrument of FIG. 19, according to at least

aspect of the present disclosure;
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[0025] FIG. 18B is a partial exploded view of the surgical instrument of FiG. 19, according to
at least aspect of the prasent disclosurs;

[0026] FIG. 20 is a perspective view of a motor cariridge, according to at least aspect of the
present disclosure;

[0027] FiG. 21 is a circuit diagram of various components of the surgical instrument of FiG.
20, according to at least aspect of the present disclosure;

[0028] FIG. 22 is a logic diagram oullining a method of monitoring the health of a motor
cartridge, according to at least aspect of the present disclosure;

[0029] FiG. 23 is a logic diagram outlining a method that employs a current sensor to monitor
the health of a motor cartridge, according to at least aspect of the present disclosure;

[0030] FIG. 24 is a logic diagram cutlining a module of the surgical instrument of FIG. 20,
according o at least aspect of the present disclosure; and

[0031] FIG. 25 is a logic diagram outlining a module of the surgical instrument of FIG. 20,

according to at least aspect of the present disciosure.

DESCRIPTION
[0032] Before explaining various forms of surgical instruments with separable motors and
motor control circuits in detail, it should be notled that the illustrative forms are not limited in
application or use to the details of construction and arrangement of parts illlustrated in the
accompanying drawings and description. The illustrative forms may be implementsd or
incorporated in other forms, variations and medifications, and may be practiced or carried out in
various ways. Further, unless otherwise indicaied, the terms and expressions employed herein
have been chosen for the purpose of describing the illustrative forms for the convenience of the
reader and are not for the purpose of limitation thereof.
[0033] Further, it is understood that any one or more of the following-described forms,
expressions of forms, examples, can be combined with any one or more of the other following-
described forms, expressions of forms, and examples.
[0034] Various forms are dirgcied to surgical instruments with separable motors and motor
control circuits. In one form, the surgical instruments with separable motors and motor control
circuits may be configured for use in open surgical procedures, but has applications in other
types of surgery, such as laparoscopic, endaoscopic, and robotic-assisted procedures.
[0035] FIGS. 1-18 depict various aspects of a surgical sysiem that is generally designaled as
10, and is in the form of a powered hand held electromechanical instrument configured for

salective attachment tharsto of a plurality of different end effeciors that are sach configured for
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actuation and manipulation by the powered hand held electromechanical surgical instrument.
The aspects of FIGS. 1-18 are disclosed in U.S. Patent Application Publication No.
2014/0110453, filed October 23, 2012, and titled SURGICAL INSTRUMENT WITH RAPID
POST EVENT DETECTION, U.8. Patent Application Publication No. 2013/0282052, filed June
19, 2013, and titled APPARATUS FOR ENDOSCOPRIC PROCEDURES, and U.S. Patent
Application Publication No. 2013/0274722, filed May 10, 2013, and titled APPARATUS FOR
ENDOSCOPIC PROCEDURES.

[0036] Referring to FIGS. 1-3, a surgical instrument 100 is configured for selective connection
with an adapter 200, and, in turn, adapter 200 is configured for selective connection with an end
gffector or single use ioading unit or reioad 300. As illustrated in FIGS. 1-3, the surgical
instrument 100 includes a handle housing 102 having a lower housing portion 104, an
intermediate housing portion 106 exiending from and/or supported on lower housing portion
104, and an upper housing portion 108 exiending from and/or supporied on intermediate
housing portion 106, intermediale housing portion 106 and upper housing portion 108 are
saparated inio a distal half-section 110a that is infegrally formed with and extending from the
lowsr portion 104, and a proximal half-section 110b connectable to distal half-section 1i0a by a
plurality of fasteners. When joined, distal and proximal half-sections 110a, 110b define a handie
housing 102 having a cavity 1023 therein in which a circuit board 150 and a drive mechanism
160 is sifuated.

[0037] Disial and proximal half-sections 110a, 110b are divided along a plans that traverses
a longitudinal axis "X” of upper housing portion 108, as seen in FIGS. 2 and 3. Handle housing
102 includes a gasket 112 extending completely around a rim of distal half-section and/or
proximal half-section 110a, 110b and bsing interposed belween distal haif-section 110a and
proximal half-section 110b. Gasket 112 seals the perimeter of disial hali-section 110a and
proximal half-section 110b. Gasket 112 funclions to establish an air-tight seal betwsen distal
half-section 110a and proximal half-section 110b such that circuit board 150 and drive
mechanism 160 are protected from sterilization and/or cleaning procedures.

[0038] in this manner, the cavity 102a of handls housing 102 is sealed along the perimeter of
disial half-section 110a and proximal half-section 110b yet is configured io enable sasier, mors
efficient assembly of circuit board 150 and a drive mechanism 160 in handle housing 102,
[0039] Intermediate housing portion 106 of handle housing 102 provides a housing in which
circuit board 150 is situated. Circuit board 150 is configured to control the various operations of

surgical instrumeant 100.
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[0040] Lower housing portion 104 of surgical instrument 100 defines an aperture {not shown)
formed in an upper surface thereof and which is located beneath or within intermediate housing
portion 106, The aperture of lower housing portion 104 provides a passage through which wires
152 pass to elecirically interconnect electrical componenis (a battery 156, as illustrated in FIG.
4, a circuit board 154, as illustrated in FIG. 3, etc.) situated in lower housing portion 104 with
elactrical components {(circuit board 158, drive mechanism 180, stc.) situated in inlermediats
housing portion 108 and/or upper housing portion 108,

[0041] Handle housing 102 includes a gasket 103 disposed within the aperiure of lower
housing portion 104 (not shown) thereby plugging or sealing the aperture of iower housing
portion 104 while allowing wires 152 {o pass therethrough. Gasket 103 functions {0 establish an
air-tight seal between lower housing portion 106 and intermediate housing portion 108 such that
cirguit board 150 and drive mechanism 160 are protected from sterilization and/or cleaning
procedures.

[0042] As shown, lower housing portion 104 of handie housing 102 provides a housing in
which a rechargeable baitery 156, is ramovably situated. Baltery 158 is configured to supply
power to any of the elscirical componsnts of surgical instrumsnt 100, Lower housing portion 104
defines a cavity (not shown) into which batlery 156 is inserted. Lower housing portion 104
includes a door 105 pivotally connected thereto for closing cavity of lower housing portion 104
and retaining battery 156 therein.

[0043] With reference to FIGS. 3 and 5, distal half-section 110a of upper housing portion 108
defines a nose or connacting portion 108a. A nose cone 114 is supported on nose portion 108a
of upper housing portion 108. Nose cone 114 is fabricated from a transparent material. A
feedback indicator such as, for example, an illumination member 116 is disposad within nose
cone 114 such that #lumination member 116 is visible therethrough. lHumination member 116 is
may be a light emitling diods printed circuit board (LED PCB). Humination member 116 is
configured to illuminate multiple colors with a specific color pattern being associated with a
unigque discrete event.

[0044] Upper housing portion 108 of handle housing 102 provides a housing in which drive
mechanism 160 is situaled. As illustrated in FIG. 5, drive machanism 160 is configured to drive
shafis and/or gear components in order {0 perform the varicus operations of surgical instrument
100. In particular, drive mechanism 160 is configured to drive shafts and/or gear components in
order {0 selectively move tool assembly 304 of end effector 300 (see FIGS. 1 and 9) relative fo
proximal body portion 302 of end effscior 300, to rotate end sffector 300 about a longitudinal

axis X" (see FIG. 2) relative io handle housing 102, 1o move anvil assembly 3086 relative to
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cartridge assembly 308 of end effscior 300, and/or to fire a stapling and cutling cartridge within
cartridge assambly 308 of end effector 300,

[0045] The drive mechanism 160 includes a selecior gearbox assembly 162 that is located
immediately proximal relative {o adapter 200, Proximal {o the selector gearbox assembly 162 is
a function selection module 1863 having a first motor 164 that functions to selectively move gear
elaments within the selscior gsarbox assembly 182 inio engagement with an input drive
component 185 having a second motor 166,

[0046] As illustrated in FIGS. 1-4, and as mentioned above, distal half-section 110a of upper
housing portion 108 defines a connecting portion 108a configured o accept a corresponding
drive coupling assembly 210 of adapter 200.

[0047] As illustrated in FIGS. 6-8, connacling portion 108a of surgical instrumant 100 has a
cylindrical recess 108b that receives a drive coupling assembly 210 of adapter 200 when
adapter 200 is mated fo surgical instrument 100. Connecting portion 108a houses three
rotatable drive connectors 118, 120, 122.

[0048] When adapter 200 is mated io surgical instrument 100, each of rotatabls drive
connectors 118, 128, 122 of surgical instrument 180 couples with a corresponding rotatable
connector sleeve 218, 220, 222 of adapter 200 as shown in FIG. 6. In this regard, the interface
between corresponding first drive connector 118 and first connector sleeve 218, the interface
between corresponding second drive connector 120 and second connector sieeve 220, and the
interface between corresponding third drive connector 122 and third connector sleeve 222 are
keyed such that rotation of each of drive connectors 118, 120, 122 of surgical instrument 100
causes a corresponding rotation of the corresponding connector sleeve 218, 220, 222 of
adapter 200.

[0049] The mating of drive connectors 118, 120, 122 of surgical instrumeant 100 with
conngctor sleeves 218, 220, 222 of adapler 200 allows rotational forces {0 be independently
fransmitted via each of the three respective connecior interfaces. The drive conneciors 118,
120, 122 of surgical instrument 100 are configured to be independently rotated by drive
mechanism 160. In this regard, the function selection moduls 163 of drive mechanism 160
selacts which drive conneclor or connectors 118, 120, 122 of surgical instrument 100 is io bs
driven by the input drive component 185 of drive mechanism 160,

[0050] Since each of drive connectors 118, 120, 122 of surgical instrument 100 has a keyed
and/or substantially non-rotatable interface with respective connector sleeves 218, 220, 222 of
adapter 200, when adapter 200 is coupled 1o surgical instrument 100, rotational force(s) are

selactively transferred from drive mechanism 160 of surgical instrument 100 o adapter 200,
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[0051] The selective rotation of drive connector(s) 118, 120 and/or 122 of surgical instrument
100 aliows surgical instrumeant 100 to sslectively actuate different functions of end effector 300,
Selective and independent rotation of first drive connector 118 of surgical instrument 100
corresponds to the selective and independent opening and closing of tool assembly 304 of end
gffector 300, and driving of a stapling/cutting component of tooi assembly 304 of end effector
300. Also, the sslective and indepsandent rotation of second drive connacior 120 of surgical
instrument 100 corresponds {o the selective and independent articulation of tool assembly 304
of end effector 300 transverse to longitudinal axis “X” (see FIG. 2). Additionally, the selective
and independent rotation of third drive connsclor 122 of surgical instrumsnt 100 comresponds to
the selective and independent rotation of end effector 300 about longitudinal axis “X” (ses FIG.
2} relative to handle housing 102 of surgical instrument 100,

[0052] As mentioned above and as illustrated in FIGS. 5 and 8, drive mechanism 160
includes a selector gearbox assembly 162; and a function selection module 163, located
proximal to the selector gearbox assembly 162, that functions to selectively move gear elemenis
within the sslector gearbox assembly 162 into engagement with second motor 186. Thus, drive
mechanism 160 selectively drives one of drive conneclors 118, 120, 122 of surgical instrument
100 at a given lime.

[0053] As illustrated in FIGS. 1-3, handle housing 102 supports a conirol assembly 107 on a
distal surface or side of intermediate housing portion 108. The control assembly 107 is a fully-
functional mechanical subassembly that can be assembled and tested separately from the rest
of the instrument 100 prior to coupling thereto.

[0054] Control assembly 107, in cooperation with intermediate housing portion 108, supports
a pair of finger-actuated control buitons 124, 126 and a pair rocker devicss 128, 130 within a
housing 107a. The control buttons 124, 126 are coupled to exdension shafts 125, 127
raspectively. In particular, conirol assembly 107 defines an upper aperture 124a for slidably
receiving the exiension shaft 125, and a lower aperiure 128a for slidably receiving the exiension
shaft 127.

[0055] The coniroi assembly 107 and its components (8.g., control buttons 124, 126 and
rocker devices 128, 130} my be formsad from low friction, selflubricating, lubricious plastics or
materials or coatings covering the moving components {o reduce actuation forces, key
component wear, elimination of galling, smooth consistent actuation, improved component and
assembly reliability and reduced clearances for a tighter fit and feel consistency. This includes
the use of plastic materials in the bushings, rocker journals, plunger bushings, spring pockets,

retaining rings and slider components. Molding the components in plastic also provides net-
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shape or mesh-shaped componants with all of these pearformance attributes. Plastic
components sliminate corrosion and bi-mstal anodic reactions under electrolyvtic conditions such
as autoclaving, steam slerilizations and cleaning Press fits with lubricious plastics and materials
also eliminate clearances with minimal strain or functional penalties on the components when
compared to similar metal components.

[0056] Suitable materials for forming the components of the control assembly 107 include,
but are not limiled to, polvamings, polyphenylene sulfides, polyphthalamides,
polyphenylsulfones, polvether ketones, polvtetrafluoroethylenes, and combinations thereof,
Thess components may be used in the pressnce or absence of iubricants and may also include
additives for reduced wear and frictional forces.

[0057] Refsrence may be made fo a U .S, Patent Application Serial No. 13/331,047, now U.S.
Patent No. 8,968,276, the entire contents of which are incorporated by reference herein, fora
detailed discussion of the construction and operation of the surgical instrument 100.

[0058] The surgical instrument 100 includes a firing assembly configured to deploy or sject a
plurality of staples inio lissue capiured by the end effector 300. The firing assembly comprises a
drive assambily 360, as llustrated in FIG. 8. The drive assembly 360 includes a flaxible drivs
beam 364 having a distal end which is secured to a dynamic clamping member 385, and a
proximal engagement section 368. Engagement section 368 includes a stepped portion defining
a shoulder 370. A proximal end of engagement section 368 includes diameatrically opposed
inwardly extending fingers 372. Fingers 372 engage a holiow drive member 374 {0 fixedly
secure drive member 374 to the proximal end of beam 364. Drive member 374 defines a
proximal porthole 376a which receives a connection member of drive tube 246 (FIG. 1) of
adapter 200 when end sffector 300 is aftached to distal coupling 230 of adapter 200.

[0059] ‘When drive assembly 380 is advanced distally within tool assembly 304, an upper
beam 365a of clamping membsar 385 movas within a channel defined between anvil plats 312
and anvil cover 310 and a lower beam 365b moves over the exierior surface of carrier 316 to
close tool assembly 304 and fire staples therefrom.

[0060] Proximai body portion 302 of end effector 300 includes a sheath or cuter tube 301
enclosing an upper housing portion 301a and a lower housing portion 301k, The housing
portions 301a and 301b enclose an arliculation link 366 having a hooked proximal end 368a
which extends from a proximal end of end effector 300. Hooked proximal end 366a of
articulation link 368 engages a coupling hook (not shown) of adapter 200 when end effector 300
is secured fo distal housing 232 of adapter 200. When drive bar 258 of adapter 200 is advanced

or retracted as described above, articulation link 366 of end effector 300 is advanced or
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retracted within end effector 300 {o pivot tool assembly 3804 in relation 1o a distal end of proximal
body portion 302,

[0061] As illustrated in FIG. 9 above, cariridge assembly 308 of tool assembly 304 includes a
staple cartridge 305 supportable in carrier 316, The cariridge can be permanently installed in
the end effector 300 or can be arranged so as {0 be removable and replaceable. Staple
cartridge 305 defines a central longiiudinal slot 38543, and thres linsar rows of stapls retention
slots 305b positioned on each side of longitudinal slot 305a. Each of staple retention slots 305b
receives a single staple 307 and a portion of a staple pusher 308. During operation of
instrument 100, drive assembly 360 abuts an actuation sied and pushes actuation sled through
cariridge 305. As the aciuation sled moves through cartridge 305, cam wsadges of the actuation
sled sequentially engage staple pushers 308 to move staple pushers 308 vertically within staple
ratention slots 305b and sequentially eject staples 307 therefrom for formation against anvil
plate 312.

[0062] The holiow drive member 374 includes a lockout mechanism 373 that prevents a firing
of previously fired end effectors 300. The lockout mechanism 373 includes a locking member
371 pivotally coupled within a distal porthole 378b via a pin 377, such that locking member 371
is pivotal about pin 377 relative to drive member 374.

[0063] With reference to FIGS. 10A and 108, locking member 371 defines a channel 379
formed between elongate glides 381 and 383. Web 385 joins a portion of the uppsr surfaces of
glides 381 and 383. Web 385 is configured and dimsansioned to fit within the porthole 378b of
the drive member 374. Horizontal ledges 389 and 391 exiend from glides 381 and 383
respectively. As best shown in FIG. 9, a spring 393 is disposed within the drive member 374
and engages horizontal ledge 389 and/or horizontal ledge 391 to bias locking member 371
downward.

[0064] in operation, the locking member 371 is initially disposed in its pre-fired position at the
proximal end of the housing portions 301a and 301b with horizontal ledge 389 and 391 resting
on top of projections 303a, 303b formed in the sidewalls of housing portion 301b. In this
position, locking member 371 is held up and out of alignment with a projection 303¢ formed in
the bottom surface of housing portion 301b, distal of the projection 303a, 303b, and wsb 385 is
in longitudinal juxiaposition with shoulder 370 defined in drive beam 364. This configuration
permits the anvil 306 o be opened and repositioned onio the tissue to be stapled until the
surgeon is satisfied with the position without activating locking member 371 to disable the

disposabie end effector 300.
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[0065] Upon distal movemeant of the drive beam 364 by the drive tube 246, locking membaer
371 rides off of projections 303a, 303k and is biassed into engagement with housing portion
301b by the spring 393, distal of projection 303c. Locking member 371 remains in this
configuration throughout firing of the apparatus.

[0066] Upon retraction of the drive beamn 384, afier at least a partial firing, locking member
371 passes under projections 303a, 303b and rides over projection 303¢ of housing portion
301b until the distal-most porlion of locking member 371 is proximal to projection 303¢. The
spring 393 biases locking member 371 into juxtaposed alignment with projection 303¢,
effectively disabling the disposable end effecior. if an attempt is made {o reaciuale the
apparatus, loaded with the existing end effector 300, the locking member 371 will abut
projection 308¢ of housing portion 301b and will inhibil distal movement of the drive beam 364,
[0067] Ancther aspect of the instrument 100 is shown in FIG. 11. The instrument 100
includes the motor 164. The motor 164 may be any electrical motor configured to actuate one or
more drives (e.g., rotatable drive connectors 118, 120, 122 of FiG. 8). The motor 164 is coupled
to the baltery 156, which may be a DC battery (e.g., rechargsable lead-based, nickel-based,
lithium-ion based, battery etc.), an AC/DC transformer, or any other powsr source suilable for
providing electrical energy to the motor 164,

[0068] The battery 156 and the motor 164 are coupled to a motor driver circuit 404 disposed
on the circuit board 154 which controls the operation of the motor 164 inciuding the flow of
slectrical energy from the battery 156 to the molor 184. The driver circuit 404 includes a plurality
of sensors 408a, 408b, . . . 408n configured {o measure operational siates of the molor 164 and
the battery 156. The sensors 408a-n may include voltage sensors, current sensors, temperature
Sensors, pressure sensors, telemstry sensors, optical sensors, and combinations thereof. The
sensors 408a-408n may measure voltage, current, and other electrical propertiss of the
slectrical energy suppliad by the batlery 158. The sensors 488a-408n may also measure
rotational speed as revolutions per minute (RPM), iorque, femperature, current draw, and other
operational properties of the moltor 164. RPM may be determined by measuring the rotation of
the motor 164. Position of various drive shafis (e.g., rolatable drive connectors 118, 120, 122 of
FIG. 8) may be determinad by using various lingar sensors dispased in or in proximity to the
shafis or exirapolated from the RPM measuremenis. In aspects, forque may be calculated
based on the regulated current draw of the motor 164 at a constant RPM. In further aspects, the
driver circuit 404 and/or the controller 406 may measure time and process the above-described
values as a function thereof, including integration and/or differentiation, e.g., to determine rate of

change of the measured values and the like.
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[0069] The driver circuit 404 is also coupled to a controllar 406, which may be any suitabls
fogic control circuit adapied to perform the calculations and/or operate according o a set of
instructions. The controller 406 may include a central processing unit operably connected io a
memory which may include transitory type memory {e.g., RAM) and/or non-transitory type
memory {e.g., flash media, disk media, etc.). The controller 406 includes a pilurality of inpuls and
ouiputs for interfacing with the driver circuit 404, In particular, the coniroller 406 recsives
measured sensor signals from the driver circuit 404 regarding operational status of the molor
184 and the battery 156 and, in turn, outputs control signals to the driver circuit 404 {o control
the operation of the molor 164 based on the sensor readings and specific algorithm instructions.
The controlier 406 is aiso configured to accept a plurality of user inputs from a user interface
{e.g., swilches, buttons, touch screen, eic. of the control assembly 107 coupled to the controller
408). A removable memory card or chip may be provided, or data can be downloaded
wirelessly.

[0070] Referring io FIG. 12-18, a surgical system 10 is depicted. The surgical system 107 is
sirilar in many respects to the surgical system 18, For exampis, the surgical system 10
includes the surgical instrument 100, Upper housing portion 108 of instrument housing 102
defines a nose or connecting portion 108a configured to accept a corresponding shaft coupling
assembly 514 of a transmission housing 512 of a shaft assembly 500 that is similar in many
respects to the shaft assembly 200.

[0071] The shaft assembly 500 has a force fransmilting assembly for interconneacting ths at
lsast one drive member of the surgical instrument to at least one rolation receiving member of
the end effector. The force transmitiing assembly has a first end that is connectable to the at
feast one rotatable drive member and a second end that is connectable {o the at least ane
rotation receiving member of the end effscior. When shaft assembly 500 is mated to surgical
instrument 100, sach of rolatable drive members or connectors 118, 120, 122 of surgical
instrument 100 couples with a corresponding rofatable conneclor sleeve 518, 520, 522 of shaft
assembly 500 (see FIGS. 13 and 15). In this regard, the interface between corresponding first
drive member or connector 118 and first connector sieeve 518, the interface between
corresponding second drive member or connecter 120 and second connector sleeve 520, and
the interface betwseen corresponding third drive member or connector 122 and third connector
sleeve 522 are keyed such that rotation of each of drive members or connectors 118, 120, 122
of surgical instrument 100 causes a corresponding rotation of the corresponding connector
steeve 518, 520, 522 of shaft assembly 500.
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[0072] The selective rotation of drive membsar(s) or connector(s) 118, 120 and/or 122 of
surgical instrumsnt 100 allows surgical instrument 100 {0 selectively actuats diffsrent funclions
of an end effector 400,

[0073] Referring fo FIGS. 12 and 14, the shaft assembly 500 includes an elongate,
subsiantially rigid, outer tubular body 510 having a proximal end 510z and a distal end 510b
and a transmission housing 212 connecied to proximal end 210a of iwbular body 510 and being
configured for seleclive connection to surgical instrument 100, In addition, the shaft assembly
500 further includes an articulating neck assembly 530 connected to distal end 510b of elongate
body portion 510,

[0074] Transmission housing 512 is configured to house a pair of gsar train systems therein
for varying a speed/force of rotation (e.g., increase or decrgass) of first, second and/or third
rotatable drive members or connectors 118, 120, and/or 122 of surgical instrument 100 before
transmission of such rotational speed/force to the end effector 501, As seen in FIG. 15,
transmission housing 512 and shaft coupling assembly 514 rotatably support a first proximal or
input drive shaft 524a, a second proximal or input drive shaft 526a, and a third drive shaft 528,
[0075] <Shaft drive coupling assembly 514 includes a first, 3 second and a third biasing
member 518a, 520a and 522a disposed distally of respective first, second and third connector
sleeves 518, 520, 522. Each of biasing members 518a, 520a and 5223 is disposed about
respective first proximal drive shaft 524a, second proximal drive shaft 526a, and third drive shaft
228. Biasing mambers 518a, 520a and 522a act on respective conneclor slasves 518, 520 and
522 1o heip maintain connector sleeves 218, 220 and 222 engaged with the distal end of
respective drive rotatable drive members or connectors 118, 120, 122 of surgical instrument 100
when shaft assembly 500 is connecled to surgical instrument 100,

[0076] Shaft assembiy 500 includes a first and a second gear train system 540, 550,
raspectively, disposaed within fransmission housing 512 and tubular body 510, and adjacent
coupling assembly 514. As mentioned above, each gear train system 540, 550 is configured
and adapted o vary a speed/force of rotation (e.g., increase or decrease) of first and second
rotatable drive connsclors 118 and 120 of surgical instrument 100 before transmission of such
rotational spesdffores to end effecior 501,

[0077] As illustrated in FIGS. 15 and 18, first gear train system 540 includes first input drive
shaft 524a, and a first input drive shaft spur gear 542a keyed to first input drive shaft 524a. First
gear train system 540 also includes a first transmission shaft 544 rotatably supported in
transmission housing 512, a first input transmission spur gear 544 a keyed {o first transmission

shaft 544 and engaged with first input drive shaft spur gear 542a, and a first ouiput fransmission
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spur gear 544b keyed to first iransmission shaft 544, First gear frain systam 548 further includes
a first output drive shalt 546a rotatably supported in ransmission housing 512 and tubular body
510, and a first output drive shaft spur gear 546b keyed o first ouiput drive shafl 546a and
engaged with first output transmission spur gear 544b.

[0078] in atleast one instance, the first input drive shaft spur gear 542a includes 10 teesth;
first input ransmission spur gear 5443 includes 18 tsath; first oulput transmission spur gear
544b includes 13 teeth; and first oulput drive shafi spur gear 546b includes 15 {eeth. As 50
configured, an input rotation of first input drive shaft 524z is converted to an output rotation of
first output drive shaft 546a by a ratio of 1.2.08.

[0079] in operation, as first input drive shaft spur gear 5423 is rotated, due {o a rotation of
first connector sieeve 558 and first input drive shaft 5243, as a result of the rotation of the first
raspective drive connecior 118 of surgical instrument 100, first input drive shaft spur gear 542a
engages first input transmission spur gear 544a causing first input transmission spur gear 544a
to rolate. As first input transmission spur gear 544a rotates, first ransmission shaft 544 is
rotated and thus causes first culput drive shafi spur gear 546D, that is keyed to first
fransmission shafi 544, o rotate. As first cuiput drive shaft spur gear 546b rolates, sincs first
output drive shaft spur gear 546b is engaged therewith, first oulput drive shafi spur gear 546b is
also rotated. As first oulput drive shaft spur gear 546b rotates, since first output drive shaft spur
gear 546h is keyed to first cutput drive shaft 546z, first output drive shaft 546a is rofated.
[0080] The shaft assembly 500, including the first gear systam 540, functions to transmit
operative forces from surgical instrument 100 {o end effector 501 in order {0 operate, actuale
and/or fire end effector 501,

[0081] As illustrated in FIGS. 15 and 17, second gear train system 550 includes second input
drive shaft 526a, and a second input drive shaft spur gear 552a keyed to second input drive
shaft 526a. Sscond gear train system 550 also includss a first transmission shaft 554 roiatably
supporied in transmission housing 512, a first input transmission spur gear 554a keyed to first
transmission shaft 554 and engaged with second input drive shaft spur gear 552a, and a first
output transmission spur gear 554 b keyed {o first transmission shaft 554.

[0082] Sscond gear train system 550 further includes a sscond transmission shaft 556
rotatably supported in transmission housing 512, a second input transmission spur gear 558a
keved to second transmission shaft 556 and engaged with first output transmission spur gear
554 b that is keyed to first transmission shaft 554, and a second output transmission spur gear

556b keyed to second transmission shaft 556.
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[0083] Sscond gear train system 550 additionally includes a second output drive shaft 558a
ratatably supported in transmission housing 512 and iubular body 510, and a second ocutput
drive shaft spur gear 558b keved to second output drive shaft 558a and engaged with second
output transmission spur gear 556b.

[0084] in atleast one instance, the second input drive shaft spur gear 552a includes 10 teeth;
first input ransmission spur gear 5543 includes 20 testh; first oulput transmission spur gear
554b includes 10 teeth; second input transmission spur gear 558a includes 20 teeth; second
output fransmission spur gear 556b includes 10 teeth; and second cutput drive shaft spur gear
558b includes 15 teeth. As so configured, an input rotation of second input drive shaft 526a is
converted to an cutput rotation of second cutput drive shaft 558a by a ratic of 1.6,

[0085] In operation, as sscond input drive shaft spur gear 5523 is rotated, due to a rotation of
second connector sleeve 560 and second input drive shaft 526a, as a result of the rotation of
the second respective drive connector 120 of surgical instrument 100, second input drive shaft
spur gear 552a engagss first input transmission spur gear 554a causing first input fransmission
spur gear 5543 to rotate. As first input transmission spur gear 554a rotates, first fransmission
shaft 554 is rotated and thus causes first output transmission spur gear 554D, that is keyed to
first fransmission shaft 554, to rotate. As first oulput transmission spur gear 554b rotates, since
second input transmission spur gear 556a is engaged therewith, second input transmission spur
gear 556a is also rotated. As second input fransmission spur gear 556a rolates, second
transmission shaft 256 is rotated and thus causes second output transmission spur gear 256,
that is keved o second transmission shaft 556, to rotate. As second output transmission spur
gear 556b rotates, since second cutput drive shaft spur gear 558b is engaged therewith, second
output drive shaft spur gear 558b is rolated. As second cutput drive shaft spur gear 558b
rotates, since second output drive shaft spur gear 558b is keyed to second oulput drive shaft
5583, second output drive shaft 558a is roiated.

[0086] The shaft assembly 500, including second gear train system 550, funclions to transmit
operative forces from surgical instrument 100 to end effector 501 in order rotate shaft assembly
500 and/or end effector 501 relative to surgical instrument 100.

[0087] As illustrated in FIGS. 15 and 18, the ransmission housing 512 and shaft coupling
assembly 514 rotatably support a third drive shaft 528, Third drive shaft 528 includes & proximal
end 528a configured to support third connecior sleeve 522, and a distal end 528b extending to
and operatively connected to an articulation assembly 570.

[0088] As illustrated in FIG. 14, eiongate, outer tubular body 510 of shaft asssmbly 500

includes a first half ssction 511 a and a second half section 511b defining at lsast three
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longitudinally extending channels through outer fubular body 510 when half sections 5113, 511b
are mated with one another. The channels are configured and dimensioned to rotaiably recsivs
and support first output drive shaft 546a, second cutput drive shaft 558a, and third drive shaft
528 as first output drive shaft 548a, second output drive shaft 558a, and third drive shaft 528
extend from transmission housing 512 o articulaling neck assembly 530. Each of first output
drive shafi 548a, second output drive shaft 558a, and third drive shaft 528 are elongate and
sufficiently rigid to transmit rotational forces from transmission housing 520 to articulating neck
assembly 530.
[0089] Turning to FiG. 14, the shaft assembly 500 further includes an articulating neck
assembly 530. The articulating neck assembly 530 includes a proximal neck housing 532, a
plurality of links 534 connected to and extending in series from proximal neck housing 532; and
a distal neck housing 536 connected o and exiending from a distal-most link of the plurality of
links 534. Itis contemplated thai, in any of the aspects disclosed herein, that the shaft assembly
may have a single link or pivot member for allowing the articulation of the end effector. itis
contemplaied that, in any of the aspects disclosed hearsin, that the disial neck housing can be
incorporated with the distal most link.
[0090] The entire disclosures of:

U.5. Patent Application Publication No. 2014/0110453, filed October 23, 2012, and titled
SURGICAL INSTRUMENT WITH RAPID POST EVENT DETECTION,;

U.8. Patent Application Publication No. 2013/0282052, filed Juns 18, 2013, and titled
APPARATUS FOR ENDOSCOPIC PROCEDURES; and

U.S. Patent Application Publication No. 2013/0274722, filed May 10, 2013, and titled
APPARATUS FOR ENDOSCOPIC PROCEDURES, are hereby incorporated by reference
herein.

[0091] Refsming io FIGS. 19-19B, a surgical instrument 10 is depicied. Ths surgical
instrument 10 is similar in many respects to the surgical instrument 100. For example, the
surgical instrument 10 is configured for selective connection with the end effector or single use
loading unit or reload 300 via the adapter 200. Also, the surgical instrument 16 includes the
handle housing 102 including the lower housing portion 104, the intermediate housing portion
108, and the upper housing portion 108, In addition, the surgical instrument 10 further includes
a replaceable motor cariridge 12, as illustrated in FIG. 20. The motor cartridge 12 is separably
couplable to the surgical instrument 10. A motor access door 13 (FIG. 19) can be opened 1o
obiain access to the motor cartridge 12. Once the molor access door 13 is opened, the motor

cariridge 12 can be removed and replaced with another motor cartridge.

15



WO 2017/116726 PCT/US2016/066791

[0092] As described in greater delay balow, the surgical instrument 10 is configured to detact
a damaged motor cartridge 12 and, in certain instances, instruct an operator of the surgical
instrument 10 to replace the damaged molor cartridge 12 with an undamaged moior cartridge
12. The ability o replace a motor cariridge 12 is quite useful at least because it allows for an
improved repair capability since a damaged motor carlridge 12 can be readily replaced with an
undamaged motor cartridge 12, In absence of the ability to replace a damaged maotor cariridge
12, the surgical instrument 10 may be rendered inoperable even though the majority of the
components of the surgical instrument 10 are in good operating condition. The ability to replace
a motor cartridge 12 is also useful in allowing modularity in new product designs, and simplifying
instaliation of hardware upgrades as part of life cycle improvements. For example, a first
genaration motor cartridge can be readily replaced with an upgraded second generation motor
cartridge. Molor cartridges can also be swapped belween surgical instrumants that employ the
same type of motor cariridge, for example.

[0093] The motor cariridge 12 comprises a housing 14 which includes high current
components of the surgical instrument 10 such as, for example, at least one motor 16 and at
lsast one motor circuit board 18. Since high current componants of the surgical instrument 10
are more suscepiible to damage than low current components such as a main control circuit
board 19 and various feedback systems, it is desirable to be able to readily replace the high
current components by replacing the motor cartridge 12.

[0094] As illustrated in FIG. 21, the motor carfridge 12 is releasably coupled to the surgical
instrument 10, An interface 21 belween the motor cartridge 12 and the surgical instrument 10
comprises a mechanical component represented by mechanical conneciors 22, 23, 24, and 25,
a powsr/communication transmission component represented by electrical connectors 26, 28,
30, and 32. In at least one instance, the main control circuit board 19 comprises a receiver 53
which can be in the form of a socket, as illustrated in FIG. 19B. The receiver 53 can be
configured to receive the connectors 28 and 32, for example, to electrically couple the main
control circuit board 19 to the circult boards 18 and 18, In certain instances, the interface 21
may comprise one or more swiiches which can be activated after coupling engagement of the
motor cartridges 12 and the surgical instrument 10, Various suitable connectors ars described in
LUL.S. Patent Application Publication No. 2014/0305990, filed April 18, 2013, and titled DRIVE
SYSTEM DECOUPLING ARRANGEMENT FOR A SURGICAL INSTRUMENT, which is hereby
incorporated by reference herein in its entirety.

[0095] in the aspect illustrated in FIG. 21, the motor cartridge 12 includes two motors 16 and

16" which are conirolled by separate motor control circuit boards 18 and 18, Alternatively, the
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motors 16 and 168’ can be controlled by one motor conirol circuit board. In certain instances, ftwo
or more separate molor cartridges can be employad with the surgical instrument 10, whersin
each motor cartridge includes at least one motor and at least one motor control circuit board for
controliing the at least one motor, for example. For the sake of brevity, the following discussion
will focus on the motor 16 and the conirol circuit board 18; however, the following discussion is
also applicable to the motor 16° and the control circuit board 18

[0096] The meoior 16 may be any electrical motor configured {o acluate one or more drives
(e.g., rotatable drive connector 24 of FIG. 18B). The motor 16 is powered by a power source 34
in the surgical instrument 10. Electrical energy is transmitted to the moior 186 through the
interface 21. The power source 34 may be a DC batiery {e.g., rechargeable {ead-based, nickel-
based, iithium-ion based, batiery efc}, an AC/BC transformer, or any other power source
suitable for providing electrical energy to the motor 18, When the molor carlridge 12 is coupled
to the surgical instrument 10, the power source 34 and the motor 16 are coupled to the motor
control circuit 18 which controls the operation of the motor 16 including the flow of slectrical
gnergy from the power source 34 {0 the motor 16.

[0097] Refaming io FIG. 21, the main controd circuit board 18 includss a microcontrolier 20
{“controller”). In certain instances, the controller 20 may include a microprocessor 36
("processor”) and one or more computer readable mediums or memeory units 38 ("memory”). In
certain instances, the memory 38 may store various program instructions, which whan executed
may causes the processor 38 to parform a plurality of functions and/or calculations described
herein. The power source 34 can be configured o supply power 1o the controller 20 and/or other
components of the main control circuit board 19, for example.

[0098] The coniroiler 20 and/or other controliers of the present disclosure may be
implemenied using integraled and/or discrete hardware elements, software elemenis, and/or a
combination of both. Examplaes of integrated hardwars elements may include procassors,
microprocessors, microcontrollers, integrated circuits, ASICs, PLDs, DS8Ps, FPGAs, logic gates,
registers, semiconductor devices, chips, microchips, chip sets, microcontrollers, SoC, and/or
SiP. Examples of discrete hardware elements may include circuits and/or circuit slemeants such
as logic gates, field effect transistors, bipolar transistors, resistors, capaciiors, inductors, and/or
ratays. In cariain instances, the controller 20 may includs a hybrid circuit comprising discrets
and integrated circuit elements or components on one or more substrates, for example.

[0099] in certain instances, the controller 20 and/or other controllers of the present disclosure
may be an LM 4F230H5QR, available from Texas Instruments, for example. In certain
instances, the Texas Instruments LM4F230H5QR is an ARM Cortex-M4F Processor Core
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comprising on-chip memory of 258 KB singls-cycle flash memory, or sther non-volatile memory,
up io 40 MHz, a prefetch buffer to improve performance above 40 MHz, a 32 KB single-cycle
SRAM, internal ROM loaded with StellarisWarae® software, 2KB EEPROM, one or more PWM
modules, ane or more QE! analeg, one or more 12-bit ADRC with 12 analog input channels,
among other featurss that are readily available. Other microcontroliers may be readily
substituled for use with the present disclosure. Accordingly, the present disclosure should not
be limited in this coniext.

[0100] in various instances, one or more of the various steps described herein can be
performed by a finite siate machine comprising either a combinational logic circuit or a
sequential logic circuit, where either the combinational logic circuit or the sequsential logic circuit
is coupled to at least ans memory circuit. The at least one memory circuit stores a current state
of the finite siate machine. The combinational or sequential logic circuit is configured fo cause
the finite state machine io the steps. The sequential logic circuit may be synchronous or
asynchronous. in other instances, one or more of the various steps describad herein can be
performed by a circuit that includes a combination of the processor 38 and the finite siats
machine, for example.

[0101] Referring to FIG. 22, FIG. 22 is a logic diagram 70 representative of possible
operations that can be implemented by the surgical instrument 10, for example, to monitor the
heaith of a motor cartridge 12 and respond to a detected molor cartridge malfunction. A motor
activation signal can bs received 72 by the processor 38 from an actuator 42 of the surgical
instrument 10. The acluator 42 can be a switch thal is configured to close or open a circuit upon
actuation of the actuator 42. The closure or opening of the circuit can signal the processor 36
that the actuaior 42 has been aciuated. in at ieast one instance, the actuator 42 can be in the
form of a firing trigger which can be actuated by an operator to aclivate a firing sequence of the
surgical instrumsant 10, for example. In ancther instance, the actuator 42 can be in the formof a
closure trigger which can be actuated by an coperaior {0 close an end effector 300 of the surgical
instrument 10, for example. In another instance, the actuator 42 can be in the form of a rotation
trigger which can be actuated by an operator {o rotate an end effector 300 of the surgical
instrumant 10, for example.

[0102] Upon receipt of the activation signal, the processor 36 may signal 74 the motor control
circuit board 18 to activate the motor 16. The health of the motor cartridge 12 can be
continuously monitored 76 while the actuator 42 is actuated. Under normal operating conditions,
as illustrated in FIG. 21, the motor 16 draws current from the power source 34 and generates

rotational molion{s) that are transmitted through the interface 21 to the drive mechanism 180 in
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response to the actuation of the actuaior 42, If, however, a malfunction in the muotor cariridge 12
is detectad 78, one or more safsty and/or operational measuras can be activated 79, as
described in greater detfail below. Otherwise, the molor cartridge health is continuously
monitored 76 while the acluator 42 is actuated until a2 malfunction is delected 78.

[0103] Referring to FIG. 23, FIG. 23 is a logic diagram 80 representative of possible
operations that can be implementad by the surgical instrument 10, for example, to monitor the
health of a motor cartridge 12 and respond {0 a detected motor cartridge malfunction. A molor
activation signal can be received 82 by the processor 36 from an actuator 42 of the surgical
instrument 10. Upon receipt of the aclivation signal, the processor 36 may signal 84 the motor
control circuit board 18 {o activate the molor 16. Al 86, the heaith of the motor cartridge 12 can
be continususly monitored, while the actuaior 42 is actuaied, by monitoring the current draw of
the motor cartridge 12, As illustrated in FIG. 21, the current draw of the molor cartridge 12 can
be monitored by one or more current sensors 40. Sensed current readings can be
communicated to the processor 36by the current sensor 40. At 88, if the current draw of the
motor cartridge 12, whils the actuator 42 is acluated, becomss outside a predetermined value or
range, the processor 36 can conclude that a malfunction of the motor cariridge 12 is deiectad
88. If a malfunction in the meolor cartridge 12 is deteclied 88, one or more safety and/or
operational measures can be activated 89, as described in greater detail below. Otherwise, the
motor cartridge heaith is continucusly monitored 86 while the actuator 42 is actuated until a
maifunction is delectad 88.

[0104] The predetermined value or range can be stored in the memory 38, for example. In
the event a predetermined range is stored in the memory 38, the processor 36 may access the
memory 38 to compare a current reading, or an average of a plurality of current readings, of the
current sensor 40 to the predetermined range. If the current reading is greater than orequal to a
maximum value of the predetermined range, the processor 38 may conclude that a malfunclion
of the motor cariridge 12 is delected 88, Also, if the current reading is less than or equal a
minimum value of the predetermined range, the processor 36 may conclude that a malfunction
of the motor cartridge 12 is detectsd 88.

[0105] Likewise, in the event a stored value is stored in the memory 38, the processor 36
may access the memory 38 o compare a current reading, or an average of a plurality of current
readings, of the current sensor 40 o the predetermined value. If the current reading is greater
than or equal to the predetermined value, for example, or less than or equal o the
predetermined value, for example, the processor 36 may conciude that a maifunction of the

motor cartridgs 12 is detectsd 88,
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[0106] in alleastoneg instance, the processor 38 may conclude that 2 malfunction of ths
motor cartridge 12 is delected if the current draw of the motor cartridge 12, while the actuator 42
is activated, is less than or equal {o 10% of the predetermined value. In at least one instancs,
the processor 36 may conclude that a malfunction of the motor carlridge 12 is detected if the
current draw of the motor cartridge 12, whils the actuator 42 is activated, is less than or equal {o
20% of the predstermined value. In at least one instance, the processor 36 may conclude that a
malfunction of the motor cartridge 12 is detected if the current draw of the motor cartridge 12,
while the actuator 42 is actuated, is greater than or equal to 150% of the predetermined value.
in ai least one instance, the processor 36 may conclude that a malfunction of the motor
carlridge 12 is detected if the current draw of the molor cartridge 12, whils the actuator 42 is
actuated, is grealer than or equal {0 200% of the predeterminad valus.

[0107] As indicated above, the processor 36 can be configured to respond io a delected
malfunction of the motor cartridge 12 by activating (79 and 88) one or more safety and/or
operational measures. For exampis, the processor 36 may employ ong or more feedback
slemeants 44 to issus an alert o an operator of the surgical instrument 100, In certain instances,
the feedback elements 44 may comprise one or mors visual feedback systems such as display
screens, backlights, and/or LEDs, for example. In ceriain instances, the feedback elements 44
may comprise one or more audio feedback systems such as speakers and/or buzzers, for
example. in ceriain instances, the feedback elements 44 may comprise one or more haptic
feadback systems, for example. In cariain instances, the fesdback elemenis 44 may compriss
combinations of visual, audio, and/or haplic feedback systems, for example.

[0108] Further to the above, the processor 36 may employ a feedback screen 46 (FIG. 19B8)
of the surgical instrument 10 to provide instructions to an operator for how to replace the motor
cartridge 12, for example. in addition, the processor 36 may respond {o a detected maifunction
of the motor cartridge 12 by storing or recording a damaged status of the motor cartridge 12 in
the memory 38,

[0109] in atleast one instance, the processor 36 may disable the surgical instrument 10 until
the damaged molor cartridge 12 is replaced with an undamaged motor cartridge. Tor example,
the memory 38 may includs program instructions, which when execuled by the processor 36 in
rasponse o a detected malfunction of the motor cartridge 12, may cause the processor 38 {o
ignore input from the actuator 42 until the damaged motor cartridge 12 is replaced. A motor
cartridge replacement feedback element 58 can be employed to alert the processor 36 when the
motor cartridge 12 is replaced, as described in grealer dstail below.

[0110] Refsring primarily to FIGS, 19A and 21, the surgical instrument 10 may include a
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motor access door 13, The motor access door 13 can be relsasably locked to the handle
housing 102 to control accass to the motor cartridgs 12. As iHlustrated in FIG. 18A, the molor
access door 13 may include a locking mechanism such as, for example, a snap-type locking
mechanism 47 for locking engagement with the handie housing 102. Other locking mechanisms
for locking the motor access door 13 to the handie housing 102 are contemplated by the present
disclosure. In use, a clinician may obtain access io the molor cartridge 12 by unlocking ths
locking mechanism 47 and opening the motor access door 13, In at least one example, the
motor access door 13 can be separably coupled to the handle housing 102 and can be
detached from the handle housing 102 to provide access to the motor accsss door 13, for
exampie. in another example, the motor access door 13 can be pivolally coupled to the handle
housing 102 via hinges (not shown) and can be pivated relative 1o the handie housing 102 to
provide access o the motor access door 13, for example. In yet another example, the motor
access door 13 can be a sliding door which can be slidably movable relative to the handle
housing 102 to provide access to the motor access door 13.

[0111] Referring again to FIG. 21, in cariain instances, a motor door feedback element 48
can be configured to alsrt the processor 36 that the locking mechanism 47 is unlocked. In at
least one example, the motor door feedback element 48 may comprise a switch circuit {not
shown) operably coupled to the processor 38; the switch circuit can be configured to be
transitioned {o an open configuration when the locking mechanism 47 is uniocked by a clinician
and/or transitionsd o a closed configuration when the locking mechanism 47 is lockad by the
clinician, for example. In at least one example, the motor door feedback element 48 may
comprise at least one sensor {(not shown) operably coupled {o the processor 36; the sensor can
be configured to be triggersd when the locking mechanism 47 is transitioned to unlocked andior
locked configurations by the ciinician, for exampie. The motor door feedback slement 48 may
include othar means for detecting the locking and/or unlocking of the locking mechanism 47 by
the clinician.

[0112] Referring fo FIGS. 21 and 24, the controller 20 may comprise one or more embedded
applications implemented as firmware, sofiware, hardware, or any combination thersof. In
certain instances, the controller 20 may comprise various executable modules such as software,
programs, data, drivers, and/or application program interfaces (APls), for example. FIG. 24
depicts an example module 50 that can be stored in the memory 38, for example. The module
50 can be executed by the processor 36, for example, {0 alert, guide, and/or provide feedback
to a user of the surgical instrument 10 with regard o replacing a motor cartridge 12.

[0113] As illusirated in FIG. 24, the module 50 is executed by the processor 36 o provide the
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user with instructions as to how {o replacs a molor cariridge 12, for example. In various
instances, the module 50 may comprise one or more decision-making steps such as, for
example, a decision-making step 52 with regard to the detection of one or more errors requiring
replacement of the motor cartridge 12. In at least one instance, as described above in greater
detail, the processor 36 is configured to detect an error requiring replacement of the motor
cartridge 12 when the current draw of the motor cartridgs 12, while the actuator 42 is actuated,
is outside a predetermined range, for example.

[0114] When the processor 36 detects an error in the decision-making step 52, the processor
36 may respond by stopping and/or disabling the motor 18, for example. In addition, in cerlain
instances, the processor 36 may also store a damaged status of the motor cartridge 12 in the
memory 38 after detecting the motor cariridge error, as Hustrated in FIG. 25, As described
above, the memory 38 can be a non-volatile memory which may preserve the siored status
when the surgical instrument 10 is reset by the user, for example. In various instances, the
motor 16 can be stopped and/or disabled by disconnecting the power source 34 from the motor
18, for example. In various instances, the main conirol circuit board 19 may include a motor
override circuit which can be employed by the processor 36 to stop power delivery 1o the motor
cartridge 12, for example. The siep of stopping the motor 16 and/or siopping power delivery to
the motor cartridge 12 can be advantageous in preventing, or at least reducing, the possibility of
further damage {0 the surgical instrument 10, for example.

[0115] Furtherto the above, referring still to FIG. 24, the module 50 may include a decision-
making step 54 for detecting whether the motor access door 13 is removed. As described
above, the processor 36 can be operationally coupled to the motor door feedback element 48
which can be configured to alert the processor 36 as to whsther the motor accsss door 13 s
removed. In certain instances, the processor 36 can be prograrmmed to detect that the motor
access door 13 is removed when the mator door feedback slemant 48 reports that the locking
mechanism 47 is unlocked, for example. In cerlain instances, the processor 35 can be
programmed o detect that the motor access door 13 is removed when the motor door feedback
slement 48 reports that the motor access door 13 is opened, for example. In certain instances,
the processor 35 can be programmed to detect that the molor access door 13 is removed when
the motor door feedback slement 48 reports that the locking mechanism 47 is unlocked and that
the motor access door 13 is opened, for example.

[0116] Referring still to FIG. 24, when the processor 36 does not detect a motor cartridge
error in the decision-making step 52 and does not detect that the motor access door 13 is

removed in the decision-making step 54, the processor 36 may not interrupt the normal
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operation of the surgical instrument 10 and may proceed with various clinical algorithms.
However, the processor 36 may continue o detect errors requiring replacemsnt of the motor
cartridge 12.

[0117] in certain instances, when the processor 36 does not detect a motor cariridge errorin
the decision-making step 52 but detscis that the motor access door 13 is removad in the
decision-making step 54, the procassor 36 may respond by siopping and/or disabling the motor
16, as described above. In addition, the processor 38 may also provide the user with
instructions to reinstall the motor access door 13. In certain instances, when the processor 36
detects that the molor access door 13 is reinsialisd, while no motor cariridge error is detecied,
the processor 36 can be configured {o reconnect the power to the motor 16 and aliow the user
to continue with clinical algorithms, as lustrated in FIG. 24.

[0118] Further to the above, when the processor 36 detects a motor cariridge error and
further detects removal of the molor access door 13, the processor 38 can signal the user o
replace the motor cartridge 12 by providing the user with a visual, audio, and/or tactile fesdback,
for example. In certain instances, ths processor 36 can signal the user of the surgical instrument
10 to replace ths motor cartridgs 12 by flashing a backiight of the feedback screen 46, In any
event, the processor 36 may provide the usser with instructions o replace the molor cartridge 12,
as Hustrated in FIG. 24

[0119] Referring again {o FIG. 24, in various instances, the instructions provided by the
processor 36 {o the user to remove the motor accass door 13 and/or io replace the moilor
cartridge 12 may comprise ong or more steps; the steps may be presenied to the userin a
chronological order. The steps may comprise actions to be performed by the user. In such
instances, the user may proceed through the steps by performing the actions presented in sach
of the steps. In certain instances, the actions required in one or more of the steps can be
prasented to the user in the form of animated imagss displaved on the fesdback scresn 48
(FIG. 18B), for example. In certain instances, one or more of the sieps can be presented to the
user as messages which may include words, symbols, and/or images.

[0120] Furtherto the above, referring still to FIG. 24, the module 50 may include a decision-
making step 56 for dstecting whether the motor cartridgs 12 has been replaced. In at lsast one
instance, the user of the surgical instrument 10 is requesied to alert the processor 36 when the
motor cartridge 12 has been replaced using one or more of the user feedback elements 44, for
example. Alternatively, as illustrated in FIG. 21, the processor 36 can be aperationally coupled
to a motor cartridge replacement feedback element 58 which can be configured o alert the

processor 36 when the motor cartridgs 12 Is replacsd. In at lsast ons instance, the motor
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cartridge replacement feedback slement 58 includes one or more sensors and/or switches
which can be triggsred when the motor cartridge 12 is removed and/or replaced to alert the
processor 36 when the motor cartridge 12 has been removed and/or replaced.

[0121] in atleast one instance, the motor cartridge replacement feedback element 58
includes a pressure sensor positioned at the inlerface 21 between the surgical instrument 10
and the motor cartridge 12. The processor 36 can be configurad {o employ the pressure sensor
of the motor cartridge replacement feedback element 58 to detect when the motor carlridge 12
has been removed and/or replaced. In at least one instance, the processor 36 can be
configured to employ the pressure sensor of the motor cartridge replacement feedback element
58 o detect a threshoid-setting pressure reading when the motor cartridge 12 is instalied with
the surgical instrument 10. The threshold-setling pressure reading can be used to set a
predetermined threshold which can be siored in the memory 38. Alternatively, the
predetermined threshold can be calculated and stored in the memory 36 independent of any
readings obtained by the pressure sensor.

[0122] Furtherto the above, the processor 36 can be configured o conclude that an installed
motor cartridgs 12 has been removed when ong or more pressure readings detected by the
pressure sensor of the motor carlridge replacement feedback element 58 are less than or equal
to the predetermined threshold. The processor 36 can also be configured to conclude that a
replacement motor cartridge 12 has been installed when subsequent pressure readings
detacied by the pressure sensor of the motor cartridgs replacement feedback slement 58
become greater than or equal to the predetermined threshold, for example.

[0123] Further to the above, still referring to FIG. 24, once it is determined that the motor
carlridge 12 has been replaced, the processor 36 can be configured o instruct the user to
reinstall the motor access door 13. Upon subsequent detection that the motor access door 13
has been installed, the processor 36 can be configured o allow power transmission {o the
installed replacement motor cartridge 12. In certain instances, the processor 36 is further
configured to employ one or more of the user feedback elements 44 to alert the use of
successful installation of the replacement motlor cartridge 12 and/or that the surgical instrument
10 is now ready to continue with various clinical algorithms.

[0124] in varicus insiances, the motor access door 13 can be replaced with a motor access
member or a motor securement member configured o secure the motor cartridge 12 to the
handle housing 102. Alternatively, the motor access door 13 can be removed completely or
integrated into the housing 14 of the motor cartridge 12 such that the motor cartridge 12 can be

readily removed or ssparated from the surgical instrument 10 by puliing or retracting the motor
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cartridge 12 away from the handle housing 102, for example. In at least ons instance, in the
absence of a motor accsss door, an outsr wall 58 (FIG. 20} of the housing 14 of the motor
cartridge 12 can be configured fo form a portion of an ouler wall of the handle housing 102 of
the surgical instrument 10 when the motor cartridge 12 is instalied with the surgical instrument
10. In such instances, the outer wall 59 may include an attachment portion (not shown) that can
be grabbed by a user of the surgical instrument and pulled {o facilitate separating the motor
cartridge 12 from the handle housing 102, for example.

[0125] FIG. 25 depicts an example module 80 which can be stored in the memory 38, for
example. The module 80 is similar in many respscts {o the module 50. For example, the
module 60 can also bs executsd by the processor 36, for example, to alert, guide, and/or
provide fesdback to a user of the surgical instrument 10 with regard to replacing a motor
cartridge 12; however, the module 60 is implementad when the a motor access door feature is
not used.

[0126] As illustrated in FIG. 24, the module 50 is executed by the processor 36 to provide the
user with instructions as to how to replace a motor cartridge 12, for sxample. In various
instances, the module 50 may comprise one or more decision-making staps such as, for
example, a decision-making siep 52 with regard io the deteclion of one or more errors reguiring
replacement of the motor carlridge 12. In at least one instance, as described above in greater
detiail, the processor 36 is configured to detsct an error requiring replacement of the motor
cartridge 12 when the current draw of the motor cariridge 12, while the actualor 42 is aclivated,
is outside a predelermined rangs, for example.

[0127] Like the module 50, the module 60 ailso includes one or more decision-making steps
such as, for example, the decision-making step 52 with regard o the detection of one or more
errors requiring repiacement of the motor cartridge 12. When the processor 36 detects an emror
in the decision-making step 52, the processor 38 may respond by stopping and/or disabling the
motor 16, for example. In addilion, in certain instances, the processor 36 also may store a
damaged status of the motor cariridge 12 in the memory 38 after detecting the motor cartridge
error, as iustrated in FIG. 25.

[0128] Further io the above, when the processor 36 detects a motor cartridgs error, the
processor 36 can signal the user to replace the motor cartridge 12 by providing the user with a
visual, audio, and/or tactile feedback, for example. In certain instances, the processor 36 can
signal the user of the surgical instrument 10 to replace the motor cartridge 12 by flashing a
backlight of the feedback screen 46. in any event, the processor 36 may provide the user with

insiructions to replace the motor cartridgs 12, as lustrated in FIG. 25, Furthermore, the muodule
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60 includes the decision-making step 56 for detacling whether the molor cartridge 12 has been
raplaced, as describs above in greater defall. In addition, once it is determined that the motor
cartridge 12 has been replaced, the processor 36 can be configured to allow power
transmission to the installed replacement motor cartridge 12. The processor 36 can be further
configured to employ one or more of the user feedback slements 44 {o alert the user of
successful installation of the replacement motor cartridgs 12,

[0129] While various details have been set forth in the foregoing description, it will be
appreciated that the various aspects of the surgical instrumentis with separable motors and
motor control circuits may be practiced without these specific details. For example, for
conciseness and clarity selected aspects have besn shown in block diagram form rather than in
deiail. Some portions of the detailed descriptions provided herein may be presented in terms of
instructions that operate on data that is stored in a compuier memory. Such descriptions and
representations are used by those skilled in the art {o describe and convey the substance of
their work to others skilled in the art. In general, an aigorithm refers {0 a self-consistent
saguence of steps isading to a desired result, where 3 “step” refers to a manipulation of physical
guantilies which may, though need not necessarily, take the form of electrical or magnetic
signals capable of being stored, transferred, combined, compared, and otherwise manipulated.
It is common usage o refer io these signals as bils, values, elements, symbols, characters,
terms, numbers, or the like. These and similar terms may be associated with the appropriate
physical quantities and are merely convenignt labels applied to these quantities.

[0130] Unless specifically stated otherwise as apparent from the foregoing discussion, itis
appreciated that, throughout the foregoing description, discussions using ferms such as
‘processing” or “computing” or “caiculating” or “determining” or “displaying” or the like, refer to
the action and procasses of a computer sysiem, or similar electronic computing device, that
manipulates and transforms data represenied as physical (slectronic) quantities within ths
computer system's registers and memeories into other data similarly represented as physical
guantities within the computer system memories or registers or ather such information storage,
transmission or display devices.

[0131] His worthy fo note that any reference to “one aspect” or “an aspect,” means that a
particular feature, structure, or characteristic described in connection with the aspectis included
in at least one aspect. Thus, appearances of the phrases “in one aspect” or “in an aspect” in
various places throughout the specification are not necessarily all referring to the same aspect.
Furthermore, the particuiar features, struciures or characteristics may be combined in any

suilable manner in one or more aspsects.
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[0132] Alhough varicus aspects have been described herein, many modifications, variations,
substitutions, changes, and equivalents o those aspects may bs implemented and will occur to
those skilled in the art. Also, where materials are disclossed for certain components, other
materials may be used. it is therefore to be understood that the foregoing description and the
appended claims are intended to cover all such modifications and variations as falling within the
scope of the disclosed aspects. The following claims are intended {o cover all such modification
and variations.

[0133] Some or all of the aspects described herein may generally comprise technologies for
surgical instruments with separable motors and motor control circuits, or otherwise according to
technologies described herein. In a general sense, those skilled in the art will recognize that the
various aspscts described herein which can bs implemented, individually and/or collectively, by
a wide range of hardware, software, firmware, or any combination thereof can be viewed as
being composed of various types of “slectrical circuitry.” Consequently, as used herein
“electrical circuitry” includes, but is not imited o, electrical circuitry having at least one discrete
slectrical circuit, electrical circuiiry having at least ong integrated circult, slectrical circuitry
having at lsast one application specific integrated circuit, slectrical circuilry forming a general
purpose computing device configured by a computer program (e.g., a general purpose
computer configured by a computer program which at least partially carries out processes
and/or devices described hersin, or a microprocessor configured by a computer program which
at least partially carries oul processes and/or devices described herein), elsctrical circuitry
forming a memory device (e.g., forms of random access memory), and/or electrical circuitry
forming a communications device (e.g., a modem, communications switch, or optical-electrical
squipment). Those having skill in the art will recognize that the subject matter described herein
may be implemented in an analog or digital fashion or some combination thereof.

[0134] The foregoing detailed description has set forth varicus aspscis of the devices and/or
processes via the use of block diagrams, flowcharis, and/or examples. Insofar as such block
diagrams, flowcharts, and/or examples contain one or more funclions and/or operations, it will
be understood by those within the art that each funclion and/or opsration within such block
diagrams, flowcharts, or examples can be implemsnted, individually and/or collectively, by a
wide range of hardware, sofiware, firmware, or virtually any combination thereof. In one aspect,
several portions of the subject matier described herein may be implemented via Application
Specific Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs), digital signal
processors (DSPs), or other integrated formats. Those skilled in the art will recognize, however,

that soms aspects of the aspects disclosed herein, in wholg or in part, can be squivalently
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implemenied in integrated circuits, as one or mors computsr programs running on one or more
computers (e.g., as one of More programs running on one or more computer systems), as one
OF ITIOTe Programs running On one or More processors (e.g., a5 One of More Programs running
on one oOF More microprocessors), as firmware, or as virtually any combination thereof, and that
designing the circuitry and/or wriling the code for the software and or firmware would be well
within the skill of one of skill in the art in light of this disclosure. In addilion, those skilled in the
art will appreciate that the mechanisms of the subject matter described herein are capable of
being distributed as a program product in a variety of forms, and that an illustrative aspect of the
subject matier described herein applies regardiess of the particular typs of signal bearing
medium used to actually carry out the distribution. Examples of a signal bearing medium
include, but are not limited to, the following: a recordable typs medium such as a floppy disk, a
hard disk drive, a Compact Disc (CD), a Digital Video Disk (DVD), a digital tape, a computser
memory, etc.; and a fransmission type medium such as a digital and/or an analog
communication medium (g.g., a fiber optic cable, a waveguide, a wired communications link, a
wireless communication link {(e.g., ransmitler, recsiver, fransmission logic, reception logic, eic),
etc.}.

[0135] All of the above-mentioned U5, patents, U.S. patent application publications, U.8.
patent applications, foreign patents, foreign patent applications, non-patent publications referred
to in this specification and/or listed in any Application Data Sheet, or any other disclosure
material are incorporated herein by reference, io the extent not inconsistent herewith. As such,
and to the exient necessary, the disclosure as explicitly set forth herein supersedes any
conflicting material incorporated herein by reference. Any matenal, or portion thereof, thatis
said o be incorporated by reference herein, but which conflicts with existing definitions,
statements, or other disclosure materiai set forth herein wili only be incorporated to the exient
that no conflict arises between that incorporated material and the existing disclosure material.
[0136] One skilled in the art will recognize that the herein described components {e.g.,
operations), devices, objects, and the discussion accompanying them are used as examples for
the sake of conceptual clarity and that various configuration modifications are contemplated.
Consequantly, as used herein, the specific exemplars set forth and the accompanying
discussion are intended to be representative of their more general classes. In general, use of
any specific exempiar is intended to be representative of its class, and the non-inclusion of
specific components (e.q., operations), devices, and objects should not be taken limiting.

[0137] With respect to the use of substantially any plural and/or singular terms herein, those

having skill in the art can translate from the plural to the singular and/or from the singular to the
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plural as is appropriats to the context and/or application. The various singula/plural
parmutations are not expressly set forth herein for sake of clarity.

[0138] The herein described subject matier sometimes illustrates different components
contained within, or connected with, different other componenis. |t is to be undersiood that such
depicted architectures are merely exemplary, and that in fact many other architeciures may be
implemenied which achisve the same functionality. In a conceptual sense, any arrangement of
components to achieve the same functionalily is effectively “associated” such that the desired
functionality is achieved. Hence, any two components herein combined {o achieve a particular
functionality can be seen as “associated with” sach other such that the desired functionality is
achieved, irrespective of architecltures or intermedial components. Likewise, any two
components so associated can also be viewsad as being “operably connected,” or “operably
coupled,” io each other {o achieve the desired functionalily, and any two componenis capable of
being so associated can also be viewed as being “operably couplable,” to each other to achieve
the dssired functionality. Specific examples of operably couplable include but are not limited {o
physically mateable and/or physically interacting components, and/or wirelessly intaraciable,
and/or wirslessly interacting componenis, and/or logically interacting, and/or logically
interaciable components.

[0139] Some aspects may be described using the expression “coupled” and “connecied’
along with their derivatives. It should be understood that these ferms are not intended as
synonyms for each other. For example, some aspects may be describad using the term
‘connected” {o indicate that two or more elements are in direct physical or electrical contact with
each other. In another example, some aspects may be described using the term “coupled” to
indicate that two or more elementis are in direct physical or elecirical contact. The term
“‘coupled,” however, also may mean that two or more slements are not in direct contact with
gach other, but yet still co-operats or interact with each other

[0140] In some inslances, ane or more components may be referred o herein as “configured

N

to,” “configurable 10,” “operable/operative 10,” “adapled/adaptable,” “able to,”
“‘conformable/conformed 10,” etc. Those skilled in the art wili recognize that “configured 0" can
genarally encompass active-state componentis and/or inactive-state components and/or
standby-state components, unless context requires otherwise.

[0141] While particular aspects of the subject matter described herein have been shown and
described, it will be apparent to those skilled in the arl that, based upon the teachings herein,
changes and modifications may be made without departing from the subjsct matter described

herein and iis broader aspects and, thersfore, the appended claims are to encompass within
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their scope all such changss and modifications as are within the true spirit and scope of the
subject matter described herein. it will be undersiood by those within the art that, in general,
terms used herein, and especially in the appended claims {(e.g., bodies of the appended claims)
are generally intended as “open” terms {e.g., the term “including” should be interpreted as
“including but not limited to,” the term “having” should be interpretad as “having at least,” the
term “includes” should be interpreted as “includes but is not imited 10, et} 1 will be further
understood by those within the art that if a specific number of an introduced claim recitation is
intended, such an intent will be explicilly recited in the claim, and in the absence of such
recitation no such intent is present. For examplg, as an aid to understanding, the following
appended claims may contain usage of the introductory phrases “atieast ong” and “one or
more” to introduce claim recitations. However, the use of such phrases should not be construed
to imply that the introduction of a claim recifation by the indefinite articles *a” or "an” limits any
particular claim containing such introduced claim recitation to claims containing only one such
recitation, even when the same claim includes the introduciory phrases “one or more” or “at
least one” and indefinite articles such as “8” or "an” {e.g., "&” and/or "an” shouid typically be
interpreted {0 mean “at least ong” or “ons or more’}; the same holds true for the use of definits
articles used o introduce claim recitalions.

[0142] in addition, even if a specific number of an introduced claim recitation is explicitly
recited, those skilled in the art will recognize that such recitation should typically be interpreted
to maan at least the recited number {8.¢., the bare recitation of “two recitations,” without other
modifiers, typicailly means at least two recifations, or fwo or more recitations). Furthermore, in
those instances where a convention analogous to “at least one of A, B, and C, eic.” is used, in
general such a construction is intended in the sense one having skill in the art would undsrsiand
the convention {e.g., “a system having at least one of A, B, and € wouid include but not be
imited io systems that have A alone, B alone, C alone, A and B together, A and C together, B
and C together, and/or A, B, and C together, eic)). In those instances where a convention
analogous fo “at least one of A, B, or C, efc.” is used, in general such a construction is intended
in the senss one having skill in the art would understand the convention (e.g., "a system having
at lzast one of A, B, or C would include but not be limited {o systems that have A alone, B
alone, C alons, A and B fogether, A and C iogether, B and C together, and/or A, B, and C
together, etc.). i will be further understood by those within the art that typically a disjunctive
word and/or phrase presenting two or more gernative terms, whether in the description, claims,
or drawings, should be understood to contermnplate the possibilitiss of including one of the terms,

either of the terms, or both terms unless context dictales otherwise. For exampls, the phrase “A
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or B” will be typically understood to inciude the possibilities of "X wr "B  or*A and B

[0143] With respect {o the appsnded claims, those skilled in the art will appreciate that racited
operations therein may generally be performed in any order. Also, although varicus operational
flows are presented in a sequence(s), it should be understood that the various operations may
be performsd in other orders than those which are illustrated, or may be performed
concurrently. Examples of such alternate orderings may include overlapping, interleaved,
interrupted, reordered, incremental, preparatory, supplemenial, simullaneous, reverse, or other
variant orderings, unless context dictates otherwise. Furthermore, terms like “responsive to,”
“reiated t0,” or other past-iense adjectives are gensrally not intended to exciude such variants,
unless context dictates otherwise.

[0144] in certain cases, use of a system or method may occur in a terriiory even if
components are located cutside the territory. For example, in a distributed computing context,
use of a distributed computing system may occur in a territory even though parts of the system
may be located outside of the territory (e.g., relay, server, processor, signal-bearing medium,
transmitling computer, receiving computer, sic. located sutside the territory).

[0145] A sale of a system or method may likewise occur in a lerritory even if componsants of
the system or methed are located and/or used outside the terrilory. Further, implementation of
at least part of a system for performing a method in one territory does not preclude use of the
system in ancther territory.

[0146] Alhough various aspecis have been described herein, many modifications, variations,
substitutions, changes, and equivalenis fo those aspecis may be implemented and will occur to
those skilled in the arl. Also, where materials are disclosed for certain components, other
materials may be used. itis therefors {o be undersicod that the foregoing description and the
appended claims are intended to cover all such modifications and variations as failing within the
scope of the disclosed aspecis. The following claims are intended to cover all such modification
and variations.

[0147] in summary, numerous benefils have been described which result from employing the
concepts described herein. The foregoing description of the one or more aspects has baen
presented for purposss of iHlustration and description. His not intended to be exhaustive or
fimiting to the precise form disclosed. Modifications or variations are possible in light of the
above teachings. The one or more aspects were chosen and described in order o illustrate
principles and practical application o thereby enable one of ordinary skill in the art to utilize the
various aspects and with various modifications as are suited to the particular use contempiated.

It is intended that the claims submitied herewith define the overall scope.
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[0148] Various aspects of the subject maiter described hersin are set oul in the following
numbered clauses:

[0149] 1. A surgical instrument, comprising: a jaw assembly, comprising: a staple cartridgs
including a plurality of staples; and an anvil, wherein at least one of the staple cartridge and the
anvil is movable relative to the othser one of the staple cariridge and the anvil to capture tissue
therebetwesn; a firing assembly configured {o deploy the plurality of staples into the caplured
tissue during a firing sequence; and a handle, comprising: an actuator; and an interface; a
motor cartridge, wherein the interface is configured {0 releasably couple the molor cartridge to
the handie, wherein the motor cartridge comprises. an glectric motor opsrably coupled to the
firing assembly when the motor cartridge is coupled to the handie; and a motor control circuit,
wherein the motor control circuit is configured to causs the slectric motor to generats at lgast
one rotational motion io motivate the firing assembly to deploy the pluralily of staples into the
capiured tissue in response to actuation of the actuator; and a controller, comprising: a
processor; and a computer-readable storage devics storing program instructions, which when
exscuted by the processor, cause the procassor to detect a malfunction of the motor cartridge.
[0150] 2. The surgical instrument of Clauss 1, wherein the compuler-readable storags
device is a memory.

[0151] 3. The surgical instrument of any one of Clauses 1-2, wherein the program
instructions when exscuted further cause the processor o stors a damaged siatus of the motor
cariridge in the memory afier detecting the malfunction of the motor cartridgs.

[0152] 4. The surgical instrument of any one of Clauses 1-3, further comprising at least
one user feedback element, wherein the program instructions when executed further cause the
processor o employ the at least one user feedback element to alert a user of the malfunction.
[0153] 5. The surgical instrument of Clause 4, wherein the program instructions when
exscuted further cause the processor to employ the at least one user fesdback element o
provide instructions to the user for replacing the motor cartridge.

[0154] 6. The surgical instrument of any one of Clauses 1-5, further comprising a power
source, whersin the program instructions when execuled further cause the processor to stop
power transmission from the power source to the motor cartridge after detecting the malfunction
of the motor cartridge.

[0155] 7. The surgical instrument of any one of Clauses 1-6, further comprising a current
sensor, wherein the program instructions when executed cause the processor to employ the
current sensor in the detection the malfunction of the motor cariridge.

[0156] 8. The surgical instrument of any one of Clauses 1-7, further comprising a motor
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cartridge replacement feedback slement, wherein the program instructions when exscuted
cause the processor {0 smploy the motor cartridgs replacement feedback slement {o delect
replacement of the motor carlridge.

[0157] 9. The surgical instrument of Clause 8, wherein the motor cartridge replacement
feedback element is a pressure sensor.

[0158] 10, A surgical instrument, comprising: an end effscior; a drive assembly opsrably
coupled to the end effecior; a replaceable motor carlridge, comprising: a motor control circuit
board; and a motor; a main control circuit board, comprising; a processor; and a computer-
readabie storage device storing program instructions, which when sxscuted by the processor,
cause the processor to detect a maifunclion of the motor cartridge; and an interface, comprising:
a machanical interface porlion configured 1o releasably couple the motor to the drive assembly;
and an electrical interface portion configured to releasably couple the motor control circuit board
to the main control circuit board.

[0159] 1. The surgical instrument of Clause 10, wherein the replaceable motor carlridge
further comprises anather molor.

[0160] 12. The surgical instrument of any one of Clauses 10-11, wherein the computsr-
readable storage device is a memory.

[0161] 13. The surgical instrument of Clause 12, wherein the program instructions when
executad further cause the processor to store a damaged status of the motor cartridge in ths
memory aftar detecting the malfunction of the motor cariridge.

[0162] 14. The surgical instrument of any one of Clauses 10-13, further comprising at least
one user feedback element, wherein the program instructions when executed further cause the
processor o employ the at least one user feedback element to alert a user of the malfunction.
[0163] 5. The surgical instrument of Clauseg, wherein the program instructions when
exscuted further cause the processor to employ the at least one user fesdback element o
provide instructions to the user for replacing the motor cartridge.

[0164] 186. The surgical instrument of any one of Clauses 10-15, further comprising a power
source, whersin the program instructions when execuled further cause the processor to stop
power transmission from the power source to the motor cartridge after detecting the malfunction
of the motor cartridge.

[0165] 17. The surgical instrument of any one of Clauses 10-16, further comprising a current
sensor, wherein the program instructions when executed cause the processor to employ the
current sensor in the detection the malfunction of the motor cariridge.

[0166] 8. The surgical instrument of any one of Clauses 10-17, further comprising a molor
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cartridge replacement feedback slement, wherein the program instructions when exscuted
cause the processor {0 smploy the motor cartridgs replacement feedback slement {o delect
replacement of the motor carlridge.

[0167] 18. The surgical instrument of Clause 18, wherein the motlor cartridge replacement
feedback element is a pressure sensor.

[0168] 20 A surgical instrument, comprising: an end effacior; a drive assembly opsrably
coupled to the end effecior; replaceable high current elements, comprising: a motlor control
circuit; and a motor; low current elements, comprising; at least one feedback element; a
controlier, comprising: a processor; and a computer-readable storage device storing program
instructions, which when execuled by the processor, cause the processor to detsct a
malfunction of the high current slements; and an interface, comprising: a machanical interface
portion configured to releasably couple the motor to the drive assembly; and an electrical

interface portion configured to releasably couple the motor control circuit to the controlier.
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CLAIMS
WHAT IS CLAIMED IS:
1. A surgical instrument, comprising:
a jaw assembly, comprising:
a stapis cartridge including a plurality of staples; and
an anvil, wherein at least one of the staple cartridge and the anvil is movable
relative io the other one of the staple carlridge and the anvil fo caplure tissue therebelween;
a firing assembly configured {o deploy the plurality of staples into the captured tissue
during a firing sequence; and
a handie, comprising:
an actuator; and
an interface;
a motor cartridge, wherein the interface is configured fo releasably couple the motor
cartridge to the handle, whersin the motor cartridge comprises:
an electric motor operably coupled to the firing assembly when the motor
cartridge is coupled to the handle; and
a motor control circuit, wherein the motor control circuit is configured to cause the
slectric motor {o generate at least one rotational motion to motivate the firing assembly to
deploy the piurality of staples into the caplured tissue in response to actuation of the actuator;
and
a controller, comprising:
a processor; and
a computer-readable storage device storing program instructions, which whean

executad by the processor, cause the processor to dstect & malfunction of the motor cartridgs.

2. The surgical instrumant of Claim 1, wherein the computer-readable storage device is a
memory.
3. The surgical instrumant of Claim 2, wherein the program instructions whean executsd

further cause the processor to store a damaged status of the motor cartridge in the memory

after detecting the malfunction of the motor cartridge.
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4. The surgical instrumsnt of Claim 1, further comprising at lsast one user feedback
slement, wherein the program instructions when sxecuted further cause the processor o

employ the at least one user feedback element io alert a user of the malfunction.

5. The surgical instrument of Claim 4, whersin the program instructions when exsculed
further causs the processor to employ the at least one user feedback elemant to provide

instructions o the user for replacing the motor cariridge.

6. The surgical instrumsnt of Claim 1, further comprising a power source, wherein the
program instructions when executed further cause the processor to stop power transmission
from the power source to the molor cartridge after detecting the malfunction of the motor

cartridge.

7. The surgical instrumsnt of Claim 1, further comprising a current sensor, wherein the
program instructions when sxaculed cause the processor {0 smploy the current sensor in the

detection the malfunction of the motor cartridge.

8. The surgical instrument of Claim 1, further comprising a motor cartridge replacement
feedback element, wherein the program instructions when execuied cause the processor o
employ the motor cartridge replacement feedback element to datect replacement of the motor

cartridge.

9. The surgical instrument of Claim 8, whersin the molor cartridge replacement feedback

element is a pressure sensor.

10. A surgical instrument, comprising:
an end effector;
a drive assembly operably coupled to the end effecior,;
a replaceable motor cartridge, comprising:
a motor control circuit board; and
a motor;
a rmain control circuit board, comprising:

a processor; and
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a computar-readable siorage device storing program instructions, which when
exscuted by the processor, cause the procassor to detect 2 malfunction of the motor cariridge;
and

an interface, comprising:

a mechanical interface portion configured {o releasably couple the moior {o the
drive assambly; and

an electrical interface poriion configured to releasably couple the motor control

circuit board to the main conirol circuit board.

11. The surgical instrument of Claim 10, wherein the replaceable motor cartridge further

comprises another motor.

12. The surgical instrument of Claim 10, wherein the computer-readable storage device is a

memary.

13. The surgical instrument of Claim 12, wherein the program instructions whan executed
further cause the processor to store a damaged status of the motor cartridge in the memory

after detecting the malfunction of the motor cartridge.

14. The surgical instrument of Claim 10, further comprising at least one user feedback
element, wherein the program instructions when executed further cause the processor to

employ the at least one user feedback element to alert a user of the malfunction.

15. The surgical instrument of Claim 14, wherein the program instructions whsn executed
further cause the processor to employ the at lsast one user fesdback element to provids

instructions to the user for replacing the motor cartridge.

18. The surgical instrument of Claim 10, further comprising a powsr source, wherein the
program instructions when executed further cause the processor to stop power transmission
from the power source o the motor cartridge after detecting the malfunction of the molor

cartridge.
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17. The surgical instrument of Claim 10, further comprising a current sensor, whersin the
program instructions when sxaculed cause the processor {0 employ the current sensor in the

detection the malfunction of the motor cartridge.

18. The surgical instrument of Claim 10, further comprising a motor cartridge replacement
feedback element, wherein the program instructions when execuied cause the processor {o
employ the molor cartridge replacement feedback element {o detect replacement of the motor

cartridge.

19. The surgical instrument of Claim 18, wherein the motor cartridge repiacement feedback

elament is a pressure sensor.

20. A surgical instrument, comprising:
an end effector;
a drive assembly operably coupled o the end sffecior;
replacsable high current glements, comprising:
a motor control circuit; and
a motor;
low current elements, comprising:
at least one feedback slement;
a coniroller, comprising:
a processor; and
a computer-readabie storage device storing program instructions, which
when executed by the processor, cause the processor to detect a malfunction of the high
current slemeants; and
an interface, comprising:
a mechanical interface portion configured to releasably couple the motor to the
drive assembly; and
an electrical interface portion configured {o releasably couple the motor control

circuit to the controller.
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