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ENTITLED:  RECIPROCATING TOOL HOLDER ASSEMBLY

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, panticularly 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
form suitable lenses for such visual impainments, it is necessary 1o reciprocate z cutting tool
in a precise axial manner.

Numerous prior art cutting tool assemblies have been pt'c}p_osed that rapidly reciprocate
a cutting tool into engagement and away from a work 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
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
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a linear motor. A careful examination of this and other piiar art readily leads one to the

conclusion that conventional reciprocating tool post assemblies fail to address completely the

needs of the industry.

SUMMARY OF THE INVENTION

In view of the foregoing, it is desired to provide a reciéyocating tool holder assembly
for reciprocating a cutting tool at high speeds. More panicﬁlarly. it is desired to provide a
.re:ipro_cating' tool holder assemnbly that may provide subst__aﬁtial]y linear and high speed
excursions of a cutting tool that may be anached thére;o. It is also desired to provide a
reciprocating tool holder assembly having means to adjust thé, amount of axial reciprocation.
It is still further desired to provide a reciprocating tool holder assembly in which the
reciprocation of the cutting tool may easily be controlled. To-achieve these and othér 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 includes 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
& pair of coil arms that are attached to the coil body on genc{aﬂy opposite sides of sziid coil |
axis proximal the coil body first end. The assembly also ixxclgéd;s a pair of lever amms, each
having first and second ends and an axis extending therebeuggén, with the first end of each
l2ver arm pivotally aitached to a respeactive coil am by a ﬁét%’pivotal attachment with ihe
axis of each lever arm extending substantially transverse to the coil body axis. A pair of
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fulerum members are attached to the base of the assembly to._';engage a respective adjacent
lever arm intermediate its first and second ends to provide 2 fu_icmm about which each lever
arm may pivot. The second end of each lever arm is pivotally.éuached to an elongat_ed draw
bar by a second pivotal attachment. The draw bar has two ends and a longitudinal axis, with
the draw bar axis aligned generally parallel to the coil body axxs The end of the draw bar

distal the coil body is attached to a tool support that is preferab!-_y_- dimensioned and conﬁguréd

- for receiving a cutting tool. The tool support is attached to a -guidc member that is artached

10 the base of the assembly. A cuning tool, preferably having an axis generally coaxial with
the draw bar axis, is attached to and extends from the tool suppon distal the coil body,

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

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 view of the tool holder assembly of Fig..} 1 with the top base portion

~ removed;

FIGURE 3 is a side elevational view of the apparatus of Flg l;
FIGURE 4 is a front elevational view of the apparatus df';;iFig. l; and

FIGURE 3 is a frontal view, panially in section of the 'agpgralus of Fig. 3 taken along

lines 5-3.
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DETAILED DESCRIPTION

A preferred embodiment of the reciprocating tool holc_l_e__r. as;embly 10 of the presen?
invention is illustrated in Figs. 1-5 in which similar nfmnce;fqﬁgrhmers refer to similar parts
throughout the several views of the drawings. The remprocaung action of the assembly is
generally provided by 2 conventional voice coil 12 that suitably includes a cail body 14 of
generally rectangular cross section that may suitably be foméé..-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.
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
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
cold rolled steel, in a spaced apant 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
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with north and south péle ends, preferably oriented in a repulswe relation such that the
respective north and south poles of each pole piece 26, 28,30, 32 and 34 are positioned
adjacent one another. This arrangement produces a magg;éx?c field that is substantially
pefpen‘dicular to the coil windings. Accordingly, when an é_l_t__emating electrical current is
imrodl_.lced to the coil windings 24, the voice coil 12 provides'_'_l_i_'axial, bidirectional forces that
are proponional to the magnitude of altemnating electrical current passed through the coil
windings 2;. |

A pair of coil arms 36 and 38 are spaced apart and attached to the coil body first end
16 in a substantially paralle! relation on generally oppositeq_siﬁ;es of the coil body axis 19.
A pair of lever arms 40 and 42, with each respective arm 40 aa;;d_- 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 am, and-each lever arm 40 and 42 has

‘@ 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

pivatal attachment such that the axis of each lever am 40 and 42'extends 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
or the like, to each coil ann 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
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preferably drilled and -_t_'a_ppe'd for receiving .such a threaded fastener therein to secure the
respective lever amms 40 ‘._an'.d 42 to the respective arm flexures 52 and 54. An aperture
having the diarneter gr_egt:_er than that of each lever arm 40 and 42 preferably is formed
through each coil amn §_§j-atxd 38 to permit the pivotal movement of the lever arm 40 and 42
in its attachment to lherespechve arm flexure 52 and 54. Of course, it will be understood
.and appreciated t’h'at mhet ?ivotal attachments known in the art may suffice including, without
limitation, universai jqingg;:__;roller bearings or hinged connections.

As illu.strated in_331§_ Figs. 1,3 and 4, the 100 holder assembly 10 also includes a base
having an uppef pbrtioﬁ 56, a lower portion 58 and a pair of generally opposed sidewalls 60
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 pivol. In the
preferred embodiment illustrated in Figs. 2 and 5, each fulcrum member includes a respective
fulerum flexure 68 and 76 having an apenture formed therethrough, the diameter of which
aperture is greater than the ‘diameter of the respective lever érm, although 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
inches. Each fulcrum ﬂexxif? 68 and 70 is preferably antached 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 36 and 58, respecnvely Accordingly, the upper and lower base pontions 56 and 58,
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respectively, may include appropriate bores through which conventional fasteners, such as
screws, may extend and attach the respective base portions to the fulcrum blocks 72 and 74.
Each respective fulerum block 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
therethrough, with at least a portion of each lever arm_46 and 42 extending through the
respective fulcrum block aperture 84 and 86, generally pafAﬁel- to and preferably coaxially
.with the aperture axis. The attachment between the fulcrum blocks 72 and 74 and the
Tespective upper and Jower base portions preferably provide -for an adjustable attachment for
selectively positioning each fulcrum block 72 and 74 axially along each respective lever arm
40 and 42 closer to or farther from 2 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 & conventional washer
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
threaded lever am 40 and 42 on opposi'ng sides df each fulﬁmm flexure 68 and 70. As
shown in the preferred embodimemt of Fig. 3, each pair of threaded fastener members 90, 92,
and 91, 93 secures a respective fulcrum flexure to a pr_._edﬂé.ﬂiiined position along each

threaded lever arm 40 and 42. In order to accomplish such atrachment, each fastener member
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92 and 93 preferably includes a shoulder, preferably a genera__il_??cylindrical shoulder, 94 and
93, respectively, that extends a predetermined distance from oug-_epd of the respective fastener
member 92 and 93, suitably a length greater than the distanc___}e‘;ibptween the first and sécond
ends of each fulcrum block 72 and 74, and which may be c‘_cjﬁyeniently threaded for axial
movement along each threaded lever arm 40.and 42. Fastenermembers 90 and 91 may each
also include a shoulder, although suitably of shonef length than 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 provnde a fixed fulerum point.
Accordingly, with the fulerum blocks 72 and 74 attached to ‘the base and the respective
fulerum flexures 68 and 70 engaging the lever arms 40 au_,c_l}':_‘:@t_z, respectively, at a fixed
position, the lever arms 40 and 42 may pivot about the fulcrutjif”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 fulcrum flexure 68 and 70 iri accord with the mechanical
advamage defined by the axial positioning of the fulerum t_'li:_.ﬁ}ures 68 and 70 along each
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
the draw bar axis and extending through at least 2 portion ofthe draw bar 96, generaily at
the position of desired artachment between the respective le\erarm 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 generaily rigid well known ma(enal are attached to the lever
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anm second ends 48 and 50 and appropriately attached to opposed sides of the draw bar 96.
Obviously, numerous other types of pivotal anachment may be used with equal facility.
The draw bar end 102 distal the coil body 14 is anach@ to a tool support, generaily
indicated as 104, that is ﬁppropriately configured for holding a cutting tool 106, preferably
generally coaxially with the draw bar axis. The tool suppon 104 is attached to a guide

sn'ucture, generally indicated as 107, for allowing recxprocatmg movement of the tool support

- 104 generall;r paraliel to the draw bar axis while sxmultaneously Testraining motion transverse

to the draw bar axis. In the preferred embodiment illustrated: m Fig. 2, the guide structure
107 includes at least one flexure 108 or 110, although pteferébly a pair of front and rear
flexures 108 and 110 spaced apart by tool support 104 and suﬁsantially'panllel to provide
a substantially axial reciprdcating movement of the tool support 104. The front and rear
flexures 108 and 110 are attached to the bﬁsc. preferably between the‘ 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 panels of spring steel or the like, and suitably may have a

thickness of about 0.04 inches. It will be understood and app.rbfc‘iated by those skilled in the

art that alienative coustru'ctions 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_qe;he tool support 104 suitably
by clamping it within the support 104, such as by threaded clamps J1t and 113, preferably
generally parallel to or coaxially with the draw bar -axis, with at :-:-"'l'east a pottion 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 male'ﬂal suitable for cutting.
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With the structure of the reciprocating tool holder assé_;ﬁbly described above, it may
be seen that the present invention provides an apparatus for reciprucating a cutting tool in a
substantially axial direction. By introducing an alternating _e_iectrical current to the coil
windings 24, the coil body 14 vibrates in a controlled manner, suitably proportional to the
amount of current being introduced. The forces created by ﬁx‘j_e-' bi-directional movement of

the coil body 14 in the direction of the coil axis are transferred to the respective lever arms

* 40 and 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
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.
Consequemly, attaching cutting tool 106 to the tool supporn | 104 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. -i.iri'_th respect to the preferred embodxmem, such adjustments may be
conveniently accomplished by axially mov'i_'ng fastenigi_'; members 90, 92 and 91, 93 along the
respective threaded levef rods 40 and 42 and clamp'ing such fasteners to the respective
fulerum flexures 68 and 7O at a desired position. |

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

10
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invention moves in a direction opposite the x_nbve‘ment of the voice coil and, thus, cancels the
forces of movement of the voice_cﬁil 12. 'fhé movement of the coil arm caused by the axial,
bidirectional forces of the vo,iée coil 12 are transferred in an opposite direction to the draw -
bar 96 and, in tum, to the’: cuning,ti:ol 106. Accordingly, substantially no vibrations are
created and no funher counter balancing is. requ:red Such construction efficiently wtilizes

substanually all the power introduced to.the voice coil 12 to produce the reciprocating

“movement of the_._.c\mmg tool 106.

Axia] tchI excursxons 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
support 104 may be appropriately mcreased and decreased by varying the ng:duy of the front

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

: adjusun.-g the position of the fulerum ﬂexurgs 68 and 70 along the lever arms 40 and 42.

Wlnle the foregom! describes a panicularly preferred embodiment of the apparatus
and melhod of thls invention, it is-to understood that this description and the illustrations are
(] t?e indicative only of the principles of the present invention and are not to be considered
lin‘i;itative thereof. Accordmgly, because numerous variations and modifications of this
apparatus, all within the scope of this i mvemxon, will readllv occur to those skilled in the am,

the scope of the i mvemton is to be hmzted solely by the claims appended hereto.
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WHAT IS CLAIMED Is:

L A reciprocatin'g tool holder assembly primarily intended 1o provide substantially
axial excursions of a cutting tool positioned therein, said ool holder assembly comprising:

a base having an upper portion and a lower portion and a pair of generally opposed
side walls extending between said upper and lower base portions;

5 a voice coil assembly attached to said base and including a coil body, a plurality of '

windings circumscribing at least a portion of said coil body, 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 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
extending substantially transverse 1o said coil body axis;

a pair of fulcrum members attached to said base, each said fulcrum member positioned
adjacent each said lever ann to engage 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
pivotally attached to each said lever am 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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2 guide structure attached to said tool support and to said base for allowing
reciprocating movement of said tool support while restramx_ng_ motion transverse to said draw
bar axis; and

a cumng tool having an axis generally alxgned with saxd draw bar axis, said cutting
tool attached 1o and extending from said tool support distal sald coil body, whereby providing

altematmg electrical current to the coil windings results m substantially linear, axial

-, excursions of the cutting tool.

2. A reciprocating tool holder assembly as claimed in claim 1 wherein said first

pivotal attachment comprises a substantiaily resilient member. attached to each said lever arm

first end and to each respective said coil amm.

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

includes an apenture formed therethrough, through which eazh said lever arm unobtrusively

extends.

4. A reciprocating tool holder assembly as claimed in claim | wherein each said
second pivoial attachment comprises a substantially resilient thrust member axtached to each

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

i, l lllllll [ lllﬂ MIII H llll |
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5. A reciprocating tool holder assembly as in cla'irﬁ}j l wherein each said fulerum
member further comprises: |

a fulerum block attached to said base, each said fulcrﬁm block having a first end, a
second end and an apenture having a diameter and an axis fcxmed therethrough, with at least
a portion of the respective said lever arm extending through the respective s2id fulcrum block
aperture and genenlly parallel to said fulcrum block axis; and

a resilient fulcrum flexure attached to said second en’_d'.of each said fulerum block
distal its respective said coil arm, said fulc;:um flexure -having an apenure 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

and increases the amount of axial excursion of the cutting tool caused 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 louj:'_'gr base porntion.

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

comprises a threaded rod.

T
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9. A reciprocating tool holder assembly as in claim 8 further comprising a pair of
threaded fastener members dimensioned and configured for locking attachment to each said
threaded rod, each said pair of fastener members engaging a respective said fulcrum flexure

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

yhreaded 10d is testrained.

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 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 hoider assembiy 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



149522 PCYUSY7/06625
- WO 97,

14. A re_ciprocatiiig tool holder assembly as in cla:m ] wherein said front flexure

includgs an aperture with at least a pontion of said cutting tool extending through said

aperture.

13. A reciprocating tool holder assembly as in claim | wherein said cutting tool

includes a cutting edge distal said tool support.

16. A reciprocating tool holder assembly as in claim | further comprising:

a ph;rah'ty of pole pi,eces positioned proximal said coil windings, each said pole piece
having nonth 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,

such that a magnetic field substantially perpen_dicular to said coil windings is provided.
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17. A method for "recipmcating a cutting tool in a predetermined direction, said

method comprising the steps of: |
reciprocating a pair §f coil aﬁns along a first axis, each said coil arm having first and
second ends; _

S pivotally attaching a lever arm to each said coil amm first end, each said lever arm
having a first end, 2 second end and a longitudinal axis extending between said ﬁrst and
second ends, said lever am axis being subsxazmally transverse to said first axis, with each
s2id lever arm first end pivotally attached 1o the Tespective said coil arm first end;

pivoting each said lever amm about a fulerum as 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 while restraining motion transverse to said draw bar axis, whereby pivoting movement
of the lever arms effects Teciprocating movement of the draw bar and tool support generally
parallel o the firs axis; and

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

in a direction generally parallel 1o the first axis.
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18. A method as claimed in claim 17 wherein said step of reciprocating further
comprises the steps of:

providing a voice coil having a first end, a second end and a longitudinal axis
extending therebetween, said voice coil including a coil body, a plurality of windings
circumseribing 2t Jeast 2 portion of said coil body, with said coil axis defining said first axis;

providing a magnetic field substantially transverse to said coil axis;

attaching. said pair of coil amms 10 said coil body proximal said coil first end on
generally opposite sides of said coi! axis; and |

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

body to reciprocate in a direction generally parallel 10 said coil axis.
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