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This invention rel ates generally to a reciprocating tool holder assenbly.
Mor e particularly, it relates to a tool holder assenbly that provides
substantially axial excursions of a cutting tool that may be
positioned therein. 5 In various fields"it is desired to
feciprocate a cutting tool at high speed into and from engagenent
with a work piece. One such field is that of optics, particularly the
fields of optonetry and ophthal nol ogy, in which it is often desirable
to cut asphetic surfaces on work pi eces, such as contact | enses.

Nuner ous vi sual defects in persons nay be corrected through

corrective |l enses having at |east one, and often nore than one, aspheric
surface. In order to 10 formsuitable | enses for such visual

i mpai nnents, it is necessary to reciprocate a cutting tool in a
preci se axi al manner. Nunerous prior art cutting tool

assem | caeffid: " ReiBeIHHkd by HELIR AGRERYC ©

BACKGROUND OF THE INVENT!__ON

This invention relates generally to a reciprocating tbol holder assembly. More
particularly, it relates to a tool holder assembly that provides;;snbstamially axial excursions
of a cutting 100! that may be positioned therein.

In various fields it is desired to reciprocate a cunting o6l at high speed into and from
engagement with a work piece. One such ﬁ'eld is that of optics, pan.icularly the fields of
optometry and ophthalmology, in which it is often desirable 10 cut aspher'i: surfaces on work
pieces, such as contact lenses. Numerous visual defects in persans may be corrected through
corrective lanses having ar least one. annd often more than one, aspheric surface. In ordar to
10 form suitable lenses for such visual imnpainments, it is necessary 10 reciprocate z cutting tool

in a precise axial manner.
Numerous prior art cutting tool assemblies have been pt'ci:"p_:_osed that rapidly reciprocate
a cutting teol into engagement and away from a wark piecé;.-'- For example, U.S. Patent
4,203,062 describes a cutting tool that is atiached to a ﬂ:xip!e diaphragm and is rapidly
15 reciprocated in a tool holder driven by an electro-magnetic \mcc coil. Similarly, U.S. Parent
3,152,202 describes a cutting 100l that is mounted to an arm w'.:i;t.h one end pivotally attached

10 & base and the other end connected 10 a moveable armaiere =ihat is rapidly reciprocated by



a cutting tool into engagenent and away froma work piece. For exanple,

*U. S. Patent 4,203,062 describes a cutting tool that is att ed to a
f1 exi bl end) oM and is rapidly 15 reciprocated in a t BEFUSLVHE%S dri ven
by an el ectro-magnetic voice coil. Simlarly, U S. Patent 5,152, 202
describes a cutting tool that is nmounted to an armw th one end pivotally
attached to a base and the other end connected to a noveabl e

annat ur e at livgdar infotb2 Piadbafefub ek

PCT/ US97/ 06625 CEdeRUP CiahBiRab® &f WS 1nd other priorlit Reaufly 1eas one to the
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needs o ust r
| NVENTI Ot eeds of 1 °S‘“d‘Ym In view of the foregoing, it is desired to provide

a reciprocating tool holder assenbly for reciprocating a cutting tool

at hi gh speeds. More partic r Lt L rovide a
reci pSocati ng tool hol der amyﬁnkﬂ*iﬁﬁwﬁgﬁ&@ubst antially |inear
and hi gh speed excursions of a cutting tool that may be attached

thereto. 1t islnatiew oftis ibﬁ!goirfg, Rridedired %o gr%@de arreéirﬁcﬁﬁiﬁ bﬁ%dl@ﬁ'uﬁ&ﬁﬂ?r

assenbl y havi ng neans t just the anobunt of axial: reciprocation.
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To achi eve .t hese and otq r ob ects wi |l becone apparent to those
ski |l ed i*fCIPIREaERNE 10plLho g?re%%ﬁ‘bb’nm?hﬂad rPfQ’ﬂ@Q/ isuestangially linear and high speed

excursions of a cutting tool that may be anached thereto It is also desired to provide a
10 reciprocating tool holder assembly having means to adjust the__, amount of axial reciprocation.
It is still further desired to provide a reciprocating tool holder assembly in which the
reciprocation of the cutting t0ol may easily be controlled. To.achieve these and other objects
that will become apparent to those skilled in the an, the present invention provides a
reciprocating tool holder assembly primarily intended té provide substantially linear
excursions of a cutting tool that may be auached thereto. The reciprocating action of the ool
holder assembly is provided by a voice coil assembly that i;i:cl.udes a coil body, a plurality
of windings subscribing at least a ponion of the coil body and at least one pole piece
positioned proximal the coil body to provide a magnetic field _;rip.sve‘rse to the coil body axis.
The coil body has an axis extending longitudinally between us first and second ends, with
20 a pair of coil arms that are attached to the coil body on gex\erally opposite sides of said coil _
axis proximal the coil body first end. The assembly also mcludes a pair of lever ams, each
having first and second ends and an axis exiending tlxerebez\g;eexx, with the first end of each
lzver arm pivotally attached to a respective coil arm by a ﬁrstpwotal attachment with the
axis of each lever arm extending substantially transverse to the coil body axis. A pair of
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reci procating tool holder assenbly primarily intended to provide
*substantially linear 15 excursions of a cutting tool that na§ﬁ§g
attacheqwb@ﬁaﬁhg. The reciprocating action of the tool SR r
assenbly I's provided by a voice coil assenbly that includes a coil body, a
plurality “of wi ndings subscribing at | east a portion of the coi
body and at | east one pole piece posi tioned proximal the coil body
to provide a magnetic field transverse to the coil body axis. |, . The
coi | bodg‘ﬁﬁ‘é’é“ &%"&?fss"“éﬂ‘é 1irg ‘ﬁ%ﬁﬁ‘tﬁd“hﬁﬁsﬁw"ﬁé&ﬁé‘é § 2 Iespeqtive agdiaFeSbcond
ends, with 20 ~a pair of coil arms that are attached to the coil body on
gener al | yeV&pBTB intermadinte ity firss and) second ends to providei asfulnrumi abat which cath levety
first end. The assenbly also includes a pair of |ever arns, each

havi ng f iarmimanptvete CTircecndsenduf each R¥érannis pivciallg afiivhied kein\elofigated Bhaw he

first end of each | ever armpivotally attached to a respective coil
arm by apht ' 0RERT TH ' ! "with ™
ext endi ng slagtsatsgérﬁﬁlaﬁ?a;ﬂpansverémgﬁﬁl@?gg ﬁw%egggﬁgifg&gﬁﬁ%glafr%

PCT/ Ug97/ 06625 D, 97/ 4952 ful crym nenber re attfached to the
base o (N SERS biras Apned gsmrrally paralclap fhpchoilody e, “TRC eng e B vy ar
intermediagte its first and second ends to provide a ful crum about which
each | evdistal the coibbodyriagttashed to 2 miok suppos that is peeferably ditnensioned and ponfigured
pivotally attached to an el ongated draw bar by a second pivot al

at t achnerfor re€Bivingr 2¥otHiag tdohs TheRods REFpoRTIS aflached & & '¢8ida Fheriber $hat 4 ikached
the draw bar axis aligned generally parallel to the coil body axis. The end

of the dng¥he’Bise of the assembly. A cutting 1ool, preferably having an axis generally coaxial with

the draw bar axis, is attached to and extends from the tool suppon distal the coil body,
10 whereby providing alternating current the coil windings results:in substantially linear, axial

excursions of the cutting tool.

BRIEF DESCRIPTION OF THE DRAWINGS
One panicularly preferred embodiment of the apparatus of the present invention is
15 illustrated in the accompanying drawings, in which:

FIGURE 1 is a top plan view of a tool assembly of a preferred embodiment of the

present invention;
FIGURE 2 is top viéw of the tool holder assembly of Fig..} 1 with the top base portion
~ removed,; )
20 | FIGURE 3 is a side elevational view of the apparatus of Flg l;
FIGURE 4 is a front elevational view of the apparatus of}-":g l; and
FIGURE 5 is « frontal view, panially in section of thé 'agéralus of Fig. 3 taken along

lines 5-3.
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distal the coil body is attached to a tool support that is preferably

*di mensi oned and confi gured for receiving a cutting tool. The tool
support igodbkdhed to a guide member that is attached PCTIUS93/06428 hase
of the asserrbl y. Acutting tool, preferably having an axis generally
coaxial with the draw bar axi s, Is attached to and extends fromthe
tool support distal the coil body, 10 wher eby providing alternating

current the coil w ndings resu | i near, axi al
éxcursions of the cutting tooIbt"-'sr“k“‘t':ﬂ’lbs’;'(ﬁﬂ{.’M"£6¥ BRI EF
DESCRI PTI ON OF THE DRAW NGS One particularly preferred

embodi ment of #hprefemredrembodimént idf eheresiproratiignoohholder assembly 10 ofithe pﬁe‘smt ed
i n the acconpanyi ng draw ngs, in which: ' 'FIGURE 1 is a top

pl an vi ewirvensior QQiIuﬁﬁ%Wﬁ'Fi’gsOfl-ﬁnRGﬁEﬂ:ﬁﬂgrﬁfé?é?x@é Eﬁiﬁicﬂfsri fto simjlar part
present invention; RE 2 is top Vi ew 0 e toor HRT Ger

FroRe 5 Noigh déw%@ei VA %F%@ﬂb SPRE o ppciproe A BERLS 198 Ssseanbly is
FIGURE.4 is a front vational view of the a parat us of Fig ;. and
FI GURE’ 5 iBenerally grovided \ehvewcmvmml|V91cpr¢0§éattf%mblrmcla%arr@smdaflm&; 3

t aken al ong lines 5-5.
PCT/ US97/ @ewaslly rectangulay trtd5Stion that may suitably be formed of a metal member, such as

an aluminum alloy or iron. The coil body 14 includes a ﬁrs_._t___:_ej_nd 16, a second end 18 and
a longitudinal first axis 19 extending therebetween, and a pair of generally opposed sidewalls
20 and 22 generally extending between the first and second ends 16 and 18, tespectively.
10 Preferably, the coil body 14 is coated with an insulating marerjal; suitably a high temperature
Tesistant epoxy material and a conventional fiber resin, such a_'ﬁ_s_:_.ﬁ-bergl_ass saturated tape, or
other materials well known in the an. A plurality of windings 24 circumscribe at least a
portion of the coil body 14 and preferably include multiple la'yé;s of a suitably electrically
conductive material such as, for example. a leﬁgah of an ahnp_fﬁ___um wire. Preferably, each
I35 layer of windings 24 is appropriately coated with a layer of a suitable insulating material.
At least one pole piece 26, althouéh preferably a plurality of pole pieces, such as pieces 26,
28, 30, 32 and 34, are positioned proximal ihe coil bcdsto provide a magnetic field
iransverse 10 the coil windings. As illustrated in Fig. 3, a preferred orientation of the pole
pieces includes positioning the three magnetized platcs.26,_ 28.and 30, suitably formed of
20 cold rolled sieel, ina spaced apart and substaﬁtialiy parallel relauon positioned adjacent the
coil body 14 with two bar magnets 32 and 34, suitably formedof rare earth elements, such
as neodymium, iron andfor boron or other materials with apﬁiépriate magnetic properties,

interposed batween the respective pole pieces 26, 28. and 30. Each pole piece is polarized



DETAI LED DESCRI PTI ON A preferred enbodi ment of the

*reci procating tool holder assenbly 10 of the present FJER% 546
i | [ustratyplorawst3 gs. 1-5 in which simlar reference char a reter to
simlar parts t hroughout the several views of the draw ngs. The

reciprocating action of the assenbly is 5 ‘'generally provided by a
conventional voice coil 12 that suitably includes a coil body 14 of

gener al | ywith GicihgatidoSoutk %fe edsl | Tr“@torﬁﬁéédsxﬂ'at L 'L&:Qeféﬂfogeﬂfﬁfthﬁ 4 al

‘menber, such as an al um nu | oy or |ron e col |nc des

afirst e al axi g

ext endi ng ther egg‘toﬁ mgg‘ﬁad‘z?ﬁ@d%‘}'gﬁ%ﬂ?ﬁh Eﬁ!ﬁ@feﬁ 33?7 %%gﬁ %‘}ddégéﬁ §°s"'°“°d 20
and 22 geperal ly extendi ng _between the first and second ends 16 and 18,
respect | vg‘f Jgeent pye aﬂﬂ?'éf -er BIRY \ArTangrment prodyses, @ Taagnatic. dield ahay; is -substantially
Insulating material, suitably a high tenperature . resi stant epoxy

mat eri al me@dmﬂamerthmnﬂlwmdmgs rAccordinglyovhensanf aleenayingselectrital rautent isipe,
or other materials well known in the art. A plurality of w ndings 24

ci r curicr infrodated 1934 cdil windings PR Ricddoil b pé;sjjmaybihﬁeai@mpgﬁ&mﬁm y

include multiple layers of a SUItab y electrica con

mat eri al t h of n al num w re. Preferabl

cach 15 S roganigedl 1ohE Mhaskunydl oF ABisniie sl SRR PRRH IOV e

sui tabl e ins I ating material . At | east one pol e piece 26, alt hough
pr ef er abl V"?ﬁfpﬂﬁﬁ"’allty of pol e pieces, such as pieces 26, 28, 30, 32
and 34, are positioned proxinmal the c0|I body to provide a magnetic field

transverse to tpaicol toibamdid6omd I8sare Ispaced Epartedhdiatradlied. to The doiPbeiyefirseéhd
orientation of the pole pi eces 1 ncludes positioning the three

magnet i zeg t %81”@ t
stgel I|Zn gﬁggagg%&ggé t an&ql %‘s‘?an i%ﬁwl{)% el :-:reﬁp ’}eo‘%&{agosﬁitl 1923

adj ac&pt

khﬁnau' of lever arms 40 and 42, with each respective arm 40 and 42 having a respective first
end 44 and 46 and a respective second end 48 and 50, are formed of a rigid material, such
as steel or other suitably rigid materials known in the an, and_-_.ga.ch lever arm 40 and 42 has
‘a central axis extending longitudinally of the ann. As illustrated in the figures, each lever
amm first end 44 and 46 is pivotally auached (o the respective: coil arm 36 and 38 by a first
pivmal attachment such that the axis of each lever arm 40 and -l_‘-"-.!_':-exsends generally transverse
1o the coil axis 19.

The préferred construction of the first pivotal attac!nnéi:'_\it; of each lever arm first end
44 and 46 1o the respective coil arm 36 and 38 includes att;(:hing a member or an arm
flexure 52 and 54 of a generally rigid and resilient material, such as a panel of spring steel
20 or the like, 1o each coil anm 36 and 38 distal the coil body l4 Such flexures 52 and 54
preferably include an apenture formed therethrough for recewmg a fastener that may attach
each respective levcf arm 40 and 42 to its respective coil am .ﬂ__gxure 52 and 54, which are

attached to its respective coil arm 36 and 38, The lever anm first ends 44 and 46 are

L



cdil body 14 with two bar magnets 32 and 34, suitably fornmed of rare earth

+ el ements, such as neodym um iron and/or boron or J@& rials
W th appw_j,l} £ Mmagnetic properties, i nt er posed bg{:'&@é’n’ %
respective pole pieces 26, 28, and 30. Each pole piece is polarized

4 ! ;

"PCT/ US97/ 06625 WO 9_7/--49522 with north and south pole ends,
pr ef er abl Lant ' 2pul sive rel atjon 1..:hat it he . respecgtive
ort h and EREHP Efiied s BERA Birlehedifnheite LG R Snerein, o ST e

posi tioned. . .,adjacent, _one apother. This arrapngeneni, produces a magnetic
field thaf“?%‘“gade‘tio{rﬁﬁ“alﬁ%“d 43% ;3&? 'g“i”ﬁe-%%

FRSRERtive, 2 and 3% ndnRpenture
Accordingly, when an alternating electrical current is 5 i ntroduced to
the coil U#viag thes diameterrgreaten thancihat ofl 2achrlevercerm 4&iantl 42bpréferably ii darmed
forces that are proportional to the magnitude of alternating

el ectri Caﬂgg\ilﬁh' @tk cRASHABEANEISAY peltfiit ¢ pivotal moverVdrit SF {iftSevet arm 40 and 42

A pair of arms 36 and 38 are spaced apart and attached to the coi
b0 13 §8aspmens e e B S, oA A1, W RRGRL )
42, with each respecti've arm 40 and, 42 having, a respective first end
44 and 46=%¢EEPPJ=$§§§MM§ Buetahanachmenss known wohe ant may sulfise inpluding, wjthout
material, such as steel or other suitably rigid materials known in
the art, dimitatian uriversal jqin}_;%ttﬂlemhdam&siméxinged connections.
| As illu.strated inthe Figs. 1,3 and 4, the 100l holder assembly 10 also includes a base
having an uppef pbrtioﬁ 56, a lower portion 58 and a pair of generally opposed sidewalls 60
10  and 62 extending betwee\n.:__at;least portion of the upper and lower base portions 56 and 58,
réspecrively. A pair of '-'t'-u.lcru_n_a members, generally indicated as 64 and 66, are attached to
the base and are poshion'_eﬂ;}__such that each member engages a respective lever arm 40 or 42
to provide a fulcrum about which the respective lever anm 40 and 42 may pivot. In the
preferred embodiment illustrated in Figs. 2 and 5, each fulcrum member includes a respective
I8 fulerum flexure 68 and 76 ihaving an apenture formed therethrough, the diameter of which
aperture is greater than the :sdiantetgr of the respective lever érm, alrhough preferably close
fiting, such as, for example, about a 0.002 inch difference in respective diameters. Such
fulerum flexures 68 and.-_-'IO_are suitably formed of a generally resilient and rigid material,
such as a panel of conventional spring steel, and may suitably havé a thickness of about 0.02
20 inches. Each fulerum ﬂexxir§ 68 and 70 is preferably attached to a respective fulerum block
75’. and 74 that is anached to the base, suitably to at least one of the upper base ponion 56

and the lower base portion 38, and preferably attached between both the upper and lower base

portions 56 and 58, respecnvely Accordingly, the upper and lower base ponions 56 and 58,
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a central axis extending longitudinally of the ann. As illustrated in the

figures, each | ever armfirst end 44 and 46 is pivot ached to
t he reswg?j,,x&z?oil ann 36 and 38 by a first 15 pi votrgwlggc{%ﬁent such
that the i's Of -each | ever arm 40 and 42 extends generally transverse

to thle coil axis 19. The preferred construction of the
first pivotal attachnent of each lever armfirst end 44 and 46 to

Lhe r eSPagiielBvenl e ifElcte ?@lﬁ‘?@&:é Bt W50 gh VAR B vehuBRIEeRlrs ARcRdY

1 exure 52 ‘and 5 a gener rigl ent material, such as a

panel of ' { Lke,. to each coil .arm n 8 distal
Phe coi | Boaubuy &fine o anafluledSomskiieonhe periont 153he B Biofl 17
aperture formed therethrough for receiving a fastener that mag{i attach
each reSpéa&"‘i TPEPSCUYe fulerm Dlock {d apgd HAchas @ Jespeeijyaciinst end: %6 Andi 7B, 3 respestives 2
and 54, which are attached to its respective coil arm 36 and 38.

The | eversegond ¢ndr 80 andd82 4ddaackesgective aperture 84 and 86, having an axis formed
PCT/ US97/ 06625 WO 97/ 49522 preferably drilled and tapped for

. \5 H . . 1
over ar maciegeoagh M4 hastH RRin of Sih Brdr im0 aRg 92 ensins HESEREME D
havi t h | t t th t | ev: _ 0 d,42 .

or of or abl SFoPAETVE hlensth SR sprglfih 44 B B0, seraly il 3 d lBraply poacitlg
pi votal noy nt of the lever arm40 and 42 5 inits attachnent to the

respect i vIIUB Wef IRsRUTecaS Sihe smchuenc byween thet fulorim Blocksnt® asd Jéddand the
and appreciated that other pivotal attachnents known in the art nmay suffice

i ncl udi ngrespédtiveuipper and lower base portions preferably provide for an adjustable attachment for

selectively positioning each fulcrum block 72 and 74 axially along each respective lever arm
10 40 and 42 closer 10 or fanther from a draw bar 88 tﬁat is positioned therebetween. This |
provides for an adjustable mechanical advamgge or lever ratio, suitably from about !:] to
about 10:1. Each fulcrum flexure 68 and 70 is preferably spaced from the respective fulerum
block second ends 80 and 82 to permit substantially free movement of each flexure G8 and

70 proximal its respective lever anm 40 and 42, such as by positioning a conventional washer

——
“n

therebetween,

In order to provide the desired amount of reciprocation of the tool holder 10 of the
present invention, each lever arm 40 and 42 is preferably formed of a threaded rod to which
2 pair of threaded fastener members, suitably nuts dizﬁensiouedi and configured for a locking
attachment to each threaded rod 40 and 42, may be-threaded f_ci: axial movement along each
20 threaded lever arm 40 and 42 on opposi'ng sides df each fulﬁmm flexure 68 and 70. As
shown in the preferred embodiment of Fig. 3, each pair of t}xrgagléd_ fastener members 90, 92,
and 91, 93 secures a respective fulcrum flexure to a pr___edfet}éni\ined position along each

threaded lever amm 40 and 42. n order 1o accomplish such atrachment, each fastener member



limtation, universal joints, roller bearings or hinged connections.

*As illustrated in the Figs. 1, .3 and 4, the tool hol der assenbly 10 al so

i ncl udes o bAgdE22 havi ng an upper portion 56, a |ower &Y PE63% and a
pair of generally opposed sidewalls 60 10 and 62 extendi ng between at
least portion of the upper and | ower base portions 56 and 58,

respectively. A pair of fulcrumnenbers, generally-indicated as 64 and 66,

are attac t he .base and .are positioned.such, t.hat each nber
engages a%g%c{)g%?f'\%a‘?‘é\}'éﬁm%? r’nsﬁﬁ‘%F" H‘?Pm Iy & seng E?o‘??ﬂ’&én‘ééﬁg?‘@?ﬂﬁﬁﬂaét
whi ch the ges ective lever arm40 and 42 may pivot. In the . preferred
enbodi men{>FeSPacHyely, sipt pxiendsgpredetermined digamentromions end abihe sespective festener
respective 15 fulcrumflexure 68 and 70 having an aperture forned

t her et hr otgmber B2 and 83 suitablyfa lehgthigreater thancthe distanes between alecfirst ivadh sédond

di aneter of the respective |ever arm although preferably close

fitting, endshofosach f@lendi dlgeker2 m eagdgg@gﬁ:gaggé c%&&%ﬂgg{*’uf&% ﬁ%ﬂ ve

di aneters. Such fulcrumf are sult

I i g i al h i
Convers 1 ogreetind An irlidey 15 sefioo ang 42 el PimBeR BBl sy s o
20 inches. ,Each fulcrumflexure 68 and 70 is preferably attached to a
respect i vés? includme shewder, athough yuitabiyof7 shorteralength than &lﬂﬂéﬂ! % ok 9B asusch

suitably to at |east one of the upper base portion 56 and the | ower

base por t1han 186 shaulders rof fadjaséht ypairs t sTclastenep elieitets DO 92 khé NPP3 A engapeer
base portions 56 and 58, respectively. Accordingly, the upper and

{A?DWS; / Eg;ggﬂﬁﬁg SidEs A Ab! reective flexure 68 and 70 to pgi;vide a fikell HRHEMOBBER.
Accordingly, with the fulerum blocks 72 and 74 attached to 1-_t'he base and the respective
10 fulcrum flexures 68 and 70 engaging the lever amms 40 au_,c_l}':_‘:@t_z, respectively, at a fixed
position, the lever arms 40 and 42 may pivot about the fulcmﬁif}"ﬂexures 68 and 70 when the
voice coil is activated, such that opposing ends of each lever arm 40 and 42 will reciprocate
in oppo_sing directions about each fulerum flexure 68 and 70 iri accord with the mechanical
advamtage defined by the axial positioning of the fulerum t_'li:_.ﬁ}ures 68 and 70 along each

I3 respective lever anm 40 and 42. |
Each respective lever anm second end 48 and 50 is pi \fdr_jq}t)' attached to an elongated
draw bar 96 by a second pivotal attachment, with the draw bar 96 having two ends and a
~ longitudinal axis aligned generally paralle! to the coil axis. As lllus:rated Figs. 2 and 35, each
second pivotal attachment may be provided by forming an apenure 97 generally normatl to
20 the draw bar axis and extending through at least a portion ofthe draw bar 96, generaily at
the position of desired artachment between the respective le\carm second ends 48 and 50
and the draw bar 96. A pair of resilient thrust flexures 98 ﬂﬂleO suitably formed of a

panel of spring steel or other generally rigid well known ma(enal are attached to the lever



respectively, may include appropriate bores through which conventional
‘fasteners, such as screws, nmay extend and attach the respective base
porti onsyiPei4eseaf ul crum bl ocks 72 and 74. Each respBETUHEA68%r um

bl ock 72 and 74 has a respective first end 76 and 78, a respective

second end 80 and 82 and a respective aperture 84 and 86, having an axis
formed 5 therethrough, with at |east a portion of.-each | ever arm 40 and 42

ext endi n@nh/seesidherids @8 and 50 hes tidelyf :uiaexea% *alpﬂsiedadwstdm& d2éhw ae 980
gener aI I y parallel to and preferably coaxi al h the aperture

T s o B i

adj ust abl e at nt. for ect veI y .ROSi t i oni ng each ful crum bl ock
72 and 74 axi E&ﬁ}eﬁg Vg eud, 02 #@%E &\}éﬁsa‘FW&WQ@Nﬁ@ supRoT geneTailYr to

or farther froma draw bar. 88 that |s p05|t|oned t her ebet ween. This
provi des indicated asdPdsthabiseappreptiatelycednirgured forckplding o emtting tonl 106, prefetabby v -

fromabout 1:1 to about 10:1. Each fulcrumflexure 68 and 70 is

pr ef ei5abl gens@ily QdakiaRPWHlE tHe Fr® Bar Vefkid, U TS Y81 - 1D8GK sRahed tb sn%lﬁdéo

and 82 to permt subs antlally free novenment o each flexure 68 an

conont| P ghARR ket B T FLEMS AL S ocalilf B o b AR

t he desi r d anounpt of reC| rocati on of the tool hal der 10 of t he
present AeneaHy patadiel 1o W baT axis avhile simujtaneonsly sesiraining weeATRISVerse
threaded rod to which a pair of threaded fastener nenbers, suitably

nut s di meeshedeny dadaxisenin giermefefred embodinkennlustrated: inFin @) mlwuuxdwstmahe
t hreaded rod 40 and 42, nay be threaded for axial mvenent along each 20

;E(rjeaded 10V Bichvdesar ‘f&sxa&% ﬂ&u?é“l@@%?sl'lbgal%gﬁ?pﬂ?e@‘}ha pkiir OF froh{ b ez 68
10 flexures 108 and 110 spaced apart by 100! support 104 and substantially paralle! to provide
a substantially axial reciprdcating movement of the tool supp_b‘_rt 104. The front and rear
flexures 108 and 110 are auached to the bﬁsc. preferably between m; sidewall ponions 60
and .62. substantially normatl to the draw bar axis. The r‘lexureﬁs:= 108 and 110 are formed of
a resilient material, such as paneis of spring §t§e1 or the liké, aﬁd suitably may have a
13 | thickness of about 0.04 inches. It will be understood and appré?iated by those skilled in the
art that alienative coustruétions of the guide structure {07 that...-xﬁay provide the desired axial
movement of the tool support such as, for example, ball bushmgs or other axial guides, may
be used with equal facility. The cutting tool 106 is mounted 't_qeihe tool support 104 suitably
by clamping it within the support 104, such as by threaded clamps J1t and 113, preferably
20  generally parallel to or coaxially with the draw bar -axis, with at :-:-"'l'east a portion of the cutting
tool 106 extending through an aperture 112 formed mrounh the front flexure 108. The

cutting tool 106 has a cunting edge 114 positioned distal the tooi suppo't 104 which suitably

includes an industrial diamond or other substantially hard maleﬂal suitable for cutting.



shown in the preferred enbodi nrent of Fig. 5, each pair of threaded fastener

hmenbers 90, 92, and 91, 93 secures a respective fulcrumflexure to a
predet er mwoesd/49822i ti on al ong each threaded | ever ar nPGHUSHHOS | |
order to acconplish such attachnent, each fastener nenber

7 WD 97/ 49522 PCT/ US97/ 06625 92 and 93 preferably

i ncludes a shoul der, preferably a generally cylindrical shoulder 94 and

95, respective ext e redeter di sta e.fr e end of the
respective fast%‘”éb‘ggwcm 7 8?“8 CAS 49 ?’Q@ﬂﬁ%ﬂ? f"é E&3t P @Bdhan
t he di stagce between the first and second - _ends of each ful crum bl ock
72 and 74°€ SPRD 1At 0K PrRSSRUIRVEIRIAD PFROdAs|2) appaTatus fof TEGIPrasAting a cuwing woalvia fent
al ong each threaded | ever arm 40 and 42. Fastener nenbers 90 and 91 may
each substangielly raxial directionh o Bydintrodading e gltemnaingielegtrichl stwvertt ao the ragtih

t han shoul ders 94 and 95, such that the shoul ders of adjacent pairs

of fasten of
Wlindiﬁg@m 1€ Qoil bady a8 @:ﬁ’ites%aw& er, sml?bl9 mf t6igite

each respective flexure 68~"and 70 to pr e afixed fu

aepec vahogh! oF et binf SnRdieds s Ind fndbf ety i VirutePucplf mifRBedees o

42, respe |veL at a fixed position, the Iever arnms 40 and 42 may
pi vot abo t’fmﬁmdmm%oﬂs@e@ﬁ&meam 1o the respestive lever arms

activated, such that opposing ends of each lever arm 40 and 42 wil | :
reci proc a#0and 42 through the pivotal attachment of each respective lever arm first end 44 and 46 and

its respective coil arm 36 and 38. Accordingly, each respective lever arm first end 44 and

46 moves according to the reciprocation of its respective c'dil- arm 36 and 38, with each

10 respective lever arm 40 #n,d-.42 pivoting about its respective fulcrum member 64 and 66, such

that the pivotal attachment Between the respective lever arm _s_e'_'__r;ond ends 48 and 50 and the

draw bar 96 cause the draw bar 10 move in the opposite direction of the coil arms 36 and 38.

Thus, the pivoting movement of each lever arm 40 and 42 effects a réciprocating movement

of the draw bar 96 and tool suppon 104 generally parallel to the coil body axis 19.

13 Consequemly, attaching cutting tool 106 to the tool suppon.lt;)-'} results in reciprocating the

cutting tool in a direction generally paralle!l 10 the coil bod)' axis 19. By appropriately

adjusting the axial position of the fulcrum flexures 68 and 70-;1;jalcug each lever arm 40 and

42, the mechanical advantage of the lever arms 40 ind.tt?. may appropriately be increased and

decreased. As described".-iirith respect to the preferred ; embodiﬁiém such adjustments may be

20  convenienily accomplxshed by axially mov:mz fastener members 90, 92 and 91, 93 along the

respective threaded lever rods 40 and 42 and clampme such fasteners to the respeciive
fulerum flexures 68 and 70 at a desired position.

It will be understood and appreciated that the tool holder assembly 10 of the present

10



in opposing directions about each fulcrumflexure 68 and 70 in accord with
t he mechani cal advant age defined by the axial positioning of the
ful crum f | weowe7@95288 and 70 al ong each 15 respective | everCEUSR7TAB623nd 42.
Each respective |lever armsecond end 48 and 50 is pivorally attached to an
el ongat ed draw bar 96 by a second pivotal attachnent, with the draw
bar 96 having two ends and a | ongi tudi nal axis aligned generally

el t ' ' ' d Figs. d 5, d
o o e 5y 55t o e S 55 "

nor mal togﬂ)%gﬁpfthe draw.har axis, and_extending through at |east a portion

of the-dr BRveruRNt of the, ypice coil 12. Thegmavereny of thmeqst amme ssused by thestiale nt
bet ween thﬁregpective | ever arm secpnd ends 48 and 50 and the draw
bar 96. A Qidiractional forses pithe woiveusil J2 are wansferd@l] vuh oppdsite diskdtioh!ty the 8RR . of
a panel of spring steel or other generally rigid well known

materi al , bar ®6adndadhain! @ ] r—

PCT/ US97/ 06625 P s??gcnd““gn!ggl 3 a#&%@rﬁ%ﬁ%&llf Ao, yibrations are
t 0 oppsse sy I 96. Qbv,i Qusl! nuner ous. ot her f.ypes
of pivotal atﬁé%"?ré%%’? %ﬁlmggéﬂamwseﬁﬁ“amdf §E$’1 ?.{?rgp_tmcnon efficiemly utifizes
draw bar eng 102,.di itﬁll the coil body 14 is attached to a tool support,
gener al | y Substantially gl}- the-power intraducedzto the voiserenil 12 e produsef th uesipraceting
“holding a cutting tool 106, preferably 5 generally coaxially with the

draw bar dnevemenhof thecduttingool 106,04 is attached to a guide structure,
general ly indicated as 107, for allow ng reciprocating novenent of the tool

support Axial tool ex;}irsions for this apparatus typically range from the rest position up to

about 0.30 mm in both directions thereof. Of course the amount of excursion of the tool

10 suppont lO?-’may be appropriately increaseq and decreased by varying the rigidity of the front

and rear..'f:lexures 108 and 110, varying the stiffness of the pivotal attach.ments, and, by
: adjusxin.-g the position of the fulerum ﬂexurz'e_.s 68 and 70 along the lever arms 40 and 42.

While the foregoing describes a panfe,ularly preferred embodiment of the apparatus

and f_tjxelhod of this invention, it i§-to understood that this description and the illustrations are

(] be indicative only of th.e principl_es of the present invention and are not to be considered

lirﬁitative thereof. Acgordingly, because numerous variations émd modifications of this

a?paratus, .all within the Scope of this invention, will ;eadily occur to those skilled in the art,

the scope of the inventiori is to be limited solely by the claims appended hereto.

11



104 generally parallel to the draw bar axis while sinultaneously
*restraining notion transverse to the draw bar axis. I,E] égﬁs%ﬁeferred
enbodi megfg edodt rated in Fig. 2, the guide structure CTgY udes at
| east one flexure 108 or 110, although preferably a pair of front and rear
.10 flexures 108 and 110 spaced apart by tool support 104 and

substanti g| | arallel to provide a substantially axi al

reci proca&ﬂ%mm the tool support 104. The front and rear
‘flexures 108 and 110 are attached to the base, preferably between the

si dewal | porti dnsA eeiprocating tooichalder. asntrdﬂ)apmmamlyymtmdcdato provide substamiabiar
axis. The flexures 108 and 110 are formed of a resilient materl al ,

such as paxiel excutsionsrdf aGuRingeloob positivhed ilketein, 2t ol héhhb’asﬁ&ﬁbl?%‘éﬁl
thi ckness of about 0.04 inches. It will be under st ood and appr eci

Structure 107 | hatm‘“'iﬁ o, g o ) AP o SRE Y palt e el %Pgiq%' e

t ool supp sych as exa baII ush gs or other axial guides, my
be used V\?fi %ﬂﬁﬁ'@ﬂ@s 'r;HPlS’e b‘m'%“sm)unt ed to the tool
suppori 104 suitably by cl anpi ng It within the support 104, such as
by threaded cl ampicelcpll asseshbily antachedito sait buse 1 inclydingraédilbody; alphehlityoodr
coaxially with the draw bar axis, with at | east a portion of the cutting

tool 106 eiddingé etuimiembiggaitast BYoRibiS 3id céwwa,d shid'cti B0dy} Révin %Qgisé%axw e

108. The cutting tool 106 has a cutting edge 114 p05|t| i st al
or ot er  3SER enl3aa o Rk B betiveen mid sl By BT g ek, dRa of B
9

one pole piece positioned proximal said coil body to provide a magnetic field substantially
transverse to said coil body axis;

10 a pair of coil arms attached to said coil body on generally opposite sides of said coil
axis proximal said coil body first end;

a pair of lever arms, each having a first end, a second end and an axis extending
between said first end and said second end, said first end being pivotally attached to «
respective said coil arm by a first pivortal anachment with said axis of each said lever arm

I3 extending substantially transverse to said coil body axis:.

a pair of fulcrum members attached to said base, each said fulcrum member positioned
adjacent each said lever ann to exxgag; a respective said lever arm intermediate said lever arm
first and second ends to provide a fulcrum about which. each said-lever arm may pivor;

an elongated draw bar having two ends and a longitudinal axis, said draw bar being

20 pivotally attached 10 each said lever arm second end by 2 second pivotal attachment, with
said draw bar axis aligned generaﬂly parallel 1o said coil body '_axis;

a tool support attached to said draw bar end distal said coil body;

12
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WD 97/ 49522

. PCT/ US97/ 06625 Wth the structure of the reciprocating tool
" hol der assW9@scri bed above, it may be seen that prdmUsSHE6RS!

i nvention provides.an apparatus for reciprocating a cutting tool in a
substantially axial direction. By introducing an alternating electrical
current to the §0¢Jid w ndi ngs 24, the coil body 14 vibrates in a
control led mannet, % dIHHBIey apreiedt ooseid toal $upportSand Wasat bde fub'

nt.
uced., The forces created by the bi-directional nnverrengﬁ%‘f'mg

bei ng intr gy

the coil bo F%‘lﬁﬁwmtrm‘csaidomwugpdwwmﬂm hifearSibhansferred to the
respeijé' ve | ever arns 40 and 42 through ﬁ%ﬁﬁ?ﬁ/&&o@'&ﬁﬁe&s&ﬁﬂim dsaw
each spe@%’i%‘.ll&d’er armfirst end 44 and 46 and its respective coil

arm 36 and 38. Accordingly, each respective lever armfirst end 44 and

46 noves accor di ik iprocation of its respective coil arm 36 and
38, with each 10 ?éé%?é?ﬁ@ﬁn By» pensrally aligeadawitl spid\draw ibgr axieaid Eﬁmﬁ,
respectiveg | er 64 and 66, such ' t hat: the pivotal attac nt
bet ween tth %‘%@@'H@@mmammlma&amﬁ&u% m?re . éir aw
bar 96 ca t%rt\iggdrlaw.&?r to nove in the opposite directioh o P%Bmcvb mne
arms 36 a g electri umhetopﬂteoédmgﬁm n’ﬁé% f. & | ever .arm 40 and
42 effects a reciprocating novenent - 0 fst e 1&?&,%&3‘@@Yﬁnljﬂ%o|amal
support 1¥cymsions af the g i), to the coil body axis 19. 15

Consequently, attaching cutting tool 106 to the tool support 104 results in
reci procating the _ cutting tool in a direction generally parallel to

the coil body ai & mipr&atiﬂﬁnbéphblééreisﬁmblﬁﬁs |°éﬂ!§'i:3'3t iﬁp‘g@t Qe axi al position
V

of the fulcrumflexures 68 and 70 al ong ea iy Meherein said fiost

t he rrechalwimlmm:ﬂqemgﬁ r..arng. 40 and 42 may appropriately be
i ncreased and ~ decr a%ées&ésulxg‘x@@ngggatw i #taphagitoeach said jever sy ed
enbodi menfirstsengind{h ‘éﬁéﬂ%&tﬁ%&ag |

e 13
coil arm.

3. A reciprocating tool holder assembly as in claim 2 wherein each said coil arm

include
S an apernure fon'ne;! therethrough, through which eazh said lever arm unobtrusively

extends.

A reciprocating tool holder assembly as claimed in claim | wherein each said

second pivos i i il
pivoial attachment comprises a substantially resilient thrust member attached 1o each

said lever amm second end and attached to said draw bar.

P T



20 conveni ently acconplished by axially noving fastener nenbers 90, 92

+and 91, 93 al ong t he respective threaded | ever d? 28 zéz and

cl anpi NOwD ng ofsasteners to the respective ful crum ‘foures 8 and 70
at a desired position. It will be understood and appreciated
that the tool holder assenbly 10 of the present

10 WD 97/ 49522

PCT/ US97/ 06623, 5 remgrocat'uf@’ emﬂs"e?nb'l mdélgﬁ?tl' Qfer@RP&:2h LsFidl ?ﬁ
:nmovement of the voicé coi and us, ca forces o m)verrent

of the v m)verrent of the COI| arm caused by the axial,
bi di rect %ﬁﬁ?‘??‘bﬁ’&%?’ﬁ’" Re voi ce coiI 12 are transferred in an opposite

direction to the draw 6, and, in turn, to the cutting tool 106.
Accor di ngl y, 2 dulsram lesk %ﬁaﬂz;d\mbﬁa@t basp.ccagh said Builerugy blaele chaving st erdnar
counter balancing is required. Such construction efficiently utilizes

subst ant isatdnd eatl land lan apervure having adliameter andtah @xisdommed-thedetitSugly withcat deastt he
reci procating novenent of the cutting tool 106. Axi al

L[O)O|t OeXCLH a Ol:l‘ﬁé . I’vn‘ehlggngiﬂgl rect I%I’IS u?ﬂer ewgag%%ﬁge the arrgtrjlnt

of excursj of he to rt 1 ppropriately increased
and decre ljp?’ﬁgelrﬁ W%W@Hq\é? 3 and rear erxures

108 and 110, var yi ng t he stiffness of the pivot aI attachnents, and,
a resilient fulerum flexure attached to sazd second end of each said fulerum block

distal its respective said coil arm, said fulcmm flexure -having an apenture formed
therethrough, each said fulcrum flexure extending generally norrnal to its respective said lever

arm with each said lever arm extending through its respective said fulcrum flexure aperture.

6. A reciprocating tool holder assembly as in claim jS wherein each said fulerum
block is adjustably attached to said base and to said lever arm for selective positioning axially
along its respective said lever anm closer 10 or fanher frgm said draw bar, whereh:}'
positioning the fulerum blocks closer to and farther from the dr'éw bar respectively decreases

3 and increases the amount of axial excursion of the cutting too'i__-'..c'aused by movement of the

voice coil.

7. A reciprocating tool holder assembly as in claim 6 wherein each said fulcrum

block is attached berween said upper base portion and said lox§;gr base porntion.

8. A reciprocating tool holder assembly as in claim 5 wherein each szid lever anm

comprises a threaded rod.

< I



adjusting the position of the fulcrumflexures 68 and 70 along the | ever
‘arms 40 and 42. Wil e the foregoing describes a {@ﬁkﬁgul arly
pref er r edygehashzpent of the apparatus and met hod offGHYY" ntion,
it is to understood that this description and the illustrations are 15
to be indicative only of the principles of the present invention and are
not to be consi dered limtative thereof. Accordingly, because

nunmerous vari gfi Qns .and nodi ficatjons of, thi,s | . aratuys, all within
the scope of thié€ ﬁeﬁ‘yé‘?’ff‘i’%',"%f:'fdef Essemply asdp glaimcp lﬁﬂﬁg CURPHLIRG 3 BRIt RE
art, he scope of the invention is to be Ilimted solely by the

cl ai ns aﬁlgépéqgofagenqtme_mbers dimensioned and configured for locking attachment to each said

PCT/ US97/ 06625 WD 97/ 49522 VWHAT IS CLAI MED | S:

1. A recithreadest jodgeachahid pairdfrfastermer midmbers éngaging ¥ respectiviadid Rlcrin\Adkure
substantial ly axi al excursions of a cutting tool positioned therein,

sai d t 00lsuipkihe raxft} TGVRInénC OB 'lsé'ariw'f"lmyl flexure Wit ﬁ’e%?wmg‘.’ i

portion and a | ower portion and a pair of genera ppose
wal | s gex ; etween, sai d upper and | ower base portions; 5 a
Vol cescommggse I’%%ﬁed to said base and including a coil body, a
plurality of wi ndi ngs circunmscribing at |east a portion of said coil
ext ondi ng. bt viSsn s tecipraifle Sooh AclberCiSembly as in il f 9heREE A G, th®
one pol e piece posjtiqne roximal said coil body to provide a nmagnetic
field sutfgi‘sl}ﬁfifgwwo ich 5iq taseper Bember B compaies » suthayingaan axis and two
ends, with a shoulder extending from one end for engaging said fulcrum flexure opposite the

other of the respective said fastener member pair.

11. A reciprocating tool holder assembly as in claim 10 wherein said shoulder
comprises a generally cylindrical shoulder having an outer diameter that is less than its

respective said fulcrum block aperture diameter.

12, A reciprocating tool holder assembly as in claim | wherein said guide structure
comprises a rear flexure attached to said base distal said coil substantially normal to said coil
body axis and attached to said tool support, with said draw bar end distal said coil body

artached to said rear flex panel.

13. A reciprocating tool holder assembly as in claim |2 wherein said guide structure
further comprises a front flexure attached to said tool support to said base distal said draw

bar, spaced zpan from and substantiaily parallel to said rear flex panel.

ST



10 a pair of coil arnms attached to said coil body on generally

opposite sides of said coil axis proximal said coil body first end;
a pair of WAy each having a first end, a second endPERISIHO6EIS

ext endi ng bet ween said first end and said second end, said first end
bei ng pivotally attached to a respective said coil armby a first

pi votal attachnment with said axis of each said |lever arm 15 ext endi ng

substantial Iy t d%n<\ reciprocating 2ol heldér BEHLIF A c“m{' | Wherein said frgggai r of
i Jr Whersin

ful crum nmepbers attached to said base, each’ said EXWhed

adj acent eliudes ian e Wi A respective said | ever arm
i n!t ermedi ate said Idgs‘;r ar %m*qew%ﬁgns‘?“ ggﬁ@e@ﬁ%ﬁ-&ﬂ!s‘x{%ﬂ%ﬂvmhauid

ful crum abaperurd)i ch each said | ever arm may pivot; ~an
el ongated draw bar having two ends and a | ongitudinal axis, said draw bar
being 20 pivotally attached to each said | ever arm second end by a

second pivotal H.ta A .4 draw bar axis aligned generally
parallel to said coil body agitg?l holder %ﬁy s In £laig, Wﬁgdmmlto

sai d drawiharudwﬂc%"é sai d. cai,l hody;
12 WO 05 gége dista) sald tocﬁ sugpon.

PCT/ US97/ 06625 a guide structure attached to said tool
support and to ki A rég i , __[ecjprocating noverment of said
t ool support while res?‘?gli;tﬁ{gn?o?rgﬁdgﬁ‘w&%%ﬂa%lsfaﬂhhrcmmpxising:

a ph;rah'ty of pole pieces positioned proximal said coil windings, each said pole piece

havi i
aving north and south pole ends, said north and south pole end of each said pole piece

positioned adjacent each Tespective north and south pole end of adjacent said pole pieces

5 . ey . '
such that a magnetic field substantially perpendicular to said coil windings is provided.

’ R O
_ * e e Moy Sow



25 bar axis; and a cutting tool having an axis generally
aligned with said draw bar axis, said cutting tool attached to and
ext endi ngwoemiesat d t ool support distal said coil body, whecImsopoessdi ng
alternating electrical current to the coil windings results in
substantially | il?}sa‘g, aﬂﬂglfd . excursions of the cutting tool.

2. A reciprocati oBkthkd| fde rechreeatink V; ; | i | ai.m wherein said
first pi votal attachnent conpri geasegnl{g%gésdtrgﬁtai ﬁﬁé?%ﬁi@ﬁ“%mﬁ

at t ached t@leﬂwdftomprﬂiﬂgemers;@gm: first end and to each respective said
coil arm 3. A'reciprocating tool holder assenbly as in claim

2 wherein each fediploda M .. includes an aperture forned therethrough,
t hr ough whi ch each saiﬁgblagaewrdacﬂha.r D EP&QMP&IS’ each saidtcoildam having first and
4. A reci psend bift. t 0ol hol der assembly as clained in claim | wherein each

sai d secon Pvotal attachnment conprises a substantially resilient
t hr ust nmber gﬁ&&gﬂed to each said | ever arm second end and attached
to sai d draw baf® y attaching a lever arr T \

8 2 arm to each said coil amm first end, each said Jever arm

having a first end, 2 second end and a longitudinal axis extending between said first and
second ends, said lever am axis being substantially transverse 1o said first axis, wit.h each
s2id lever arm first end pivotally attached 1o the respective said coil arm first end:

pivoting each said lever am about a fulcrum 2s said pair of coil arms is reciprocated;

10 pivotally attaching said second end of said lever arm to an elongated draw bar having
w0 ends and a longitudinal axis, with said dr-aiv bar axis aligned generally parallel to said
first axis;

attaching a tool support fo said draw bar;
supponting said tool suppon for fecipr_ocating movement generally parallel to said first
t5 .

axis whi ¢ ini i Vers i W X1S, W Yy piv \'7
of the 13\'81 Tecs i Vi : raw od y
amms effects' eciprocating mo ement of the d aw bar and tool suppon generall I

parallel 1o the first axis; and

attaching a cuttin_g tool to said tool support, whereby the cutting ool is reciprocated

I a direction generally parallel to the first axis.

17
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13 WO 97/ 49522
PCT/ US97/ 06625 5. Areciprocating tool holder assenbly as in claim
1 wherei n Wa@m4882d ful crum nenber further conprises: PCT/US97/86G28| cr um
bl ock attached to said base, each said fulcrumblock having a first end, a
second end and atnmaperture having a dianeter and an axis forned
t her et hrough, w8 & metipdtia. i | i Ofiat.he respective said | ever arm
ext endi ng through the respegt?l\%%fﬂdggﬂﬁgu%még’d step, of tregiprogating further
general |y sanprised theQepgipfl Ul crum bl ock axis; and a resilient
fulcrumflexure attacheéd to said second end of each said ful crum bl ock
distal its resp%@iﬂﬁ said. coil arm said fulcrum flexure having an
aperture formed ' thokel NPSE ARl BaviRg wafirst fend,ca Md‘lueﬁﬁdrfhdaﬁtl%ﬂgi%gl ;
general ly Qg@r{a#st% S respective said |ever ann with each sal eVEHs
ar m ext endi 0 hesatd ooices coibisk} ‘ r turge. . ..
TSI Ol by € PHRRHY o vandings

6. A regiprocating tool holder assenbly as in claim

fulcru CueWascribi goatlest £Porti atkg.sai.d base . .and said | ever arm
for selective positioning axi aﬁ?mﬁgﬁd’ﬁ%&@%ﬁ@%&mmum
closer to or -fapﬁwﬂn- I js w,.bar , wher eby positioning the fulcrum
bl ocks closer to an ?g?ﬁ@ léjﬁg{ﬂammVMPMMMecreases

and increases tgﬁa m)unt,dof,axfi al_excursion of the cutting tool caused by
moverent of ¢ he HECHE g4id gair| of coil amms 10 said coil body proximal said coil first end on

generally opposite sides of said coil axis; and

introducing an alternating electrical current 10 said coil windings to cause said Eoil

l N o . N
0 body to reciprocate in a direction generally parallel 10 said coil axis.

13
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7. A reciprocating tool holder assenbly as in claim®6 wherein each said

ful crum bl ock is attached between sai d upper base portion and said | ower
base port (W} 97/49522 8. A reciprocating tool holder ass®@IUSIZHE66RH cl ai m
5 wherein each said | ever arm conprifygs. a threaded rod. 14

PCT/ US97/ 06625 WO 97/ 49522 9. A reciprocating tool

hol der. assenbly as in claim8 further, conprising a pair of t hr eaded
fastener menbers di nensioned and conffgured for .l ocking attachnent to each
sai d t hreaded rod, e S f er nenbers engaging a
respective said ful crumfllexure suagh that 4xi al novenment of each said
fulcrumflexure with respdct to its r'esgective threaded rod is
restrai ned. WCati ng to ol detT \ssenbly as in
claim9 wherein at |east ald ™ fastener fmenber of jeach said
fastener nmenber pait® c [ SES a [fismsied] NQ xis and t ends, with
a shoul der ext&ndi r%(ro e end |f g efoagrrg—s=rg ful cr fl exure
opposite the = otRenf o he re3p©i\e sai‘@as ener m r pair.

11. A reciprocay ng toQl hol der adeses as inclalm 10 wlemin said

shoul der ' ™

0
N T

N “_Eh—-—-__

24
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conprises a generally cylindrical shoul der having an outer dianeter that is

|l ess than jts respective said ful crum bl ock aperture dianeter.

12. A reci P45y tool hol der assenmbly as in claim1 wher BEHUSSI$625ui de
structure conprises a rear flexurg/gattached to said base distal said
coil substantially normal to said coil : body axis and attached to said
tool. support, with said draw bar end distal said coil body attached
to said rear flex panel. 13. A reciprocating tool holder
assenbly as in claim 12 wherein said guidg.structure further

conprises a front flexure attached®to said tool support to said base distal

-

sai d draw bar, spaced apart
rear flex panel. MO

PCT/ US97/ 06625 @ X T eClecatT Ny Iaot
in claim1l wherein said froft xure @inciuc@an
| east a portion of said cutfing tool extending through

aperture. 15. } A reci procating tool hol der

ron1anq §Bbstantially parg}lel to said

/AQ

er assenbly as
ture with at

nbly as in

claiml1l wherein said cuttong tool i ncludes a cutt dge distal said
t ool support. o B 16. Lorocating tool assenbly as in
claim1 further conprigi no\ wy l e pieces
positioned proxinmal sai %yt | w ndings, each sald pole e havi ng

== ai d north and south pole e eachsai d pol e

lii

north and south pol e end
pi ece

-+
N

14




posi ti oned adj acent each respective north and south pole end of adjacent
said pole pieces, 5 such that a magnetic field substantially

per pendi cow@9749823ai d coil wi ndings is provided. ‘PCT/USY7/06625
16 WD 97/ 49522 - 3/4
PCT/ US97/ 06625 17. A'nmethod for reciprocating a cutting

tool in a predeterm ned direction, said




met hod conprising the steps of: reci procating a pair of coi
~arns along a first axis, each said coil arm having first and . second
ends: %Wosm“”nz"pivofahdyiattdthihg a |l ever armto eachPCHUSPW663S ar m
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(57) Abstract

A reciprocating tool post assembly is disclosed that may provide substantially linear excursions of a cutting tool mounted therein.
The apparatus includes a voice coil assembly having a longitudinal axis that provides for the reciprocating movement. of the assembly and
'to which a pair of coil arms is attached. The assembly also includes a pair of lever arms, each being pivotally attached between a respective
coil arm and a draw bar, with a pair of fulcrim members attached to a base of the assembly that engage each respective lever arm to
provide a fulcrum about which each respective lever arm may pivot. One end of the draw bat. is attached to a tool support that is guided
in a substantially axial movement by a guide member, such that, when a cutting tool is attached to the tool support the movement of the
voice coil causes the cutting tool to reciprocate substantially axially with respect to the base.




