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'RECJrR.OCATING TOOL HOLDER AS$El\mL Y 

BACKGROUND OF THE INVENTION 

This invention relates generally to a reciprocating tool l1older assembly. More 

panicularl y, it rel~tes to a tool holder assembly that provides : substantially axial excursions 

of a cuning 1001 that may be positioned therein. 

5 In \·arious fields it is desired to reciprocate a ctming tool at high speed into and from 

engagemenr with a work piece. One such field is that of opric:s, panicularly the fields of 

optometry and ophthalmology, in which it is often desirable to cut asphetic smiac:es on work 

pitc:es. such as contact lenses. Numerous visual defects in persons may be c:otTected through 

C:OiTeccive lenses ha\·ing ar least one. and often more than one~ aspheric surface. ln order to 

10 form suitable lenses for such visual _impairments, it is necessary.to reciprocare a cutting tool 

in a precise axial mam1er. 

Numerous prior an cutting tool assemblies have been pt.o.p9sed that rapidly reciprocate 

a cutting tool imo engagement and away from a work piece,. For example, U.S. Patent 

4,203,062 describes a cuuing tool that is attached to a flexi~~e diaphragm and is rapidly 

15 reciprocated in a tool holder driven by nn elecrro-magnetk ''oic~ coil. Similarly. U.S. Patent 

5,15:?,202 describes a c:uttinS! tool that is mounred 10 an ar:n wfrh one end pivotally attached 

to a base and the othe: end co1u1ected to a moveable annan.:re ·that is rapidly reciprocated by 
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a linear motor. A careful examinatio11 of this and other prior an readily leads one to the 

conclusion that conventional reciprocating tool post assembUes. fail to address completely the 

needs of the industty. 

SUMMARY OF THE INVENTION 

ln view of the foregoing, it is desired to provide a reciprocating tool holder assembly 

for reciprocating a cutting tool at high speeds. More pnicµlarly, it is desired to provide a 

reciprocating tool holder assemcly that may provide substantially linear and high speed 

excursions of a cutting tool that may be anached thereto. It is also desired to provide a 

l 0 reciprocatjng tool holder assembly having means to adjust the amount of axial reciprocation. 

It is still· funher desired to provide a reciproc:ating tool holder assembly in which the 

reciprocation of the cutting tool mny easily be controlled. To achieve these and other objects 

that will become apparent to those skilled in the an. the present invention p,rovides a 

reciprocating tool holder assembly primarily intended to ,provide substantially linear 

I; excursions or a cuuing tool that may be anach'd 1hereto. ,,,~ reciprocating. action of the 1001 

holder assembly is provided by a voice coil assembly that ~lcJudes a coil body. a plurality 

of 'viudings subscribing at least a ponion of the coil body and at least one pole piece 

positioned proximal the coil body to provide a magneti~ field transverse to the coil body axis. 

The coil body has an axis extending loniitudinally between ·irs first and second ends. with 

20 a pair of coil arms t~at are attached to the c:oil body on gener~lly opposite sides of said coil 

axis proximal the c:oil body firSt end. The assembly also inch.ides a pair of lever anns, eac:h 

having first and second ends and an axis extending therebet,~.een, with the first end of each 
'. -i 
::, ,: 

I-ever ann pivotally attached to a respective coil ann by a firsfpivotal attaclunent wilh the 

axis of each lever ann extending substantially transverse to the coil body axis. A pair of 

l 
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fulcrum members are attached to the base of the assembly to engage a respective adjacent 

lever aim intennediate its first and second ends to provide a fulcrum about which eac:h lever 

atm may pivot. The second end of each lever ann is pivotally.,ttached to an elongated draw 

bar by a second pivotal attachment. The draw bar has two ~ds •nd a longitudinal axis, with 

S the draw bar axis aligned generally parallel to the coil body axis. The end of the dra\V bar 

dista1 the coil body js attached 10 a tool suppon tbat is preferably dimensioned and configut~ 

· for receiving a cutting tool. The tool support is attached to a guide member that is attached 

to the base of the assembly. A cutting 1001, preferably having an axis gmmlly coaxial with 

the dtaw bar axis, is attached to and extends from the tool suppon distal the coil body, 

10 whereby providing alternating c:urrem the coil wjndings results:in substantia1ly linear, axial 

excursions of the cutting tool. 

BRIEF DESCIUPTION 0l" 1HE Dl~A\VINGS 

One panicularly preferred embodim'm of 1he apparatus of the present invention is 

i 5 illusrrzued in th~ acc:onipanying drawin~s. in which: 

FJGURE 1 is a rop plan view of a 1001 assembl)· of a preferred embodimenr of rhe 

present invention; 
. 

FJCURE 2 is top view or the tool holder as~mbly of Fig. l with the top base ponion 

removed; 

20 FIGURE 3 is a side elevational ..,·iew of the apparatus of fig. l ~ 

FJC:UR~: 4 is a from elevational ,·iew of the apparatus of:Fig. 1; and 

FIGURE 5 is c! fromal view, paniall>· in sec:rion or the app?'rarus of Fig. 3 taken alons 

lines 5-5. 

.. ,, 
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DETAILED DESCRJPTION 

A. prefmed embodiment or the reci-prccating tool holder. assembly 10 of the present 

invention is illustrated in Figs. 1-S in which similar reference. c:J?rlcters refer to similar pans 

throughout the several views of the drawings. The reci~iJ'l& action of the assembly is 

5 generally provided by a conventional voice coil 12 that suit•b1y includes a coil body 14 of . . . 

generally rectangular cross section that may suitably be fonned of a metal member, such as 

an aluminum alloy or iron. The coil body 14 includes a first . .t~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, respectively. 

10 Preferably, the coil body 14 is coated with an insulating material, suitably a b.igh temperature 

resistant epoxy material and a conventional fiber resin, such a:s:.fiberglass satu1'3ted tape, or 

other materials well known in the an. A plurality of windings 24 circumscribe at least a 

ponion of the coil body 14 and preferably include multiple layers of a suitably electrically 

conductive material suc:h as, for example. a lengrh of an alut}lit1um wire. Preferably, each 

15 la)"er of '"·indings 24 is appropriately coated wirh a layer or a .suitable insulating material. 
. 

At least one pole piec:e 26, although preferably a plurality of pp.le pieces, such as pieces 26, 

28, 30, 32 and 34, are positioned proximal the coil body . t() provide a magnetic: field 

transverse to the coil windings. As illustrated in Fig. 3, a pr~ferred orientation of the pole 

pieces includes positioning the three magn~tized plates .26, ~S/and 30, suital>Jy fonned of 

20 cold rolled steel, in a spaced apan and substantially parallel relation positioned adjacent the 
: •'.·.··.· . 

coil body 14 with two bar magnets 32 2nd 34, suitably fomte~fgr rare earth elemems, such 

as neod)·miurn, ·iron 2nd/or boron or other marerials ·with appr('.priate magnetic prcpenies, 

imerposcd between the respective pole pieces 26, 28. and 30, Each pole piece is polarized 

4 
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with nonh and south pole ends, preferably oriented in i r~~ulsive relation such that the 

respective nonh and south poles of each pole piece 26. 28,}0, 32 and 34 are l'OSidoned 

adjacent one another. This ana11gement produces a mag1,ietic field that is substantially 

perpendicular to the coil windings. Accordingly, when an alternating electrical current is 

S introduced to the coil windings 24, the voice coil 12 provides a~ial, bidirectional forces that 

are proportional to the magnitude of alternating electrical cUn-ent passed through the coil 

windings 24. 

A pair of coil arms 36 and 38 are spaced apart and attached to the coil body first end 

16 in a substantially pmallcl relation on generally opposite sides of the coil. body axis 19. 

10 A pair of ]ever anns 40 and .42, with each respective ann 40 ancl 42 having a respective firs·t 

end 44 and 46 and a respective second end 48 and SO, are fonned of a rigid materjal, such 

as steel or other suitably rigid marerials known in the an, and ~ach lever ann 40 and 42 has 

·a central axis e:t1ending longitudinally of 1he ann. As illustra1ed in rhe figures, each lever 

ann firsr end 44 and 46 is pi\'Ota11y attached ro the reS"p~crive· coil ann 36 and 38 by a first 

I; pi\'otal auaclunent such tlu1t 1he axis of each ltver am1 4~ and -l·2 extends generally transverse 

to the coil axis 19. 

The preferred construct ion of the first pivotal attaclunenJ, of each lever am fint end 

44 and 46 10 the respective coil ann 36 and 38 includes ntt.ac:hing a member or an arm 

flexure 52 and 54 of a generally rigid and resilient material, sµch as a panel of spring steel 

20 or the like, to each coil ann 36 and 38 distal the coil body if Such flexurcs 52 and 54 

pref~rably include an apenure fotrned theredtrough for receiving .a fastener that may attach 
,._··, 

each respective lever ann 40 and 42 ro its respective coil 2rn1 n.~xure 52 and 54, which are 

attached to its respecrive coil arm 36 and 38. TI1e le,·er an-O first ends 44 and 46 are 
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preferably drilled and tapped for receiving such a threaded fastener therein to secure the 
·.·· . 

respective. lever anns 40. ,and 42 to the respective ann fl~ures 52 and 54. An apenure 

having the diameter greater than that of each lever ann 40 and 42 preferably is fanned 

through each coil ann 36 and 38 to pemiit the pivotal movem~t of the lever mm 40 and 42 

S in it.s attaclunent to the·,~ive ann flexme Sl and 54. Of coune, it will be understood 

and appreciated that oth~ pivotal attaclunents known in the art may suffice includmg, without 

limitation, universal jtl\~s,,roller bearings 0t hinged connections. 

As illustrated in~p~ Figs. l, 3 and 4, the tool holder assembly 10 also incl~des a base 

having an upper portion 56, a lower ponion 58 and a pair of generally opposed sidewalls 60 

10 and 62 extending betw~ at least ponion of the upper and lo\Yer base ponions 56 and SS, 

respectively. A pair offulcrum members, generally indicated as 64 and 66, are attached to 

the base and are positioned :such that each member engages a respective lever ann 40 or 42 

to provide a fulcrum ~bout which the respecti\'e lever a·nn 40 and 42 may pivot. ln the 

preferred embodimem illustrated in Figs. 2 and 5, each fulcrum member includes a respective 

15 fulcrum ne:\ure 68 and 70 .having an apenure formed lherethrough, the diameter of which 

apenure is greater than the diameter of the respecth·e lever ann, although preferabl.y close 

fittjng. suc:h as, for exatl)plc, about a 0.002 inch difference in respective diameters. Such 

fulcrum flexures 68 and 70 are suitably fonned or a generally resilient and rigid material, 

such as a panel of convenii9~al spring steel, and may suilab~y have a thickness of about 0.02 

20 inches. Each fulcrum flex\IT~ 68 and 70 is preferably attached to a respective fulcrum block 

72 and 74 that is attached ro the base, suitably to at least one of the upper base ponion 56 

and the lower base ponion 58, and preferably attached between both the upper and lower base 

ponions 56 ind 58. respe~tivtly. Accordingly, the upper and lower base ponions 56 and 58, 

6 
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reSP,ectively. may include appropriate bores through which cc:mventional fasteners. sueh as 

screws, may extend and attach the 1espective base portions to the fulcrum blocks 72 and 74. 

Each respective fulcrum block 72 and 74 has a respective fir:$t end 76 and 78. a respective 

second end 80 and 82 and a respective aperture 84 an4 86. having an axis fanned 

s therethrough, with at least a ponion of each lever atm 40 and 42 extending through the 

respective fulcJUm bl~k apenure 84 and 86, generally parallel to and preferably coaxially 

. with the apenure axis. The auaclunent between the fulcI\lm blocks 72 and 74 and the 

respective upper and lower base l?onions preferably provide for an adjustable anactunent for 

selectively positioning each fulcrum block 72 and 74 axially along each respective lever ann 

10 40 and 42 closer to or fanher from a draw bar 88 that is positioned therebetween. nlis 

provides for an adjustable mecha11ical advamage or lever ratio, suitably from about 1: l to 

about 10: l. Each fulcrum flexure 68 .and 70 is preferably spaced from the respective fulcrum 

block second ends 80 and 82 to permil substantially free ntO\'.Cmenr or each flexure 68 and 

70 proximal its respective lever ann 40 and 42, such as by pos~_tioning a conventional washer 

I - I '' t !erebetween. 

Jn order 10 provide the desired amoum of reciprocacion or 1he 1001 holder 10 of the 

present invention, each lever arm 40 and 42 is preferably formed of a threaded rod to which 

a pair of threaded fasiener members, suitably nuts dimensioned_ :and configured for a locking 

attaclunenr to each threaded rod 40 and 42, may be;threaded:. f()r axial movement along each 

20 threaded lever aml 40 and 42 on opposing sides Qf ench fulcrqm flexure 68 and 70. As 

shown in the preferred embodiment of Fig. 5, each pair of thr~aded fastener members 90, 92, 

and 91, 93 secures a respective fulcrum flexure to a pr~detem1i11ed position along each 

1hreaded lever am1 40 and 42. Jn order re accomplish such auachmem, each fastener member 

7 
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92 and 93 preferal)ly includes a shoulder, preferably a gene~lly cylindrical shoulder, 94 and 

95, resj>ectively, that exteitds a predetennined distance from o~~· eJld of the respective fastener 

member 92 and 93, suitably a length greater than the distancfbetween the first and second 

ends of each fulcrum block 72 and 74, a11d which may be c9Jiveniently threaded for axial 

S movement along each threaded lever ann 40:and 42. Fasten~(~emben 90 and 91 may each 

also include a shoulder, ahhough suitably of shorter length 1A1n shoulders 94 and 95, such 

·that the shoulders of adjacent pairs of fastener members 90,' 92 and 91, 93 may engage 

opposing sides of each respective flexure 68 and 70 to provide a fixed fulcrum point. 

Accordingly, with the fulcrum bloclcs 72 and 74 attached to.the base and the respective 

10 fulcrum flexures ·68 and 70 engaging the lever arms 40 an~ .. A2, respectively, at a fixed 

position, the lever arms 40 and 42 may pivot about the fulcrutit'.fie."tutes 68 and 70 when the 
. ' 

voice coil is activated, such that opposing ends of each lever ann 40 and 42 will reciprocate 

in opposing. directions about each fulc:rum flexure 68 1nd 70 it\ accord with the mechanical 

advamage defined by the axial positioning of the fulcn1m t1~~ures 68 and 70 along each 

15 respective lever ann· 40 and 42. 

Each respective lever ann second end 48 and 50 is pivou1Uy attached 10 an elongated 

draw bar 96 by a second pivotal attachment, with the draw b~r,'96 having two ends and a 

longitudinal axis aligned generally parallel to the coil axis. AsJJlizstrared Figs. 2 and 5, each 

second pivotal attaclunent may be provided by forming an ·~~µre 97 generally normal to 

20 the draw bar axis and extending through at least a ponion oNI\~ draw bar 96, genera11y at 

the position ~f desired attachment betwe¢n the respet'tive lever:·~tm second ends 48 and 50 

and the draw bar 96. A paii of resilient thn1St flexures 98 a.n~JOO, suitably formed of a 

panel Of sprins Steel er other generally rigid well known mareri'l. are atrached to the lever 

8 
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ann second ends 48 and SO and appropriately attached to opp()$ed sides of the draw bar 96. 

Obviously, numerous other types of pivotal attaclunent may be used with equal fac:Uity. 

The draw bar end 102 distal the coil body 14 is attached to a tool suppon, generally 

indicated as 104, that is appropriately configured for holding a cutting tool 106, preferably 

5 generally coaxially with the draw bar axis. n1e tool support· I 04 is attached to a guide 

snucture, generally indicated as 107 t for allowing reciprocating. movement of the tool support . . .· . . 

· l 04 g~nerall~ parallel to the dtaw bar axis wbile simultaneously restra~g motion transverse 

t~ the draw bar axis. In the pref med embodiment illustrated· ~~ Fig. 2, the guide structure 

107 includes at least one flexure 108 or 110, although prefenibly a pair of front and rear 

10 flexures 108 and 110 spaced apan by tool support 104 and su~stantially parallel to provide 

a substantially axial teciprocating movement of the tool support 104. i11e front and rear 

fle."tures 108 and 110 are attached to the base. preferably between the sidewall ponions 60 

and 62, substantially nonnat to the draw bar. axis. The flexures: 108 and I ID are fom1ed of 

a resilient material, such as panels of spring steel or the like, and suitably may have a 

15 thickness of aboul 0.04 inches. h will be understood an~ appreC:iated by those skilled in the 

an that ahemative constructions or the: guide structure 107 that I'J1BY provide the desired axial 

movement of the tool support such as, for example, ball bushit~gs or other axial guides, may 

be used with equal facility. n1e cutting tool 106 is mounted to ~he tool suppon 104 suitably 

by clamping it within the support 104, such as by dU"eaded ct~mps 111 ·and 113, preferably 

20 generally parallel to or coaxially with the draw bar axis, ~vit·h at ·:le~st a ponion of the cutting 

tool 106 extending through an apenme 112 formed through:·~he fronr fle:utie 108. The 

cutting tool 106 has a cutting edge 114 positioned diStal the t_oc)rsuppon 104, which suitably 

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

9 



W097/49522 PCT/US97/06625 

With the structure· of the reciprcc:ating tool holder ass~bly described above, it may 

be seen that the. present invention provides an appatatus for reciprocating a cutting tool in a 

substantially axial direction. By introducing an alternating electrical current to tbe coil 

windings 24, the coil ~Y. 14 vibrates bi a controlled manner, suitably proponional to 'the 

S amount of cunent being introduced. The forces created by the: bi-directional movement of 

the coil body 14 m the direction of the coil Eds are ttansferred to the respective lever mns 

· 40 and 42 through the pivotal attachment of each respective lever mm first end 44 and 46 and 

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

46 moves according to tbe reciprocation of its respective coil ann 36 and 38, with each 

10 respective lever arm 40 and 42 pi-voting about its ~ctive fillqum member 64 and 6.6, such 

that the pivotal attachment between the respective lever ann ~c:ond ends 48 and SO and the 

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

Thus. the pivoting movement of each lever ann 40 and 42 effects a reciproc,ting movement 

or rhe draw bar 96 and root suppon 104 generally parallel to the coil body axis 19. 

15 Consequemly. attaching cutting tool 106 to the 1001 suppon 104 results in reciprocating the 

cutting tool in a direction ·generally parallel to the coil body axis 19. By appropriarely 
. ':. 

adjusting the axial position of the fulcrum flexures 68 and 70:along each lever ann 40 and 

42, the mecha1tical advant•ge of the lever am1s 40 and·4l may.appropriately be increased and 

decreased. As described.with respect ro the preferred ,~mbodiment, such adjustments may be 

20 convenient 1y accomplished by axially mo~ihg fasten·er members 90." 92 and 9 J. 93 along the 

respective threaded lever rods 40 and 42 and clamping su~h: fasteners to the respective 

f ukrum flexures 68 and 70 at a desired position. 

ll will be underst~ and appreciated that the tool holder assembly 10 or the present 

10 
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invention. moves in a direction o~te the movtment of the voice coil and, thus, cancels the 

forces of movement of the voice coil ll. n1e movement of the coil ann caused by the axial, 
. I 

bidirectional forces of the voice coil ll are transfmed in an opp0site direction to the draw · 

bar 96 and. in tum, to the cutting.-tool 106. Accordingly, substantially no vibrations are 

S created and no funher counter balancing is .. required. Such consmaction efficiently utilizes 

substantially all th~ ·power introduced to . the voice coil 12 to produce the teciprocating 

·movement of the.,cutting tool 106. 

Axial tqol excU~ions for this apparatus typically range from the rest position up to · 
' . . 

about 0.30 mm in beth directions thereof. Of comse the amount of excursion of the tool 

l 0 suppon I 04 may be appropriately increased and decreased by varying the rigidity of the front f ! 

/ .. 

and rear .flexures 108 and 110, varying the stiffness of the pivotal attachments, and, by 

. adjusting the position of the· fulcrum flexur~s 68 and 70 along the lever arms 40 and 42. 

/ \Vhile the foregoing describes a panitularly pref erred embodiment of the apparatus 

and rhethod of this invention, it is- to understood that .this description and the illustraiions arc 
' 

15 10 be indicative only or the principles of the present invention and are not to be considered 

li~itative thereof. Accordingly, because num.erou.s variations and modifications. of this 

apparatus, all \\ithin the scope of this invention, will readily occur to those skilled in the an, ; 

tlile scope of the inventio1~ is to be limited solely by the claims appended hereto. 

11 



.......... ·---····-··· ... . . --· .. . 

. WO 97/49522 

\VHA T JS Cl.AMP rs: 

PCTIUS97/06625 

1. A reciprocating tool holder. assembly primarily intended to provide substantially 

axial excursions of a cutting tool positioned therein, said tool holder assembly comprising: 

a base having an upper portion and a lower ponion and a pair of generally opposed 

side walls extending between said upper and lower base ponions; 

S a voice coil assembly attached 10 said base and including a coil body. a plurality of 

windings circumscribing at least a ponion of said coil bodyt said coil body having·a first end, 

a second end and an axis extending between said coil body first and second ends, and at least 

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 anns attached to said coil body on generally opposite sides of said coil 

axis proxim_al said coil body first end; 

a pair of lever anns, each having a first end, a second end and an axis extending 

berween said first end and said second end, said first end being pivotally attached to ti 

respecti\'e said coil ann by ci first pivotal attachment with said axis of each said le\'er ann 

I; extending substantially tnmsverse to said coil body axis~ 

a pair of fulcrum members attached to said base, each said fulcrum member positioned 

adjacent each said lever ann ro e11gage a reS}>ec:tive said lever ann imennediate said lever ann 

first and second ends to proi.·ide a fukrum abour which· each .said, lever arm ·may pivor; 

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

20 pivotally anachcd to each said lever arm second end by a second pivotal auactunent. with 

said draw bar axis aligned generally parallel 'to said coil body axis; 

a tool suppon attached to said draw bar end distal said coil body~ 

12 
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a guide sttucture anached to said tool support an~ to said base for allowing 
rec:iproc:ating movement of said tool support while reSttaining ~otion transverse to said draw 

25 bar axis~ and 

a eutting tool having an axis generally aligned with said draw bar axis, said cutting 
tool attached to and extending from said tool support distal said coil body, whereby providing 
alternating electrical eutrent to the coil windings results m substantially linear, axial 

. excursions of tl1e cutting tool. 

2. A reciprocating tool holder assembly as claimed in claim 1 wherein said first 
pivotal attachment comprises a subStantially resilient member attached to each said lever arm 
first end and to each respective said coil ann. 

3. A rec:iprocati11g tool holder assembly as in claim 2 wherein each said coil arm 
includes an apenure fonned therethrough, through which ea:h said lever ann unobtrusively 
extends. 

4. :\ reciproc:ati~1g tool holder assembly as claimed in claim 1 wherein each said 
second ph·oial attac:hmenr comprises a substantially resilient thrust member attached to each 
said le"er ann second end and attached ro said draw bar. 

-.. -------. ---,---· 
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5. A reciprocatihg tool holder assembly as in clairrt. l wherein each said fulcrum 

member further comprises: 

a fulcrum block attached to said base, each said fulcnl.m block having a first end, a 

second end and an apenure having a diameter and an axis f~~d 1herethrougb, with at least 

a portion of :the respective said lever ann, extending through the :respective said fulcrum block 

aperture and generally parallel 10 said fulcrum block axis; and 

a resilient fulcrom fle.<ture attached to said second end of each said fulaum block 

distal its respective said coil ann. said fulcrum flexure .. having an apenure fonned 

themhrough, each said fulcrum flexure extending generally normal to its respective said lever 

ann with each said lever ann extending through its respective ~aid fulcrum flexure aperture. 

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

block is adjustably attached ro said base 2nd ro said lever arm for selec:rive positioning axially 

along its respective said lever ann closer to or fanhc=r frqrn said dra\v bar, whereby 

positioning rhe fulcrum blocks closer ro and farther from the draw bar respec1ively decreas~s 

5 · and increases the amoum of axial e:tcursion of the cutting tool caused by movement of the 

\'Oice coil. 

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

block is auached between said upper base ponion and said low~r base ponion. 

8. A reciyrnc:ating tool holder assembly as in claim 5 \vherein each said lever ann 

comprises a threaded rod. 

14 , -f llllllf flflll llllllllll.lllllL. 
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9. A reciprocating tool holder assembly as in claim 8 further comprising a pair cf 

threaded faStener members dimensioned and configured for locking attachment to each said 

threaded rod, each said pair of fastener members engaging a respective said fulcnnn flexure 

such that axial movement of each said fulcrum flexure with respect to its respective said 

S threaded rod is teSttained. 

10. A reciprocating tool holder assembly as in claim 9 wherein at least one said 

fastener member of each said fastener member pair comprises a nut having an 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 reciprocati11g 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 fulcnmi block apenure diameter. 

12. A reciprocating tool holder assembly as in claim l \vherein said guide structure 

cotnprises a rear flexure attached to said base distal said coil substamially normal to said coil 

body axis and attach~d to said tool support, wirh said diaw bar end distal said coil .body 

attached to said rear flex panel. 

13. A reciprocating tool holder assembly as in claim 12 wherein said guide structure 

funher comprises a front flexure attached to said tool support to said base distal said draw 

bar, spaced 2pan from and substantially parallel to said rear flex panel. 

·----·-····· -·--------
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14. A reciprocadni tool holder assembly as jn claiffi I wherein said front flexure 
includes an apenure with at least a ponion of said cutting. tool extending 1h:ough said 
apenure. 

15. A reciprocating tool holder asscm~ly as jn claim l wherein sajd cutting tool 
includes a cutting edge distal said tool support. 

16. A reciprocating tool holder assembly as in clainl l further comprisjng: 
a plurality of pole pieces positioned proximil said coil windings, each said pole piece 

having nonl1 and south pole ends, said nonh and south pale end of each said pole piece 
positioned adjacent each respective north and south pole end· of adjacent said pole pieces, 

5 such that a magnetic:· field substantially perpendicular to said coil windings is provided. 

----------

16 
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17. A method for reciprocating a cutting tool in a predetennined direction, said 
method comprisjng the steps of: 

reciprocating a pair of coil anns along a fust axis, each said coil ann having first and 
second ends;. 

S pivotally attaching a lever ann to each said coil ann first end, each said lewr ann 
having a first end, a second end and a longitudinal axis extending between said first and 
second ends, said lever arm axis being substantially transverse 10 said first axis, with each 
said lever arm fim end pivotally attached to the respective said coil arm fJrst end; 

pivoting each said lever mm about a fulcnnn as said pair of coil anns is reCipracated; 
10 pivotally anac:hJng said second end of~id lever mm to an elongated draw bar Jsaving 

two ends and a longitudinal axis, with said draw bar axis aligned generally parallel to said 
first axis; 

attaching a tool suppon to said draw bar; 

supponing said tool suppon for reciprocating mo\•ement generally parallel to said first 
l 5 axis while resiraining motion transverse to said draw bar axis, whereby pivoting movement 

of the lever anns effects reciprocating movement of the draw bar and tool suppon generall)' 
parallel to the flrs1 axis; and 

attaching a cutting tool to said tool suppon, whereby rhe cutting tool is reciprocated 
in a direction generally parallel to the first axis. 
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18. A method as claimed in claim 17 wherein said step of reciprocating funher 
com~ises the steps of: 

providing a voice coil having a first end, a second end and a longitudinal axis 
exta1ding thexebetween, said voice coil including a coil body, a plurality of windings 

S circumscrlbma at least a ponjon of said CQil body, with said coil axis defimng said first axis; 
proviclin1 a magnetic field substantially tmnsvase to said coil axis; 
attaching. said pair of coil anns to said coil body proximal said coil first end on 

generally opposite sides of aid coil axis; and 

introducing an alternating electrical current to said coil windings to cause said coil 
10 body to reciprocate in a direction generally parallel 10 said coil axis. 

JI 


