DESCRIPTION PROCESSING APPARATUS TECHNICAL FIELD [0001]The present invention relates
to a processing apparatus in which the tool side, where the tool is installed, rotates in respect to the
main body side, and relates especially to a processing apparatus in which an ultrasonic transducer is
equipped on the tool side and the vibration of the ultrasonic transducer is superimposed on the rotation
of the tool. 10BACKGROUND ART [0002]Cahvértidhdllyyfor example as stated in Japanese
Unexamined Paten Publication No. jPrR¢2002<38808 fPatent-Dgcument 1) and PCT Japanese
Translation Patent Publication No. JP-A-2008-504 138(Patent Document 2) and the like, the
processing accuracy of a processing apparatus for cutting, grinding and so on is 15 improved by
providing the tool side with an ultrasonic tr&kstititerrhidsé rotation is enabled in relation to the main
body sitle, dftdisuperimpdsing;restthertoollithatsdtatianal aetion siith dppavibiatian.ofitie wiirasonic
transducer. With,stch, REOCERSING, PROATGIHR. AN BILLL o, SuBRly, drive, PO tz%ﬂle lirasgnic

transducer thI}at rotates in relation to the main body side, a primary power coil and a secondary power

coil are 20 Frfdngéd }‘hcb‘ﬂ)‘ﬁ)o&?tlSnD(%}Tﬁ%E’]I’&aﬁ%‘b’é’r’fs Bn ‘t‘ﬁé“}ha i 6‘3&)/“’%18% HABHE tSolside, and
power is sup@ﬂ@@ﬂté the tdol sidel frode thexdnain boadyside thfough wlilization ofthedmutualsinduction

action of thesgpeMyRkcoils. 1R0QB]INGidantally.an ultrasonic transducer is known to be considered as
being gquivalent to an electrical circuit thlgr;\ r(gﬁ(m%% sr guency In order to 25drive the ultrasonic
transducer efficiently, drive power is supplie a resonan frequency or a frequency in that
nelghborhonPPPdwever ﬂ:,tméﬁ,ﬁ%@eiggmjgn a.\‘mnh, as stated in Japanese Unexamined Patent

Publication No. JP-A-2002-28808 (Patent Document 1) and PCT Japanese Translation
Patent Publication No. JP-A-2008-504138 (Patent Document 2) and the like, the
processing accuracy of a processing apparatus for cuiting, grinding and so on is
13 improved by providing the tool side with an ultrasonic transducer whose rotation is
enabled in relation to the main body side, and superimposing, on the tool, that
rotational action with the vibration of the ultrasonic transducer. With such processing
apparatus, in order to supply drive power 10 the ultrasonic transducer that rotates in
relation to the main body side, a primary power coil and a sccondary power coil are
20 arranged in opposition to the rotating parts on the main body side and the tool side,
and power 1s supplied to the tool side from the main body side through utilization of
the mutual induction action of these power coils.
(G003 Incidentally, an ultrasonic transducer is known to be considered as

being equivalent to an electrical circuit that has a resonant frequency. In order to
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drive the uitrasonic transducer efficiently, drive power is supplied with a resonant
frequency or a frequency in that neighborhood. However, in the processing
apparatus, the ultrasonic transducer’s resonant frequency changes along with changes
in temperature in the surroundings of the ultrasonic transducer, changes in
temperature in the ultrasonic transducer itself, and changes in the load applied to th
30 tool, etc. Therefore, it was possible that the ultrasonic transducer might not be driven
efficiently solely by supplying drive power at a fixed frequency, and there was a
possibility of a drop in processing accuracy.

10004] Here, it may be proposed that the tool side is provided with a detection

means for detecting the state of vibration of the ultrasonic fransducer, and a signal coil
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is provided on both the main body side and the tool side. By utilizing the mutual
induction action of those signal coils, the detection signal from the detection means is
transmitted as an electrical signal from the tool side to the main body side, thereby
adjusting the supplied power based on the state of vibration of the ultrasonic

transducer obtained from that detection signal.



apparatus, the ultrasonic transducer's resonant frequency changes along with changes in temperature
in the surroundings of the ultrasonic transducer, changes in temperature in the ultrasonic transducer
itself, and changes in the load applied to the 30 tool, etc. Therefore, it was possible that the ultrasonic'
transducer might not be driven efficiently solely by supplying drive power at a fixed frequency, and
there was a pE$Sibility of aldrepyin. processing acdaracyn [0604Hbe;dtatay et propbsedainat the tool
side is providedvvv;iitﬂtaxﬂ@t%tM1r@@enﬂ foe %t@@ﬂﬂ&%@ﬁi@@@&%@r@im% theiulirasemicdransducer,
and a Slgnal COJ ? Iriotv()lqﬁfg E% ii’) th th‘% aim b%dYtO 111 lalrt]glltir}f t%0| S)I‘gie Bt\éigy“ Jrﬁthe mUtual
induction action of those signal coils ythe detection signal from He HRtaction Méans is tranamitted as
an electrical §i§hé’l‘%ﬁ‘€fl‘t§ 50l aiths eensidta b‘éﬂyls&ﬁé theteBs atijcstigthe sypliedpower
based an theigtateofl vibratioly ofithehultsasonic transducesabibinad:from that detpetien signal.
[0005]owever, whep %rgnst)a%uStarﬁ Rlacgd.an the rotating part af t'ﬂ@ man tﬁ%dxgakqi %891 the tool

side of the processing apparatus where the tool side is rotated n relation to the main side, in
order to maiftainthe' 8ﬁbBEiHby USSP RSN Boay S dignATes f‘éﬁd%é‘té%l%’&‘e‘%ﬁ&nal coil, it is
also necessdry steindtadlithedignaluceircoaxiatywitivilve foolesidelsitotatingaeentialaxisatgng with the

power coil. Lpsatingthe pewereeiland.signal.caikgaxially, especially with the signal coil, presents a
possm Igyté% magne IC fluzicgenerated by th powerc il wil ene rate the i’ﬁnal coil and produce
motiv

noise electr e force i that si Jhal ¢oi Bstramxﬁéf (’n&s ’in vﬁ?h th‘”akétrl s’t@WéP ransmits. |
0[0006]in ordats chpél Wﬂtwmttypef&brébtehﬁbﬁépaﬁﬁ’eéeuudé%amtﬁéd PatentiPubiieation No. JP-A-]
1-354348 (Patentocument:3) andidapanese unexamwedfﬂateateﬂubjmama]m; Hropokl-313491

(patent Documenhd) iapare s iicies et avgi inlereience ol mutiplmaaneic pats,oy enarging

the core component that forms the coll's magnetic pat or that avoid ererice o the ‘mutual 15

magnetic patA& By IEHYSsIHG ™S Hﬁn‘"?ﬁ]abﬂe‘frt?&Hhﬁeﬁgl"éé}twee‘ﬁ*ﬂiué“&dﬂ%f EIFIVEE, BHEIging the core
compolfent mthecstryctinesiindiegtedin Patent:Doctitivent arid-Patent Decurientid leads.to

enlargement.gspegiallyofthe t@@trﬁaqga@ ineg.the foqkside isretated @t highspaed.if the igol side is
enlarged, th re is @Et)ossmlllt t|tm| ht be difficult to achi \%estaﬁnle otation. OBACKGROUND

ART DOCU e ocur?%h‘té {GO0 T P EtRRATT RX Bl B I88 0! Side

is rotated at high speed, if the tool side is Lnidnmd thm is a possibility that it might
be difficuit to achieve stable rotation.
20 BACKGROUND ART DOCUMENTS
[Patent Documents)]
(0067}
Patent Document 1: JP-A-2002-28808
Patent Document 2: JP-A-2008-504138

25 Patent Document 3: JP-A-11-354348
Patent Document 4; JP-A-11-313491
SUMMARY OF THE INVENTION
PROBLEM THE INVENTION ATTEMPTS TO SOLVE
30 16008 The present invention was established in view of the above background,
and, 1t 15 one object of the present invention to provide a processing apparatus with a
novel structure in which the tool side rotates in relation to the main body side, capable
of producing excellent quality transmission of the ¢lectrical signal from the tool side
to the main body side with a simpler and more compact composition, and capable of
35 driving the ultrasonic transducer provided on the tool side more effectivelv.

MEANS FOR SOLVING THE PROBLEM
{0009} The modes of the present invention that were esiablished in order to
solve that problent are described hereinafter.  Furthermore, the components used in

each mode indicated below are, as much as possible, adoptable in the desired



Patent Document 2 JP-A-2008-504138 Patent Document 3 JP-A-11-354348 Patent Document 4
JP-A-11-313491 SUMMARY OF THE INVENTION;PROBLEM THE INVENTION ATTEMPTS TO
SOLVE 30[0008]The present invention was established in view of the above background, and, it is one
object of the present invention to provide a processing apparatus with a novel structure in which the
tool side rotatedinatelation to the main body side, capable of producing excellent quality transmission
of the electrigal sjgnal from the teekiside 4. the mainRedy sidewith & simples.and more campact
composition, én .capable of ci{%{gléuhe ultras%ll_c gl{}?n§du%g[)$row ed or}tt?g{tool{sme m%re .
effectively. MEANSFOR'SBL FREPRBBLENT @ POV ES e b e BrEsEht iHvention that
were establi§HBé%h oider toleaiiatthit problemmaie deserbeddioreidafier Furthemnord) thie
compotentsiusediin eankdnadadndicatedbelow aie.iasmueheas possible asoptable dnthe desired
combinations, (004 Q)4 stmade ot ine presen venion provides  processing apparaips, including:

a main body side equipped with a power supply unit that outputs AC tage; atoo sidlé rotatable in
relation to tHE'hART BBdY SIBES AR SGiipidl it diratasshie dans fc&baRich e 186t unit is
connected; &paipofarprimapy ipalver coil andarsecehdanynpewearcoil; whichrare disposedrbetween a

main body sige,angha 19piRide.an BAINEANIHGIAXIS WLhAratatlag.centralaxis pfie gl side, wherein
a drlvef power is su ‘.pljgd vg;pe{ primary and ﬁec. ndary power ??Q‘HSFE[OI’T] the power supply unit on the
main body SifE4d tHE it ssHicitiis a0k 8h ThEabT SR BEiRG YGChHIadterL8a% f4F: a pair of
signal coils &ré dispesed betwdethtidhnaiasodydide ahd the toolsive suthchatthe Sighal coils are
located on asoncemticaXiswitbdhe powesicailscand, stapkeginanAxialfirgotion, (rapgstively on the

main body side,and,{he toal.8idg, 2 dRIREton Mepns is piovided an.ihe tadl.side for, dgtecting a state of
ion of the ultrasonic transducer, and a detection signal from the detection means 15 is transmittable

via the signslEaiisTrohiiths tEsraide i tHecHiain A di Sidi) as [soiel Stipbly &dptioimieersis provided
on the ainbodyssite:for controlling:al poikefrsupply frequeray thdhsprimary powereoil-based on the
detection signahframthe dgtestion means.2pd atleast.ene gf Ehgesa%?aé(%#&z%mgﬂaeéma!@rbody side
and the tool side, IS é)rowded Wl}h a coil winding path that generates mutually revers

supply frequency to the primary power coil based on the detection Signal from the

detection means, and at least one of the signal coils on the main body side and the tool

side, is provided with a coil winding path that generates mutually reverse

20 electromotive forces in order to offset the electromotive forces generated in that signal

cotl due to an effect of a magnetic flux produced by the power coils.

[0011] in the processing apparatus with a structure in accordance with this

mode, it is possible to fransmit the electrical signal from the tool side to the main body

side in a contact-free state by providing both the main body side and the tool side with

™
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a signal coil and utilizing the mutual induction of those signal coils. That way, the
vibration state of the ultrasonic transducer detected using the detection means on the
too} side can be transmitted to the main body side using the signal coils, and the main
body side’s power supply control means can be used to change the supplied power

frequency from the received detection signal in accordance with changes in the state

feedback control according to changes m the resonant frequency of the ultrasonic
transducer, the ultrasonic transducer can be driven more effectively, and it is possible
to aim al Improving processing accuracy.

10012] Furthermore, at feast one of the signal coils, either the one on the main
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body side or the one on the tool side, is formed with a coil winding path that offsets
the effect from the electric power coil.  Owing to this, when the magnetic flux that is
generated by the power coil passes through the signal coils. the signal coils generate
induced currents that are mutually reversed and that mutually offset each other. Thus,

noise electromotive force can be reduced at the signal coils themselves without having



20 electromotive Ibrces in order to offset the electromotive forces generated in that signal coil due to
an effect of a magnetic flux produced by the power; coils. [00111In the processing apparatus with a
structure in accordance with this mode, it is possible to transmit the electrical signal from the tool side
to the main body side in a contact-free state by providing both the main body side and the tool side
with 25 a signatcoiflandsafilizing theamutaabinchiCtiompbtirosecsignalroeiks: Thatwarystipg lvibration
state of the WitrasoRIs transduser defected Using thedetectionmeanspn.the dool side; cap.be
transmitted to the.main bodytsideful?igg_m@ _slgpagl.goi , and the mqin_p{gdé/ S|dq's $ower upply control
means can ba tsed ' cHENge the Slippiiec TNGWel TG ERey Fro e T8 BTt Hete SHIBR Signal in
accordance WifieEhgges in the state 30 of vibration of the ultrasonic transducer. As a result, it
becomes possibie to performdteadhackicontrahaceardingtachangesdn:tha resonantifreguency of the
ultrasonic tignsducer, fhe Wrason ;tgqgj%g%m 0 be driven moreeifectiyely, and s possible to aim

at improving processing accuracy. [0012]Furthermore, at least'one of the signal colls, either the one on
the main 5 Body $fd&dr tHEBREGA 1 bl side e forniudl it collWintiy patkinatdisets the
effect from threcskecirie jpowertboileQwinag ¢t thisalkienathe magingtic fiix thatisigenesated oy the

power coil passes dhiauahthe signal oeils, the signa) coilz aensrateinduced CUpERis thafare mutually
reversed ar]gc%%ttwutuall 0 Fseli each other. Thus, noise electromotive force can be reduced at the

signal Coils fHerSanVas Withat HEiNG Do Sro0ids S Ly Are?H5is 8RS HIBIECHIF SEhisoant, or to
provide a pewiet!sipplyleohtidbdévideiniordép tomedate that fieise elébromutivediorddeAs a result, the
transmissioregurality ek-theelectrigal signaheaniae impraver thiaugh asimnle configusation [0013]In
addition, redysifafhe nojse slectiomotivs foree at e sional colls themelyes makes.t possible to
transmit the eﬁe,ctrica" signal faster. le IS, in the case o wwé?eés communication, for exgmple,
multi-stage BRI Geisraty hetessarwHETsiH i e civesasiBetsedp sibitatas Bhiplified after
detectién, noisenis remavedsanddhe sigh@dis reproducethpnd that takesitimeyukhereforacespecially
with 10 feedhack contrgl like that in the present invention, if, after generating the detection signal at the
tool side, it fakes time to reproduce that signal at the main body side, it becomes necessary to take the
time delay I@%@t detectiof SignaF ity CORsTHERAHBH WHidH i ieRde I BB EosHigiet ontrol. With
the presentsigvehtionishowévesisy prossdileg @ noisareductiomaffect!in the veryrstructyracof the signal
coils, it is passiRledénitadpesmit zﬁk@@ta@tnh%ah&g@a!l~f@85§rsawaamsim?m&vt% theitealAimg quality of
the si%al tq,ans[fer.. [0014 FLJnger .beg?use the effect frc%%the ower coils can be mltlg%ﬁ}g in the

esalt, iLHS possibie 10 A &F nuiniatirizafion of the processing apparatus, espec
minaturization of the tool side. Thus, it is possible to achieve even faster rotation of
the tool, and i 1s also possible to aim at improved stability of rotation and improved
PrOCEesSIng accuracy.

[0015] In this mode, “stacked” naturally means that the coil winding of the
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power coil and the coil winding of the signal coil are arranged in such a way that they
overlap at the projection of those coils in the axial direction and that the coil windings
of both coils are mutually contact-free. It does not mean that the coil windings of
both cails are in a state of contact.  In addition, the coil winding of the power coil
and the coil winding of the signal coil may be overlapped generally over the whole of
30 the circumference or may alternatively be overlapped so as to partially cross cach
other.

[0016] The second mode of the present invention provides the processing
apparatus according to the first mode, wheremn the coil winding path, which generates
mutually reverse electromotive forces, includes a first winding portion and a second

35 winding portion that are wound in mutually opposite directions.

10017] Since, with this mode, the first winding portion and the second winding
portion are mutually wound in opposite directions, mutually reverse induced currents

are generated in relation to a common magnetic {ield i the first winding portion and

the second winding portion.  Owing to this, when the magnetic flux from the power



signal coils, it becomes possible to situate the signal coils in a more compact arrangement and stack
them on the concentric axis with those power coils;As a 20 result, it is possible to aim at
miniaturization of the processing apparatus, especially miniaturization of the tool side. Thus, it is
possible to achieve even faster rotation of the tool, and it is also possible to aim at improved stability of
rotation andcitiiproued processinghaceurady <[0015Hnithisymederdstarkedniaiuraly-taeans: that the coil
winding of the.pener eehand.iheicahwinding ofthe.signal ol arp iapded I SHeR ARy that they

i 1 )
overlap at the projection of those coils'in the. axial direction andthat the co oth coils are

mutually coff&Ct8e: 1t ades Tt MearPthattie ¢ Sivaiht S OB SIR BB AREinA StaR bicontact. In
addition, thezewitswiddinthof thepowier coil and the coil winding of the signal coil may be overlapped

generally oveniike whole af30 the clicdrmfergncaion maygltemativaly 9%9%%@9&%5%% to partially

cross each oth E, [001 gThe second gggj%iof the Hresent mveérsﬁ%léﬁrow es the processing apparatus

according to the first mode, Whérein' the ‘€ot t%i%{éﬁh%ﬂ_ﬁgt{ﬁﬁ/\}ﬂi dHeratas it afly fesvside
electromotivé fBfces iciitle Satfirdtonividing porkiv Y dad ensdsond wirrlinigidertiomthatalewound in
mutually oppasitecglireations {ROLZSince; with fhis:medante ticst, winging:noition ang the,gecond

winding portion. aremutyally,woynd ip %&%ﬂﬂﬁﬁiﬁ‘?& E‘?é‘ﬁ’a!%%‘%ﬁ!l}’ reverse jnguced curents are

generated in relation to a common magnetic field in the first wlndina portion and the second winding
portion "OwMYD thid!-wheis thembagmetie A fom e Bolwarndsis pasiss wirbibh thedignal coils,
mutually revenséelgeiromotivefoscesiare generatediimtheffitst siindingportiénand:secand winding

portion that mutuaty offseligach QIRe T QSR reSilh:it is ﬂ%‘?@éi_.Qlﬁ&%g@ﬁ%ﬁ‘?ﬁa&@%&9@§%§Jﬁﬁﬁ'§gmOtive
force that s generaled p ihe signal cols, [Q018INow, tne winding diegiion of the utually
opposite-wdUnd Hirst Wikding Pottion’and SecohdWiRding potHiBn 1EretE X d IRe direttion ¥Found the
center of théhpbiieresill Withthecsigmaheslliprovidied oo sminibodydsite sicmeans e direction
aroundihe genrten of thenpimarypawencail nans withithe sigealeell previdedon theitaal side, it means
the direc'[ior{h%@%ﬂvﬁﬂﬁi%&rjl_)%ez.rtiggtg%ﬁﬁg%gg%% of winds for the second winding portion may

be mutually different.

H0019] The third mode of the present invention provides the processing

apparatus according to the second mode, wherein the first winding portion and the

20 second winding portion, which is turned back from the first winding portion and

wound conversely along the first winding portion, are formed on a same plane.

[0020] With this mode, it is possible to give the signal coils a thin form. Also,

since the signal coils can also have a flat shape, setup work can be simplified, such as

arranging them stacked together with the power coils.
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10021] The fourth mode of the present invention provides the processing
apparatus according to any one of the first through third modes, wherein a pot core,
which is made from a permeable-magnetic material and has a groove extending
circumierentially, is provided on at least one of the main body side and the tool side,
and both of the power coils and signal coils are housed in the groove.

36 [0022 With this mode, using a pot core to form the magnetic paths of the
power coils and signal coils enables the transmission efficiency of both the power and
the electrical signal to be improved. In addition, with the present invention, since,
the adoption of a specially-configured coil winding path for the signal coils is able to

reduce the effect from the power coils, the power coils and signal coils can be seated

(8}
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within the same groove in the pot core in order to aim at greater compactness.
Furthermore, with the signal coils seated in the pot core groove, it is possible to
protect the signal coils from disturbance due to magnetism, such as from a motor
instalied in close proximity.

H0023] The fifth mode of the present invention provides the processing



10 power coil. The number of winds for the first winding portion and the second winding portion is set
as desired in consideration of the electromotive forge generated in the first winding portion and
electromotive force generated in the second winding portion. Ideally, it is set so that electromotive
threes in mutually opposite directions that are equal in size are generated in the first winding portion
and the secapg:winding:tSipartionin telationde:theneammenpnagnetic fieladthesefnreathg.number of
winds for the fiestyyinding. portion and the number of winds for the second winding portion may be
mutually different. [0019]The third mode of the present invention provides the processing apparatus
according to tHéHecond mMod& SHHERSH BR8 first Wifialrig Boriii arid e sudecBRBS@HABMdSportion,
which is turned bdck drequihelfirstiwibding poricn@ndiwebmdcanveisely @long the fikstriwinding
portion,zare fRrmeron asamepiRRL[00Z01\Vith, this mﬁ)dﬁ;@t Is possible to givg dhg signgl.coils a thin

form. Also, since 1 the SI aH coi sdcan Iso h eaflat gp getu p work can be simplified, Such as
arranging theTh STAIG % Jethef Nt thehdWeP oS SEIS0T T BLRA MbARS f”t %L’ﬁ’@gent
invention pr@'@?@l@é‘%ﬁé%ﬁbé@s@ﬁg cépp@ermeé(acbonmn@meﬂamﬁon@cafzthfé firdt ahrbGghcthirdimodes,
wherein a potcergs mhichds mad@fqomdacpe@eabie(@agmgﬁh@Jg}@&&lﬂ@l ﬁ@@iﬂ%@:@@a gﬂ%\(ﬁfﬁ,enﬂﬂg
circumferen d at | of t in.bo ide_and the tool side oth of the
power coils gﬁﬁ%ﬁ; ﬁcénl@ e{?(élﬁéags?%mt ]Mrotc’)i\iqe 36[66)%/ Witk hISnI(’“Y(fOS ;] Uﬁ)gméaa ?)[o‘i core to fin
the madheti® PEHE IN eSO Hone hits §iﬁH’§F8‘éjiI§‘éh‘dtﬂes the transmission efficiency of both the

power and th#efdctrical sigmal tabetimproveld, Iadditioniwith theqresent invertiofpsince, the
adoption of aspecialleanfigured colmandind aih fahe sianal colsds BIRdR Ruge e effect from

the power coils, the ower coil s gé signal cqils can be seated within the same grogve |n the pot core
in order to af At gie: epét%? HuniBalHiSE SRR it tHE Sighs Elfnl?s@éﬂféd”ih*ﬂ‘ré‘p‘éf core
groove, it is Posslibiéatr protedt the signalatoils dromidistutisaiice dule touhagnetistsuttvas from a

motor installed, lﬂ«ﬂ@sﬁuﬁrqxlm|BbsEQQ331TB€0Q§tmaln@d.etﬁ£t§hﬁ@ﬁ?%@mdﬁ‘i\/@ﬁggﬁﬁ@vld% the
processing & aﬁ‘ﬁ ageoraing t‘%n”l‘ned{% ”QJI}VE‘}R%E erein the J?}‘F?Jgds o 1ed 39lely,on the main
body side. | 0724?]125 entioned above, It 1s ntha* an ultrdgonic rans et id

frequency fi, so, by d\’(}ldm(‘f that increase in inductance (L), it 1s possible to suppress

a drop in the resonant frequency fi. This way, a high resonant frequency can be

maintained for the ultrasonic transducer, the ultrasonic transducer can be driven af a

20 high frequency, and a further improvement in processing accuracy can be aimed at.

Also. because 1t is possible to avoid large changes in the resonant frequency fj, the

resonant frequency of the ultrasonic transducer can be easily brought close to the tool

side’s mechanically unique vibration frequency, the ultrasonic transducer’s vibration

can be effectively transmitted to the tool, and a more effective stroke can be obtained
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for the tool.
[0026] Furthermore, by not including a pot core on the tool side’s secondary
power coil, leakage flux can be aggressively produced between the primary power
cotl and the secondary power coil, and the coupling coefficient thus can be lowered.
This can prevent a rapid drop in power transmission efficiency due to a slight
30 displacement in refation to the main body side and improve the stability of power
transmission. In addition, for example as shown in FIG. 27, when the drive power is
oscillated from the main body side as a square wave, the power waveform input into
the ultrasonic transducer on the tool side can be brought close to the sine wave, which
1s the mechanical vibration of the ultrasonic transducer that is also indicated in FIG.
35 27. 1t thus becomes easy to (une the vibration in the ultrasonic transducer with
changes in the applied voltage and to reduce the deviations in the ultrasonic
transducer that are thought to originate in rapid changes to the applied voltage, and it
is possible to vibrate the ultrasonic transducer stably. Along with that, generation of

the surplus energy that is indicated in FIG. 27 with slanted lines can be suppressed and



considered equivalent to the resonant circuit shown in FIG 26 near a resonant 5 frequency. The
equivalent circuit shown in FIG 26 consists of the damping capacitance (Cd) produced from the
piezoelectric element, a part of the ultrasonic transducer and working as a capacitor, being connected
in parallel with an LCR circuit, on which the coil section (L) and capacitor (C) that indicate the
mechanicalmibtaﬁem@dﬁafﬁc{arisﬂ@ﬂa(sarmdasaraame}characteristics) and the resistance section (R)
that L0indicgigs-the mechanicalapd aracanacied 10,3e0gs,l00ZR1HGLE. & MiBMOde, fy providing a

pot core made from a perineable-magnetic material sol ely on the main ody s not Including a

core comporiht B the' 8351 ¥idé% Eelotitary ot gblll‘mgf‘ﬁfdgs‘%‘ﬂe ffﬁ"é(/d‘i‘é”éf? héteH¥®in
inductance ¢chievthe leqhivateriecircuitionttheljos| hidels: ditrhsonitutramsdiwcen! 48Owingito that, it is

possible to aygid latge variatiers I&rﬁsgea% frequencyifn,= é(ZZ&é(L@)nﬁmﬂwel%%@ in igductance
(L), generally, appears as a drop in thie1 %nant freguenc So, by av0|d|%91th t increase in

inductance Lj 18 508SHIE 15 BHiSPrEY S o Th tHs R Salletcs e FRILWRY S8 igh
resonant fré@l}eﬁtéy%farf b\e‘méi!htafﬁé@dﬁéb tHe uRFssonicitraddineerdtke ulttasshidaransducer can be
driven at a 2Orhighefreigurney: and aiwdhesinpraveniet inprecessingsaceuUrasy-Gan beaimed at.
Also, becaus ssib} void lar nges.in he resonant fre en hie resonant
frequency o‘fﬁi@ (lﬁftgg[sinlc? irg?w%s Ggéér c%fh ]53} %qa‘cﬁr%‘ﬁah‘ﬁgfé%“e to (%?1%1 %)F&de 'S }ﬁgeﬁchaiucally
uniqué Vibr&tRimeduiehicy tee tﬂﬁ*ééb‘n‘ié‘&ﬂ&“ﬁgoﬁ@é% Vibtation A e erEdtive i tratidiitted to the
tool, and a markceffdctive: strokBican beobtaiped:=25for thettobk fRORGHRurthidiaoreydylnat including a

pot core on the, o wﬁ%ﬁce&%{wqwsnﬁo b(le%%%mgﬁn heaggressively produced between
the prlmaryé% wer coil an the s ondaL{i’y Pt wer coil, and the coupling coeﬁlﬁlent thus can be lowered.
a

This can prévénita rapid bwer n%ié%@h‘é‘fﬂ&éﬂbxﬁada B3 dHght"30PERSSRBMent in
relation to the matn‘bedy)side dﬁddﬂffﬁfpf@wtéfthe dtébilityde powertransiission oh edditioinfor example

as shawn inHa: Laﬁ,[mhe@stheldaw %W%ra'%@&@!'}'@mafm\m%mvaﬁbﬁﬁqy side.as.apauare wave, the

power WaveJ m |np |ntot eultras |ct331ns ucer on t e{ d%l ec n eblioug[ht close to the sine
]§ Co 0 dl‘é \’\& S{)i L”?’ WL 1O DO 8 O S1911¢

wave, which is the mec anlca ratlon 0 theu rasonic trans ucer ha“t is%Afso indicated in FIG 35
27. It thus H&E8ies easy'to @Hhéﬁﬁ@“mﬁ‘rﬁatfﬁ’hln*i"’fﬁé“ué&ra%‘"ém& frhnkeuearalvith Ehangesiedthe applied
voltage and-foseducehthetdeviations inthesulirasoniertransdudeh thatand thought joefigingte in rapid

changes o the,applisdvoliage.Anditis Aasplble o ilials e uiltasanic fansdugel,sfaply. Along with
that, g)eneratlon of the surplus energy that is indicated slant e firnes can be suppressed
and second winding portion ar¢ also situated closer io cm{, oftm wroove s walls than to the

other winding portion. Owing to this, the magnetic flux from the first winding portion
and the magnetic flux from the second winding portion passes easily through each
wall of the groove, and interference between the magnetic path of the first winding

portion and the magnetic path of the second winding portion can be reduced. As a

25 result, the transmission quality of the electrical signal from the signal coil can be
heightened.
[0030] The seventh mode of the present invention provides the processing

apparatus according to any one of the first through sixth modes, wherein the

ultrasonic trapsducer is a Langevin fransducer with multiple piezoelectric elements
30 layered, and the detection means is composed of a piezoelectric element lavered on

those multiple piezoelectric elements.

[0031] With this mode, it 15 possible to use the piezoelectric effect of that

piezoelectric element as a detection means to detect the vibration of the ultrasonic

transducer as voltage and, therefore, achieve a detection means using a simple

fd
LA

structure. Furthermore, because the piezoelectric element can be positioned as the
detection means coaxially with the multiple piezoelectric elements that make up the
Langevin transducer, that detection means can be provided with an efficient use of
space, and the stability of tool side rotation can also be improved by suppressing

deviations in the tool side’s weight balance.



7 the generation of heat can be suppressed as well. [0027]And, by not including a pot core on the tool
side's secondary power coil, the weight of the tool gide can also be lightened and faster rotation is thus
achieved. In this mode, in order to adjust the interlinkage flux on the tool side's signal 5 cail, the tool
side can be provided with a core component made of permeable-magnetic material and the tool side's
signal coil can be attached to the corer¢arapanemHHawevex praferably, a mode is adopted that does
not include fygass compofient ingllsie ple-RRHeaR,en thadaghaide Thahis in.say jinee, when the

core component is formed from syrlt_e‘rl?ri:?_partlcuiq es.of iron and the like, the risk o cracking or
breakage incP&atul SEAGRISJERET ST 816t SPBLHSE 158 RSSO B RE RYEN S6MerEe Y 1B installing a
core componiéntsonitHetodhsidépitishossisleotd sioidthedpsotilemwt:theitorascdrgonernton the tool

side being damagedy [Q828htha sixth medeef thespresant:inygpHeR Moyide the Aracessing apparatus
according to any fouqth or filfth.mope wherein a distance of se arq:ttion 15b twee%he first winding

. mio’an electrical . sienal’ ahd fransnul i io the mam Ave S1GE, G T JWETD
portion and the secon winding portion iS éréa%er than & diStance‘sf %é%ara i01ito wall§ 6t the groove

from both sitlg0f tFslsijaEl edilc[O02OPR thig e e TtharfiPst soitiehhig hbititl obther sighalicoil is
situated closeitp@ithenthegrapye'sheusri walliofi snaptwathand ihe:sesond wingding portign is situated
close (0 the aaning ater gl arpnerwall- Zhe st wndleg paiion.and &3 second winding portion
are also situated closer to one 0f the groove’s walls than to the other winding portion. Owing, to this,
the madnetit HERfHHI RS FHSt Winding Bbrtih e tA8 hidg e UK M tHB S8C8HI Wikiding portion
passes easilyithrougheatch walkbf thecgreiovesiand: intérferércehbetweehsthesidagnetie path of the first
winding portion and.the, magnetis pathaf the.seernd winding Rortion.can e reduced: fsia 25result, dr
transmission guall_t ?]f the,s]glectrlcal sqnal frgm the S|gn?l coil can be : .
magnetre Tux etiect coming Trom the power Coil. In this way, it is possible, using an

extremely simple structure, to reduce the noise electromotive foree that is generated in
15 the signal coil due to the effects from the power coil. As a result, it is possible to

improve the transmission quality of the electrical signal and, because the signal coils

can be situated in close proximity to the power cotl, downsizing of the main body side

and the tool side can be pursued.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0033]
FIG. T 1s a view depicting in medel form a processing apparatus described according
to a first embodiment of the present invention.

FIG. 2 18 & longitudinal cross sectional view of a principle part of the processing

]
(4]

apparatus shown in FI(G 1.

FIG. 3 is a perspective view of a main body side transmission unit and a tool unit.

FIG. 4 is a perspective view of the main body side transmission unit and the tool unit
from a different direction than FIG. 3.

FIG. 5 is an exploded perspective view of a primary power coil, a secondary power
30 coil, stgnal coils and a pot core.

FIC. 6 15 a view depicting in model form the signal coil shown in FIG. 5.

FIG. 7 1s a front view of a main body side coil head.

FIG. 8 15 a view of a vibration unit equipped with an ultrasonic transducer.

F1G. 9 15 a block diagram that summarizes a contact-free power supply unit used in

(]
[

the processing apparatus according to the first embodiment of the present invention.
FiGe 14 1s a graph that displays the uitrasonic transducer’s impedance characteristics.
FI1G. 11 18 a graph that displays the results of measurement of the electrical current
that flows through the ultrasonic transducer.

FIGo 12 is a graph that displays the results of measurement of the voltage and



heightened [0030]The seventh mode of the present invention provides the processing apparatus
according to any one of the first through sixth modgs, wherein the ultrasonic transducer is a Langevin
transducer with multiple piezoelectric elements $0layered, and the detection means is composed of a
piezoelectric element layered on those multiple piezoelectric elements. [00$1]With this mode, it is
possible to usedhe: piezaelactic affectoftpatipiezocicciric elpmeant asa detection meangto detect the
vibration of ﬂg Llljl {g§onlc transducer as voltage and, therefore, achieve a detection means using a
simple 35 structure. Furthermore, because the piezoelectric element can be positioned as the
detection meKns coaxidiyrith fhat YT BES plBs OB B & SRR et Ak 1 this $aniglin
transducer, thatrdetectiorimeans Caqubecprovide dowithianlefficierithuseootisphice; andahenstability of
tool side rotafion;can alaa be mpL M@z‘it@Xa%léﬁW?c?&%?&\E’EVIQIJQ{&%MJQF}@Q! side's weight balance.
EFFECT OE TH NVENTIO ﬂln the present invention, power is transmitted by the primary
power coil and’'s coﬁdé{rygbo "8bi hpé‘ié%n et frod site OIS Main bddy St e ultrasonic
transducer lgesiteekbrthetoot SIdé.eBe@@tes;ﬁﬂ%e signalcoils installedrondhel Mainbodyoside and the

tool side turnhel state efadhratioa.ekthe ult{@fggméggr@@ﬁguggﬁmtg @ﬂﬁl@ptrical signal and transmit it to

o]dl)( he ultrasoni nsducer can b controlled
the maln b %d?“%m ﬁ 3p¢8‘\t{v%l;us\ysp }Xifrgegwd 1£Oﬁ,trtweli%]2§aigo %% ) L% 111
by the power supply control means based on the e sctrica signafo btained throt hose S|gnal coils,

the suplied Potdsr ekt ahs Beadjibeay e actoriamea it ¢Iearnges in e TOURMAESONIC
transducer'siresgrant fregireiiéy;, @nd proicessinglguality oaﬂnbaummoveel d}'wmharmoﬁesdlhke signal coll

on at least qpgrside. AT NS Ml Bedy. IR abe.laol Sie. L%\@m ol winding path that offsets

the electrom lve or gener?; by the magnetic flux effect coming from the power coil. In this way, it

is possible, Using AH xtremEl stiptdstrudtiite g vdauds tﬂ’é%B@é 8 e‘o‘[‘roiﬂ%‘fﬁ}éj foHEhat is
generated ig<hSrtHedsigiat coihdum tb theefiie t< froivh the ipawentcoit. iAscanfesultritis passible to

improve the transmission-Auality ofithegleetticalisignat and,Recause.the signal coils can be situated in
close proxnmty%o m% power, %on d‘omﬂj iZzjin of the main quy1 side and the tool side can be pursued.

ate udimal ¢ross section: ews that indicate the direction

of the induced current generated in the signal coil, wherein FIG. 17A indicates at the
time of electrical signal transmission, and FIG. 17B indicates at the time of noise
generation.

20 FIGx 18 1s a graph that measures the transmission timing of the detection signal on the
toot side and the reception timing of the detection signal on the main body side.
FiC 19 15 a photograph that shows both the hole formed when the tool is vibrated and
rotated and the hole formed when the tool 15 rotated without vibration.

FEG 20 1s a view that displays the multiple tool units of the processing apparatus

J
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shown in FIG. 1.

FIGi 21 1s a view suitable for explaining an embodiment of the connection of the
FIG. 22 1s a view that shows a detection means of a processing apparatus according to
a second embodiment of the present invention.

30 FIG 23 s an exploded perspective view that shows a primary power coil, a signal coil
and a pot core of a processing apparatus according to a third embodiment of the
present invention.

FIG 24 15 a longitudinal cross sectional view of a primary power coil, a secondary

power coil, signal coils and a pot core of a processing apparatus according to a fourth

el
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embodiment of the present invention.

FIG. 25 15 a front view that shows in model form a signal coil of a processing
apparatus according to a fifth embodiment of the present invention,

FIG. 26 1s a view suitable for explaining the ultrasonic transducer.

FIGo 27 1s a view suitable for explamming the voltage applied to the ultrasonic



20BRIEF DESCRIPTION OF THE DRAWINGS [0033] FIG | is a view depicting in model form a
processing apparatus desc bed aecordin to a first gmbodiment of the present invention. FIG2isa
longitudinal cross sectional view of a principle part of the rocessing 25apparatus shown in FIG I. FIG. 3
is a perspective view of a main body side transmission unit and a tool unit. FIG. 4 is a perspective view
of the main bayiside fransmissionfunit-anshtbetealunidiom adiffigrgnt direction than FIG 3. FIG S is
an exploded perspective view of a primary power coilsecondary power coil, signal coils and a pot
core. FIG 6 is a view depicting in model form the signal coil shownFIG 5. FIG 7 is a front view of a
main body side coil he‘&g/] ZJ_g)QWSE AURif gt & %B&%B}h(ﬂﬁ?ﬂ%ﬁ idpdd W AH Brasonic transducer.
FIG 9 is a bloGR4iagram that sumarizesaibenthet:fnbe fhower supplypunitusedanithe wiacessing
apparatus acgording 4o thefirst grbodiment of the present invention. FIG 10 is a graph that displays
the ultrasonj lgansducer |mpedang:e pharacterlstlc? FIG 11 is a graph that displays the results of
measuremerrﬁt df the electﬁ K3 AURFRIRT AT ABWE D UGAYHE UitFakohid HarBaodEr B8 119%s a graph
that display$iéresultsofimeasarementoidtie voltagd Hnd! elduticat currentinaheureighborhood of

the ultrasonigranseugarssesenant freauanay: & 16 digrsaaranhtaat displays te results of
measurement pf the volta e alr%g electnc%eurr(ent' in a fre ue}ggy %”Qﬁ ]L outside the qelghborhood of

s camnec é’)i & Spil 1 &5 sllual
the uItrasonlc transducer S resonant frequency w quare wave’ Vol
10 equipment main body 12 mnctlenmg as a mam body side. By 101’11mw the 8 nnd]e 16,

the too! unit 20, which is connected to the spindle 16, can be rotated in relation to the
spindle head 14
10036]

which holds a workpiece 24 being processed in a manner that enables attachment and

The equipment main body 12 1s supported by a base 22. A tahle 26,

15 detachment, 15 mstalled on the base 22 facing the tool 18 {below the tool 18 in FIG. 1),
The table 26 is supported by a drive mechanism 28 on the base 22 and, with a guide
rail and servo motor, etc. (not shown in the drawing), provided inside the drive
mechanism 28, 1t can be relatively offset in relation to the ool 18 in the orthogonal
triaxial directions of the X-axis direction and Y-axis direction orthogonal to the

20 forward-backward direction {up-down direction in FIG 1) of the tool 18 and of the

Z-axis direction, which is the forward-backward direction of the tool 18. In this way, a

relative offset of the tool 1§ in relation to the workpiece 24 in the orthogonal triaxial

directions is made possible. It would also be acceptable that, in the processing

apparatus 10, the table 26, for example, can be made movable in the orthogonal

25 biaxial directions of the X-axis and Y-axis and the spindle head 14 can be made
movable in the Z-axis direction.
10037] FIG 2 shows the longitudinal section of the spindle head 14 and the
oot unit 20 m model form. In the spindie head 14, a motor 32 is situated within a
casing 30 as a means of rotational drive. By affixing the spindle 16 to the output shaft
30 of the motor 32, the spindle 16 can be rotated around central axis O. The spindle 16 is

supportud by the casing 30 via bearings 34, 34, and its tip 1s positioned nearly equal fo
the edge of the casing 30 of the tool unit 20 side. Also, a labyrinth seal 36 is provided
at the up of the spmdle 16 between the spindle 16 and the casing 30, so that foreign
substances, such as particulates, are prevented from infiltrating inside the casing 30
35 from the outside.

(60381 A unit attachment hole 38, which has a tapered inner circumferential
surface flaring towards the tp edge of the spindle 16, is formed at the tip of the
spindle 16. A pull chuck 40, which holds a pull stud 106 installed in the tool unit 20

(to be described later), is installed inside the spindle 16, namely, on the inside surface



FIG 14 is a graph that displays the results of measurement of the voltage and electrical current in a
frequency range outside the neighborhood of th(gsl ransducer's resonant frequency when a sine wave
voltage is applied. FIGS. 15A and 1513 are views that indicate the circumstances of the changes in
the 10voltage and electrical current when the ultrasonic transducer's resonant frequency changes,
wherein FIGikbAdndicates whentheaemplitude of the.eleatrigatousrent shanges.and.fG 158
indicates Wﬁgﬂigg% 8'@1‘3‘ @c%fatsh% electrical current changes. FIGS. | 6A and 1613 are views th_at
indicate the direction of the induced current generated in the signal coil, wherein FIG 16A indicates at
the time of El&étrcal signfl HaHsRIEEiSHcaRNEIGS 1B BURYIdAIES BidHe dinde bt soise YeHeration. FIGS.
| 7A and 1 Z18rarélonfitudinal orosdseatioridl views dhatindieate.thediractiamofhthe/inddiced current

generafed ipthe,sional el wherein HG I (4 ndicatesal ihe, Hine & gleciical siana tansmission,
and FIG 17B nﬁc%;cat sﬁgthe time of 0|$? generation. 20FIG_ 18 Is a graph that measures the

: G 1t . .
transmissior BHFHE SF tHE detttion Sigha of thetSor Sid and‘the reCeptitntimiRg dftRd detection
signal on thedmhintbogy$idécFiGin dddasphotogsaphvthat shows: boith ithededlpformedanwdten the tool is

vibrated angyrotateshandithe haledfarmad when the.toelisotated without\vdhnalioniind G, 20 is a

view that displays (he multile iool.unis ofhe processing anparalus Soshown infIG L £IG 2Lis a
vie'.v suitable %or‘exp aining an embot iment!of the conhection of processing apparatu Yown in FIG |

to a cHhputérKesrsikFIGo P s hiviavirthal Shewen vstebiorhwiearslor asroessenss apparatus
according texd Mﬁdlemquimqmtm thl’;l@pﬁ&aemt%iﬂ\beQHQ&]@&%E@IZ@E,%& e‘a(ﬁmledqpats‘pective Vi?W
fhat shows RIMRACLA;EFUROIARRALALANG 2 ARLCAIR AL AIRIOGRRIDALRPALAINE ARGaRING to athird

embodiment of the present inyention, is a’longitudinal ¢ross sectional view ofa primary

power coil, ASEEEHEAT Powdr B6iTodignar dand alida fottore bt 2 ot &sinepapparitudaccording
toa fourth 3sembodimentedbtiepreséntinventidnontinuously extending over the whole of the
[5  circumference around the central axis of the center section 48,
[0040] The main body side coil head 46 is seated in the main body side
seating groove 54. As shown in FIG. S along with a tool side coil head 96 (10 be
described later), the main body side coil head 46 has a structure in which a primary
power coil 36a and, as the signal coil, a main body side signal coil 38a, are held in the
20 core component, a pot core 60, The primary power coil 36a 1s formed by a lead wire
62 as a cotl winding, which i1s made of copper or the like, being circularly wound a
specified number of times. The size and number of winds of the primary power coil
S6a can be set as desired in consideration of the size of the power being transmitted,

cte. In this embodiment, the primary power coil 56a is formed by the lead wire 62

1~J
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being wound around a generally cylindrical bobbin 64, which is made of a synthetic
resin or the like, but the bobbin 64 is not necessarily required.

H0041] Meanwhile, the main body side signal coii 58a 1s formed by a lead wire
60 as a coil winding, which is made of copper or the like. As shown in model form in
FiG. 6, the main body side signal coil 58a is, on the whole, cvlindrically shaped, and a
30 first winding portion 68, wound on radially outside, and a second winding portion 70,
wound on radially inside and in the opposite direction from that of the first winding
portion 68, are composed of the single lead wire 66.

[0042] Concretely, starting from Point A in FIG. 6, the lead wire 66 is wound

approximately half-way around to form an outer winding portion 72a. It is then turned

Lad
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mward i the radial direction and, in the direction opposite from that of the outer
winding portion 72a (counter-clockwise m FIG 6). wound on radially inside
approximately one full circle to form an inner winding portion 74a. The lead wire 66
1s then turned outward in the radial direction from the inner winding portion 74a and,

in the direction opposite from that of the inner winding portion 74a (clockwise in FIG,



FIG 25 is a front view that shows in model form a signal cod of a processing apparatus according to a
fifth embodiment of the present invention. FIG 26 is,a view suitable for explaining the ultrasonic
transducer. FIG 27 is a view suitable for explaining the voltage applied to the ultrasonic - 10 -
transducer and the state of vibration of the ultrasonic transducer. EMBODIMENTS FOR CARRYING
OUT THE INYENTHIN/{0834]Fheutoltawipg dasetibeshthe embadimentisiefithe pressat igvgntion with

reference tojfhe: diayings, [00aIBIR 3 Bracesring anRalats &;}:qtﬂ%%%'“gﬁ% JIrggmhdiment of

"
the present invention is shown in model form in FIG essing apparatus 10 Is given a

structure wHEFSIRa 1531 (Rt 28, ‘é&ﬂlp}ﬁ@lﬂjw&w’ﬁlfﬁ& f@%ﬁaefli’ﬁ%iléﬂ‘iﬂﬁ‘és’ﬁ {b8i SiHkeris®onnected to
a spindle 16-afcatgpirtle preaddid; Whidhsissifudtedi imtaniddregpipment Snaifbbady 42 funetioning as a

main bady sidgdiBy iotaling the spindle 4% the teal unig, %Qm\fvhmh%;@%nw&%kqﬂb $pindle 16, can
be rotated in relgtlgn‘)g}o“tgcla spindcli%(p%g 14. L OSG(LThq (1 O}nla\ln body 12 s s}hp orted by a
base 22. A table' 26, Wwhich holds & Workpiete 24 beéifg ProceEet’ina é’rntﬁé‘f EhABIs
attachment ﬁﬁammmtcly half~way around, turned mw ald wound i the opposite dII‘f:ZLt]OH
approximately one full circle on the inside, turned outward and wound approximately
half-way around the remaining outside distance. By so doing, the first winding
10 portion 68, which is wound in a single direction, is formed on the outside of the main
body side signal coil 58a {clockwise in FIG. 6), while the second winding portion 70,
which is turned inward from the first winding portion 68 and wound, along but in the
opposite direction to that of the first winding portion 68 (counter-clockwise in FIG. 6).
is formed on the inside of the main body side signal coil 58a. The number of winds for
15 the main body side signal coil 58a can be set as desired by then repeating this
procedure. Though, in order to facititate understanding, FIG. 6 shows the lead wire 66
as not overlapping, the fead wire 66 may overlap on each of the first winding portion
68 and the second winding portion 70,
[0043] In this embodiment, the main body side signal coil 38a has a circular
20 shape of a size approximately equivalent to that of the primary power coil 56a.
Besides, the first winding portion 68 and the second winding portion 70 are each
wound in a generally circular shape and are formed on the same plane and on the
concentric axis. As shown in FIG 3. the winding shape of the main body side signal

coil 58a is maintained by having the lead wire 66 fixed with adhesive or the like to a

(S
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thin, annular-shaped retainer plate 76, which is made of a synthetic resin or the like.
However, the retainer plate 76 is not necessarily required.
[0044] The primary power cotl 56a and the main body side signal coil 58a are
seated m the pot core 60. The pot core 60 is made of a permeable-magnetic material,
for example iron, silicon steel, permalloy, or ferrite. The pot core 60 has a cylindrical
30 shape that is pierced by a center hole 78, which extends over the central axis, and
inciudes a circular groove 80 formed as a groove that opens in one axial direction and
extends around the central axis. The circular groove 80 1s a retaining recess that holds
the primary power coil 36a and the main body side signal coil 58a. Various forms can
be adopted as the conerete shape of the pot core 60; i.e., the pot core 60 can be an
35 integrally molded part or can be made from multiple components, for example, the 3
portions of an external wall 82, an internal wall 84 and the bottom wall of the circular
groove 80 bemmg adhered together. In additon, the external wall 82 can be
circumferentially divided into multiple portions, for example, and the materials

forming the pot core 60 can be arranged in close proximity to the primary power coil



15 detachment, is installed on the base 22 facing the tool 18 (below the tool 18 in FIG, 1). The table 26
is supported by a drive mechanism 28 on the basg 22 and, with a guide rail and servo motor, etc. (not
shown in the drawing), provided inside the drive mechanism 28, it can be relatively offset in relation to
the tool 18 in the orthogonal directions of the X-axis direction and Y-axis direction orthogonal to the
d-backwardsdiection { up:aved Wiseetiomin G sBkof the tool 18 and of the Z-axis direction, which is

the forward pagsyvard dirqeian.af Medogd By i3 W ARG RTiReLOLNS IRRLAB g elation to
the workpiece 24 in the orthogonal triaxial directions is made possible. [t Would also be acceptable

that, in the prOcESSIRG Appasttiy 16¢ tHenabreba S torenanied canlseciade miovasisth the
orthogonal 25biaxiabdirsctiotis of ther)Xjaxisandi Nééxislmimﬂxathezs?pihdd?@' hEHidqikﬁﬂamheSrmde movable
in the Zaxis diraction: {003 FIFIG.2 showathe longitudinal saction.of ihesrindle e{?ﬁﬁ]%‘]& fnd the tool

unit 20 in model form. In the spindle head.14, a mator 32 i 5! uated within a casing 30 as a means of
rotational drive” By affixing the Spindie 16 {3 thie’SatitsHaf Soof teitiBtgy 22 the spindfié 16 can be
rotated arouhdnééftenlrakis DoThesshihdie!|Brigsupponed bycthe Tasing 80 vimbearihgsi8d, 34, and its
tip is positiongehneary;egual tegeaiahithe easing-3Qafthadaql upH20 sidenAlsq. alakyripth seal 36 is

provided . )1 pindle 16 between the spindle 16 a__}rg:dq sing 30, so that.foreign
substancesf}g%g}jl%sq%%%tircﬁ?éet(é%, Lai%"grg\iiéfﬁtgg flr%&ri(%q 'i’ttratﬁl%%r(“ﬁé)é , %p 55“’11%1 éb)‘“fr%}fn‘l{he outside.
[0038]A’ unif dfctétiaRtdne dBewieAma athdbrdbvnarraadritersimary powerigadwards the tip
edge of thespintle d6irisfatmedatihetipof the spindlerd6infupil chuek4Q; whichiholdssa pull stud
106 installed jpihe tRelunit2Q (e he Q%%ﬁﬁ%%lﬁk%}ad?d&?ﬁ?ﬂ%ﬁj lﬁ}%'qk%n%gm'ﬁ%lg pamely, on the

inside surface, of the end of the unit at{rachmen_t hole 38 in the axial directionthe spindle 16 where
3 y opposite directions around the center of the primary

coil 383 are wound m mutua
power coll 56a. And, as the bobbin 64 intervenes between the primary power coil 56a
15 and the main body side signal coil 58a, the primary power coil 56a and the main body
side signal coil 58a are separated by that gap, preventing contact of their mutual lead
wires, 62 and 66,
[G046] Also, as shown in FIG 7, with the main body side signal coil 58a
seated in the circular groove 80, the first winding portion 68 of the main body side
20 signal cotl 58a is situated on the external wall 82 side of the circular groove 80, and
the second winding portion 70 is situated on the internal wall 84 side of the circular
groove 80. This way, the first winding portion 68 and the second winding portion 70
are positioned apart, and the distance D between the first winding portion 68 and the

second winding portion 70 in the radial direction of the pot core 60 is larger than both
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the distance d1 between the external wall 82 and the first winding portion 68, situated
on the outer portion of the main body side signal coil 58a, and the distance d2
between the internal wall 84 and the second winding portion 70, situated on the inner
portion of the main body side signal coil 58a. In other words, the first winding portion
68 is positioned closer to the external wall 82 side than to the second winding portion
30 70, and the second winding portion 70 is positioned closer to the internal wall 84 side
than to the first winding portion 68,

(00471 This mam body side coil head 46 1s scated in the main body side
seating groove 54 of the main body side housing 44 and affixed through adhesion,

press fitting, ete., with the circular groove 80 of the pot core 60 facing open to the tool

o
“h

unit 20 side. This way, the outside of the main body side coif head 46 is covered with
the mam body side housing 44, which is made of, for example, stainless steel or the
like, and. with the main body side housing 44 functioning as a shield component, the
leakage ux from the pot core 60 is reduced and the main body side signal coil 58a

especially 1s protected from being disturbed by magnetism such as from the external



the diameter decreases. [0039]A main body side transmission unit 42 is attached to the edge of the
casing 30 of the tool unit 20 side. HG. 3 and FIG_4 show bothmain body side 5 transmission unit 42
and the tool unit 20. The main body side transmission unit 42 is configured with a main body side coil
head 46 (see FIG. 2) situated in a main body side housing 44. The main body side housing 44 is an

integrally melded part: made gifarexample istainless steebineliding.p:center sectiomAa.0f generally

cvlindrical eterial ot g fanas;phiened RutionaA.RIIEEING A one axalegas Alhe 10
center section 48 outwarc n a ra irection over thg whole O e circumflerence "1hsert|on hole

52, which pENRFAERLrGYH et 81 Aas 2O TorrR BN 198 é@ﬁﬂéﬁ%e‘f%@h agd ghetHeatiore, a main
body side seatin oue &dlisdintinedhardunttthei circinferancel pkile sodiinsertion: idle 52 insthe center

section48, opening. 1o the iaelinilg0 sidg{Raftam of FIG 2), and continuously extending over the
whole of thi&“ j%Icumference around the ceptr | axis of the center sectign 48. | 0040]The main body

side coil h is seatedin the“mAin BEHY e §léjétt|}‘|§”@‘r]66\}8‘“52f“5&s4%Hvaﬁ‘IH &8 dfong with a
tool side coil’hedit968 (16 Be desttibeldter) e srdirbbdyside coll headie:hasadiructdre in which

a primary paweriead laﬁam@s)tha)&bgnal(qg@l 58 mainbodyside signaleoilR8d. areheld in the 20

core compoHennatt ane H{" é)r(%g% T(gwe primary power coil 56a is formed by a lead wire 62 as a coill

winding, which7s ma copper or the like, being cwcularly wound a specified number of times. The
size ahd nuiib&tlof windd: )é)‘f"éﬁe%}ﬂfrﬁﬁf%ﬁxﬂhé?‘@m* 364 Carbe 5Etab dusiesd wicoisiveration of the
size of the powenheingtrarismitted;letc: ithis@embodimentd the pamanipowenead 58a:is:-formed by

the lead wire, 62 0eing woundAaund a.oeneraly i qrmlm o %th'cms TRAAOT greynihetc

resin or the like, but the in 64 is NOt necessarily required Meanw |Ie ain body side
8&

signal coil 5%%1‘%%6%‘(3‘& ebFwite 68 45%' duli Wi Q’nd" W?ch‘*‘s igde st e‘fo‘p‘ﬁéﬂﬂ‘tﬂe like. As
shown in medetffirminEIG. 61 1thel maihcbodytisidd sigmal ¢0il B8acdsicomthiénadelepcylindrically

shaperh and.a1 30 finsé winding:partian £8,waupd.on.radially. qutside;; and.a.second-winding portion 70,
wound on radlﬁll}g |£k§|dF ﬁ n'ﬂnt eg}pgg& € direction froml at of the flrstqvmdln %)rtlon 68, are

composed of the single Wire 6 52 TEBHEPSIEI S tarting R P SIHE ASTH PHEE Whe lead wire

66 is wound U0 is for mul m the coil E"ﬁtdd holder 98 so as to open to the main body side
transmission unit 42 side (upper side in FIG 2) and extend continuously over the

whole of the circumference around the central axis of the coil head holder 98.

20 Furthermore, a rod section 102 is formed in the rotation housing 92 on the central axis

of the coif head holder 98 and projecting from the coil head holder 98 toward the side

of the main body side transmission unit 42. The rod section 102 has a slightly smaller

outside diameter than the inner diameter of the rod insertion hole 32 on the main body

side transmission unit 42, and it is of a eylindrical shape with an axial direction length

R4
La

substantially the same as the length of the rod insertion hole 52 in the axial direction
{(up-down directional length in FIG. 2). Equipped with a tapered circumference surface,
a shank 104 1s formed on the central axis at the tip of the rod section 102, which
protrudes from the coil head holder 98, and projects further into the main body side
transimussion unit 42, adhering to the inner circumferential surface of the tapered unit
30 attachment hole 38, which is formed in the spindle 16. A screw hole is provided on the
central axis of the shank 104 and the rod-shaped pull stud 106 is screwed into that
screw hole. Furthermore, a generally cylindrical housing 108 is formed in the rotation
housing 92, projects from the coil head holder 98 in the opposite direction from the

shank 104, and extends along the central axis. A groove-shaped V-flange 109 is

Lad
A

formed on the circumference surface of the housing 108 and is held by the arm of an
Automatic Tool Changer (ATC) (not shown in the drawing). A vibration unit seating
hole 110, which opens onto the opposite side of the main body side ransmission unit
42 {bottom in FIG. 2), 1s formed by the nner cavity of the housing 108 connecting to a

cavity formed in the center of the cotl head holder 98.



approximately half-way around to form an outer winding portion 72a. It is then turned inward in the
radial direction and, in the direction opposite from that of the outer winding portion 72a
(counter-clockwise in FIG 6), wound on radially |n5|de approximately one full circle to form an inner
winding portion 74a. The lead wire 66 is then turned outward in the radial direction from the inner
winding porfigrsda and, imtheidisgetiamppposita framithatof thedanenwindingnportion 74a (clockwise

inFIG ). wasind an ragially quiside caprexmativall ey siund,fefurning o Eaint Ado form an

outer Wlndlng pOI’tIOI’]:7 An outer winding portion /2c, an inner win % ortion dan outer

winding portidh %éf’é%dah@?d%]eﬁg FPIAE GrOEY ‘*BWF@&%‘H}H‘I@] fHisIpre FErQHahia Wéﬂ;‘ﬂ, the first
winding portibh 88 ¢suitrmed byrouwdrowindihgsporions |é2atd-72drard the:secandawidding, portion 70 is
formedsby innenyyinding.periap 7&@1%@@}3?@%1@&79&1 ithe.Jead.rg 6 ig,wound;ep,the gutside

approximately half -way around, turne gnwar g d in the op sﬂe\scjlrectlon ﬁ)roxmately one full

circle on thé RIS tﬁrhéﬁ"&lﬁtv&é‘t} AR A S S BRi ‘téy FAVRY HrsLie the' Feidifing outside
distance. By g@dﬁfﬁ@, thefikgnwinditg Lo portdon (B8llwh@(t<ﬁ\fsiw©mddllnnab§&hgLéﬂdri’séMLoﬁms formed on

the outside @fthemaimbady side signaheqilh8a feleckwise ik G &) while theizegend winding portion
70, which IS ﬁ“{fl@q}'ﬁ” ﬁi(hﬁt?t, bcqg fl{ét]‘w CA ps?crgg 68 an thcn e c?gn%?)nq fatc{pzc}hlel QﬁﬁpOSlte

direction to that of the first wmdlng portlon coun er- c1oc wise'in £ med on the inside of
the méath botllisidésighalesit B8ay 11 naniBerStstlindsdores hernuin Boayi sitkbsigmabeoil 58a can

be set as désirgthby then)repeating:tkis prdeeduref Thoughdri@rder do fagilitate understanding, FIG 6

shows the Igad,wirg, @@,@ﬁ;@%g\gqﬁgpmguﬁ@ ng\wgfg £6 may qverlap on each of the first winding
portion 68 Zp‘g e second winding portion 70. [0043]In this embodiment, the main body side signal coil
u

58a has a circular 70 shapé %f‘é‘%“l%@ éﬁbﬂ?d&ihﬁf&?ﬁ? SBValert { At o tRd BHiffkry POWET coil 56a.
Besides, thecfipstwindingrpoidich 68 aehthecsevont Windingsortich #¢ aredactewbliid in‘a generally

circulasshape apekare: formed onthe.sameRlane frAGan thmcmp@mrt%wéaﬁ shownn,FIG 5, the
winding shapeigf t{“h(“ “r(r)aln nod}/ S|ﬂe 9%1 I]coqllm58{ |stg1§|nt ine hav 9 he lead wire 66 fixed with
adhesive of the fike (o a 25 Thi, anqulars shaped refainer plate wh| 1 18 Halls of'a Eifthetic resin
or the like. Hﬁ\ﬂié‘\}@‘r”the“rbﬁﬁme? pldfe 7é1§*ﬁoﬂ‘ﬁ@é@§§arli?ﬁ@quﬁéﬂ [@@44mzecbrmfary power coil
56a and theomaiinhibdyisidensigrial ane: S&acareseatethindhiemotcaecaly, The: pol:eepe-60,is made of a
permeable MAGRRNG MASHIRLAXAMRISTAR, Sileonsinsh Betmalipy. 8hieriis. e, AEA A has &

cyllndrlcal 30 shape that is pierced by a center which extends over t e central axis, and
includes a é%ﬁf&ﬁ?o‘(‘i\)é"%’@“l‘dmi‘eﬁ“é@ ‘brldéve”fﬂei{ bp@ﬁ%ﬁh%ﬁéh&%l diRstisH afdextends around
the central axisddthel bircodar groove 8@ dsia@ tetaipinrecess thattholdsithe: prirhanypaweancoil 56a and

the main bogy; sigle $&W@k@ﬁ>lll§§§< Marigus.farms.can; %ﬁ%ﬁ&%do@%khe&fm&{%tﬁ Sape Qf the pot

core 60; i.e., tpe pot core an be a mteg;all molde t or c}fn be made from multiple

R DROHAWRI B2 ] ity i Wil SRR bottom wall

components ot XBR] blE; t‘ﬁt
of the cwchﬁF’@%@é\ieT%%éméle@Iﬁéré& togjethenpih. sdditio itherexténdal viall 82 cambecircum

erentiafly divided into multiple pomionsyior example, @@Qcﬁ%eamatata@ forming:thepefcore 60 can be

arranged in clgse proximity to.the, |mar ower%)l E e main. body side si oil 58a.
[0045]The a%]% (J sl eic:(()ﬁ 1618 r}rtf”lié"d with ;? T nr%rrﬁé{rm uo)\i/]v‘g?“éé 6({aflhancfr¥he§maln body

side signal £6fl 58@*%hgtg‘ed’téﬂllﬁ te Gitclifar @’r@eﬂ}e%omllﬁffﬁls BBdithetit the peirfzey power coil
56a and thermainlody StdéssighiatheoitHBalso be adopted for the shape of the hom 114, for
example, stepped, exponential, catenoidal, or conical, and various materials can also
30 be adopted as the material of the horn 114, for example, titanium, an aluminum alloy,
steel, a copper alloy, or a non-metal such as synthetic resin.
[0052] This vibration unit 94 is attached to the rotation housing 92. For
example, iy this embodiment, as shown in FIG 2, with the ultrasonic ransducer 112

side of the vibration unit 94 seated within the vibration unit seating hole 110 on the

L
Uy

rotation housing 92, a flange-shaped portion 126, which is formed in the vibration unit
94, 15 laid on top of the open edge of the vibration unit seating hole 110, and attached
to the rotation housing 92 by screwing fixing bolts 130 through bolt holes 12§
penetrating the flange-shaped portion 126 and into the open edge of the vibration unit

seating hole 110. However, there are no restrictions to the concrete structure for



8 are placed in the pot core 60 in that order, but the order in which they are arranged in the pot core 60
may be reversed. Thus, as shown in FIG 2, the prirpary power coil 56a is encased in the pot core 60,
and the primary power coil 56a and the main body side signal coil 58a are seated in the circular
groove 80 on approximately concentric axis and with their respective lead wires 62 and 66 (see FIG 5)
overlappingdmtienaxiat 1odireation(Yg-down direciiontinuEie 20 Bythusiartanging daepemary power

coil 562 and e sain hedyside, slgoaheal e onARRrSMAIE, concetic s, Ing [ winding

portion 68 and the second winding portion 70 of the main body side signal coil 58a are wound in

mutually opb‘&ﬁfé“ﬂife‘b‘ﬂbﬁé‘Qf'oﬂ]‘i‘al’tﬂé)%éﬂ?ethbf‘fﬂb‘bﬁ?inlé‘ﬂﬂf)‘o%er coil 56a. And, as the bobbin 64
intervenes hetweken the pilwarypowvercoih 564 15 afid thev e body bidd Signakbeoik58aicthe primary
power &0il 36g-AR8: ghﬁom@M@@%@I@leds@Qﬂbq9111@$@@r %B@@&@Q by that93ry PrRY&NPY contact of
their mutual Ieagd(yxllg% \/6% )%ng 6(@ [Oﬁfg{ﬁlsp ?ho(yvn IQ FL y¥£h the maln bo adg gde signal coil
58a seated in the cwc‘ular‘ Sroave-do; the Tirst Wind ing portion™ 80F the H&ik Body §idé 2o%signal coil
58a is situatédl'oH ﬁﬁ'é“éktérfﬁ’aﬂ el B side Betisel b tilard oo ve B0 ahdsthe Seednd Winding portion
70 is situatedandhe dnternahMallB4 sidecof sheneirgular @roovash.hbisiway . the: fisst winding portion

68 and the secapd Wnding Roption QA RAsIaneA aeait any LWGBQL%%%Q% oyft#ettvgg Df1e first

winding portion 68 and the se winding portion 7 he radial direction & pot core 60 is larger
than bdth tHEGiBtaHCE AOBEERERES tHe Bk tErHAIRAEH gﬂ‘ah‘d‘ hearrOWiHbMY Bt&rﬁ’@h B8 sittrated on the
outer portiomgfithe amainlbody sidecsignat coilib8esiard!the distarice d2betivee rhthgointeral wall 84

and the secandrywinding POHIRNHO 1@{%@%@%@&%&{@0&{ Rortion gf.themain hody. side. signal coil 58a.
In other words the first Wlndlﬁ ortion 68 | g{ltlg 8d loser to the external wall 82 S|de than to the
rt

second winBifig Portion 70 8Hd e LedBhd an 705 pOStBREE CIGEE W he Thternal wall

84 side thah%’tﬁ@ﬁr@t’wmdiﬁé p@btlbrﬁ%}?[o@w?}fﬂmlé mainbody Sidd boildhéadi464d deatéd in theody
side seating graavedsd otthemain bedy side h@u@%%@iﬂ%@ﬁixgddhmp&h@d@eﬁ&n press fitting,
etc., with the cireplar, grfgoveoé&&i tbgﬁ?g LEgie 20 dacng pRomie (6 Lol 3o it 89 sig, This way,

[ h

the outS|de of the main side co 48 is Covere Re main bo S de housmg 44, which is
made of, fof(é%‘éﬁ‘fpfé‘“’s“ﬁﬁﬁIé%s%%%e‘l“é‘r\thje ‘IﬁR@“&}hd“‘v\htHf[‘heﬂﬂﬁaﬁ B’éﬂy%m% hé&%‘iﬁg%ﬂ functioning
as a shield ¢ompenentyihe leakagenfluxfrom thelppicoie 66:dstradusetianddbe malmbgcty side signal

coil 58a espggially | wrfat;%%ﬁﬂ J1om:h %L %EW%Q\WJH#QW%H‘)& 91%5 Jromd ﬁs&?ma' “14-

motor _32. Itl(gals p033| ble to pravide the shield component separately, for example, by forming a

shield"CompanBht 5t &HBI %é*e iy okl i et Si6y PEBpPEY aﬂw it alloy,
nickel alloy deetangiciror syethetic resin, e the! mainchedyisidé coilhdadi46 may belseatdd in the

main body sigle-s@ating greeve, b4 thhitshextestorcauered by.that shield compangnt. [§948]As above,
the main bod}: S|de&ransm|53|on unit 42 is fixed firmly to the casing 30 by overlaying the flange-shaped

portion 50 dn the casing 30 and inserting fixing bolts 90 into bolt holes 88 that are opened at multiple
locations ontheHlange-shapse perfof 5EMOfIe48]ORHE otAdr High @ dsshownin FRS 240 FIG 4,

the20:fas anserted into the rod insertion hole 32 in the main body side transmission unit 42, as
shown in FIG 2, using an ATC or the like, for example (not shown in the drawing).

‘The shank 104 penetrates the main body side transmission unit 42, and is inserted into

the unit attachment hole 38, which 1s formed in the spindle 16. With the pull stud 106
being held by the pull chuck 40, the tool unit 20 is affixed to the spindle 16, In this

30 way, the main body side transmission unit 42 and the tool unit 20 are positioned in
opposition i the direction of rotating central axis O of the spindle 16. The main body

side transmission unit 42 and the tool unit 20 are arranged in a contact-free state with

a slight gap between them, and an airflow path 132 is formed by the gap between the

rod msertion hole 32 on the main body side transmission unit 42 and the rod section

35 102 on the too] unit 20 as well as the gap between the main body side coil head 46 on
the main body side transmission unit 42 and the tool side coil head 96 on the tool unit

20, With this arrangement, the main body side coil head 46 and the tool side coil head

96 are coaxlally situated with each other on the central axis O of the spindle 16, and

positioned with a gap and m opposition in the axial direction of the spindle 16



structure in which parts like a vibration unit 94 and the tool side coil head 96 are installed on a rotation
housing 92. The rotation housing 92 is made, for example, of stainless steel or the like. A coil head
holder 98, which has a generally cylindrical external shape, is foniied in the rotation housing 92. The
external dimensions of the 15 coil head holder 98 are substantially the same as the external
dimensions of thescenterseatian-48. af theymainibedyssige transmissionuribd2. A rotatieniside seating
groove 100&@{@@%%@4!}9 cotiferaheldanal 80,8510 ARCRJANE MAIRR ALY Sldatanppission unt

42 side (upg r sids mqui{ 7;{2 and tend continuously aver the whole of the cwcumference around the
Bii

central axis O the' drﬂ'tﬁlf‘délr é“‘z‘o%‘i’fh@r}ﬁb‘?@‘ % 4 é%étﬂﬁﬁ‘&d)@ 4ERHNEE HE B fotation
housing 92omstheccémtratiasis &b thdxoildvetid holder:9g and projectingdtomithe: tollhead:holder 98

towardsthe sighe pf thiesgaain-badyside transmissignunit-42.nEhe mda%@%@racw%{n%s ;%%U&htly smaller

outside dlame{%’(ﬁhaﬁ%ﬂt‘eulﬂglﬁr o am?%er %foH]W&lg)d'vmse&tlgrg}rbo}le LGOPQK COl 1 % side
transmission unit 32 and'it s of a cy imdrlcal shap & With an axial direction Ie% %E*antlally the

same as th&' TéngtA of tReTol Hsérﬁ@ﬁih%l@wwmé% axialdireetionup dovielirettiohakiength in FIG
2). Equipped withasspered irchirifarance aurface, @:abank (h04dsi fermed andhe-cantrakaxis at the tip

of the rod sl%@gl[(p\qJrg%,u\glnlmlmgqu?ﬁ fromcthe coil head holder 98, and projects further into the main
body side trﬁ% mlssmn unit 42, adhering to the i mner circumferential surface of the tapered unit 30
i

attachment'Hdfe B8, WhchiglfngBﬂ”Wﬂﬂé/ shindri s 2R Lersd FoIR! pidsaddd sitRE - dehtral axis of
the shank X04:ank the rddshapetlpulPstad 206:is:screwetiinteithat sgrelivh k€. Burthermore, a

generally cylsnm@@hhnggfm%gs aueeddn the thati{é)mh@ktélngz%?mprme&‘i%lgmﬁh%995" head
holder 98 in tqej RPO éte wectlgsfgomt esh k104 an ﬁendsaon the ce tra
".f

groove- shapedy lange 169 Hivea Bt e circh hw\fé Surface Lt‘h‘@‘hlousfﬁﬁ 1‘&3 and is held

by the arm B &HYALO it To BT @HANget (ﬂT‘(QWHD@@h@Wﬁ fotheldraving) caviblationcanit seating
hole 130, whichiopenswonio thelappasiterside qtithelmalmquygaldﬁrt{@ns'a42<>(b@ﬁt@m &G 2), is

o e CATT e e e g 103 sppasstng o A gy iy formed in e center of the coll

head holder 98. - IS - ation unit 94 Is situatedan partla yt eVibration unit
seating hol& P18 Fits, %)EHB tﬁ@v%ﬁ%ﬁwhﬁﬂw iFrABABY fstiD R Wfatmﬁmﬁ& sithcludes the
tool 18 conhéctechtoradadtrasanictrapspiueern b2 thiugh @¥omdliA M hewltiaganieijiansducer 112 is

a so-called holtsclamped, lapgeyin Hangduss, 5(4”9{“%@91%%@ ﬁha[ra@d nplfiele Rigzoglectric

elements 116 forrged from, for example a ceramic sheet with a piezoe ectrlc “effect, and

st ST ERBHES iﬁ%@g}éﬂ&ﬁgbﬁ&fémam e*d%ﬂﬁalaﬂﬂiat&ﬁﬁiay layered on a bolt

annular -shape
120. Also, 98 ifrasonic fPansdusse1iznig sandwiched:bétdiéenia metalibleckid 22iandithe horn 114

and screwed intodhe:baltd 20 fromdbath siges. &ach of the eleelndesi kiga.and 148k, which are
alternately {axer&ad |s aneqted to a.se ndaryﬂ Cfcn?rmca%%b to be described Iat?r{) Tne number of

layers of the plez%é"llec fice e}rnéﬁ']sS Efi} |sd§ettL &5 esired in Considera |(()Lﬁloglhfﬁ\e”r3hu (éd stroke for the
tool 18.  And, as also shown in FIG. 9, a correcting capacitor 142 may be provided in parallel
25 with the ultrasonic transducer 112 as necessary to offset the electrical current that
flows through the damping capacity (Cd) of the ultrasonic transducer 112
Furthermore, a detection c¢ircuit 144 is connected to the ultrasonic transducer 112 as a

detection means, and the detection circuit 144 is connected to the tool side signal coil

58b through an amplifier circuit 146, The detection cireuit 144 is, for example,

30 configured with a Hall element or the like and detects the voltage applied to the
ultrasonic transducer 112, as well as the electrical current that flows through the

ultrasonic transducer 112, as the state of vibration of the ultrasonic transducer 112,

The detection circuit 144 and the amplifier circuit 146 are mnstalled on the tool unit 20

side.

(e
(e}

10057] The contact-free power supply unit includes the main body side coil
head 46, the tool side coil head 96. the power circuit 134, the inverter 136, the
communication cireutt 138, the control device 140, the detection circuit 144 and the
amplifier circuit 146, and the power supply unit that outputs AC voltage to the

primary power coil 56a 1s composed of the power cireunit 134 and the inverter 136.



[00511Also0, especially in this embodiment, insulating layers 124 and 124 are respectively provided
between the metal block 122 and the electrode 118a of 15 piezoelectric element 116, and between
the horn 114 and the electrode 118a of the piezoelectric elements 116, which are the two sides that
sandwich the layered piezoelectric elements 116. These insulating layers 124 are formed from a
non-conducking shaterial thﬁﬁd@ﬂSpﬂQIc@ﬁﬁ&)’aﬁ@f@ﬁmselasﬁiﬁﬂiuy,ufﬁﬁ&iﬁ@mmeﬁ avegramie brigtle material.

oue to this. gheiprationf e Litaaeale fansahiren 112 ineflaglively tansmitied % 848 fiern L1+ and

the danger of electric shoc etc., can be avoided. The tool 18 Is atta ed fo the ti 2 'homn 114

through a chaBrMeEndnisiverdsdivg Peciet GPIERfnRsHR g Ahstrs ﬁ/hﬁ‘fh@@%?gﬁéh%f fHe ultrasonic
transducer ¥igdisamplifieciétthenhomiktidand ttansmittedssotineltopkd B8 y\dribas:itemsrdan be

adopted foryise ag theitool18, E@%ﬁﬁ@“@h@ an ! QWQH@Haﬁ%Ec@.ldTHEdMa i8¢ eonaelg 23 sfjape and
material of the h(?rn 1 4 candb{ opriately set in consid é{;;ttlon af the %b‘mt y of the. ma erlal of the

workpiece 24 6F the Vi ration | cond fé’n%LSfl T TH6T 18 For Sxamipe. thRRSm 14 éﬂ‘ﬂg tbrmed in
multiple levek6r &arbe:formsdaaimdividually. Marivustfoimgsieedhatbochatadopted ferthe shape of horn

114, for exafmﬂke,fﬁfsepp*amemqn:efntiahmtenq‘udalmracm@al ﬁﬁﬂﬁu\f@ri@lﬁ; rpRtekials qandﬁlso be
adopted as tﬁgrﬁl ?rf}%l 9 &h)%]b% d%%é for L& &m]%et_lj {taa‘sgll My QL& $‘é@'Wﬂu #O Ste 2{@ copper

alloy, or a non- such as synthetic resin. | his vibration unit 94 is a achea e rotation
housn‘]& 92. LIQB}J%(ample in this embodiment, as shown in FIG. 2, with the ultrasonic transducer 112
side of the vilsratipn unit 94rseated within ¢hesvibratian iunit seating holed1:26 anxhen3paetation housing
92, a flange;ghaped mortion;126,| Wh’&h dgfomied i the vibratiqn:ynit 94 s g laid 9%09; fithe open

edge of the V|br tion unyj t sza |n hole 110, and attached to the rotation h ousmg 92 by screwmg fixing
bolts 130 thPSUIR BEHoIEE 158 FaRBtitiAg HHe fidnde-Rapdt Poribh 126 ard fhtd thé Gen edge of
the vibratiofWHitsestivier holes KO However, therenard mogebtristionstiosthikoconoretéstrieture ‘for -

16 - attachingdhe:vikration uinit: 94ntorthe: rotalion (l@l;lz%lﬁlgi DRe ThUS, zmerealxﬂa%q&tn@;\{wmlon unit 94
projects from e [ofalionpusing 92 and is.nsialled.on the gonceisc axis, as e shank 104 and the
coil head ho der9 ?Oﬁgé so as shown in ‘3 the 00! side coit hea induded'the secondary
power coil SBB%HYad e dienal ColCHRINidEsiutEl EsHBRISY Bjec’au%@’ihé serbridarygsower coil

56b and theztopl:side signal caihb8bdare raspeciivelyofasimilarsirysture torthe primary:power coll
56a and the, main.body:si 0@@@{3@! 99&&&%&0@{ ded.on ihe m@m}%@y %%&%kla%aﬂ 48, the same

numbgrlng ha %t& ﬁn used in the rawmis and separate eéxplanations have been omitted. Specifically,
the toolside' 10 ¢oil et YB-Eorrespatis o thié ’ﬁ&éﬁwbw it Bl REad e Withotitsthe ot core 60,
and has a simila¢rstrustudg do theimaiddnodySide! cgit fiead by excluding dhacpat.core 60. Therefore,

while the pqtigang 60 is prpyigeg, %Ih%ﬁq{% AAAPGRENt enaasING.the PIIMma ROWECQll 62 in the
spindle head 1. 14 8 COrg Compor ggpca%sm g the sec ndary powglé oil 56D is not provided in the tool

unit 20. The o061 Side ¢l head oSitaNE tie ool Llde skIAAT Mo BBH B THE HdiH sty side coil

head 46 side!drdlfsoSiatetk e r‘ét‘ahblﬁ é?de%ééaﬁn@ pidbyvevroo pfatcoiivdadisidbrio8 in the
rotatidrs housing-92:anehaffixedthraugh-pressureansd adhesion, am:rwth@ugn;@;qmu@g drawing has

been omited muliple AAser plen k4 Gee Gy A)are shenedcigumisrontaly.at aporopriat

intervals on the bottom of the coll hea older 20 98 in the rotation housin B’ msertlng

whirl-stop pif&RBtEHowHS H‘fh%%réMHgyMﬁBR%gg bifi fHEBrEHbIGEI 1A faﬁ@néﬁ*gagﬁmglﬁﬁém to the
tool side coil héad: 96yrotationofthectodl Sidedoil headR6-nside thieoratation: side Geating:igroove 100

is preventedyrrent that flows through the ultrasonic transducer 112 is measured by changing the
30 apphied voltage from 10 kHMz 1o 40kHz. An example of the resuits of measuring the
clectrical current that flows through the ultrasonic transducer 112 1s shown in FIG. 11,

From the measurement results obtained, we can suppose that the resonant frequency f;

of the vltrasonic transducer 112 exists near the frequency (approx. 23 kifz in FIG. 11)

at which the largest electrical current flowed,

e
Iy

(0061} As mentioned above, the ultrasonic transducer 112 is driven most
efficiently at resonant frequency f.. However, as is clear from FIG. 10, the change in
impedance (Z) near resonant frequency fi is steep, and the state of vibration of the
ultrasonic transducer 112 changes sharply with only a slight deviation from resonant

frequency f,. Thus, in this embodiment, a position slightly shifted from resonant



[0054]In this type of structure,the shank 104 side of the tool unit 20 is inserted into the rod insertion
hole 52 in the main body side transmission42, as shown in FIG. 2, using an ATC or the like, for
example (not shown in the drawing). The shank 104 penetrates the main body side transmission unit
42, and is inserted into the unit attachment hole 38, which is formed in the spindle 16. With the pull
stud 106 beingheldyby, thei pulhchuck 40:theftaglanit 20iisiaffisrddothenspingle/16dnrthis 30 way, the

main body sigetransussiop Haildzand hedopk uat 4 e ABaitoRedin appgeIian. 19 he direction of

rotating central axis 0 of the spindle 16. The main ObiSI de transmission unit 4 and the tool unit 20

are arranged iy é&hfalct—fré?@%’té‘f@’ V\ﬂth‘}at%ﬁgh*t Yap B isEH e P se AHTSTFIGH SACER2 is formed
by the gap Betweaetitheirad ¢hsgrieh holeB2ionthkimain bedy:sidetransmissiendnin4ghand the rod

sections35 102,08 H&.10a! uRit 2Q.a3$ W@&k@ﬁmﬁaga&m&%%@@m@ B.hody side cail heag 46 on the
main body sdrde transmrssrgn unit 42 n ¥ %éo I sro\e Ccoi ead 96.0n gh th‘L} mtﬁgﬁ Wlth this

arrangement, thie main Hody 'Side h‘ ! AR ot §ldé‘“éoﬂ Pea &'t %ally situated with
each other &fPtHaCEntiEr @a@rweﬁtﬁé@mmé k61 grepositionddowithl 3 gapraitid i bppesition in the
axial directianfedfine:spindlgslhat 17 o(lupddown disggtion in{ﬁIGQb@y&@ﬁ@tmgﬁh@reﬁwle 16 with the
motor 32, thlejﬁggghupﬁzg)rqr%t\% [‘J?l%'l?{‘&% &he %m Ie h adglll?l th /Q&ay(q 1t{h{e;jeel 8, and the

tool side coll 96 rotates reiatrve to the marn iSI e cor he d Zl around the central axis 0 of

the spifidle Y8 RSy Hh& BriftaYy PEwer ColsBh AR the Ahain By siddssdighal conessa,
provided orwthre: maimpbody Side childhead 46;cantk the séoonddryspoiwencail Hmanrd thadrol side

signal coil 5ghy;pravided on the 9@l sidg coil head 96, are arranged in opposition, separated by a gap,
on the conc n)t(r iaxrs with the gentral axrg Rindle 16 which is the rotatronal center of the tool

OQoft
unit 20, anof are-allowed refative'Fotitioh arddid lFéhtr 148 LOWB 055VitA the'iain BBty side coil
head 46 and thetteobsidertoilibat 96) fortekampie; &g showntinFIGI8: appollehcirtlit. 184, which

supplies DG powarads @@m&e%’&&d&%ﬂ’@@flmﬁr%@@wfhﬁ ¢oil; S6& \danaarinverter 436-an.the equipment

main body 12, ﬂ ethes in 14| vided. The ower crrcurg the |nverter 136
are both arrange \%t s equipm ql% ain bo ﬁ.dqf LEontrol'device 14ba|}il cohnected to the

uipment main bod
main body éﬂé‘“sfr@fﬁléfrébﬂ és R EHPOGER d t%hamnﬁreﬁﬁéﬁ%rﬁ&wml Hitls is'Eqiigped With a
demodulatoradinguito T e cofmmunication bircuiti1ad andsthepgditrabdavieei 140 are alsodegated on the
equipment main body 12 side. The control device 140 is equipped with a CPU, ROM and RAM, etc.,
and it adjus th,,etdrive frequency of the inverter 136 in accordance with the electrical signal

30recelved frofh the comMUNRARSHCiFcEtT S8 GARS Préttstiingd Br g At {0056 O the other
hand, on thétoohunic2oiside, therultraspmicvransdudén 112 isheopriected torthe seeoridany power coil

56b. As men&@medreh@yevthehuItreﬁgmczrramcerpl]a crenlb&rcgn@éi%dﬁ&qw algnklo the
resonant CII‘CUIt sho E? as also eq wn in F corr ectln na;gamtor 142 may be

3}
provided in parafiel 1trirﬁelfﬁlttra‘”s Aic tandducar it a"s{in‘elcéssar tRE Gigittical current

that flows th}@mgmwel eaﬂﬁp g pepEEyPOE) efthetdlradohic wawg&uzzewmq Fukthermore, a
detection cictuitrdd# és confiected fe hewlirasbnicitransdusriiliZ2iasa detestionaeanshand the

detection circyit 144, @&9%& teckoifhe.ia0 l}ﬁrﬂ% Pianalesl aEhroug han.am PHIGLELE! 140, The

detection circuit 144 is, for example, 30 confi ured element or the I detects the

voltage appligd t5tHe it a8oH: &‘H‘&\‘ﬁé‘&h@é‘ﬂi? f’é’é‘\?\}e‘ﬂ“’a!s“t@re Bréchscacurut ii’ﬁat“ﬂdwel through the
ultrasonic trarsducers 12 ras the!statécofvilbratian ot theluliraganic/ tranaducendh2:dTihe:Hetection

circuit 144 and,the amplifiercicah k46 areinsialied on e RAMNEZQ SHS: s drive power.
30 Accordingly, the ultrasonic transducer 112 is vibrated. the rotation driven by the
motor 32 and the vibration of the ultrasonic transducer 112 are superimposed in the
tool 18, and processing of the workpiece 24 (see FIG 1) can be performed with
greater precision.
10064] During processing of the workpiece 24, resonant frequency 1, of the

35 ultrasonic transducer 112 18 changed in accordance with the changes in the mechanical
load applied through the tool 18 and the changes in temperature conditions. Changes
in resonant frequency f, of the ultrasonic transducer 112, for example, appear as the
size (amplitude) of the voltage applied to the ultrasonic transducer 112, the size

(amplitude) of the electrical current flowing through the ultrasonic transducer 112,



35100571The contact-free power supply unit includes the main body side coil head 46, the tool side
coil head 96, the power circuit 134, the invcrtcr 136, the communication circuit 138, the control device
140, the detection circuit 144 and the amplifier circuit 146, and the power supply unit that outputs AC
voltage to the primary power coil 56a is composed of the power circuit 134 and the inverter 136.
[0058]With thelprobessing am&\‘ﬁﬁ‘tblﬁilﬁﬂantf&%@mb@ﬂim@tv@m@ ReMver:canhe-sqppliedfrom the
equipment BRI ARG Main,perly 4R 19408 HrasepisHanzaueer A ntalieg,on the too

unit 20, as the tool side. By detecting the state of vibration of the u frasonic tr s ucer b if the

resonant fretfGeHEs ot e IrEomie traRYeiices: 1‘@2‘%@%&%(@&6@13&({0 élﬁnét]f‘fahiéal load applied to
the ultrasonictramsdurehdk2idi duecto changes dnitempiratureraahditians, dii& passiblertacefficiently
drive the ultqﬁﬁwwgﬂ%ﬁ@%&%m ResiRrming fegdbag, contral; Lh%%ha f{%ﬂyen%%&%le applied

voltage to the ultras nlctansduc 112. Hereafter is an exa Ieo th esu of drive power to the
ultrasonic tré(ﬁ%ﬂce%‘fflé "R’ Bfﬁedbé@kﬂ(@cé} tr6F [6’(559] tof 8, ‘ﬂ‘f]e% eYHhsE tRat thecultrasonic
transducer HEIEBposed ibfechnaltislépidzoegkectiichelememsi1i6)canbé cdnsidetedasiequivalent,in
the neighborheedetthe resanant fregiensy:do the circuit shown in FIG. 9. That equivalent circuit is
known to h the impedan har ten t| S hown- 10, 15 and the fre W|th the least
amount of ﬁ@g §nce Z?S%Eeﬁresgzaﬁt fre l‘f{éun](]:( 1 a?ﬂé‘i‘f }(é\sﬂdlr'lﬁ?:d%lrté{ﬁsducer q45¢ Li'he ultrasonic
transdtiéer f‘fz‘ %Bﬁfééi Q\ﬁth’ ‘i‘l’ié‘nHi)ét*E?ﬁ‘cne‘ﬁclyf(N/h%ﬂ‘iﬁb%@%ltég@réﬂrbéﬁﬁdﬁt freguehsy fr is
applied andaliatgelamplitude:cadikbés aehieved]. Atlresopantfrequeneyfiiithie phase difference of the
voltage and fhe, ;%l?&trﬂf%@h%’{t%ﬂkt'ﬂ%t'&Y&%rth(?}JQ{E thewu tmé%n'& tfﬁﬂ%{!&*& }%ﬁs 0,20,,and the

largest elect%alfﬂur‘gent owst rough the uItrasonlc ransB ducer 112. Also, th e requency at which the

impedance { rgest ﬂéﬁﬁﬁi‘eédﬁéﬂf‘f‘rbddenéﬂ)% 'fod @]‘Hﬂr&“ﬁ‘s bﬂ%ﬁﬂre*ﬁﬂréﬁdﬁ‘ 5% AC voltage
is applied to-thecultrasenicitransduceh t 32 orf whichitheofréguanoydsichangbd gradually at the

predetermingddatervals of;for.example, Q-Lkiiz 0.8 kHzsand, 1 KH&[%\{@& aRredeterminedgrange that
25 sandwmhps thtﬁ Tesona Lﬁu qu nc%/ estlm 5% a certain de ree the gﬁkei ug (éf piezoelectric
u I

element 116, and the electrical corent that flows fough Hre‘“&i’fjra{s%nl Strkind 'measured.
For examplé,“if}?f issEppasddtiat thé#é@@ﬁmﬁ%‘fﬁédﬂén@@@ﬁbﬂtﬁémﬂﬂés‘oﬁ%bﬁ@ﬁéﬁudeﬁ51112 resides in

the neighborhood of 26:kHtheveleatricakaurremithat flewsdhrough thadwtrasanic transeucer 112 is
measured by 40anain0 48e S el %%qu!}ag@ Joamaok 7 19,4 Oflig AR EXRmBIe QLG psulls of

measuring thé electrical current that flows throu e ultrasonic trahsduce is shown in FIG. Il

From the massteihert reSufsobthited’ e ](“:‘ar‘l‘@Ubﬂ?BQé tHAE thE HesbRant FedtieAGEE Bf the
ultrasonic trankdudercci2ipxists fizar thedrequenay fapprox h23:kHdeini &6 . 1) atawhich the largest

electrical cugrentflewednduction with the tool side signal coil 38b, and the detection signal
transmitted from the detection circuit 144 is taken from the main body side signal coil

58a by the communication circuit 138, Transmission of the electrical signal between

o
)

the relatively rotating the tool side signal coil 58b and the main body side signal coil
38a m a contact-free state 1s made possible in this way.

10067] The detection signal taken from the main body side signal coil 38a is
mnput into the control device 140. The control device 140 compares the amplitude of
the voltage and the amplitude of the electrical current of the ultrasonic transducer 112,
30 and the phase difference between that voltage and electrical current, ete., which are all
obtained from the detection signal, with the conditions prior to receiving the detection
signal. When there is a change from those conditions prior (o receiving the detection
signal, i order to return to the conditions prior to receiving the detection signal, the

control device 140 changes the drive frequency of the inverter 136 so as to change the

Lad
Ln

power supply frequency to the primary power coil 56a. The amount of change in the
drive frequency of the mverter 136 may be set by first recording in the control device
140, as a table and i advance, the ameunt of change in the amplitude of the voltage
and the electrical current, as well as the amount of change in the drive frequency in

accordance with the amount of change in the phase difference, and then searching for



35[006]]As mentioned above, the ultrasonic transducer 112driven most efficiently at nant frequency G.
However, as is clear from FIG. 10. the eh |mpedanc]e (2) near resonant frequency fr is steep, and the
state of vibration ultrasonic transducer 112 changes sharply with only a slight deviation from resonant
frequency fr. Thus, in thisembodiment, a position slightly shifted from resonant frequency T., and

between resapaatfratuensy Fand.antiigsonaatfrequeney fxin ke 1Quissetasdrive,freguency fd in
order to ensyre sigbily jn.driving the wiirasonie ransdycer 142, Goncretely, avgliage s, applied
wherein the hase difference between the vo age an SIécthical Cufrent is WI hin the range of
(M/2):E(rul4Vandl RIS Seittsdiients ascthesdbeuall me%%urem%wegmewﬁtm@ AT ISHGW, an AC
voltage of deive ffequeheydedstapplied.for whicnthehphasesdifferabealisvmn/Ze il d3 andifelG 14 show
actual measyrement esulilan e ulrasenie yansdueer k2 when evofiage. ofa figdugncy range

that is outside the nerg borh od of the resonant frequency Is applied. FiG 13 shows the results when
a square wava i fnfut 8 ACTGOIEYY drd the 1078 bhitt}aeﬂé(f tHlé‘ BlebiricaMeert is'smdll. FIG 14
shows the reseitslavkiensa sinsawave-igimuut as@Evoltage:and, hecauskthie elgotricab odeillation is
unstable, a @t@i&@&rd@%ﬂ@ﬂ@%@@ﬂrb&ﬁ@@f&rmegrc{pQGZ]qud;h»% ey 32, (e8¢ G2 af.g spindled
14 is drivend W'MQFJ?%%LHEF d20 berng} N %llf te oIlr{ogaltren} Qr}n{/r)eliatrg] Omﬂ?ﬁ |n Iegnead 14, the 15
DC voltage O¥the | power circuit 134 shown in FIG 918 Converted 1o freque VUG8 by the
|nverte’r0136”ér‘1]bf‘srj|§|bhed to the primary power coil 56a. Here, the drrve frequency of the inverter 136

is controlled bycttie controbidevice pAQcandothepAGivoltage:ofidiive freruensyde obtainadiabove is
supplied to E'S}%Q{'mﬁ%m‘{}ﬂﬁ 11001300, 2000 Qﬁﬁlﬁxgorﬁqwgee Mmednsiciip APNRIRIRG In the

primary power coil 56a that penetrates th %Erlmar ower coil 56a ant changes in accordance with the
output frequiBAEY ™ e ap et magtead ik i fodlisdd atthe poridre-sd) %rﬁ‘éi”tﬁé%é@h%’t‘rc flux that
exits the potedrer607ig. intetlinked withitheysesqgndahpowensoilt BehstAis afredulttheoriary power

coil 56gand;fhessaconday ROWer coi S reo@l@mremagrretk%!m @%@Lﬁ%arsdlrngueﬁ%iectromotlve
Ibrce is generateld |nt secondary power 0|J 56bt roug hl L?_[UBJ in uctlon Int |sw é power

transmission BEveH ralatively Tatating the' prifiary Pewer Soil 58444 e ScondaryFtiker coil Sob
is possible ifPaleshtachfreérstatss aﬁ@Qtﬁenh!rng-Trequeney%rnage@enerarefd}mfthércsewmdary power

coil 56b is supplied tothe witrasonicdtansducer 142 as dﬁi\/&@%’i s801Aceareingly, theHltrasonic
oo 18 O e B e e s

transducer 112 aré superimpos e tool processm of the \ivork |eceqééft(see FIG 1) can
be peﬁBrmeﬂ\Wﬁ gpégtépb@&g aﬁur(m is (renuakd on that tool unit 20 side, h} varyimg the

applied voliage from the resonant frequency through a change in the resonance
conditions of the ultrasonic transducer 112, it is possible to prevent large amounts of
encrgy from being supplied to the tool unit 20 side.

(00691 Further, with the processing apparatus 10 in this embodiment, the first

S
L4

winding portion 68 and the second winding portion 70, wound in mutually opposite
directions, are provided in each of the main body side signal coil 58a and the tool side
stgnal coil 58b. With this arrangement, the induced noise electromotive force to the
main body side signal coil 58a and the tool side signal coil 58b that comes from the
magnetic flux generated by supplying power to the primary power coil 56a can he
30 reduced, and transmission of the electrical signal can thus be performed with greater
accuracy.
100707 In other words, as shown in model forms in FIG 16A and FIG. 17A,
when transmitting an electrical signal from the tool side signal coil 38b to the main
body side signal coil 58a, by first applying AC voltage to the tool side signal coil 58b,
35 electrical current 1, flows to the first winding portion 68 of the tool side signal coil
58b and electrical current 1 flows to the second winding portion 70. FIGS. 17A and
1713 show the electrical currents that flow to the near side of the paper surface as
arrows that extend diagonally downward, and the electrical currenis that flow to the

back side of the paper surface as arrows that extend diagonally upward. These,



[00641During processing of the workpiece 24, rc onant Ircqucncyof the ultrasonic transducer 112 is
changed in accordance with the changes in the meghanical load applied through the tool 18 and the
changes in temperature conditions. Changes in resonant frequency G of the ultrasonic transducer 112,
for example, appear as the size (amplitude) of the voltage applied to the ultrasonic transducer 112, the
size (amplitude) Qttthenete@trigah@twrent;ttqwtngtthrougttthe ultrasenisiransqueek Ja;ta map and a
Change I g R A aIRncaaleen NeseyplRge A SioRTica cutienL far e

indicated asi "15A. when the load mcreases fie’amplitude ‘ot the eleétrlca curren becomes
smaller and: ‘éfé]’iﬁd’it‘:‘éfeél]‘éétp i FElaCabE8Gildn tﬁeiIe%téltfﬁfétie‘ésrésma‘@Fﬂ&@é@ﬁéréﬁcé‘t@ generated
that differs friomsthephases differepeaitothat-poiniendiih:thenpiecessing appakatsi k0iageoarding to this
embodtner&gtﬁsqb@%mﬂtr@t tht%t %h%ngeﬁtneérﬁawﬁw Of theAk mme f&ﬂt&ﬁdy i g ultrasonic

transducer 112 in response to ch an%]s in the resonant frequencyT of the Ultrasonic transducer 112

can also be' Jfbﬁﬁétﬂ“ OBEBIEIS (thet BatBSTG AN of the IRFASHE Hinsdiieks 2185 detected
10 by the détsttionéirguittdanshivwicin, FIG Orinstheddetgetionciruind44s farcexampleliagdHall element

or the like is, provided, andyipngxampig.ine amplitude of thevoltage,appligd.ia.the yitraganic
transducer | 1121}the ?”}}E" tud onlllc tq% il] |g‘§|<;c0 rr nt[ﬂ? |n thrgugh the uItras nic transducer 112,
and the phase of these voltage and électrlcal UMret Bie 278 Hdlebte hs 158 Ste BUbrstion of the
ultrasofic trfsaucE Y Iy teﬁféoé@]@etététéaetﬁ;mmeaa@tééﬂeﬁpct@emﬂmzmggﬁetanﬂpmwd@xahd phase,
etc., of the voltageand:electricalcurrent inthe tulﬂrammimtﬁaesﬂtucemlz is amplified-at:thg amplifier
cireuit 140 asa fleiedian sianal @gnmﬂe“aq%m PORIfa S ANYERY 3Pl A YRR, Due to that,

magnetic flux is generated that penetrates the tool side signal coil 58b and changes in accordance
with the oufpAERaguBHEY: AR *thﬂ*?b“ﬂ&@ﬁbtlc flux is interlinked Wlth the main body side signal coil
58a. As a résult] induced létectromutivie forselis, generated inthemsin body sidesignaheoil 58a

through thesmutual tﬂd&t(}ttqftéftt'twrkﬂéa%kﬁtd€L§JQP@H$Q‘1‘t}§§Pw anehthe: Otﬁte%&ﬂt&'gﬂ%'&fﬁmsm'tted
from the detectlon %rcwt 144 is. t ken I’OI’IE ain bod ? zq?ndl (f}J(L 58a b t e communication
el tatl

circuit 138. H‘rieﬁ}é‘rrtlsétgrtleéf(tHESie S Sigmar bét%v@’rﬁ fﬂe) Y atﬁmtﬁlé“tbblt%f & signal coil
581) and thBamais tfbdyrs‘mmign@rr@dtteaa iﬁ’e@ém&ﬁfﬁee%ta‘terstmfaldseqbes‘,elbiéantm way.
[0067]The detectian signaldaken ftemttheimalpcbgdy ssdetstgeahc@tt 28aiis ippsitdntathg.control

o e e Lt S AR RS Rl A0 amplitide of the
electrical cdrrent oft e ultrasonic transducer aée ference between ﬂtatvoltage

and eléttricaleifiteftt, Btch Wik dreall- oﬁtnged“fr‘ert’PtHe %te&tmﬁ i, Withhthe Bohidigions prior to
receiving thepdetectioncsipnaliWten thecefis:achange frotiv tho$enedrditions: phiar toirelieiving the

detection sigial, in@rderto fetuina e condiions; HB‘%P%ﬁCﬁiVlﬂ%ﬂ%9%‘?&!&0@S'Qllﬁ't the control
device 140 chan es the.driv requeg)zgg/6 of the inverter 136 so as to thange the 35 power supply

frequency t8'the BHIAY P é\ﬁe “col THe AnBtNEsEENaNge ?‘Ttﬂ%“é‘ﬁ\?@“ﬁ%ﬁd@hw Ff the inverter
136 may bdgetdy first resbrdidgeifothie corntrolddices10) asid talylerand:ihtadrance] thécamount of

changesin thmmpt;tudgtpt]tta@{mlt@gﬁangt,th,&@te&t{t@@l EUREentsas welhas the.anunt gf.change in

the drive fre uenc accgrd nce with tl] ognt of chainge in the Phase difference, anld then
p 351 mam tﬁ side 51w ﬂ:"i cOl nd ] Td UTTEINL 1 1S OeTy rat{.
searching foF 'the desired Setting frontthat table. Alternative rexarﬁ e “adij Mént chn be made

by rece|V|ng‘;‘tHé"*§rf*t|0ﬁtUt’iﬁé Wtwélv?ﬁta{;@&nemhé&ahmmeae of tﬁ@ieteémbdﬂ @Wrtérihef‘th@ﬂultrasonlc
transducer dit2;ias:welilasithe phasecof thesveliageandsalectteal cutrent etd. dsam:therdetection

circuit 144, andl han changing e diye (regy dsmyt&lt!‘ﬁt'@\‘%tsrt .93 #att %l Qg or 05 kiiz

increments, etc. This, way Cvo ta e of drive frequency fi can ea led TO'[ e U|'[I’aSOFIIC

transduicer 12 %?d&brlb%tﬁcé t}\htﬁitﬁé p‘dgt ”ﬁdn’g‘je“r’é‘séhﬁ’nt’f?@b‘déﬁ&)}‘fr ¥ rdab e retdin to the
expected statenofwithirationshoin iniE kg2 .cAlpohrerssuppldcbntrdlmeansthatlindludéssthe control

device 140 angthe inverterd 36.is.configured inthis empadimentinthis way.[QQe8IWith the

rocessing apparatus 10 according fo this embodiment,
P gseggnd mnt%'i;tw pemon ¥ 15 tmdnmt? tose to the internal wall 84, Thus, induced

currents iy, and ;. which both flow in the same direction in the lead wire 66, can be
35 effectively generated respectively in the first winding portion 68 and the second

winding portion 70 by focusing magnetic flux by and b, respectively at the external

wall 82 and the internal wall 84,

00733 On the other hand, as shown in model form in FIG 168 and FIG. 1713,

i AU voltage is applied to the primary power coll 56a, magnetic flux B; is generated



power can be supplied between the relatively displaced the spindle head 14 and the tool unit 20, from
the spindle head 14 to the ultrasonic transducer 112 provided on the tool unit 20. Furthermore, it
becomes possible to transmit the state of vibration of the 15 ultrasonic transducer 112 from the tool
unit 20 to the spindle head 14 as an electrical signal, enabling feedback control that changes the

frequency of-the-AGevpliage,applied t@;ﬂthG(Mtéaaozﬁt@rﬂ@tﬂsduﬁe'f%llz inrespanstochanges in
resonant fregueney i glae L IIaRoNIc HARpdUGel 118 A AL (e8 tjgfatmo goRple plipke s ensured lbr

the tool 18, enabling greater processing accuracy t to D6 0 alned for some reason, 20 a short

circuit or distoRREtsh! R Getiehadrbh thatfost ‘uﬁ?PE‘G‘%Yd&%?%rWT@%H@&%HeHLvettaﬁe from the
resonant frequigbcydhirdughgh dhangelindhéecesonaheerciondtionsof therdlthasenicdirarisdicer 112, it is

possible to @t@ywt@tg%m&v@te of RGO FAM:PE NG SURRIAS 10 NGiIogLHNTLAA side, [0069]Further,

with the proces paratys 1 r1th diment, the first windipng portion 68 and the second
winding porT“‘ (‘)‘Hg\}\%uﬁﬁn# oty Bbé)%l & iPaCHRE e ’b%@lﬁ%‘élylﬁ‘g‘aétg%?lth‘é‘%’éiﬁ body side

tidh
signal coil .B8&andthe todiside! dﬂ«“@@ﬂ 586udatith thisnarrangémiert dhs inducedmoisetelsctromotive
force to the saairbadysside signal seilhBarndithastoglsideisignalerilb8b thatgomes fram the
magnetic flux nerated by supplyi wer to the pnmaﬂry ower coil 56a can be reduced, and
transmlssmn o%gtﬁ"z el ggtrlgﬁgggpﬁélggag% ‘“u\’sub{mg fgfir]ﬁjed Ht{m rggtcbrté%%heré%‘ylblﬁgﬁ h\other
words! s sKowif it #HOEEF IBFmnBi IS TeA dNd! @P"/‘EP{"f’Ae\ﬁﬁe‘ﬁ‘tﬁ&héﬁﬂtﬁh}g fangehedtrialsignal from
the tool sidexSigndl:'d S58bdiaghemaindsodyi sidessignal whilibBap hyifirst @pplyiegi AGxaltage to the tool

side signal ogil sRxeleGirical suseRt Rl Tows e frstidpding paion 68 g the 9ol sige signal coll

58b and electrical cur{ent is; flows }o the second winding portion 7 17E3 show the

electrical cuthelits tkt fit (GRY hdarEde Btk papEr ‘%t}rfa&ie é@‘ar’r\é\t\i/s that‘é'?kté]i‘fd Hisgonally
downward, amealthe eledtricabSurrentdthatdtow tothérzackside dfthepapensurfacewasdirows that

extend diag@mlLmypwat@l(Jhaaeutete@trtaattqqtrgm SR @é@ﬁtﬁi&aﬁ! qwre@t@t arethe,same

electrical current and b h gvlt“nww %@ses ;z??;t;'o |n}th Ieadw 1 the to IS|de S|gnal coil 58b.
Furthermore, due 16 e ect’r% Al Currest IS8 and Bldctital EUrren is; tOW|Hg to'H tt‘uua Gol'Site Bignal coil

58b, magnetlE RO iEgENErated G itbeirbitle statensscdid winding poeion T Getiagnatic flux b, is
generated betweendhe second winding pertion#0 anddhe fiystwinding podion68, and:magnetic flux

be is generalzg onthe, auiside.of s st windna.parton.o8, Hes, e fistuinding portigy 68 and the

second winding portion 70 are woun in mut ua ly opposite iréctions; so, when V|eW|rth from the
exteriof of tRETESH Wird &6, THdHoWis! of RBHRAT EUHEh T BAd SREAICBIEBIRITO 418 hutually
reversed. A& tbsuit;the imesaf magnetic forcedivnagneticifluxti and snagnetic:fhix, bt move in the

same directipR,wihile, the,ling,s tmaanﬁt gJ@t%@&t MaonElm{lx R moves in ihe.qppesits direction to
the lines of ma%netlc fogce 0 n tlcd x% nd m netlc flux_b," [0071]Here, magnetic flux rbe,
et

flowing in tHe Op}pl(})%l & &'%ﬁ to thag fu% é%ﬁéﬁ&té‘&fibﬂ}% e(!tﬁééff dtirFdit |I§"’flowmg

through theé@eéﬁG(Wﬁdihgtbbﬁiﬁh FOMSN the dGtsitie ‘oﬁ“tlhemréﬁbtfm@mgnp‘omtoﬂnisglmanwmIe
magnetic flukerim flowing dndhe eppasite direction tenmagnetia v b is.oepetatedbyglgctical current

this way.

[0074] Here, as shown in both FIG. 16B and FIG 17B, it is possible to

simifarty reduce noise electromotive force in the tool side signal coil 38b as well, and,

in this embodiment, noise can be reduced in both the electrical signal’s fransmission

30 side (the twol side signal coil 58b) and reception side (the main body side signal coil

58a). It is also possible to improve the transmission quality of the electrical signal by

adopting a speeific cotl winding path like that described above for each of the main

body side signal coil 58a and the tool side signal coil 58b, in an extremely simple

configuration and without separately providing any special control device or noise

Lad
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Suppressimt cotl material. Furthermore, because using a @pecia}iv conligured cotl
when the amount of magnetic ﬂtt..\ that affects the mamn hody side stgnal coll 58a and
the tool side signal coil 538b changes, it is possible to automatically counter the

changes in the amount of magnetic flux without the need for retuning and the like, and



ugh the first winding portion 68 on the inside of the second winding portion 70. However, because the
first winding portion 68 and the second winding 20,portion 70 are positioned apart, and there is some
distance from the second winding portion 70 to the outside of the first winding portion 68 and from the
first winding portion 68 to the inside of the second winding portion 70, magnetic fluxes rlx, and rbi
affect magnzeticdﬂm;be']md;mt@uepaha@maﬂLdegreeeaﬁiﬁa,b@;ialmost inconsequential [0072]Also, due
to the magneic fiuxes 1)1y b a0 0a geneaad R0 9%@%&5 GnRLER ORPeINGCES GUITent e 19

generated at the first Wlndln%bomon of the opposing main'b e signa coil 58a and induced

current is geRETHIEY RS SEESHA W RiRG HdMIH 76 T‘h@%‘iﬂ&l}&‘d ArPERHER SAHE TPBoth flow in
the same dir&etiotr iththerleadywice 66 wfi tHeé maintbiody gidéi signalicoihB8a tanty dolnati gffsiet each

other. An elggfriogl gurren@qaamrraﬂﬁmrtéefgrrﬁqm the.19Qkside signal coih 28R 30.1q.the main body
side signal 38"5 in this way, e ecrally in th| em odiment, because thegrgam bod side signal coill

58a is included'in the Bot core 60, the first WHHln(j Portiow wnd, Srigid Ei8dE erl‘He(éSi(térnal wall 82
of the pot céte BBUéﬁﬁNt*Pte SEaBT Wi\rh!lﬂ?rg }i)éﬂl@ﬁﬂ@ﬂ@@ﬁﬁﬁgéd@@ﬁe totheinfernalwiadl 84. Thus,
induced currepfscitencans thoahicheboth flawdn J(Ineeameadcireﬁ&imnaimth&ww@rerﬁﬁrece& be effectively

generated respecivalY I frsmredzrr% R T 1 o ot
magnetrc flux resp ectivel 3/ at the externa ‘wall 82and the internal w h the other
F

hand, 45 sh%ﬁfﬁ‘?ﬁdﬁel‘%rﬁﬂﬁ Iédl“Giﬁﬂéhb“ﬁI@“l?‘l‘{%d‘rf‘ﬂ@%lﬁg‘e G4 dbﬁhé@ﬁéﬁﬂﬁe iS¥imary power
coil 56a, magnetid:] 14>0118ids Yemeratéddinside the primians power deikibbarbnd mageetic:flux
B,outside. TheogrrteggqrrwglgqgewI!Qg{&f magpetic force of magnetic flux F31 and the direction of the line of
magnetic fo e(e magnei X B" are. m tuaII_} y opposed. These magnetlc fluxes 131 and Bo pass
through the msr of the Hm elifly BOrHon: 70 SR EGHSIdE o tHE fir st Wirid G ftion 68
respectively:i@gdencef g mmmbbd@imdret Siegnab coilr684 and ithectbob kide sigriplicdit 5381)i Due to this,

and using the main:bady.side signah ¢ 32 as:am example- @QB@R&M@Q&“@Q) dnguged cusrent in”, which

becomes n?gsei Hrrep{g nls{gene{rqtezg in the flrsﬁ}\évmd &E?JE'OJ} 6?& ang w}rl L ced cutrrent i WhICh
becomes noise current IS geherate mdt?we secon win ingp Srtion 70 @e‘éau(sie(“rlﬁaglﬂetré flux 1 0 131
and magnetE RSN BOHIOVESH hitsambeppouies divatciverSsadibrirg e Sideacortheffirst winding

portion 68 ahd theseeondrwintling portion: Gdnduceeicusrent andsinduead: cuskent i@t hoth flow in the
same diectenuNen. iening fomn e exlaler fde 1ead wie, 00 41 P% 2. hay sigecsjgnal coll

58a. A d, because the flrst Wlndlngl portion and the $econd windi OrtIOT‘l 0 are'wound
mutually 15 BpPBiEs HiFCHEHE Grd dedd TivHRRE P ane iititiced Emréﬁwfﬂarre%re&réar ‘él&rrents of
mutually opplositerdirectiotiscwithia, the |eaahwire (66 @ndvmdtballyreverseelectriomotiVedforces are

generated ipJelation te.he cemmanmagngiic figld.n \Fhﬁx f&ﬁ%! winding, pArton, 88 and dhe second
winding portlon ]6) ﬁs&res Lt&r\rely e}d cu ﬁntl 8% m % (?currer\t i1 cancel each other out, and,
wi

14 ant ng PEribh 68 aht 17 SedBid winding

by changing ?he siz8 and 2 number o] WlndS on the first
portion 70 SEAKACHE sizerbe indlicstburtentine abid@imiuced current i111 are as close as possible, it is

possilile to pfisetjthe eleqiramotive: ferees dhabbegopie Naisgand.thal are.generatedin the main body

side signal ﬁp!?@g ue ¢ tpy affect Qg 2 %ICﬂUf( L1310:;1 d.B nerated,by the primary power
coil 56a. It is thus p(§S§IB e%tOI%rane}rnltt e eectrlct:Cj S?E nal whil e(“rOeiga%lgn nﬁ’etr%c})%g{gguisle\d by the

effect of the Py Powrdree BeatNHiS Wy, *1‘0(9‘7‘21H—fc‘éré“a%‘%[ﬁd\ﬁﬁbeﬁﬁﬂ@&‘élslhﬁééFIG 1713, it
is possible to:dimilany! reducemadisei eféttrdmative: force imthe toohgide Signahcaid@8maswell, and,

side can be quickly reproduced at the equipment main body 12 side without the need
30 for a special noise eliminating means. Furthermore, the timing at which noise
clectromotive force is generated in the main body side signal coil 58a and the fool side
signal coil 58b can be precisely controlled through the timing at which power i3
supplied to the primary power coil 56a and the secondary power coil 56b. Thus, the

real-time quality of the signal transfer from the tool unit 20 to the equipment main

i
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body 12 can be improved, and feedback control can be performed with better
responsiveness. FIGo 18 shows the measured results of the transmission timing of the
detection signal at the tool unit 20 side (*Transmission Signal™ in the drawing) and the
reception timing at the equipment main body 12 side (“Reception Signal” in the

drawimg). As indicated as AX at the bottom of the graph in FIG. 18, the time required



in this embodiment, noise can be reduced in both the electrical signal's transmission 30 side (the tool
side signal coil 58b) and reception side (the main body side signal coil 58a). It is also possible to
improve the transmission quality of the electrical S|gnal by adopting a specific coil winding path like
that described above for each of the main body side signal coil 58a and the tool side signal coil 58b, in

an extremelysimple configuratian ardwithouhseparatehhRraviding ﬁ{M%ﬁ&iﬁd eonuR! device or noise
suppression, ol MAGY Al EUrbermpte begause ising a spedially configpred collwinding path
produces offsetting electromotive forces of opposite directions, even w th mount magnetrc flux
that affects ?Hé"ntz%n“’@bdﬂﬁs?de)s‘“'gnéﬂ‘c‘oﬂ(ﬁg%ﬁtﬂi tHEGH| Std’é%‘t@fﬁaﬂ%“’dﬁ 5EBAHEHYEET itss possible
to automatlpaﬂyid@unter the changes in the amount of magnetic flux without the need for retuning and
the like; an 00 - an outstandn.ng noise supp-ession effect can be achieved. [0075]And, since the
effect from 5}h rrmary power coil 56 ? can be offset becomes possible to locate the main body side
signal coil 584" H%t}}.‘)é"srt BBty ’cit)ée‘té"the“ﬁ)‘hntgryjbo‘vtfer“cdrl BB 2 #S-elibodifient, the
main body sidensignat coil 58a is@ehtedotogatherwithsthe: prishaiydpowertboil &6 idithésaime circular

groove 80 in£he pekcarel66:This way mulbakleadwiresf2.an6.66 canalsmbe,arsangedin an

overlappin manner, P E was, gqnv%;tf?rnal%gﬂ'%?“ dueotrg t&e rp(yi;t(dna[’rn]telrference of {therr magnetic
paths so that enlar ement ‘and conQB it the core cbmponent Can be avoitdd and outstandlng
space! Bfficiéttdr et te Hchievedr mIson ey sdating tHe mripngeny ride Is@rihpé!@rl@%ﬁﬁsrde the pot

core 60, it ispigssiblehforekample, toqpretect thexmainibedy sidesgigarl ceilb8a fremsthaedisturbance
caused by MAAKIEHSTRMLINE.MALOL36. 516 (R LAIBIhernate. i (NERIASESEIG APPATRILS 10,

which is strtrctured in accordance with this embodiment, the pot core 60 is srtuated only on the spindle

head 15 148085 i€ Rt Litiiated S the o6 umit z‘b“st’de‘\/tflire?’ettﬁ‘é‘ultr%%oﬁtt% tRARSANCRI112 is
located. Frariithis, amrincreade. itithé(nduictancewfthé aradonant citcyipinthe aliragdnicdeansducer

112 can beavoided ane a desreass.initheesonant, re%&%@e&gf ttt%!tresm% trapgdygrr 112 can be

avoided as WeII A{eua resu %th Lclztrasgnlc transducer 12 CZn be driven at a |'gré quency, and
greater proteSsing Accuracy tan 20 b attainad, Ut Iore oy BIaveRENGI&rge ¢ éﬁ@es in the
resonant frégUERCYOEtHES dtFakohid trdrsdudehd 1iﬁf«thﬁatlref§®frfa§ﬂt€ﬁfehheﬁeyfet theUiktrdsénic

trarlrsducer xlzl%cambe easlt%]br@mgbttm memthdsttel me@hamcraltyhunuguew aretrﬁdétequer;]cy of the
tool unit 20,,whic I 14, 0 uning thus becomes easy and the effective
e e A SRl TV R pasRmes eamk e,

stroke of the tool 18 can he obtalne n addition, becaus |ng a specn{“c coil
winding pathFiSraHe il B dy&ie é?éjn“a‘l‘édiﬁ%%i“éhdithe“tétﬁl%td@lélﬁﬁ%tliﬁdrt 588, hoige:
electromotiveritproe:cambéaecvced:thoudh the weryststicture:of the Mainbbey dide:sigrial coil 58a
and the tookside signal.coll,a8h. e detgerion signabrapsmitted from,he ippl unji20.side;can be
quickly reproduced at the equipment main body 12 side without the need 30 for a Special noise
eliminating fEHRE FU hér"rgt the timing at which noise electromotive force is generated in the main
body side sighal koil 58a and the tool side signal coil 58b can be precisely controlled through the
timingat which:ppweriis suppliedda the paaryROWErCail 56aanddhe.sacopdanypowereoil 56b.
Thus, the real tgne}qua!ilzt} the %l(%al traln { }fr\g the(t%%! ﬂ}lt ?0 tp(}t e.equip, ent main 35 body 12
can be i |mprove 3 dback control can bé per ormed with better res dh"s‘iv’enes}s‘”IHaES shows
the measurétrdSUTaof fha ahrsFh st HifiAgiofae deteetion signalat tHetedIdnivdodide
("Transmissiom&ignathimthe;drawing) and:dhe veception-timing at-the:egquipreentmaia hedy 12 side
(‘Reception, gignalein.fne drawingls Asdndicalgd asAXat the holtpm.of fe grapfyin £1G, 18, the time

required ) .
307 endmill with a blade diameter of o10mim, the drilling time was approximately 20 sec,

rotation was 5000 rpm, and, when the tool 18 was vibrated, vibration was performed
with a specific vibration stroke of a few nm to a few pm. As shown in FIG 19, when
the tool 18 was vibrated and rotated, the workpiece 24 did not crack and the smooth

hele 150 was formed. On the other hand, when the ool 18 rotated without vibration 1o

sl
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form the hole 152, the workpiece 24 cracked and a smooth hole could not be formed.
[GOBO]

Further, as shown in model form in FIG. 20, the processing apparatus 10 according to
this embodiment can be equipped with multiple tool units 20 and 154 (shown as two

m FIG. 209, and those multple tool units 20 and 154 can be selectively attached (o the



for signal transfer from time XI, when the detection signal at the tool unit 20 side was transmitted, to
time X2, when the detection S|gnal was received at )he equipment main body 12 side, is 64.0 ns, thus
confirming that an extremely rapid signal transfer is possible. [0078] Furthermore, by not providing the
pot core 60 on the tool unit 20 side, like, for example, in the case that the core components are
:cnstallﬁd on mmmhecaalmdlleme@& Afiang the tﬁQkW'tlanqlﬂﬁff% I[l§1 nﬁaf@pmmg Qfr tnﬁ}mar\]%etlc flux y
rom the primary power coil 5 etwe sin rfaces .of the core nents is can avoid a
10 sudderr’1 g‘} (Eg‘pé{“llr?1 tﬁe?(l)ﬁ‘tgr r?gl Lrlﬁ%uhgtfcﬂ%fu?(go ﬂgl ?(Le%gjrﬁﬁ }arlfl Slcl)j\]/f/]éa} &oi 736(b Yud' b?o(-i-ﬂy?a slight shift
of the tool ufitE0THTERtIh iié“tll?é‘@p‘ih@@e‘ﬁéhﬂ durytE stadle ieféwie’t“traﬁém}éémh lsgntreearried out.
Also, by aggnessively generating leakage flux between the primary power coil 56a and the secondary
power cpﬂ ,E)Q. shown in FIG 27, for example, the AC voltage received at the secondary power coll
Sob side 15 e brou ht closer to the sine wave of the mechanical vibration of the ultrasonic
transducer 1i WhaHAL poWé)r‘ ISHYHSMREY oM HE pinta) bowertsirseatas) £eguatd wave. As a
result, the drivecotthewitrdgonicl tsahsdutérdd 2 cahhbe imanifestedoniond stablyhdhe deviations in the

ultrasonic transdygendil2igan; mehﬂﬁBBliQQxlﬁﬂd;g{eﬂers&!&@@ﬁ%’ﬁ%%%?”&@ﬂyﬁ’ﬁﬁ be phiained. Itis

also p055|ble to rggrl%ceotxt\lg 290%1 ﬁratlorguof gd ) CEIus power I? lr?n b%/ not
installing a core component on anit' 2 S|de e welght'of tHa"ts6IGh ibe'lightened for
‘faster! tanéﬁiaﬁh@r!pr@)bq@nié%@éﬁ 8 aambger tentwétcbdré cempUnent at h@mspe@d Yotatdn can be

avoided. [0Qif9} 25Heredr liccLQisheows when dheprasentinventieon was, empleyed-in theshead portion
o e e aidshane e @ hole Lo WHiEh wlin e Apkese 24.anen edanipfpas dbrated

and rotated, and, as a comparative example, a 2, which formed when the to was rotated
without vibrit ‘r‘?“@bth“éﬁé\g%‘ﬁ\fer]é ca’r‘rléﬁ’bﬂ% u‘r‘\d%"’rtth*é“ééﬂﬁél COREGERS: the Workpisee'24 was a
glass plate, thestool 18 was'dn 30tegdndilfwithechladediametec oftal Odanicdhiet@rifling: time was
approximatealy;2@@%&%@}@&%&5&%@ Lk %%Y&'E‘%Mh&l% Jewasibrated, vibration was
performed V\fl {Peicmlc wtgr ion stro e of g few nm to a few um. As shown in FIG 19, when the tool
18 was vibrated and rotated’ t e{’\/rv RBiels 24 §id' ot crack and the smooth hole 150 was formed. On
the other halr‘?@"%lhen the tool 18 rotated without vibration to form the hole 152, the workpiece 24
cr:acked andsg smiggthhhole gauld agakb&f@i]meﬂ HO0BQbnurthery Q%S;K}QWJM% %ﬂ@bFlarT%!n FIIG 20,
the process tu rding to this.embodiment ca equi t multiple tool units 20
and 154 (shl({)]v%r? g@%ﬁ’o %?1 ;!EQ(% %Cg) gt "t }Bgé rﬁfﬂtl le tool ﬂjn]i)t% 2% s )P%ﬁcaﬁﬁg selgc%'(\slely
attache% to YH&“ it 15 desirable to duu,t the state of vibration of the tool 8 and perform feedback

control, or the tool unit 154 can be used when feedback control is not necessary.
[0083]
Furthermore, as shown in model form in FIG 21, the processing apparatus 10

according to this embodiment can be operated remotely by connecting with a

i~
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computer network 136, such as a LAN, WAN, or the Internet. For example, by
connecting a network interface 157 to the control device 140 provided on the
equipment main body 12, the control device 140 can be connected to the computer
network 156 via the network interface 157, A client 158 and a server 160 composed of
computers are also connected to the computer network 156.

30 [0084]

As shown by arrow Ry in FIG 21, the client 158 is connected to the server 160 via the
computer network 156 and, as shown by arrow Ro, the processing apparatus 10 is
connected as a client to the server 160, Thus, the client 158 and the processing

apparatus 10 are connected to each other through the server 160 and, by installing a

bl
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routing device that buffers bidirectional data packets at the server 160 and transmits
them reciprocally to the client 158 and the processing apparatus 10. it is possible to
use the client 138 to remotely operate the processing apparatus 10, which is on a
network environment isolated by a firewall, and the vibration characteristics of the

ultrasonic {ransducer 112 on the processing apparatus 10 can then be remotely



- 26- spindle head 14, for example, using an ATC (not shown in the drawing)manually. -caller,
for the structure of the tool unit 154 that is similar 1o the tool unit 20, the same numbering has been
used in the drawing and a separate explanation has been omitted. [008]1 The tool unit 154
corresponds to the tool unit 20 with the tool side signal coil 58b removed from the tool side coil head

96. That is @ (say>r@iqeltﬁédgi@ail hﬁact ﬂ;ﬁﬁc@niihe ool uhitikR4 s gavinpedanlywith ¢he secondary

power coil 561, and t fec pow I coil 5 bIS onnect%d )the ultrasonic transdycer 112. Also,
the 10 dete?:%oh%‘%u?? 44 e é"rﬁbl fifier Gifcuit 146 (See FIES mwn i ara S e :1501 unit 20, are

not mcluded”@wfﬁ‘thlér%b‘i‘u%ﬁt TBWWWéréﬁ@)ré“\}vHBh ﬂfé%@i@F:ﬂrﬂf’l@'&*%‘m@ﬂal‘l@@ oFPise Spihdle head
14, the mainppodysidelsignaheoildbBads ndthused and the dlirasonicl tansducer dl24s driven at the

specified freguengyd bxe,oﬁqr[ﬁéagnas%ﬁwém'wnggth% A oyaltage of Iraquency presgl L the: control
device 140 to the& I15un|t 4. Furthermore, the tool 18 on the tool unit 154 may be different than
o

the tool 18 8 e tool' Lk 2t &t ?t%éf/bo@“tl‘fédﬁéﬁ‘lb (0082 1By WY i VARoUL prot¥sing can be
accomplishepbbypreparing:maoitipte tooltinits equpéd xlmthidlffeinermtypeiscef todlspdEatiexample, the

tool unit 20 ganbe ssed 20when it isgesirable to;detect the stais, QLV\QM%Q! thedogli1g and

perffirm feedbackigon Jl':?l| or th )to{ol dttlit(jlggﬁf}g&? q:]aot{;]s% dheﬂrg ck Egp}trol is_not necessary.

[0083] Furthéfmore.in & arChe p?ocessmg ap aratlis 10" aécor is ém 5’%1%?‘1% can be

opera & rveOféW‘By“éoﬁﬁé‘éﬂhg]\M’th/‘d” as shown in arrow Ry m } G '7] for me; vie, by
providing a server function in the control device 140 itself on the processing apparatus

10, the client 138 can be connected directly to the processing apparatus 10 without
going through the server 160.
[0685]

15 One embodiment of the present invention is described in detail above, but conerete
embodiments of the present invention are not limited to that above. Hereafter, some
different embodiments for the present invention are shown, but these are uliimately
exemplifications and do not indicate that the present invention is limited to the
following concrete embodiments. Also, for those components and parts of the

20 followimg embodiments that are equivalent to the first embodiment zbove, the same
numbering has been used m the drawing and separate explanations have been omitted.
10086]

First of all, FIG. 22 shows a vibration unit 170 in model form equipped with the

detection means used in the processing apparatus according (o a second embodiment

2
L

the present mvention. In this embodiment, the multiple piezoelectric elements 116 that
make up the ultrasonic transducer 112 are provided along with a piezoelectric element
172 as the detection means. The piezoelectric element 172, functioning as the
detection means, i1s sandwiched between electrodes 174a and 174bh and these
electrodes 174a and 174b are connected to the amplifier circuit 146 (see FIG. 9). This
30 piezoelectric element 172 as the detection means is, similarly (o the multiple
piezoelectric clements 116 that compose the ultrasonic transducer 112, externally
fitted onto the bolt 120, fastened with the metal block 122 and the horn 114, which are
screwed onto both sides of the bolt 120, and layered together with the piezoelectric

clements 116 that compose the ultrasonic transducer 112, An insulation 176 intervenes

2
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between the adjacent electrode 118z of piezoeleciric element 116 and the electrodes
174a of the piezoelectric element 172, which 1s the detection means, and they are
mutually msulated.

[0087]

With this kind of structure, when the ultrasonic transducer 112 is driven, the vibration



25 computer network 156, such as a LAN, WAN, or the Internet. For example, by connecting a
network interface 157 to the control device 140 g%p_vided on the equipment main body 12, the control
device 140 can be connected to the computer nétwork 156 via the network interface 157. A client 158
and a server 160 composed of computers are also connected to the computer network 156. 30[0084]

As shown:pyarroy al%;li ik Iﬁi&ﬂodh?ﬁ“ﬁnh Angd ﬁ&P%‘?ﬁ&eﬂz 194he server Hafvia shecomputer
network 156 and, as shown b arrow 2, the Proc ssin arat&;s 10 is connected as_a client to the

server 160° ThuS cliBrt 56 Shd fhiaoeroléeéyéf Wy ppdra éf S48 EohifeStel 1Bleadh of¥r through the
server 16@%6{169 Wﬁ‘taﬂiﬁ@h&réﬁﬁrﬁg deviceitHainbifepscbidirattiondl viatd paekéetsnat the server 160

and transmifsithem recipsagaltytoithe cliemt: l@%ﬁﬂ@r@ﬁ@lﬁ@@%&@@1@@9@“@1&{5 Jrgnc.ll ispossible to use
the client 4&?&95%%95%‘%% e ¥ CRIOCESS! %cﬁpﬁ%ﬁa[ U §Qgwhich is on 2 ng °{§ i'r‘]"t'rrlonme”t

isolated by a firewall and th‘e v ration characteristics of the ul’traéonlc ransducer
processmé‘hﬁﬂ)‘éﬁ*é‘fﬂ% TR RER beSBnistaR cHishitsriy semetrHektcesst OrertHer, itadhalso possible
to providehadjatabase162: o thevsdrver T68hin whichitheovibratioarcharadtesistios of-the; ultrasonic

ransducerh12.on thearacessing appatatis 40 and e ererating, candiionsf theiagessing
apparatus 10 are memorized. This a JJQA{S th daéab se 162 on the server 160 accessible from the

processing SPBaratud“ 1 i Giet tS LS o SPting CHHEITANS, 1 HEeessiblé-BM4HE ight 158 in order
to caftrol thewperatiorrof thie processifite apparatas 0dn astdrdance with thée obtainedvibration
characterisics and Qperatingcandiiens.Aeantrelnragram installgd im.the,controldeyicg 140 on the
processm% apnaraus 10 can also be updated remotely from the client 158 and the server 160 over 10
the computer “network 156. Also, as shown in arrow R3 in FIG 21, for example, by providing a server
function in‘th&d¢ontrol device 140 itself on the processing apparatus 10, the client 158 can be
connectedidiedtlyita thépracedsing apdanatus:ilBodithalst Mg mtﬁiugwtthﬁ@ﬁéarx&ﬁﬁ {Q085] One

emb@dimfmﬁmm fesentiprentions deserbed ndelgl hovs ¢ ﬁ{??@' ments of ihe presentnot |

imbed to that ajove. Hereafter, some different embodiments ort e present |rTvth|onshown but these

are ultimatefy  BrethAIiHeAtiGHE ARENEB vt hcikEte that ths brestritinbertior i< ithitet to the
following eBncretedembldiments raiso; ifon thasedomponefitst andPagts of ithe 420 bkowinh

embodiments Eﬁlﬁ‘%@t&t@ﬂ&'&@ﬁmﬁmﬁ%m%ﬁ a\mx@wt?m@me%sa,u‘mt%ekﬂ@gga%%ép%%m%d in the

draW|separa§e ex ‘I ons ve been omitted. 10086] 1, FIG 22 sho"170 in.model thrill equi Piled
100 0; mec \\mdmo 13 1he (¢

with the ahs Used'in the processing ‘Bpparatus'acedrding (8'a S80S BrriBb et ndins
20 portion 68. iunhu the first winding portion (}‘% 1s first seated in the circular groove
80 of the pot core 60, and, after that, the primary power coil 56a and the second
winding portion 70 are seated, in that order. The first winding portion 68 and the
sccond winding portion 70 are thus arranged, sandwiching the primary power coil 56a
on both sides in the axial direction.

(00891

As in this embodiment, it is possible to form the first winding portion 68 and the

B
Lh

second winding portion 70 for the signal coil 180 on different planes. By doing so, a
targe area for forming the first winding portion 68 and a large area for forming the

second winding portion 70 can be separately secured, and thus the level of freedom in

L
fon]
o

setting the number of winds for the first winding portion 68 and the second winding
portion 70 can be improved. This configuration can alse be applied to the tool side
coil head 96 (see I'[G. 5, ete.), and, in that case, the first winding portion 68 and the
second winding portion 70 of the signal coil 180 can be arranged sandwiching the

secondary power coil 56b on both sides without using the pot core 60. Also, in this

(]
(4}

embodiment, the signal coil 180 may be used on both the main body side and the tool
side, or used only on one of those sides, with the other side adopting a signal coil
having ditferent configuration such as the one mentioned in the first embodiment
above.
00901



45 the present invention. In this embodiment, the multiple piezoelectric elements 116 that make up
the ultrasonic transducer 112 are provided along with a piezoelectric element 172 as the detection
means. The piezoelectric element 172, functioning as the detection means, is sandwiched between
electrodes 174a and 174b and these electrodes | 74a and 174b are connected to the amplifier circuit
146 (see FiG9). Fhis 30 fpiszeeleqticelemenid72aathe detectionmeansis.sinylarly ig the multiple
piezoelectric elements 116 tpttcpr‘gg se the ultrasonic transducer 112, exter a[lé/. itted anto the bolt
120. fastenad with the metal block' 122 Ard the BSrR TIA WTER &Fe screvisdBnts' bdthsities of the
bolt 120, ariblalyedety togetiar withid piezbbfedtrie. elefnéatlad 6 tvab tompdsé thwittagonic
transducer thi 20l insulatierk b 76 intenvenas betweendheadiacentelecirade, 18aQfpigzoelectric
element L1ggnihe slagtradiesd rda.gldig diegaelertic.eleraant /4, Mlgh s (e gtecfion means

they are mutually insulated. [0087] With this kind of structure when the ultrasonic transducer Il 2 is
driven, the STEHERS TG e RS BATE tahdduéel T dstralisréried 1o thetpissbetettid ement 172,
the detectierrmedns;nandsvaltage i€ gémeratedlinghépiezoelectic element472.4Bysupplying this
voltage thayisiggnesated Jn the plezoglegiric glgment 4,22, from; the. slagtrodss; Lf4awand 4,74b through
the amplifier circt it[14&6 to the.t_ooJFp':,ide signal coil 58b and transmitting it to the main body side signal
coil 58a, the” Sthfe ‘of VIBFatiSH '8t the ultrasonic transducer 112 can be detected by the control device
140 oH'the ¥féthlbody side as a change in voltage. Further, with this embodiment, the detection means
can be realized wiih@simple steudtwiidin agdition: (o that.Recauseithedetection.means.can be
coaxally IngipleavHindpe ifesencanRduest b sehe dstecion means canpe prgviced via an
efficient use of space anél,_ Y suppressing 3e0|at|pns in the tqof5|de S wergl‘ﬁ‘ alance, the rotational
drive of the't60T'SiHe Carnba! perdrtaay iore Ltadi (ogsE]Next M6 RE shedissa disasdembled main
body side coilthead 182¢equippedewniittithé: 15 primaky:powencailhéa and asignal k180, that are

part of¢he proegssing appatatys.aceRrding fp.a third embodiment.of the present invention. Wit the
signal coil 180, after Wmdmr%%:g"lfﬁad wire 66 ,cwcularlg( to form the first winding portion 68, the lead
& g

wire 66 is eXtENAEA ST b S Wik ditg PSHisH 68 2aid thE Second ity pSHIBH™#0 is formed
by winding irrthe o dsite. dirdoticmrodmtietfirstiwinting 20¢poftion 68! Furthet, thadfirst winding
portion 68 s firsh seatedin thecireular grove 80 @kthe ReLcere 60,and. afigrihat, the prjmary power
coil 56a and the second winding portion 70 are (§Ie§}teq_gpn that quef-_,}_he firstt v g}dir‘]m portion 68 and
the second winding 'po'r{iqn 70 Arethus arrange ,%‘ar%v@ic ﬁg e %fﬁrﬁbri}]ﬁéﬁ ¥ cil 564 on both
sidesil the BxiEr EirEEfoR AS[0OBIAS TR tHis Brabbdithent ipistposiibid wtbrvnthieding:portion 68 and
the secondbwiiding pertiencé0dide the signal coil 180 on different planes. By doing so, a large area for
ibrming the[(f]i(ﬁgtz‘{vinding portion 68 and a large area for forming the

FIG. 25 shows a signal coil 200 in model form, which is part of the processing

apparatus according to a {ifth embodiment of the present invention. With the signal

]
[

coil 200, an outer winding portion 202 is formed by extending the lead wire 66
circumferentially, in radially outside, less than one circle (approx. 1/6 of a circle in
this embodiment) and turning it back from the outer winding portion 202. An inner
winding portion 204 is formed by extending the lead wire 66 circumferentially in the
opposite direction from the outer winding portion 202, in radially inside,
30 approximately the same length circumferentially as the outer winding portion 202
(approx. 1/6 of a circle in this embodiment). A small Toop portion 206 is formed by
this outer windmng portion 202 and the inner winding portion 204, This kind of small
loop portion 206 1s created repeatedly to form multiple small loop portions 206
circumierentially and in sequence. Also, the number of winds in each small loop

portion 206 can be set as desired. Thus, the outer winding portions 202 of the

Lo
LA

respective small loop portions 206 are formed on approximately the same
circumference, and a first winding portion 208 is formed by these multiple outer
winding portions 202, The inner winding portions 204 of the respective small loop

portions 206 are formed on approximately the same circumference on the inside of the



second winding portion 70 can be separately secured, and thus the level of freedom in 30 setting the
number of winds for the first winding portion 68 ang)the second winding portion 70 can be improved.
This configuration can also be applied to the tool side coil head 96 (see FIG. 5, etc.), and, in that case,
the first winding portion 68 and the second winding portion 70 of the signal coil 180 can be arranged

sandwichingthe aeg@qnﬁ.a%aqmernml 260 enheth sidesavithautdising thepalsare 60. Also, in this

embodlment the r%lgnal coil ﬁSO may. u,ﬁgd on both the main body side and the tool side, or used
b TINeY Winaing (}1 10T

only on one of tHose sides, witfr th ?her side adopting a signal coil having different configuration such

as the one mM8Rtibned in the first embodlment above. 100901 79 _ Next, FIG 24 shows a signal coll

190, which isvpartioftthie pidedssing: apiparatus, ahcczrdmgxtc)n&;fmj[m embadimend efi¢hampeesent
inventian. The,signal&ail A998 s lnéta"ﬁqx@rmhﬁtmu%mb aék@ed%'&ﬁlﬁﬁd(ﬁﬁQ and, g, aad,wire 66,

which is seated in'the C|rcular groove 80 of the pot core 60, extends out to the exterior of the pot core

60 and is wBtd"Arotmd QL&P%HMTI@#EH“&FSHH&BE‘ 19 lﬂ)‘f’?h&f}d‘éﬁ?é BO R iU Hehtial winding
portion 194 forinedhby theletid wiren66/ wound enithe:dirdensferenieeysurface 492 (Thehwinding

direction of the.Gircumienential winding, @%t@ﬂi#ﬁ% isseldn dhe-sarme directionas gither.the first

winding portj ond indin %0091 IntQtsUembodl t acofJ winding path
that generafég? rﬁﬁtualﬁy rsffe?rg‘éﬂﬁwg:‘fr hatve %g%]es}}llé SrvEH By HE ErSI Winding pattion 68, the

secont'windIHE PO 70 Al tHe s civhfepervralodiftitep p@kﬁbﬁ q 94T houghahis itispossible to
adjust the nigerreduction effect merevpréciselyribis: alse. possikiede form acaihwinding path in 15

which mutuglly Jeyeies, eleriiamAtue.(rgen /16 generaiod Y. he cliplipleranial yinditgportion 194

and either the first wmdln% portion 68 or the second winding portion 70. Aso in this gmbodlment a
signal coil 756 BFHEGSYIRide ¥aikEdn @B"|§‘W6Uhd’H%ﬁiy”&ﬁ%“dﬁ‘e@ﬁ’én“ﬁﬁf&:@l%}éﬁ fHé drinular-shape
that is convemtionatlyinaidenuse. siarthiswhy(a doil windingqat that deneratés-mutudlycreverse 20

electr@motw%nf@rcag cande fermed.Qoiat feast.one ofthe signa callsep tn% Anain; begdy side or the tool
side [0092] qu tsh G%a SI %agcon % in mozel for¥n FTICh is part of th e pr 0%%SSI g apparatus
according 6% TR SrbOdIMERt of the BrEREnt IRVERHSH Tl fhe gﬂéﬂ’ 2B0ESI5 00 An Gtiter winding
portion 20245 e bl estening tharnaadiwire 86 dirstmiferentially, in radially outside, less than one
circle (apprexyd/p of a circle in this embodiment) and turning it back from the outer winding portion

202. An innefinging, Rotion 245 formed Py xieneling: e isad Wire B slruigrentially in the
opposﬂe direction from the oute’f winding por Ion 562 In radlal y |n3|de approxmatelyt e same

length’dircuiErasialy S8 HE BtHeP virdthg borﬁ‘@)i*f?’é‘? (&ﬁb‘r‘@%{’f}/(}’bf HeitclhtHigeribodiment). A
small loop portidh 206 éscforsmeddoys thisi Outetwinding: portioin202 andvthe inner winding portion 204.
This kind of{gga)alf loop portion 206 is created repeatedly to form multiple small loop portions 206
circumferentially and jn seguence. Also the number of winds in each small loop portion 206 can be set

as desired. THUS: & Sute \)vfr‘i‘dfh@ p@r‘tlbﬁ?%’?]bﬂhé HRSpebtive SntaMBEK Portiohe ‘208 are formed
on approxumately%tﬁé@same birdumiesehee, iandadirstvinding: portion 208 is:formeld oy these multiple

outer winding:pPOHiIaRs:202 kheminnerwinding pertions| 2@&@]‘4&1%4@8@@0&}5@@%" ieep partions 206
are formed 1%'3 it R[O?ﬂma(;[ﬂ JQ%%& m;F'W@Iﬁ%ﬂ%&%ﬁé@?i@%a mt{uE ~d on the tool side’s

signal coil, ete. In such a case, it 1s preferable to arrange the core component without

an exterior encompassing the tool side’s secondary power coil, thus avoiding an

increase in the secondary power coil’s inductance while also being able to include the

30 tool side’s signal coil in that core component.

H0096]

Also, various types of embodiments can be sultably adopted as concrete means (o

control the power supply frequency to the primary power coil in response 1o changes

in the resonant frequency of the tool side’s ultrasonic transducer, without being

L2
Lh

limited to arithmetic processing with a CPU. For example, a feedback means using a
Phase Locked Loop (PLL) can be adopted. Also, the detection targets for detecting
changes mn the altrasonic transducer’s resonant frequency do not need to be limited to
voitage and electrical current, ete., as in the embodiments above; the surrounding

ambient temperature, or the ultrasonic transducer’'s mechanical amplitude or distortion,



- 30 - outer winding portions 202, and a second winding portion 210 is formed by the multiple inner
winding portions 204. [0093] Even with this kind QE inding path, the outer winding portions 202 and
the inner winding portions 204 are wound in mutually opposite directions (the outer winding portion
202: clockwise, the inner winding portion 204: counter-clockwise in FI (11 25) around center o of the
primary powsy seil:and the secondanypowernceirineithel-shewa:in the drawing, which are arranged

on the concentric a>_‘<tis1 witghghe.signal coil 200. Thus, t!he first winding qrtion 208 and the second

=i 2 + =Y v Y S T - \p g & oy ;% —
Votnd i 10 rﬁﬁtﬁgllg?oﬁ%&iltg’ FetioRS %5?1“&7’5%’33%@/{%1 'Miidble outer

- an e us
winding pOI’%IOI‘] él wound
winding por%ﬁé b02 and the multiple inner winding- portions 204. And, since, with this embodiment,
the numbertafrwinds for éachismall loapdportiba ROScanhechangad for examplesdinaggerdance with

2 variagee i fheamaunt oligeahpagnetic i Rangs A eseuR Al ckmigrentaly. i,ihe, signal co

200, the noise electromotive force reduction effect N be adjusted more precisely. Further, the
form-stabilif} SR SiyHE E81 P00 Lalbs WHSHEAB BY MakmMy thfipterditdiatgekaped small loop
portions 2061thatiéxtendpartiBdyranound incaccicunfaréntiab ditection: [6Q94 inEmbaediments of the
present inveptigniasedescribed in detail above, but these are 20ultimately exemplifications, and the
concrete d r('glﬁ_ion of those embodiments should not be construed as limiting the present invention in
any way. [(()eg&‘:sf or example, with each of the embodiments above, the core component is provided
only of’the frain Bodly site chitho thneaged suehas sitsencitlis desirablento stital e theh25tgab between
the main bodycsidesanddhie todlsideinamely.dtosadiust thelinterns’ magneticix et the signal coil, the

core companent can.be included on the togl side: s%'g@ﬁ'&%?égrg g}rs’%ea;%%ﬁ?hgds preferable to

arrange the core component without an exterior encompassing the tool side’s secon&la‘r'y power coil,

thus avoidir§ 5 itields ik the sesdRdar polrelcEsiie indtetared whild als bElRg ablg o include the
$0tool side'ssignédt coitlincthabcorle:companent 00963 Alse | walsiatis:typeashaf embedimenis canb
adopted as GORAr that specifics which of those multiple detection means to use transmitted from
the main body side to the tool side, while also transmitting the results of the specified
detection means from the tool side to the main body side as an electric signal, ete. In
such a case, for example. it is possible to detect the switching timing of the inverter
that transmits power from the primary power coil to the secondary power coil in order
200 to control the timing of transmission of the electrical signal in accordance with that
switching timing, 1.e., the timing of applying voltage to the signal coil. Also, by using
half-duplex serial communication, the pair of signal coils on the main bedy side and
the tool side can be used to both transmit an clectrical signal from the main body side

to the tool side and conversely transmit an electrical signal from the tool side to the

I~
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main body side.

[0099]

In addition, modulation methods used to transmit the clectrical signal with a pair of
signal coils are not limited at all; various modulation methods can be adopted, for
example, analog modulation like amplitude modulation (AM), frequency modulation
30 (FM} and phase modulation (PM), digital modulation like phase-shift keying (PSK),
binary phase-shift keving (Manchester encoding, BPSK), and frequency-shift keying
(FSK}, and pulse modulation hike pulse width modulation (PWM).

10100}

In addition, without particularly listing each one, the present invention can be

Lt
(4]

implemented i embodiments to which a variety changes. revisions, improvements,
etc., are applied based on the knowledge of the corresponding expert. And, as long as
such an embodiment does not deviate from the purport of the present invention, they

are all naturally contained within the scope of the present invention,



control the power supply frequency to the primary power coil in response to changes in the resonant
frequency of the tool side's ultrasonic transducer, yyithout being limited to arithmetic processing with a
CPU. For example, a feedback means using a Phase Locked Loop (PLI...) can be adopted. Also, the
detection targets for detecting changes in the ultrasonic transducer's resonant frequency do not need
to be limited to voltage and electrical curkghy,eta), &% inithie. embodiments above; the surrounding
ambient tempgyature, or the ultrasonic transducer's mechanical amplitude or distortion, 31 for
examplealsoidopted. Therefore, a thermometer, accelerometer or the like can be used as detection
means to detedt e A HRsdtics Py RIAR! GPUBratioh. [Boo7PEltheindre, ¥R witlding shape
of the poweirebibahd dighaligoiiccantalbd penthadel. fé? example] yeotangulan o ielliptical #ithout limiting
them tg being ginsular slacadditiendnsthe pignaleoibuthe cancrete form of therelk winding path that

generates mutually reverse. electromatjye forces Is not limited to those forms in.the f;lbove(y
embodimerﬂm.“f(%%% Also, Llﬁﬂff?et frq;t"}eé\r{ﬁ‘b{g(?rﬁé%%{ 8‘*&e&?ﬁe@e8 fica rgk_r;%?al &randnitted from the

tool side's sigH&loil tostie a6y &itdets sithal Boil Butitis Hatirally possileaasiudd these signal
coils to transimitstheceleatridcalsignal senvearselyitan Meinainkedy: sidetothe 100k side:for example,
muliple detgetion means e Al REPIQIGHAN (e {09hsida 0 deleat the wipsenic frgpsducer's
state of vibration and have an electrical 15 signal that specn‘lés wiuch of those m tiple detection
means%o ¥ HitsMiieB B the main body side to the tool side, while also transmitting the results of
the specified detection means from the tool side to the main body side as an electric signal, etc. In
such a case, for example, it is possible to detect the switching timing of the inverter that transmits
power from the primary power coil to the secondary power coil in order 20 to control the timing of
transmission of the electrical signal in accordance with that switching timing, i.e., the timing of applying
voltage to the signal coil. Also, by using half-duplex serial communication, the pair of signal coils on
the main body side and the tool side can be used to both transmit an electrical signal from the main
body side to the tool side and conversely transmit an electrical signal from the tool side to the main
body side. [0099] In addition, modulation methods used to transmitelectrical signal withof signal coils
are not limited at all; various modulation methods can be adopted, for example, analog modulation like
amplitude modulation (AM), frequency modulation (FM) and phase modulation (PM), digital modulation
like phase-shift keying (PS K), binary phase-shift keying (Manchester encoding, BPSK), and
frequency-shift keying (FSK), and pulse modulation like pulse width modulation (PWM). [0100] In
addition, without particularly 'sthe present implemented in embodiments to which a variety changes,
revisions,improvements, etc., are applied based on the knowledge of the corresponding expert. And,
as lom-



as such an embodiment does not deviate from the purport of the present invention, they are all
naturally contained within the scope of the presentﬂmventlon KEYS TO SYMBOLS [0101] 10:
processing apparatus, 12: equipment main body, 14, spindle head 18: tool, 20: tool unit, 24:
workpiece, 36: labyrinth seal, 42: main body side transmission unit, 46: main body side coil head, 56a:
primary power coil, 56b: secondary power coil, 58a:1main body side signal coil, 58b: tool side signal
coil, 60: pot core, 68: first winding portion, 70: second winding portion, 94: vibration unit, 96: tool side
coil head, 112: ultrasonic transducer, 114: horn, 116: piezoelectric element, 120: bolt, 124: insulating
layer, 125: chuck mephanismg k8Ramirflowpath g 2: piezoelectric element (detection 10means), 176:
insulation CLA'M&Aa@(%%?'ﬁ@@&ﬁﬁﬁ%@dﬁwmpﬁk&% @pBi mhoqyﬁp‘m@;ﬁﬁume@l wyith @ power
supply Limlt that out lIItS Asjcdf\:/omggeiﬂg 1 Uo g) Otant%%l Od(.fe!a?tilor}ﬁ[ Eh%umal(? \\11¥ %I}de and
equipped with an ultrasonic tran c‘i‘ucer][ tooLI i connected;” ¢ d iPBra primary power coil
and a secoritlHi} PowER EEHCHHi K B}‘é‘@lé@‘dsféd%ét\?vééh the main body side and the tool side on a
concentric axis with a‘zriotatmgmequh(ams obthetbokside dwhereieacdiive. pQW%EdesqpﬂLbﬂd via the
primary and,secondan ARELSalaIam e RaweIAURRY untem e 1AM ARdy Fifle jo.he

ultrasonic transducer on the tool Side, being characterized in that: a pair of signa colrs are

disposed betiREH té Maiibaw) side aﬂ&&ﬁ@ oo e SR %a&*@ﬁé%igﬁanéb.@a?él Pckdd on a
concentric axisowiter theopewerdsils @ndistapkedrinvaraxiah dikection, maspéctivelidan thatmain body

side and the,igql side 1 & dstestionmeans I%@mvm%ﬂa@rmt&qhﬁkde for detecting a state of
vibration of the ultrasonic trans uceg and.a detection S|%élall from detgcno lrpeans is Eransmlttable

air of stonal corld are disposed beliweeny ihe mam md side and the tool s1¢
via the signal coils o the 1851 Sitetd THe A Body S 7
such that the signal coils are located on a mmuwinc axis with the power coils and
stacked m an axial direction, respectively on the main body side and the tool side,
i3 a detection means is provided on the tool side for detecting a state of vibration

of the ultrasonic transducer, and a detection signal from the detection means is
transmittable via the signal coils from the tool side to the main body side,
a power supply control means is provided on the main bodv side for
controlling a power supply frequency to the primary power coil based on the detection
20 signal from the detection means, and
at least one of the signal coils on the main body side and the tool side, is
provided with a coil winding path that generates mutually reverse electromotive

forces in order to offset the clectromotive forces generated in that signal coil due to an

effect of a magnetic flux produced by the power coils.

23
2. The processing apparatus according to claim 1, wherein the coil winding path,
which generates mutually reverse electromotive forces, includes a first winding
portion and a second winding portion that are wound in mutuaily opposite directions.

30 3. The processing apparatus according to claim 2, wherein the first winding
portion and the second winding portion, which 1s turned back from the first winding
portion and wound conversely along the first winding portion, are formed on a same
plane.

35 4 The processing apparatus according to any one of claims 1-3, wherein a pot

core, which is made from a permeable-magnetic material and has a groove extending
circumferentially, is provided on at least one of the main body side and the tool side,

apd both ot the power coils and signal coils are housed in the groove.



a power supply control means is provided on the main body side for controlling a power supply
frequency to the primary power coil based on the ggtection 20signal from the detection means, and
at least one of the signal coils on the main body side and the tool side, is provided with a coil winding
path that generates mutually reverse electromotive forces in order to offset the electromotive forces
generated in that signal coil due to an etThet of magnetic flux produced by the power coils. 7).,._

processing appargiys aecording to.claimil, whergingoll winding path, which generates, muually
reverse electromotive fbrces‘,“m@lu‘éj S a first winding portion and’a sedohd Wlncﬁﬁg (p’)%lr(t’lolr? that are
wound in meftiEly bppekitendie stind Bopideessing apparatus according to claim 2, wherein the first
winding portion and the second winding portion, which is turned back from the first winding portion and
wound convyersely-glang, P&E‘iﬁ%% %8{3%&;]&19@&8(—%99 o &, aame &]da,ﬂ?wﬂem% Bf%?ﬁ%s&g%?paf?ws

according to any one of claims I-3, wherein a pot core, which made from a permeable-magnetic
material and*RAS BOGrBove Sk iBRdIRY “ErAepratsgsing dispscais SRebramng e elaink 42 Wherein the
pot core is pravided solely o thesmaimbedys siée56 The provessing @ppdardius @cdarding to claim 4
or 5, wherein a distance of separation between the first winding portion and the second winding portion
is greater than a distance of separation to vyal]s_gf the groove from plqth sides of the signal coil. 7.The
processing Apparatus &LCoTHiNG PRAY Be 6f Eititgs1-8MWitBrelt! tHE'TH ultfasBREHanEucer is a
Lange\in transdaees withs dvaitiple pibzogtectricealaimentsvidyereddndtber detéotionomeans is
composed ofiapiezoelestiaelementlayered onihosa multiple pigzaslectis.elementsd on

those multiple piczoelectric elements.



