SYSTEM FOR CONTROLLI NG ULTRASONI C CLAMPI NG AND CUTTI NG | NSTRUMENTS
BACKGROUND OF THE INVENTION 1. Field of the Invention The invention relates
to ultrasonic surgical clanping and cutting instrunents. More particularly,
the invention relates to an inproved power |imting nechanismfor ultrasonic
surgical cutting and clanping instrunments. 2. Description of the Prior Art
Utrasonic instrunments are used for the safe and effective treatnent of many
medical conditions. Utrasonic instrunents are advantageous because they
may be used to cut and/or coagulate organic tissue using energy in the form
of mechani cal vibrations transmtted to a surgical end-effector at
ul trasonic frequencies UItrasonlc vi br ati ons, mhen transnltted to organic

S HQR CONTRL : MONIGNd- ef fect or, may be
used to cut and/or dlssect tissue. UItrasonlc |nstrunents utilizing solid
core technol ogy are paCLAMBING AN G UNSTIRUMENTSf the anount of
ul trasonic energy that may be transnltted fromthe ultrasonic transducer
t hrough the wavegui de to the surgical end-effector. Such instrunments are
particularly suited for uBg&CKGROUNTROFVHRVESSEXNTIpNOCedures, such as,
endoscopi ¢ or | aparoscopi c procedures, where the end-effector is passed
t hroughja trpg@r iR meaghbn the surgical site. Utrasonic vibration is
i nduced in the surgical end-effector by, for exanple, an electrically

The invention relates to ultrasonic surgical clamping and cutting instruments. More

particularly, the invention relates to an improved power limiting mechanism for ultrasonic surgical

cutting and clamping instruments.

2. Description of the Prior Art

Ultrasonic instruments are used for the safe and effective treatment of many medical
conditions. Ultrasonic instruments are advantageous because they may be used to cut and/or
coagulate organic tissue using energy in the form of mechanical vibrations transmitted to a surgical
end-effector at ultrasonic frequencies.

Ultrasonic vibrations, when transmitted to organic tissue at suitable energy levels and using a
suitable end-effector, may be used to cut and/or dissect tissue. Ultrasonic instruments utilizing solid
core technology are particularly advantageous, because of the amount of ultrasonic energy that may
be transmitted from the ultrasonic transducer through the waveguide to the surgical end-effector.
Such instruments are particularly suited for use in minimally invasive procedures, such as,
endoscopic or laparoscopic procedures, where the end-effector is passed through a trocar to reach
the surgical site.

Ultrasonic vibration is induced in the surgical end-effector by, for example, an electrically



1 excited transducer that may be constructed of one or nore piezoelectric or
magnet o-resi stive elenents in the instrunent handpi ece. Vibrations
generated by the transducer are transmitted to the surgical end-effector
via an ultrasoni c wavegui de extending fromthe transducer section to the
surgical end-effector. Many such ultrasonic surgical instrunents are known
within the prior art. However, they are highly responsive to the pressure
applied by the surgeon. In particular, as the surgeon applies greater
pressure, the vibration characteristics of the ultrasonic instrunent are
altered. In fact, in situations where a surgeon exceeds a predeterm ned
pressure | evel, the power delivered to the tissue nmay be too high. This may
resul t Piftethnsivestthe; maike wpsaicted of g A BereREEPe e BSOS ¥V ansact ed
vessels. Furthernore, it is possible that the surgical instrunent m ght not
be equi plpaertt i thaindinemer dandpigee rVihtatensgeasatedbiiihe drasduser par raBHGE thdet he
vibration levels at the high pressure levels, thus resulting in undesirable
oper at i engiofl enrdieffactrs tvrauamatitrasorit wevggtide preteralingefeam phedeansdicereasethp tpitlebl ens
associated with the application of different pressures, for exanple, by the
i ncl usi engiodl espeffargs. wi thin the actuation assenbly to nmechanically attenpt
to control applied pressure. However, these attenpts have been net with
only |im t edMancaes slirafshicuedical Astt@ninteare Bnaveedietdn whegrrer arta Hoomedrahty power
profile is achi eved despite personal preferences in the force applied by

t he sur gRBR resphiBivR k@ BRPreskulv epjilied By fHeQuUigd@s I1apahicalageyihe urg&ldWBRY OF THE

I NVENTION It 1s, therefore, an object of the present invention to provide a
contr ol gRYed SEHRT thtl $Brabioh RhAfteristics of the ultrasonic instrument are altered. In fact, in

situations where a surgeon exceeds a predetermined pressure level, the power delivered to the tissue
may be too high. This may result in undesired tissue effects, such as poor hemostasis of transacted
vessels. Furthermore, it is possible that the surgical instrument might not be equipped to handle the
material stress requirements for producing the vibration levels at the high pressure levels, thus
resulting in undesirable operation of the instrument. Attempts have been made to remedy problems
associated with the application of different pressures, for example, by the inclusion of springs within
the actuation assembly to mechanically attempt to control applied pressure. However, these
attempts have been met with only limited success.

As such, a device is needed wherein a constant power profile is achieved despite personal

preferences in the force applied by the surgeon. The present invention provides such a device.

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the present invention to provide a control system for use with an
ultrasonic surgical instrument. The control system includes a generator supplying electrical energy

to an ultrasonic surgical instrument, the electrical energy supplied by the generator being controlled



ultrasonic surgical instrument. The control systemincludes a generator
supplying electrical energy to an ultrasonic surgical instrunent, the

el ectrical energy supplied by the generator being controlled 2 such that
power applied by the instrunent is maintained constant once a predeterm ned
pressure threshold is net. It is also an object of the present invention to
provide an ultrasonic surgical system The wultrasonic surgical system

i ncludes an instrunent and an ultrasonic signal generator |inked to the
instrument for supplying a desired signal to the instrunment. The instrunent

i ncludes an ultrasonic transducer, a housing and an end effector. The

ul trasoni ¢ signal generator includes a control system The control system

i ncl udeguch thas Rev e BPLIRYhy inagurasns étpiiptainederp gyt r5e ¢ Resdersaringghpisisure; he
electrical energy supplied by the generator being controlled such that
power agpesheld ippet he instrunent is maintai ned constant once a predeterm ned
pressure threshold is net. It is another object of the present invention to
provi de a melthodsofagrobgegnefrthe piepapt inventioaip biayideiao mitesorpowegicabyystem. ulter asoni ¢
surgical instrunment. The nethod is achieved by assigning a nom nal power at
whi ch t bkragdniasaginl gstemshduteeat inssurhent epdrratieasand sedpligehdragr litked cutheent and
voltage applied to the ultrasonic surgical instrunent so as to maintain the
power apptrumehtlyr supglyinl b dased bignal suthgimcahmems The imtmerdt isbpleoxi watehy t he
nom nal power. Ot her objects and advantages of the present invention wll
becone appdueRta Hou8Ag iddean dnalckfostbi grhdeittakdridsigRbgdhkRtdr atludeeN coHtRNGteinN
conjunction with the acconpanyi ng drawi ngs, which set forth certain

enbodi neFHe&lefroltslfteenil éRALS fdbnerator supplying electrical energy to the instrument, the electrical

energy supplied by the generator being controlled such that power applied by the instrument is
maintained constant once a predetermined pressure threshold is met.

It is another object of the present invention to provide a method for controlling the
application of power by an ultrasonic surgical instrument. The method is achieved by assigning a
nominal power at which the ultrasonic instrument is to operate and adjusting the current and voltage
applied to the ultrasonic surgical instrument so as to maintain the power applied by the ultrasonic
surgical instrument at approximately the nominal power.

Other objects and advantages of the present invention will become apparent from the
following detailed description when viewed in conjunction with the accompanying drawings, which

set forth certain embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a view of the system in accordance with the present invention.
Figure 2 is a graph showing the current, voltage and power profiles contemplated in

accordance with the present invention.



BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a view of the systemin
accordance with the present invention. Figure 2 is a graph show ng the
current, voltage and power profiles contenplated in accordance with the
present invention. 3 Figure 3 is a flow chart of a preferred technique for
controlling the power level applied to an ultrasonic instrunment in
accordance with the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The det ai | ed enbodi nent of the present invention is disclosed
herein. It should be wunderstood, however, that the disclosed enbodi nent is
nerely exenplary of the invention, which may be enbodied in various forns.
Therefore, the details djsclosed here|n are not to be inter as
limted, butiggeely? eV chut %%’sﬁ’%fefrﬁﬁl techpidue fgs ??éltfaﬁrag PRV5RSY |§ Ut hi ng
one skilled in the art how to make and/or use the invention. Wth reference
to Fi guPlraoniGAstHMepEIRar §§§ﬁ@ﬁﬁ@ﬂ”ﬁﬁ?“ﬁ§€ﬂP% conjunction with ultrasonic
surgical clanping and cutting instrunents 12 is disclosed. In accordance
with a preferred enbodi nent of the present invention the ultrasonic system
10 i ncludes an uItrasonrc si gnal generator 15 adapted for applying current
and vol tage suffici &HS EHONt G HoRREFERREDIMBDIMENENSt ant during the
procedure. In accordance with a preferred enbodrnent of the present

i nvention, t ke dytsled rmbsdiadapsfatie pfesnt inveddon g diictdsedalmereiht Frabowdd be i nst r ument
12 simlar to that disclosed in U S. Patent No. 6,458, 142,

understood, however, that the disclosed embodiment is merely exemplary of the invention, which

may be embodied in various forms. Therefore, the details disclosed herein are not to be interpreted
as limited, but merely as the basis for the claims and as a basis for teaching one skilled in the art how
to make and/or use the invention.

With reference to Figure 1, an ultrasonic system 10 for use in conjunction with ultrasonic
sutgical clamping and cutting instruments 12 is disclosed. In accordance with a preferred
embodiment of the present invention the ultrasonic system 10 includes an ultrasonic signal
generator 15 adapted for applying current and voltage sufficient to maintain power substantially
constant during the procedure.

In accordance with a preferred embodiment of the present invention, the system is adapted
for working with an ultrasonic instrument 12 similar to that disclosed in U.S. Patent No. 6,458,142,
entitled “Force Limiting Mechanism for an Ultrasonic Surgical Instrument”, which is incorporated
herein by reference, although the force limiting mechanism of this instrument is not needed in view
of the present invention’s use of voltage and current in controlling the power applied by the
instrument. While a preferred instrument is disclosed in accordance with describing the present
invention, those skilled in the art will appreciate that the goal of the present invention is to provide a

system adapted for use with a wide range of devices.



entitled "Force Limting Mechanismfor an Utrasonic Surgical Instrunment”,
which is incorporated herein by reference, although the force limting
mechani smof this instrunent is not needed in view of the present
invention's use of voltage and current in controlling the power applied by
the instrument. Wiile a preferred instrunment is disclosed in accordance
with describing the present invention, those skilled in the art wll
appreciate that the goal of the present invention is to provide a system
adapted for use with a wide range of devices. 4 For the purpose of

di scl osi ng the present invention the instrunment 12 includes sandwi ch type
ul trasoni c transducer a handplece housi ng 20 and a cl anp coagulator 120.
The clanp cBeght a‘e@ﬁsqoi@lsr@sqa&@d prqﬁ?ntwéﬁu% thedpargsebly clades gardyichThe

ul trasonic transducer 82, which is known as a "Langevin stack", generally
i ncl ude&pa ultrsanicteres duser $or hinsipiegphousingi2P grd ¢ dampapaselatnr 18hdThad4mp 92, a
second resonator or fore-bell 94, and ancillary conponents. An acoustic
assenbl yo@alator hefl isideed fothepeglot hasoriopictrgas dTbeplugwniotmducges2, whiches t y
transforner 64 and surface 95. The distal end of the end-bell 92 is
connect &govwroastati®.apgeonismek”, gerebralfy itcheled a masducdn portiop 8P4 fost @dnatandr ¢nlde
proxi mal end of the fore-bell 94 is connected to the distal end of the

t ransdubtll @ a pebhd e8ofébr of ige-belt 24, bed AncBdryanshpendid eld aBdstravemblyl8@ngt h
determ ned by a nunber of variables, including the thickness of the

t r ansdugdciuass thetlkranicGEhnsduter SPeRSUAYS 6L Bhhsortier 64 At dueadeyds. of the
material used to manufacture the end-bell 92 and fore-bell 94 and the

resonant fregueaes @ of tend/bkll 85RRbn LA RS B GeSxirBA end BELE @aBsddeddn 94 may be
tapered inwardly fromits proximal end to its distal end to anplify the

ul t r asoBbgioY bbral i h:8RkI ddde 1SR B0 H do¥ndcteans Hr %41 LA 6t ehown) or,
transduction portion 90. The fore-bell 94 and end-bell 92 have a length determined by a number of
variables, including the thickness of the transduction portion 90, the density and module of elasticity
of the material used to manufacture the end-bell 92 and fore-bell 94 and the resonant frequency of
the ultrasonic transducer 82. The fore-bell 94 may be tapered inwardly from its proximal end to its
distal end to amplify the ultrasonic vibration amplitude as a velocity transformer (not shown) of,
alternately, may have no amplification. |

The piezoelectric element 100 is preferably manufactured from any suitable material, such

as, for example, lead zirconate-titanate, lead meta-niobate, lead-titanate, or other piezoelectric crystal
materials. Each of the positive electrodes 96, negative electrodes 98 and piezoelectric elements has a
bore extending through the center thereof. The positive and negative electrodes 96, 98 are
electrically coupled to first and second wires 102, 104 respectively. The first and second wires 102,
104 are encased within a cable 25 and electrically connectable to the ultrasonic signal generator of
the ultrasonic system 10.

In practice, the ultrasonic transducer 82 of the acoustic assembly 80 converts the electrical



alternately, may have no anplification. The piezoelectric elenment 100 is
preferably manufactured fromany suitable material, such as, for exanple,
| ead zirconate-titanate, |ead neta-niobate, |ead-titanate, or other
pi ezoel ectric crystal materials. Each of the positive el ectrodes 96,
negati ve el ectrodes 98 and pi ezoelectric elenents has a bore extending
t hrough the center thereof The positive and negative el ectrodes 96, 98 are
el ectrically coupled to first and second wires 102, 104 respectively. The
first and second wires 102, 104 are encased within a cable 25 and
el ectrically connectable to the ultrasonic signal generator of the
ul trasonic_ system 10. In practice,. the It.r?soni c . transducer 82 of the
acoust i tsnebEemphslgeronlstigatEengter BIURtrug! coere BALFS S BHREWEDUI t r asoni ¢
signal generator into nmechanical energy that results in prigarily
| ongi tugﬁf‘a‘&%dlf\?l Yibratasy Jrofen plothe giratgier inpduseicifi e dep sRdaticeds: 1@ Y an
end-effector 180 at an wultrasonic frequency, Wen the acoustic assenbly 80
i s ener gitawdic fiequersy a¥aey throepeiic svembly 8Yswaseized 2 ghrer Attt FgtgR “ete
acoustic assenbly 80. The anplitude of the vibratory notion at any point
al ong t heecseoubthraghsisearbhsyic 8§eribly 8Ad$hormplivede| of ¢het Yibmtoal Bagor HenaROOSt i C
assenbly 80 at which the vibratory notion is neasured. The first and second
Wi res 182ng the4cdust@nssaniblededdpendsain thé lyratios afong thetaeustt essersblniBe asvigptathe
generator 15 to positive electrodes 96 and negative el ectrodes 98. A
sui t abl eibgeste rmtiof isirseagvtad.| abl e as  nmodel nunber GENO1, from Ethi con
Endo- Surgery, Inc., G ncinnati, OH The piezoelectric elenents 100 arc
ener gi zed byTedfirel £atsédondlwiss gigal 04stdmpmit e ctie0gighhefromhtthadamoaicsiggsal
generator in

generator 15 to positive electrodes 96 and negative electrodes 98. A suitable generator is available as

model number GENO1, from Ethicon Endo-Sutgery, Inc., Cincinnati, OH. The piezoelectric
elements 100 are energized by an electrical signal supplied from the ultrasonic signal generator in
response to a foot switch 118 to produce an acoustic standing wave in the acoustic assembly 80,
The electrical signal causes disturbances in the piezoelectric element 100 in the form of repeated
displacements resulting in large compression forces within the material. The repeated small
displacements cause the piezoelectric elements 100 to expand and contract in a continuous mannet
along the access of the voltage gradient, producing longitudinal waves of ultrasonic energy. The
ultrasonic energy is transmitted through the acoustic assembly 80 to the end-effector 180.

In order for the acoustic assembly 80 to deliver energy to the end-effector 180, all
components of the acoustic assembly 80 must be acoustically coupled to the ultrasonically active
portions of the clamp coagulator 120. The distal end of the ultrasonic transducer 82 may be
acoustically coupled at a first surface to the proximal end of the ultrasonic waveguide by a threaded
connection, such as a stud 50. The components of the acoustic assembly 80 are preferably

acoustically tuned such that the length of any assembly is an integral number of one half wave



response to a foot switch 118 to produce an acoustic standing wave in the
acoustic assenbly 80. The electrical signal causes disturbances in the

pi ezoel ectric clenment 100 in the formof repeated displacenents resulting
in large conpression forces within the material. The repeated snal

di spl acenents cause the piezoelectric elenents 100 to expand and contract in
a conti nuous nmanner along the access of the voltage gradient, producing

| ongi tudi nal waves of ultrasonic energy. The wultrasonic energy is
transmtted through the acoustic assenbly 80 to the end-effector 180. In
order for the acoustic assenbly 80 to deIiver energy to the end-effector

180, aI one ts o st, be acaqus |call

Coup! od TBOLIBCTIINT HEGHES oGt (e ORI SHPigr: q”%eed o o RBar ST 120
The distal end of the ultrasonic transduger 82 acoustlcally oupl ed
at a fi roatenAfuciEeqenayvd hsrasisiarssently 67 2adihgs lawrﬁoe%%fg%a’f SB(}

t hreaded connection, such as a stud 50. The conponents of the acoustic
assenbl yorggnpipted thearesapryemble 80 81y mapipgrapq avs quighicrriepgamephel 1r§eh of any
assenbly is an integral nunber of one half wave 6 | engths, where the
wavel engementamisbentidsparting frere shespiitiof 8fe paesprténvsatiect ed or operati ng
| ongi tudinal vibration drive frequency of the acoustic assenbly 80 and
where N i s ahyampdBirt toviecdmrhedper different ferca lpsdiles molwted fpp Idefteatht strgecmechst i ¢
-assenbly 80 may incorporate any suitable arrangenent of acoustic elenents
Wi t hout peepairvemipnfcomols He wpier afiplied bt the upnesendurgical gameraon. 15kmtten effort to
accommodate different force profiles utilized by different surgeons, the
pr esent idstivaaitilonTeoniplied sorhinel fasweis capypdlieé th dnyeffoaeto ylrdvieasonledres uffertctal
generator 15 to the instrunent 12. The applied nom nal power is controlled
in an eteafstuettBinpcRMGBA antfdesits B¢ ceitfd@BigPotver in accordance with the present

invention, the need for mechanical control systems found in prior art ultrasonic instruments is

eliminated and improved feedback is provided to the user. Ultimately, the power applied via an

ultrasonic instrument 12 is affected by the friction generated between the tissue and the end-effector

180, the velocity of the end-effector and the normal force applied by the end-effector 180. In

practice, the friction between the tissue and the end-effector 180 is generally pretty constant with

only slight changes due to the dryness of the tissue. The variables in power application are,

therefore, the velocity of the end-effector and the applied normal force.

As will be discussed below in detail, the present invention maintains a substantially constant

power input by controlling the voltage and current utilized by the ultrasonic surgical instrument 12

based upon the measured impedance through the transducer 82 as it relates to the desired nominal

power level. In particular, and with reference to the power profile shown in Figure 2, the power

applied by the ultrasonic surgical instrument 12 is maintained constant after a predetermined

pressure level is reached. By continually monitoring the impedance through the transducer 82,

which relates to the force being applied by the operator, and adjusting the current passing



the tissue being clanped and/or cut, By controlling power in accordance wth
the present invention, the need for nmechanical control systens found in
prior art ultrasonic instrunents is elimnated and inproved feedback is
provided to the user. Utimately, the power applied via an ultrasonic
instrunment 12 is affected by the friction generated between the tissue and
the end-effector 180, the velocity of the end-effector and the normal force
applied by the end-effector 180. In practice, the friction between the

ti ssue and the end-effector 180 is generally pretty constant with only
slight changes due to the dryness of the tissue. The variables in power
application are, therefore, the velocit f the end-effector. and the

appl i edhsestirarehs yhick relates tqithq vepsitgp rgﬁ%%ﬁf?eé&rdap’isﬂgh‘gf%gf ?O‘P‘r’ilgl RSEE 8Nt
invention maintains a substantially constant power input by controlling the
vol t agemaingrined et wAtsired ferslABePIssent HEerflop iR Preideioe AForsEht thplficr 9f pased
upon the neasured i npedance through the transducer 82 as it relates to the
desi r edpersritntigsue psawdiess dvled forqerpppliadbiy ¢ld eperateind wi th reference to the power
profile shown in Figure 2, the power applied by the ultrasonic surgical

i nstrument 1Zhd govwrapritdacedey thonlstsnic safgicekingrupreat & ie the predinct pf dis galtage | evel

is reached. By continually nonitoring the inpedance through the transducer
82, Wwhiashcurehatudiged by thdeluhangeulpiiahigstamsint §2arddyprovidedipethationsonardrgad] ust i ng
the current passing 7 therethrough, which relates to the velocity of the
end- ef f gafefafor 180 At Sdtedletdiadpplidiebynberturgdon relver40D grammaian slaiwreid Fgura2,desi r ed

| evel , the present invention is able to provide for a consistent application
of  powgkraididsufpsddExchegar db asksigledith afnedice canpl fivd vidyadoneclopigrlatedst.thd he

power produced by the ultrasonic surgical instrument 12 is the product of

t he vol t@0&fecter 180 of the ultrasonic instrument 12 by maintaining the input current to the transducer.
As such, the voltage supplied by the ultrasonic surgical generator 15 of the ultrasonic surgical
instrument 12 is proportionally increased as the force applied by the surgeon continues to increase,
thereby maintaining a fixed current. As a result, the power up to the 400 grams point in Figure 2 is
increasing continuously. Beyond the 400 grams point, the ultrasonic surgical generator 15 is
designed to switch to a mode in which it maintains a certain fixed power into the scalpel and thereby
into the target tissue regardless of the force applied by the operator. The voltage while in this mode
1s increased in such proportion which results in decrease in current as the force applied by the
surgeon is increased, but the power is maintained at the same level.

The reduction in current due to varying the proportion by which the voltage is increased

results in decreased current flowing thorough the transducer 82 of the ultrasonic surgical instrument
12 and thereby decreased vibration velocity of the end-effecter 180 of the ultrasonic instrument 12.
In contrast to prior devices, the voltage is not increased in a manner which will maintain the current,

and consequently the vibrations, at a constant level. Rather, the voltage is increased in relation to

the current such that the power supplied through the ultrasonic transducer 82 of the ultrasonic



and current utilized by the ultrasonic surgical instrunent 12 and provided
by the ultrasonic surgical generator 15. At force levels applied by the
surgeon bel ow 400 grans as shown in Figure 2, the wultrasonic surgical
generator 15 is designed to maintain a certain fixed vibration velocity
| evel at the end effecter 180 of the ultrasonic instrunent 12 by
mai ntai ning the input current to the transducer. As such, the voltage
supplied by the ultrasonic surgical generator 15 of the ultrasonic surgical
instrunment 12 is proportionally increased as the force applied by the
surgeon continues to increase, thereby maintaining a fixed current. As a
result, the power ugzto t.he. 400 grans I?Oilmrhi n F%‘ urefogrﬁaisntairiﬁplcgen%ginpg
cont i nUBTETAISEIHYH 42 PR AEFGH ARSI BB S tRE R PFRSb EEUFETe ST Geher at or
15 is designed to switch to node in which it nai n%eﬂgns 2 gertai n fixed
pover i PRV {fEhisres B ernepiting YRUPEIAPT cPRER 1P ey dsrayee of TR SRRISIdESHdP ALY of the
force applied by the operator. The voltage while in t[%is1 m)dﬁ1 iz i ncr eased
in suchmpinBpor caneAnLaeErel pegeh By maintaaiog 8aWer 3t A ceriarbiftelaestiesrb e appl i ed
by the surgeon is increased, but the power is maintained at the sane |evel.
The r ed%RPﬂli:(gf?ﬂiEnb)cmanéﬁPg theeoltegevad gyt PAEnD HopehtthoHuBIPrgEErat he vol t age
is increased results in decreased current flow ng thorough the transducer
82 of tetrurhdnt 330k presat Wirewhiciinsumenelwill 2pplaernsiisat rbyer deeerdeaseldbi br at i on
velocity of the end-effecter 180 of the ultrasonic instrument 12. 1In
cont r aspressoreppplond btelrd segeont he voltage is not increased in a manner which
will maintain the current, and consequently the vibrations, at a constant
| evel , Rat herAs subig audhd digessed abave) tbasgdicition o€ katstapnpoweer it igoclangeeyith theich
that the power supplied through the ultrasonic transducer 82 of the
ul t r asopie€enBinStHti@h Galanded SIbEAOE (dr vildcity levels bf it Bedlcfadcta 180 R&halnt ndrevlel . The
mechani sm for mai ntai ni ng const ant

pressure applied by the end-effector 180. For example, when a surgeon applies greater normal force

via the end-effector 180, the vibration level is reduced and the applied power level remains constant.
As those skilled in the art will appreciate, and with reference to the graph presented in Figure 2, a
certain period of ramping up is necessary for utilization of the present system in conjunction with
ultrasonic surgical instrument 12. As shown in the Figure 2, the ramp up occurs as the pressure
increases from zero grams force to 400 grams force. During this time, the current is maintained
constant while the voltage increases to compensate for the tendency for a reduction in vibrations,
and thus current, as the force applied by the surgeon increases.

Once a force of 400 grams is achieved, the voltage and current are regulated to maintain the
power at a constant level. As those skilled in the art will appreciate, the power is maintained
constant within the force characteristics contemplated for use in accordance with the present
invention. The application of force beyond the predetermined limits will result in malfunctioning of
the device and surgeons will be warned that an unacceptable force level has been reached.

More particularly, and with reference to Figure 3, a flow chart presenting a preferred



power is achieved by controlling voltage and current, in consideration of
the applied force, so as to namintain a constant nom nal power. By
mai nt ai ni ng power at a constant |evel, regardless of the applied force, by
controlling the voltage and current passing through the ultrasonic surgical
instrunment 12, the present ultrasonic instrunment 12 wll apply consistent
power regardless of the pressure applied by the surgeon. As such, and as
di scussed above, the application of constant power in accordance with the
present invention balances vibration (or velocity) |evels of the
end-effector 180 with the normal pressure applied by the end-effector 180.
For exanpl e, when,a surgeon plie reater normal forc ia the .
end-effg@?ﬁngﬁﬁfmFﬁg‘é%§?§¥ﬁ§ﬁc$%@%$e ghF§&ﬁ%gﬁlﬁﬁﬂu?h§ma%%ﬁfg'Sﬁfﬁ%r | evel
remai ns constant. As those skilled in the art w ppreciate, .and with
r ef er en&ETHPERt A 24 ﬁﬁﬁitﬁf%‘?’eﬂ’f%&al gweﬁt‘ﬁdgér?,tar%?y Lcrg? l?]éﬁB?P“ﬁfeﬁ“f%ﬁl FPP i ng
up is necessary for utilization of the present. systemin conjunction with
ul t r asoRP-AIOGFREPS PREFAIMSHE thonomigal drpaiet PARBKETER HISFOICVIREMPERASd up
occurs as the pressure increases fromzero grans force to 400 grans force.
Duri ng trhthe ultrespsic ipfimimegt #2 e Hegichial hedPidang woReipEmrEe R e drive cysint age
increases to conpensate for the tendency for a reduction in vibrations, and
t hus cure &t (thatgs, threndminad eurgns Li-elornByhe threnisg) pgeer{Pion iogagidase taa@sewss tef or ce of
400 grans is achieved, the voltage and current are regulated to maintain the
power atoad (tbgns timriredegymined poweiwy sthichkhd ingdinpent isivlesignet fou dfleratippireci at e, t he
power is maintained constant within the force characteristics contenpl ated
f or usead¢cnrdaseoridathe prewdrt mvetnpr esent i nvention. The application of force
beyond the predetermned limts will result in malfunctioning of the device
and sur geonsThértdftehér inadteratinddhaictlanindhanas pédbtienh inbea leguatedibashdeen
reached.

operator. If the answer is NO, the instrument 12 returns to activation requested status awaiting a

request for activation. If activation of the instrument is requested by the operator, a frequency
sweep is performed to locate resonance frequencies of the instrument 12 and to attempt driving the
instrument at nominal current (Inom). The ultrasonic surgical generator 15 then determines whether
the resonance frequency is located and whether the instrument is capable of being driven at nominal
current (Inom). If the ultrasonic surgical generator 15 fails to either locate the resonance frequency or
drive the scalpel at nominal current (Inom), an error is indicated and the ultrasonic surgical generator
15 shuts down. If the resonance frequency is located and the instrument operates at nominal
current levels (Inom), the scalpel impedance (Z;) at the resonance frequency is calculated. This is
achieved utlizing the following formula:

Z:e=V+1

where,

I = drive current (which is initially Inom), and

V= drive voltage required to achieve drive current.

10



More particularly, and with reference to Figure 3, a flow chart presenting a
preferred 9 operating procedure is disclosed. In accordance wth the present
invention, the ultrasonic surgical instrunment 12 and the ultrasonic
surgical generator 15 are started. The ultrasonic surgical generator 15,
via its operating processor, reads the nomi nal drive set points froma
menory device enbedded in the ultrasonic instrunent 12. In particular, the
followi ng set points are read: the drive current at no load (that is, the
nom nal current Innm and the nom nal power (Pnon) to regulate to across the
| oad (that is, the predeterm ned power at which the instrument is designed

for operatl accordance with th resen Ther IS
det er ni ned SH%FFm thigy Eﬁ‘f’%‘ﬁ’tﬁ g ftfl?fég? g‘ﬁveﬁ Blété 2 Ld‘ﬁ%ﬁ%ﬁatﬁﬁ ?tnh%
operator. |f the answer is instrunment 12 returns tao activation

requesté@n@ﬁépﬁ§f@h%ﬁ?ﬁﬁédﬁeagéﬁdE%Pa - O Itavqstermineg that the nooupgt ROVEHPesp) ¢ he
instrunment is requested b{ t he operator, a frequen%¥ smeef is perfornmed to
| ocat e foete@irineEos tesfaeshie leasthan P , thegiomigriaing 2ppliechly e MstyBeRsts dri vi ng t he
instrunment at nomnal current (I nom). The ultrasonic surgical generator 15
t hen detaridime o bhiephigh and ke ipgsmranpeve isegdisad {p ramipgearetPamd bivserdeg t he
instrument is capable of being driven at nomnal current (In"m. If the
ul t r asothiealrisurgiconio IR BtTosm/¥h). Haithese slollesliin teerar| Wil appretibe, the diyeapiesent
frequency or drive the scal pel at nom nal current (Inom), an error is
i ndi cat sdingidadjdedblytahasgnhedswergltggal generator 15 shuts down. |f the
resonance frequency is |located and the instrunent operates at nom nal
current | evetlserdafton fe, uldrirenis eabiosigendrpedsnizerinifie) whéthédieis nbls onanineaif thequency
is calculated. This is achieved utilizing the follow ng fornula:

lock on the resonance frequency and to drive at the desired current. If the answer is NO, an error is

indicated and the procedure ends. If the ultrasonic surgical generator is able to maintain a lock on

the resonance frequency and drive at the desired current, the ultrasonic surgical generator 15 checks

to see if a deactivation request is detected, and if no deactivation request is detected, the ultrasonic

surgical generator 15 returns to the step of calculating the scalpel impedance (Z,) at the resonance

frequency.

If the nominal power (Pnom) is greater than 12 x Z,, the nominal drive current (Inom) is

maintained and the system determines whether it is able to maintain a lock on the resonance

frequency and the drive at the desired cutrent. If the answer is NO, an error is indicated and the

procedure ends. If the answer is YES, the ultrasonic surgical generator 15 determines whether any

deactivation requests have been detected, and if none are detected, the ultrasonic surgical generator

15 returns to the step of calculating the scalpel impedance (Z,) at the resonance frequency.

This procedure is continually repeated during the surgical procedure to maintain 2 nominal

desired power level and to operate the system in accordance with the present inventon. By

continually monitoring the impedance through the transducer 82, which relates to the force being

11



Z,=V=I where, | = drive current (whichis initially Innn), and V= drive
vol tage required to achieve drive current. 10 The system then determ nes
whet her the power, calculated as Iz X Z, is greater than the nom nal power
(P,,0) to regulate across the load. If it is determ ned that the nom nal
power (P'om) to regulate across the load is less than J2 X Z,, the power
being applied by the instrunent is considered to be too high and the

i nstrunment power is reduced to nom nal power (Pnnn) by reducing the drive
current to I= SQRT (Pnoml Z,). As those skilled in the art will appreciate,
the drive current is sinply adjusted by altering the drive voltage.

Thereafter he ul trasoni.c surglcal ener at o det er m nes whet her

abl e to TRAPRIT OPFfétOI’I BRI FadBiRis frééﬂ%wie BRIt F}ife"e]é’fl% he

desired current, answer is th an error is_ indicated and the

pr oceduP&thg ﬁa%efqufortlﬁ% Smft thalBm pemEay RAYER]S RpaHuRet B dedred bivel the Pifsitht ai n a

|l ock on the resonance frequency and drive at the desired current, the

ul t r asofiventngrigibialo RIeTid fef o cosBiaahenpkigatiop of peecrirtgadiese abthi Jeres epliedbjuest i s

detected, and if no deactivation request is detected, the ultrasonic

surgicaﬂwg@@@Kator 15 returns to the step of calculating t he scal pel

i npedance (Z,) at the resonance frequency. |If the nomnal power (P'Om is

great er t hanWhile pheZrefedrdveermmdimerts lthve beenchowe mtd ddstrdey, it will heainderaioné thaand

the system determ nes whether it is able to maintain a |l ock on the resonance
there is no intent to limit the invention by such disclosure, but rather, is intended to cover all

modifications and alternate constructions falling within the spirit and scope of the invention.
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frequency and the drive at the desired current. If the answer is NO an
error is indicated and the procedure ends. If the answer is YES, the
ultrasonic surgical generator 15 determ nes whether any deactivation
requests have been detected, and if none are detected, the ultrasonic
surgical generator 15 returns to the step of calculating the scal pel
i npedance (Z,) at the resonance frequency. This procedure is continually
repeated during the surgical procedure to maintain a nom nal desired power
| evel and to operate the systemin accordance with the present invention. By
continually nonitoring the inpedance through the transducer 82, which
relates to the force being 11 applied by the operator, and adjusting the
currentgkéggﬁng t her et hrough, which relates to the velocity of the
end-effector 180, such that the nom nal power is naintained at a desired
| evel the préseprol systrpe firjuenwits arBlfrasopts spiglseli Bt ms Pt SORBRAYREt ent appl i cati on
of power regardless of the force applied by the operator. VWile the
preferred enbertemensepihangeldsainl amime amdtrerosicsiigicdl injtrumgnl thegdectiirdler st ood
that there is no intent tolimt the invention by such disclosure, but
rat her , eteggyisnpriind byl the@egaster beng controliidfsuctathirtprsvea apblisfl be thedesrusnsis r uct | ons
falling within the spirit and scope of the invention, 12 CLAIMS: 1 A
cont r ol meipsfremhcbotant secevd firbdeammiuret pasomé thrsholdisoadt. | nstrunment, conprising: a
generator supplying electrical energy to an ultrasonic surgical instrunent,
the electrical energy supplied by the generator being controlled such that
power applied by the instrunent is

2. The control system according to claim 1, wherein the power applied by the instrument is

equal to the product of the current and voltage generated by the generator.

3. The control system according to claim 2, further including means for measuring impedance
passing through the ultrasonic surgical instrument and controlling the power level based upon the

measured impedance.
4. The control system according to claim 3, wherein the means for controlling the power level
includes adjusting current passing through the ultrasonic surgical instrument based upon the

measured impedance.

5. The control system according to claim 1, wherein voltage supplied by the generator is

increased as the force applied continues to increase.
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mai nt ai ned constant once a predeterm ned pressure threshold is nmet, 2. The
control systemaccording to claiml1l, wherein the power applied by the
instrunment is equal to the product of the current and voltage generated by
the generator, 3. The control systemaccording to claim2, further including
means for measuring i npedance passing through the ultrasonic surgical
instrunment and controlling the power |evel based upon the neasured
i npedance. 4. The control systemaccording to claim3, wherein the neans for
controlling the power level includes adjusting current passing through the
ultrasonic surgical instrunment based upon the neasured inpedance. 5. The
cont rol systenlaccordlng to Ia m 1, erein voltage s lied b the
gener at 8r " i s TPHEEREHCRAEH nﬁ&?@@“ﬁ%@Fﬂ@ﬂmQB%Pgﬁﬁ@§fgggFﬁ%?%% edapge g The
control systemaccording to claim1l, further including neans f %surlng
i npedan@esingguaisighe WEawgl sersalintrireghind @BF@]ih%Ihe|Pﬁ§’FfrlﬁYFéhise‘gHEPn the
controlling the power |evel based upon the neasured inpedance. 7. The
cont r ol megsyredimpedsseadi ng to claim 6, wherein the neans for controlling the
power |evel includes adjusting current passing through the ultrasonic
surgical instrunment based upon the neasured inpedance. 8. The control
system according to claim1l, further including neans for bal ancing vibration
| evel s &f thehatdnrabysien surrding & climst, mbeemtthevneins goessturiing gislpose: lboyel t he
ul trasoni c surgica

includes adjusting current passing through the ultrasonic surgical instrument based upon the

measured impedance.

8. The control system according to claim 1, further including means for balancing vibradon
levels of the ultrasonic surgical instrument with pressure applied by the ultrasonic surgical

Instrument.

9. An ultrasonic surgical system, comprising:

an instrument and an ultrasonic signal generator linked to the instrument for supplying a
desired signal to the instrument, the instrument includes an ultrasonic transducer, a housing and an
end-effector;

the ultrasonic signal generator includes a control system, the control system includes a
generator supplying electrical energy to the instrument, the electrical energy supplied by the
generator being controlled such that power applied by the instrument is maintained constant once a

predetermined pressure threshold is met.
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instrunment. 9. An ultrasonic surgical system conprising: an instrunent and
an ultrasonic signal generator linked to the instrunent for supplying a
desired signal to the instrunment, the instrument includes an ultrasonic
transducer, a housing and an end-effector; the ultrasonic signal generator
i ncludes a control system the control systemincludes a generator
supplying electrical energy to the instrunent, the electrical energy
supplied by the generator being controlled such that power applied by the
instrunment is maintained constant once a predeterm ned pressure threshold
is net. 14 10. The ultrasonic surgical systemaccording to claim9, wherein
the power applied by the instrunent is egual to the product of the current
and vol thge TP SHECHTE IR AP IR o Cipm dppherqiy f%}eé’s?&'ﬁf ?:p}%lﬁé B P58 system
according to claim 10, further_ including neans for mpasuring inpedance
passi ngintEIRARGH card 9 HePrefdvent! tAherrtes ool e gergiaed BIRE SFRVEPT based upon
the nmeasured inpedance. 12. The ultrasonic surgical systemaccording to
claim11l, wherein the nmeans for controlling the power |evel includes

adj usting current passing through the instrument based upon the neasured

i npedantke. 1Bhe dinsouic swgiseniters agcgiding tosiain éonfarthes intludipgtracass firmedsuriper ei n
vol tage supplied by the generator is increased as the force applied

cont i nuespetionct possipg geough the instrument and controlling the power level based upon the measured

impedance.

12. The ultrasonic surgical system according to claim 11, wherein the means for controlling the
power level includes adjusting current passing through the instrument based upon the measured

impedance.

13.  The ultrasonic surgical system according to claim 9, wherein voltage supplied by the

generator is increased as the force applied continues to increase.

14. The ultrasonic surgical system according to claim 9, further including means for measuring
impedance passing through the instrument and controlling the power level based upon the measured

impedance.
15. The ultrasonic surgical system according to claim 14, wherein the means for controlling the

power level includes adjusting current passing through the instrument based upon the measured

impedance.
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14. The ultrasonic surgical systemaccording to claim9, further including
means for neasuring inpedance passing through the instrunent and
controlling the power |evel based upon the neasured inpedance. 15. The
ultrasonic surgical systemaccording to claim 14, wherein the neans for
controlling the power |evel includes adjusting current passing through the
i nstrunment based upon the neasured inpedance. 15 16. The ultrasonic
surgical systemaccording to claim9, further including neans for bal anci ng
vibration levels of the instrument with pressure applied by the instrunent.
17. A method for controlling the application of power by an ultrasonic

surgical, instrunent,. conprising the,foll ow st eps: assigni a, nom na
et _at®whi bif TRBO i SRRRBAT L AR oS Db arse B i O AP
current and voltage applied to the ultrasopi ¢ surgical instrunment so as to
naintaiWEPH@‘ﬁ&ﬂ%?“ﬁ%g??@ﬂmﬁym?ﬁﬁwﬂFF?@g%gpﬁg§ﬁF§FEﬁPtinstrunent at

approxi mately the nomnal power. 18. The nethod according to claim17,
wherein the step of adjusting includes neasuring inpedance passing through
the ultrasonic surgical instrunent and controlling the power |evel based
upon t h¥ - mead greeepd fnpeatarelisg thepppimaomed Reow: Be ebrEregctsBdRERHHUEB I wher ei n
controlling the power |evel includes adjusting current passing through the
ul t r asordreprisingghacialloving steprrent based upon the neasured i npedance.

assigning a nominal power at which the ultrasonic instrument is to operate;
adjusting the current and voltage applied to the ultrasonic surgical instrument so as to
maintain the power applied by the ultrasonic surgical instrument at approximately the nominal

power.
18. The method according to claim 17, wherein the step of adjusting includes measuring
impedance passing through the ultrasonic surgical instrument and controlling the power level based

upon the measured impedance.

19. The method according to claim 18, wherein controlling the power level includes adjusting

current passing through the ultrasonic surgical instrument based upon the measured impedance.

20. The method according to claim 17, wherein voltage supplied by the generator is increased as

the force applied continues to increase.
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20. The nethod according to claim 17, wherein voltage supplied by the
generator is increased as the force applied continues to increase. 16 21.
The net hod according to claim 17, wherein the step of adjusting includes
bal ancing vibration levels of the ultrasonic surgical instrument with
pressure applied by the ultrasonic surgical instrunent. 17

21 The method according to claim 17, wherein the step of adjusting includes balancing
vibration levels of the ultrasonic surgical instrument with pressure applied by the ultrasonic surgical

instrument.
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