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W TH VI BRATI ON CANCELLI NG ARRANGEMENT MARC EDWARD ARTHUR N\)
MCPHERSONW® /1506 THE WM s i nve @W@waﬂl geRET/EAD 01002 \
appar atus and net hods f nses an cuI arly to turning

| at hes for cutting non-rot atrirvmal ly symmetrical''s?iémses. BACKGROUND OF THE

| NVENTI ON i cient n urfaces is
with a thrmgg; si ngl ev% nt I%ggﬁlg \{Igéﬁfr?% ?A]{Cﬁéﬂfﬁggﬁre%ﬁ?l\rfan end

el evation show ng a typical layout for such a lathe and Figure 2 is a front
el evation corresponding to Figure 1. The |athe which is generally indicated
by reference 10 includes a |l ens supporting assenbly 20 and a shuttle 14.
‘The shuttle 14 is axially novable along a "Z axis" indicated by reference Z

Stoured t MNENTOR; e”WW{%%@'&%&##M@M%@M%E&@MM

*22 and rotates the fens 22 about a lens axis indicated by A The lens
supporting assenbly 20 is noveable in a direction Y transverse to the |ens
axis 8. The lens supporting menber typically includes a spindle 21 which
rotates the Iens 20. The spindle 21 is mounted to a transversely noveable

l'inear tabFEERD OF THEMINVENTRONpunted to a base 25 of the lathe 10. Lens
cutting is effected by a turning operation. The lens 22 is rotated at a

hi gh speedThRiaqHvehtin i’@l@fﬁe@géﬁepallyﬁ%bmtw%uriﬁeﬂﬁds 6% cutti Og1!etris@s|éhd

pl aced adj acent an edge 2 f the’lens 22. The lens 22 is noved in the

di recti on noké pafifculgmgto turnmgqathes\ﬂnrfonmrndﬂonsrolt@tm@bllys)hhmﬂhbaﬂbh@és.z-

Coor di nat ed noverrent bet ween the lens 22 and the lens cutting tool 18
determines the shape of the lens 22. If the tens 22 is rotationally
syrmetrlcal such as spherical or aspherical, the lathe 10 is operated

si m | arl y BAGKGRONND QOF THE INVENTION cut typically starts 5 at the

edge 24 and the lens cutting tool is moved both in the Y and Z directions
(radifl | y Amedficient way topeodices cotadionatly)asymmeirical sisfaces is with a three-
p05|t| on of the lens cutting tool 18 renmains constant at any given radi al
("Y") di staaqﬁélngamwedlamm@mr@mﬂ@@m driguge dfis an end elevalion shawing &s

Fespect | vavEal iU Or sth Brathiean gr%bﬁ?@'zﬁg% fokelE abedizespendiBado

apindle sgagers A (ihe PUAS Velhis SPRgralbdeRisdea By eidieics b indindes uenso

Speeds. ar SURPATBOGEAEEN %bo%?“ﬁ#ﬁsﬁﬁ%&ﬁié‘?&sﬁwﬁsﬂH@T%’fﬁeﬁx BT T

o 2L S0 L Z B RGBT HATE b 4 gFARETS. oA oRE ity tool
18 (typically a diamond tool) is secured to the shuttle 14.

The lens supporting assembly 20 supports a lens 22 and rotates the lens 22
about a lens axis indicated by 8. The lens supporting assembly 20 is moveable

15 in a direction Y transverse to the lens axis 6. The lens supporting member typically

includes a spindle 21 which rotates the lens 20. The spindle 21 is mounted to a
transversely moveable linear table 23 which in turn is mounted to a base 25 of the lathe
10.

20 Lens cutting is effected by a turning operation. The lens 22 is rotated at a high
speed about the lens axis 8. The lens cutting tool 18 is initially placed adjacent

an edge 24 of the lens 22. The lens 22 is moved in the direction Y as the lens



reciprocally along the Z axis at a frequency proportional to the rotational
20 frequency. Depending on the particular |ens 22 being cut, the tens
cutting t &R 0APRY need to be noved by as nuch as 20 nm aPCTigaowdwe2 of t he
lens. In a sinple toric lens this would be a substantially sinusoidal
nmotion with a frequency tw ce that of the rotational frequency. 25 A
typi cal actuator 16 would consist of a |irear servo notor (such as a voice
coil notor) in conjunction with a high speed feedback device which is
desirabl e i i e | t

iptﬂﬁ?ﬁeo ggonam%m@vagqﬁ%etdwmo?@ . ﬁddrﬁﬁ?éteﬂ}?ﬁé??metrg dbe%%qt WRh the,

accuracy. such a notor typically has only

typi cal st |gke 2Deand thE 16Mms cuttindiodlel® debahsingsifie’ §apd ol the Iésdidgve

'vel ocities as high as 3 to 4 nis. Such velocities and rapid directional
changes can create peak accelerations of 50 to 100g or even higher. By way
of exanple, if the shuttle 14 and |lens cutting tool 18 have a total nass of

2kg) an aclfubieolerac2glisrotationally $p®wnedridal,daveh @ Sphereal on akphesisalfthe
1961 N (approximately 440 Ibs). It will be appreciated that the above

vel oci ty alathepH®is dperated simidadytedtavo hxisturningclathenThe ewidypidally startsar
servo notors. Such technology is rapidly evolving and to sone extent the
curreht i nakthe edgedldandihe lans cutling taolisdnaved ibothin $he Yoandtddirections
properties, In any case, the present invention produces a useful result

wi th cur r efadialhciawargiyanddeoward dae tens dd).c ipthis instange the 7 pesitiaa of dhe es
of about half thogse seL §Ut ahove. The Positioning of the lens cutting tool
18 al ong ilepst@tipgitaohte demaing constant atanyaive) radiat 0 Ya) distanee fonadhe ee
of accuracy, typicall pthin 10 nm or, | ess. sunm.ng that the actuator 16
i s capabl £€58 %ﬂét&ﬁ%&@f&%ﬁ of ﬁ%taﬁ'ﬁgrﬁ@‘aﬂéﬁ‘ﬁféspﬁea’%t ating forces coul d
cause structural defections in the lathe 10 which in thensel ves exceed the
accuracy requirenents. 20 It is an object of the present invention to

Por ol i n b IBiacepRld Beiizehin RS cubihbof To Sheifie meedtv lbrqee
SRR, T, ISl 06585 195N KPR, i Soplaches
The f11at b oG AP E Ve, hidh BRI\ PLRKFlors saPRatIrR)
assembly 20 is desirable in order to maintain an acceptable and productive
surfacing operation. Typical spindle speeds are on the order of 3,000 to 10,000

15 RPM.

When the desired lens is non-rotationally symmetrical, as for example in the
case of toric or progressive lenses, the lens cutting tool 18 must move
reciprocally along the Z axis at a frequency proportional to the rotational
20 frequency. Depending on the particular lens 22 being cut, the lens cutting tool
18 may need to be moved by as much as 20 mm at the edge of the lens. Ina
simple toric lens this would be a substantially sinusoidal motion with a frequency

twice that of the rotational frequency.

25 A typical actuator 16 would consist of a flinear servo motor (such as a voice coil
motor) in conjunction with a high speed feedback device which is desirable as

being able to produce high speed linear movement at great accuracy. Although



and tool conprise at |east part of a first reciprocating mass. The tool

gui dance assenbly has a second reciprocating mass and a second actuator for
movi ng t h&V&@XWARS r eci procating nass in a direction opposi PET/Ca0t/®1% i r st
reci procating mass. The second reciprocating mass has a mass, a path of
novenent and a rate of novenent selected to substantially cancel

accel erative forces caused by 5 the reciprdocati ng novenent of the first
reci procati ng mass. The second reci procating mass nmay include a pair of

second shuldijcpsa frﬁtéﬁig t?PiéélF;/ Rab orl®y lipfiesd taverta kmcapkﬂakéiwﬁggsdbe P, it

opposite sides o rst “shuttle. The second actuator may inc

respecti ve may weheiheléss Bateqiredte actiend velbaitios h_bﬁhi?hﬁl% ftd 4s/s. Such
‘reci procating mass may al so include a plurality of first shuttles and the

first act uatetdcitiey andalapie dirgctioned thaagestest oredtepezichcoélerations 0660 to
shuttles. 15 In one aspect of the invention, a single point dianond turning
‘lathe is pri@fgiedevén highers Byfwayp of example, ifdhe shutthe tidnand lens cutting tool,
the first shuttle being reciprocally noveable along a first shuttle path. A
first actudBohave a doiadanadstaf 2kg, fir actuator tdocelenatioit of 1100y wikk develop
reci procal novenent of the first shuttle. The | athe has a second shuttle
adj acént t reactiorsforcastafl ¥96 BN Gapproximately 4:hs). 20 cutting tool . The
second shuttle is reciprocally noveable along a second shuttle path
generally parallel to the first shuttle path. The second shuttle has a nass

R T T T U
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that of thﬁséi:y? i‘%ﬁ‘.ﬁ%&ﬁ 'cﬁnbe?\ttliﬁb'é?'séﬁd'ﬁfd% %Wgégﬁhﬁ%\@lﬁmgég and

shuttle for e reci procal novenent o
di recti on RPESS OF abbat hait thekel st dut Showdut t1 e by an anount of about hal f

that of the reciprocal novenent of the first shuttle. The second and third
shuttle balance 5 accelerative forces of the first shuttle to
substantially cancel vibration and correspondi ng structural deflections

i mpar t ed tPhé positidriieg of thedensaguttingabohd8eaten itsf todipath neéds tothd servo
According to a further aspect of the present invention, a lens cutting

| at héSi s 1comiroNedidd awecy higb| degreen ob aceunacy, nypicallynwithinp d& nmondess. t o
the base for supporting the | ens and spinning the | ens about a |ens

r ot at i onal Aasumingthat the actusles6 is sapable 0bsueh acauranys the magnitude obthene

| ens rotational, axis. A plurality of shuttles_for nounting respective

cutting todftyating tasces «ryld eause steugtyralgotantionsainterlathr ctQ whishuint | e

paths to d and away fromthe lens. The.15 plurality of shuttles are
r eci proc\é% MQBF%CG? @@p@%??%yd&qﬁﬁrﬂ?énﬁount ed to the base. The

actuators are arranged to nove sone of the plurality of shuttles in a
direction opposite to a remainder of the plurality of shuttles. The
plurahity of u I j 'I-rmﬂ&ﬁ f I

manngé to I(rPn.!l? %{ﬁaﬁhjeg:?é)gr@?géqe?%u@vdecent é?%?gﬁggﬁé@gydﬁ%\%gﬁgﬁ?ﬁgfmt he
shuttles i Al 4 Rdd G } ; [T i ?&ﬁa
rocki ng foé%n}s?a‘iavr}ggés{gg\ g"lr?r sal dggaée%afr]rg{)/@réegn%ﬁ? th% b§m$£?é%ﬁp t e"y
shuttles |movBabRPRAS GAdEhE8Hdsembilhe plurality of shuttles may consist
of two outer shuttles™and an internediate 25 shuttle therebetween. The
outer shuttles are arranged to nove together in a direction opposite to the
intermedi ate shuttle, and the outer shuttles nove at a rate of about one

hal f that SUMMARY OFebHE INVIENTION Accordingly, the total

25 A tool guidance assembly is provided for a lathe. The tool guidance assembly

has at least one first shuttle for mounting the tool and a first actuator for causing

reciprocal movement of the first shuttle along a first shuttle path. The first shuttle



6 accelerative forces generated by the outer shuttles is generally the
sane as that generated by the internediate shuttle. According to another
aspect of WOHB/0p¥Ssent i nvention, the plurality of shuttl esPGRQAGIHIBI2St of a
row of four shuttles arranged in two pairs on either side of a 5 central .
axi s, the shuttles of each of the two pairs being arranged to nove in
opposite relative directions. The actuatorgin the above enbodi nents may be
a linear servo-notor. 10 Alternatively, the actuator nmay be a rotary

nduced | n I HPHSeHIRASRA o iRE Spre AR ThB Rl i
shut e pactserBidh AB4ESHE b Pratalii hiedh 8750 SerbRf il Hofing
rec procal emshens tadpfarafily MiadiitaBiRo GaBhtho 18 1R st ~prdogting

whi ch cancehseki NRRS <& 0568 TeApIaLANG hARd REs IARIRNG Stk demibd8mantAiRy

i mparting a correspondl ng rockKi ng e strué I'ng to one

aspect of trhgs Bﬁhm@méﬁﬁséléb@@ﬂdﬂlﬂﬁéﬁt@@ycﬁﬁé@liédcé?éra%?veﬁ"éré@@ﬁéuéé@ by

further cutting tools secured to respective shuttles nounted to the base

for regi pranalredipresaing Povemrer iof tiee Festdicibraocaltingdmaegpect i ve general |y
paral |l el shuttl e paths. 7 A nethod is provided Tor turning a
non-rotationally symretrical lens on a lens turning | athe having a fens
support and at least three cutting tools. The nethod conprises the steps

of : i) mourthenseecon@ necipracating neasenaysinuhude agsaie flsgcohd shuttles aeacky afhe
|l ens blank with the | ens support assenbly about a | ens rotational axis;

iii) pressithgpairofdgeaand shuttiessheingrdispesed ongppposite siglesef thetfirst shigttle.

bl ank; iv) _noving the lens blank with the |ens support assenbly in a 10

di rection tlhenseeond actuates may dn¢ludatrespactivgiactuaiorsdor gasha0f thenseeonrd

t he above ope of the at | east three | ens
10 shuttles.

The first reciprocating mass may also include a plurality of first shuttles and the

first actuator may include a respective actuator for each of the first shuttles.

15 In one aspect of the invention, a single point diamond turning lathe is provided
which has a first shuttle for supporting a cutting tool, the first shuttle being
reciprocally moveable along a first shuttle path. A first actuator is connected to
the first shuttle for effecting the reciprocal movement of the first shuttle. The
lathe has a second shuttle adjacent the first shuttle for supporting a second

20 cutting tool. The second shuttle is reciprocally moveable along a second shuttle
path generally parallel to the first shuttle path. The second shuttle has a mass
similar to that of the first shuttle. A second actuator is connected to the second
shuttle for effecting reciprocal movement of the second shuttle in a direction
opposite to that of the first shuttle by an amount of about half that of the

25 reciprocal movement of the first shuttle. The lathe has a third shuttie adjacent
the first shuttle opposite the second shuttle for supporting a third cutting tool.

The third shuttle is reciprocally moveable along a third shuttle path generally



cutting tools relative to the lens along a first tool path at a reciprocal
frequency corresponding to the rotational frequency of the lens blank to
produce tWO Hmosot ati onally 15 symetrical surface; vi) rRgiioaQ@02y
noving remai ning of the at least three lens cutting tools along respective
tool paths generally parallel to and coplanar with the first tool path of
the one lens cutting tool in (v) at a recigprocal frequency, in a direction
and at a 20 rate which counters and substantially nullifies Iinear forces

e R ST R L
uring @ ot L Shaks SRR P RATATER B Rhuk AR A BRnEeled the
1o el 2k} Bl ARPRRAER At BE e iR cRRlg P dtich
hat Cof e neoRdsdie 4, iR oL Rhe Hrst <iRE Y ifahRnebr 2rdithak Hager i
stages wit '}e%;ﬁgf;%l?ﬁ%i}erﬁén{ E}Etﬁé"ﬁf}ﬁ diftftfle C TtHe §ecbﬁela1d1thg+d &Rdttiebaiasite

stage. 5 Ina ernative enbodi ment, first, second, third and fourth |ens
cutting toojcdiBatRe Rsewsdes thedfidstreate io subaeantidlty cansel aitsrationoand

cutting toas are m)ve(!%contra to each other at a simlar rate, and the

third and feytrédpondihgnstruefiral defleetisnsnipysaitedntor the dativec byotheerecipracal
simlar rate. The action of the third 1o and fourth tools is rotationally

contra to trhevénretit oftledrsbshuttiml s t hus si nul t aneousl y cancel |i ng any
rotational vibration (rocking action). The nmethod may be further inproved
by including the further steps of: 1s vii) nmeasuring any resultant
I mbal ance force on the | athe associated with reci procal novenent of the .
| ens cutti icaasding tma fisthemaspgchaf the preseniyinvention, ig lensguiting lathe is
output signal to a processor; ix) determning how the forc e
nul 1i¥0 ed tpFovigled wglczblrtqmgs iaoeha%? i‘?HE‘Qa@t'%‘&? SUPPOLy wﬁeﬁégaﬁemtort 0
a controller which controls the . reciptogal venent of e actuato t,0
cause the SHPPOSING h?ﬁ?%?ﬁdt%nﬂﬁ\ggé?@ﬁ?"ﬁw aa'@lnr?d'f%? orﬁc, s Jhedeps
the determ nation i.n ste i X) to bst ant i all pm - esyl ;
| nbal ance. SepportisdTansrsely makahie iRl e e Wyl Bl e A fiRaity
of shuttles for mounting respective cutting tools are mounted to the base for
movement along respective shuttle paths toward and away from the lens. The
15 plurality of shuttles are reciprocally moveable by respective actuators mounted
to the base. The actuators are arranged to move some of the plurality of
shuttles in a direction opposite to a remainder of the plurality of shuttles. The
plurality of shuttles are of similar mass and disposed and moved in a manner to
maintain a generally fixed center of mass whereby movement of the shuttles in
20 a given direction substantially cancels both linear and rocking forces imposed
on said base by movement of the remainder of the shuttles in the opposite

direction.

The plurality of shuttles may consist of two outer shuttles and an intermediate
25 shuttle therebetween. The outer shuttles are arranged to move together in a
direction opposite to the intermediate shuttle, and the outer shutties move at a

rate of about one half that of the intermediate shuttle. Accordingly, the total



9 DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of the invention are
descri bed below with reference to the acconpanying drawi ngs in which: L

Fi gure 1 W@O¥A6U8Hd el evation of illustrating a typical | aP&l{CABOIHY25 prior
art single point dianond turning lathe; Figure 2 is a front el evation

corresponding to Figure 1; Figure 3 is a front elevation illustrating a
three shuttle lens cutting lathe; Figure ¢ is an end el evation
corresponding to Figure 3; to Figure 5is a front elevation illustrating a

65 ZE”tetné&é‘%'§P%Wé‘t3“é%%£&%%%§eﬁﬁ9‘fﬁg olfer shuftesfe B Rlat R Sa bt

section th t ﬁ“]é%t ﬁﬁm | e assenbly; 15 Figure 8 is a top
-pl an vi ew ggHgﬁatgpttﬁ) 11%? lcon |gurbat| on according to the present
invention; Figure 9 is at front elevation corresponding to Figure 8; Figure
10 is a top plan view of another alternate |athe configuration according to

‘Lhe pr esenhcbaiARY BNanater Sspectidr i présentingeniiah! e phareakpef dhdties

Figure 10; Figure™12 is a top plan view of yet anot her al nat'e | at he

confi gurat msv eswsistbna fow idfdonr ehatiles anan in &6 paitsgon eitheriside dfr@nt
el evation cofresponding to Figure 12. 25 DESCRI PTI ON PREFERRED |

EVBODS MENTéeriraloaxisnthé shuttiesrafseanth iofitieettwvan pairscle¢iagagirangedr fvemave i ng
fromreciprocating novenent produced by a first nass, which may include one
or nore shoppodsite relative dicectiorid.ed by provi ding a second mass and novi ng

t he second mass in a reciprocating novenent contra to the reciprocating
novenent of the first mass. The | ocation and rate of novenment of the second
mass is selected to create a ' "bal ancin "cancel I ing" force opposite
to and si mheactuatesimitheabave emoshmr& atawber@ﬂlaearﬁemat%y t he
first mass. The force created by the second 5 mass shoul d coi nci de W th

t hat produced by the first mass to avoi d any undesi rabl e "rocking" notion

as a_resul .he c cell.ing forc hou the cond mass may sinply
be pt@sen '&lf‘%ﬂ‘a j¥elyn ﬁgacﬂt'agﬁs@é ebé%a i%’?’ F'e detail below, the
second mass is preferably made up of two or nore shuttle and lens cutting
tool assenblies which may be used as part of the lens cutting 10 operation.

Simlarly, Wl 100S| . t
S art Vo Hinbhie bRy ARBLTorRLNARG HctbforativaTBrads MRfuteH Y lathe'hy
movement of a cutting tool secured to a lathe shuttle mounted for reciprocal
movement relative to a base of the lathe along a shuttle path. The method

15 comprises the steps of:

i) providing a balancing mass having a center of mass along
the shuttle path; and,
ii)  reciprocally moving the balancing mass in a direction and at
20 a rate which cancels linear forces arising from the movement
of the tool without imparting a corresponding rocking force to

the structure.

According to one aspect of the method, the balancing mass may consist of at
25 least two further cutting tools secured to respective shuttles mounted to the base
for reciprocal movement by respective actuators along respective generally

parallel shuttle paths.



The term "reciprocating” is used herein to refer to a back and forth notion
whi ch may, depending on the embodi ment of the present invention being
descri bedWOL8/06@05i t her |inear or arcuate. Fi gure 3 illustPEI/EA0HNENS
cutting lathe 100 according to one preferred aspect of the present
invention. The lens cutting |athe 100 i ncludes a base 102 nounted to which
is a lens support 104 which supports a lerfls 106 and is capable of 20
spinning the lens 106 about a lens rotational axis A The |ens support is

transver sel I i
A n@ R ega'rsoﬁ'lﬂ(?ét gtgr féfri’gir%a mréﬁt@daﬂg%yrﬁfﬁeinéa%n'sr@h GPlend

by reference unted to the 102 according to the

Fi gures 3 anfhidgiatiRhadin gﬂamensT @501t A atleakithreBlgItting 1o dlse STHE theéthed
‘112 an |nterrred| ate shutt 110 t herebetween. Respective Tens cutting tools

114 are no@oneerises tie stepd df: three shuttles 108, 110 and 112. The |ens
cutting tools 114 may be d| anond tools of the type currently used for |ens
‘cutting. ' The shuttles 108, 110 and 112 are reciprocally noveabl e by
respective actuators 118, 120, 122 al ong respective shuttle axes or "paths"
as indicated byip refroentirg adenstilankdozslens stppoit assemsbly;t| e axes or
paths 71, Z2 and Z3 are shown as nerally parallel to the lens rotational
axis B, this islijot aotaémmedens%ﬂalkwthrme b@smtmmﬁaseemblytah@@huttle
axes Z1, Z2 and Z3 to be inclined relative to the lens rotational axis 8.
The shuttle axes Zz1, adgngdetational@Xisi be parallel to each other. The

actuators 118 ap 122 are arranged to nove, the outer ttles 1 and 112
in a direction BPposPressing:ene of therijeast thiqg Pl-‘g'nﬂlgpcgﬁ 30]ipe | f that

of the internediate FhutH@e 110. The respective nasses of each of the outer
shuttles 108 and 112 pically be generally the sane as that of the

im | ar mass. 180 qUido HiE JefP Ttk b thedeRe ittt aRsBiivaf o
assenRly 200. The ShHﬁééﬁO'?%f%%@éién@??g@%ﬁaﬁﬁﬂa" %gHJdes a linear servo

nmot or “202 whi ch |ncI ud net as 206. The magnet
assenbly 204 is,,

shuttley210: C0| vm resﬂl?lc%"g thVﬂg‘@ ﬁggtétlﬁ\cé; {hezgﬁl ?ﬁe C(;%hé 206 to
cause relative ”Dve”@u“&lnggfdtﬁﬂetdiﬁ/e% Eh@%s’j‘%‘l’or‘idr% ﬁPél’tSbl ﬁﬂ?&‘?'é’ 204.

The shuttle 210 i s nount to the housing 208 f i near msnt Vari ous

nmounting arrangenent gegigocat ftedu Boergspomiding pPrtef etheedrdtau@hang 25
arrangenent is to use air bearing pads 212 between the housing 208 and the

shuttle 210 to al | owWréquenopafihedensriark itomaducet thennon-rot&tionallyosi ti on
encoder 220 is secured to the shuttle 210.. The position encoder may
15 symmetrical surface;
vi) reciprocally moving remaining of the at least three lens
cutting tools along respective tool paths geherally paralle] to
and coplanar with the first tool path of the one lens cutting
tool in (v) at a reciprocal frequency, in a direction and at a
20 rate which counters and substantially nullifies linear forces
imposed on the lathe by the one tool in step v) without

imparting a rocking movement on the lathe.

According to yet another aspect of the method for turning a non-rotationally
25 symmetrical lens, the three lens cutting tools may consist of a first and a last
lens cutting tool with an intermediate lens cutting tool disposed equidistantly

therebetween and in line therewith, The first and last lens cutting tools are



be a diffraction scale readable by a read head 222 secured to the housing
208 to provide position information to a high speed feedback device 224

whi ch sen¥&s0%(%#¥Sposition of the shuttle 210 and provi des PERHGAOV@OIhe coi |
206 to vary the position of the shuttle 210 in accordance with a
pre-determ ned position 5 stored in a database 226. Force is determ ned by
the following relationship: F=ma to wheregF = force m= nass a =

accel erati on Assum ng each of the shuttles 108, 110 and 112 has a nmass ns,

and t he 15nﬁ1\fé’d H?Eii'\gérdjll EBHEr?'t% tiﬂéoil_d_térrﬁéﬁﬂtgilgfﬁ%l@ﬁﬁg 466FAELAEE of kit

anount ai, e acce I've torces assocl he 1 nternedi ate
shuttle 11 i ; o 1BheT ; The outer shuttles 108 and
‘112 togeth@?ﬁﬁgegsgﬂgg t?ﬂ@gdﬁggggg?T%ﬂﬁgﬁg?ﬁg "second mass"). As the outer
shuttles 108 and 112 are noved at a rate of half ' that of the inner
shuttle 110, and in the opposite direction, the acceleration of the outer
'shuttl es 1PRedefs Wiy be tarAdd iMtnedistagles withe diffeeént of theetHreedenseudfing
associated with the outer shuttles 112 is: Fo - 2nmsa (-a; |2} 13 ns.a
The total fovlsatiitedinidach stalge. 102 at any tinme will therefore be:

FL=Fi +Fo=ns.ai-ns.ai =0 5 If the second mass were other than tw ce that of
the ifiternediate shuttle 110 (or "first mass" in this case), the rate of
accel eration woul d have to be conpensated accordingly. In any' case, the
accel er at ilﬂnaﬂfalteieabtéec&mbﬁdyﬁegEJUBﬂ secongdpbird and jaudb lens eutingdools
with that of the first mass and shqul d not_to induce a resulting nonent
about t he Mayehewapyidedandiarsanged daHiste. whhasfirst rads seeend £14HRY doels afa h
the outer shuttle 108 should he t

oo 11 SR s 8k el ST ke Tl e o~
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150, 152, 154 and 156 are provided. The shuttles 150) 152, 154 and 156 are
arranged in a row and may be considered as conprising two pairs of shuttles
158 and 16thd Areraed MQIbe@!ﬂJ@ﬁ@@ﬁhﬁ)@\ﬁédjW_it@éluair@ﬂ‘ié flrtifet Stepslof, Wi th
shuttles 150 and 152 conprising a first pair 158 and shuttles 154 and 156
conprising a second pair 160. 25

15 vii) measuring any resultant imbalance force on the lathe
associated with reciprocal movement of the lens cutting tools
and generating an output signal;

viii) sending the output signal to a processor;

ix) determining how the force may be nullified by varying

20 operation of the actuators;

X)  sending an outputto a controller which controls the reciprocal
movement of the actuators to cause the controller to vary the
movement of the actuators in response to the determination
in step (ix) to substantially eliminate the resultant imbalance

25 forces; and,

Xi) repeating steps vi) through x)



Respecti ve actuators 164, 166, 168 and 170 are provided for the shuttles
150, 152, 154 and 156 to nove the shuttles al ong respective parallel
shuttl e aX¥@0HP600S 14 “paths" Z1, Z2, Z3 and Z4, all of WRCTICAMMIcE2shown
as also parallel to the central axis 162 and tens rotational axis 8 need
not be so. The respective shuttles 150 and 152 of the first pair 158 are
arranged to nove in opposite relative diregtions. Simlarly, the respective
shuttles 154 and 156 of the second pair 160 are arranged to nove in

orher vor (R BSCRITIENY QESTHE DRAWIRGS L 1 "% 110 B T 0 e s an

di ) _ . _ .

oppost t o aifriefBftEs embBaRAL oFTag Hiydhitbri e dBSEHDRETSRN WikfRlelehid o
the shuttl qﬁﬁ%&ﬂﬂaﬁ%ﬁ &&Wmlg%g;ﬁ \R,ﬂ!gh:shuttl e enbodi nent, the total nmass

of the shuttles noving’Im eithe rectiron is simlar and accordingly the
rate of acceleration would be sinmilar. An.advantage to the four shuttle
enbodi ment is that the stroke.length over which each of the shuttles 150,
152, 154 and 156FW§ WaUhf difd Tlevaidn o¥5lllk§tréthm bhglﬁ_cém#y‘dtﬂ for a

Wi

enbodi nment) using e lens cutting tool 114 associate th the outer
shuttlses 108 andpfid? anesinglenpeifitidiamarbemningtdathee a | onger conpensatory
stroke than avaiFabIe fromthe internmedi ate shuttle 110. For exanple, if

t he actuator hasFigw@® 2is s froktelevatioracorraspondingsto Bigurestyr equired for
the outer shuttles) the internmediate shuttle 110 woul dn't be able to
deliver the 2o rEigure 3és adronhelevationfillustrating adhres shuttlenlests cuftingr ocal | y
acting forces. It is expected however that this can be tol erated as stroke
| ength di m ni shddéth@ward the | ens axis A where tol erances are nost

critical. Accordingly, good force resolution should be possible in the nore
critical zone ncbigiirerdés parend slexatiopirorespopdingstaFigiies3s and 9

illustrate yet ot her_enbqdi nent of, th resent Jjnvention sone t

anal dous to  hd GHIGH feAdTerkapyBtiandlissieating b PEgRutIEIeNs cUtlng Fi gur es
3 and 4. In the Eigures 8 d 9 enbodi nent.. a J.athe 100 has respective
outer shuttles é&ﬂﬁﬁ@%ﬂgn%toaﬁ'q RHete HUY?FQO@OZ nmounted to a base 306

for reciprocal . Y : xenplified by
arrow 308 i n i GUUETE 6 iRl BRI oRESHaRAA e £25D,
respective act ugt:qr , ; j i

servo- notors. 5%&9%9%@&%!@%%%0&%i@?%ﬁ@%gﬁﬁg@l%%@@&s&gﬁéerS 310
and 314 are arrapgRfnbR: move the outer shuttles, 300 and 304 respectively)
in a direction opposité’that of the internediate shuttle 302 and at a rate
hal f 15hat of theFigedre s>fisr@\t@ffemtanot/ievmto‘rréw@@rﬁaﬁél%meecaﬁﬁgumﬁm
respective nmasses in each of the 10 outer shuttles 300 and 304 woul d
typically be abadcardingstontheapraédenit intentienj ntermedi ate shuttl e 302.
Respective lens cutting tools 7 74 would al so be of simlar nass.

Accordi ngly, forkigsirergis aeffohelevatiooncomeésponding tor Figliret® shuttle 302

woul d be cancelled by simlar forces inparted by novenent of the outer
shuttles 300 anFigase 19 is a top plan view of "another alternate lathe

configuration according to the present invention;

20 Figure 11 is a front elevation corresponding to Figure 10;
Figure 12 is a top plan view of yet another alternate ilathe
configuration according to the present invention; and,

Figure 13 is a front elevation corresponding to Figure 12,

25 DESCRIPTION OF PREFERRED EMBODIMENTS

According to the presentinvention, accelerative forces arising from reciprocating

movement produced by a first mass, which may include one or more shuttles is



The arrangenent illustrated in Figures 8 and 9 could of course be expanded
to nore than three actuator/shuttle assenblies, for exanple, in a manner
anal ogouswO@20p5f our shuttl e enbodi ment descri bed above WMAHCAE{nce to
Figures 5 and 6. 20 Although the shuttle arrangenent shown in Figures 8 and
9 features the shuttle actuators di sposed along a common rotational axis
parallel to a base, in certain cases the sgfuttle actuators nmay be di sposed
Wi th respective rotational axes perpendicular (or possibly at sone other

of 't he | ac RS bV BERTnG e adcodd Masiind MpHHTIhE; SekiRdiass! P <
shutt | es, %e?peraéating%\géc}ﬂe%@oﬁf@et%rtﬁéggﬁﬂygggégr?% s vémiant of thefirdt niads.

-and 356 have spectyve uat ors 36E which may be servo

nmotors. An ' t6RAtmats dtedtoIréatend
352 conpri i@%t@ %’gg{a?;%gf gﬁ?ﬂ"%’ﬁgﬁéﬁﬁgﬁggb@g n;ﬁg g%g’bgébrrpri ge aa

*second pai rp3fhcirdreof hééhbélﬁn@?%?é@ opipdsite B bhe Siniitdr igamaghifude € the

arranged to nove ih opposite relative directions parallel to a base 390.
The shutt| efceferative féftesyirodueetksptite firat mady) Fhefatecreatedhpy the second
in opposite relative directions parallel to the base 390) but in-phase with
the fisrst paass BtbuldOcingideswitd that pRoduded thyathe Afifsdumasisuta lavoid any
enbodi nent simlar to that illustrated in Figures 11 and 12, but having one
act uat or f andesitabie ‘rocking’imotivasas agesuttiofghe caneelling forees1 Altheugls the
enbodi nent, four shuttles, 400, 402, 404 and 406 are provided. The shuttles
400 and 403econgrmassanaysimpinibe presentdosbalaneingl PrRP@sese ASIdesCRd M t e
sides of an actuator 420 which nmay be g rotg‘é I15 Servo tor. The sp‘uiﬁl es
404 and 408"@iEHRtRYBelowdbeRecaNd mass 1aPspiiablydRagdei ptiwapgaorgshiile

t uat 440., Th 430 and 440. ted,t 450 and,..
ot at et he AOMIENRHthod toalcassermBlian v i6h TaY Herused SB-had Gdna as cUbing,
b 50. 20 T f fect, af fi ' hut t . ' '

i spdbed cBREITIE: BAIBRYofpe AT E e P i it SE o ofle ot B Shutie
f f : t A ti $ havi i f shuttl
mount ed t 0 D80S LA AR A BBIRE ) cpposi te relative directions. 25

Use of a rotary servo-notor generates both a rotational and a |inear
resultant force when the actuator/shuttle assenblies are not bal anced. A

linear r esq’hb%%?m"’féclﬁigﬁﬁ:régﬁwgﬁé’ﬁ%eidfhér@ih tORFEPRES bERRERT forth AfStigreahfsts

out of phase. ional resultant wll be observed if the

i mbal ance s Leperiding am e embodihferstcéfuheosresent imaetition belird degctibed,
phase angle Wi ll constantly.change giving both |inear and rotational
resulisant peraitifer lineariorvarehiatéie nore conpl ex nature of the resultant
forces arising in use of 5 rotational actuators not having a common
rotational axis, it would be quite conplicated to elimnate resultant

i mbal ance with a third actuator . Having four actuators or four shuttles
mount ed i nFigwrepdiliustrates atlans suiling lathe d-acearding tr.obepreferced aspest of

provide a substantially self_cancelling arrangenent. 10 In ord to
conpensat eth®pregaminventiemcd eplggmwt&ggﬁat@m %QQWQ’%&%@%S%%?—@@HB@ in
conbi ned shuttle and Illﬁens cuttir{u;] t 00 icrﬁass or small

asymmet ri c i WRich s ahigns sUpRart 104 W SURRQrA h%e?% t@Srldg{shBﬂP?Blre of

Schordlt | oapPJTNg e e Yo, o ca 't R ot iehe suppprhis

effected. transversely moveable relative to the lens rotational axis 6 as indicated by
reference Y.

Three shuttles are mounted to the base 102 according to the Figures 3 and 4

25 embodiment. These comprise two outer shuttles 108 and 112 an intermediate

shuttle 110 therebetween. Respective lens cutting tools 114 are mounted to the



15 A neasuring device 180 connected to the |athe 100 whi ch nmeasures any
resul tant inbalance force on the |athe 100 which is associated with the
reci procaworgipetddnt of the lens cutting tools 114 and geneRGE/€A01AXI03uUt put
signal indicative of the nature and anount of inbal ance force. The
measuring device 20 may be any suitable device such as one or nore |oad
cells or acceleronmeters. The neasuring deyjce may be connected to any
suitable part of the | athe 100 such as the base 102 or the actuators 164,

165, 160 2Dy lS SHEE A A 14 TR s PG GRS T ARy D% fmonc
e oK RS YT b BiGS?, 100, 168 and 170

considered by the processor 182. The processor 182 . 18 generates and
sends one or nore output signals to one or nore controllers 184 which

rcomuni cat egmani 41 )tABE 408t P10t ASd PY2NERE retigrbeafyt Hivaigbld 6By rdipectiod

and 170. The contro?ﬁers) 184 receives) the output Signals) and vary the

reci procat izxquators 198 120c a2eslohy rebpeétivaishattie 4543 ot Gfathb8@sdndichtéd by
response to the output signals) to reduce the resultant inbal ance force.

The moni t orrgfarefbds FANZENSALIZS) Altliotgh teshutite akes enrpatheZipdR@md X3 are
Dependi ng on the degree of bal ance and any harnonic frequenci es associ at ed

|0 with t hahowmds generally payalial tothe [enswetatioraleXis &, this is notia requirement
pass" i.e. without cutting and while holding the_spindl e stapionani. Thi s
coul d be r amekit phyfle peafenablefor the abutiletaesél o£2 @nd 43 te betinalinedirelative as
the dynam cs may be slightly different for each_shuttle/actuator
conbi nat i offo $ke ienseotationaliaxisf, dhestutie axes{el2mnd darshowddbapgraliale
S B oo Eise Tha Seetoe 1o, hd abPe shonoach srov B orer
apparént -+ shytles o8 and 144 1A dterian peeetield s KB maciaRismite an et
spirit and_sc f .t 20 i nvent.ion f | ai
2R " S oy Ot ind Sl AR oYk BBfl @ g ofhen of
mount i ng s ieopd SRS SRRCLIZeRld BicaRFbeiiherdliztng Berhe B it of
said first tﬁ%‘Hﬁél‘ ?ala%%h@lftflé 190, STHE I aﬁﬁng_téals% {4 wWhuatss be citiniiar!
conprising a east part of a first reciprocaling nass;
mass.
15
Figure 7 ilustrates a typical shuttle and actuator assembly 200. The shuttle and
actuator assembly 200 includes a linear servo motor 202 which includes a
magnet assembly 204 and a coil 206. The magnet assembly 204 is attached to
a housing 208. The coil 206 is secured to a shuttle 210. Coil wires 212 provide
20 electrical input to the coil 206 to cause relative movement between the coil 206

and the magnet assembly 204.

The shuttle 210 is mounted to the housing 208 for linear movement. Various
mounting arrangements may be utilized. A currently preferred mounting
25 arrangement is to use air bearing pads 212 between the housing 208 and the

shuttle 210 to allow for smooth, accurate linear motion.



a second reciprocating mass; and, a second actuator for noving said second
reci procating mass in a direction opposite to said first reciprocating
mass; saiWodMOeMd reci procati ng mass having a mass, a pat PEFCAIEHENt and
a rate of novenent selected to substantially cancel accelerative forces
caused by said reciprocating novenent of said first reciprocating nmass. 2.
A tool guidance assenbly as clained in clggm1 wherein: said second

reci procating mass includes a pair of secohd shuttles each of said pair of

second shut,t | es. .being dis d on o site sides idfirst shuttle;
and.sar d AROHORTEAdS 2L e srkuPBBF ke shutE 200, e pstidinSiodernay
second shuttle 3. A tool, quidapce, assenb a imed ip . claiml wherepn:
sard i ot DpAFACtion g Hle d8aABI RIS BH) tipR 437 Poimdieq i Fobslh 20b
and said fj uat Qk.. | r ectl t [ h i g first
hutt es. 10 Popfile’ RofudT niBitieRn) B5B0 BN SR Tadinadk, dfbide 724 wiih.
‘a first sh 3 L LR i I [,d
Shuttie berReTeiiBIERIR oRUIE s IRER 1S PRRABES MR 'kl i 20tp a2ty
actuator c i Lt t f i eeinroe t
of said 110 Posfifor Bf YR6CHUNE 2 f0h actorAanEL Wi, drb eI ffied BUSHER
suppokt i ngsidyre8 e dstdBadw ool ) said second shuttle being reciprocally
noveabl e al ong a second shuttle path, generally parallel to said first
shuttl e path, said second shuttle having a mass simlar to that of said
first shuttle; a second actuator connected to said second shuttle for

ef f ecti ng Ferdepiscdelermineddy thef follewdngaelatibrishipt | e in a direction
opposite to that of said first shuttlegby an armount of about half that of
said reci procal novenent of said first shuttle; a third shuttle adjacent
said first shuttle opposite said second shuttle, supporting a third cutting
tool, said third shuttle Ibel my* @eci procal |y noveable along a third shuttle
pat hu%;enerally par al | el tohsai?: fifrst and second shuttle paths, said third
shutt®e having a nmass si VNaFe r~tOI®E of said first shuttle; a third
actuator connected to said third shuttle for effecting reciprocal novenent
of said third shuttle in ™R TMa%Xi on opposite to that of said first shuttle
by an anount of about half _that of .said reciprocal novenent of said first
shuttle; and, said second FfFS8IF @ &hut t I es bal anci ng accel erative forces

of said first shuttle to substantially cancel vibration and resulting
deflections inparted to the structure of said | athe by said reciprocal

novenent i i I 2 ) I tyl I MLl sing. a
pase: a1 Ssshieh e, SR ths' fhutiescfos 110oARE FHR 4 5 Bl Flaing ghe
SPINY N HMPmicRitach Bt 11618 diehbidtBd arf decofdtbted By ar HifB[iht BCI1AG
transversely noveable relative to sal ens rotational axis; a plurality of
shuttl es fRceldrafventorc@sPEChbESciated viih the! mteRHBHRAe tshifibd1 besméﬁpbe
pat h novenent toward said | ens along respective generally parallel shuttle
pat hs; saidéfipedrasity of shuttles being reciprocally noveable by respective
actuators nounted to said base, said actuators being arranged to nove sone
of said plurality of shuttles in a direction opposite to a remai nder of
said plurality of shuttles; and, said plurality of shuttles being of

simlar mass and di sposed;anmgmiyed in a manner to maintain a generally

fi xed center of mass whereby novenent of said sone of said shuttles in a

gi ve¥ direction substantially cancels both |inear and rocking forces

bapostt e Tieaettarshuttes TUE TR 192 B3ethér ABva & Gombinad mass of £ m, (the

“second mass”). As the outer shuttles 108 and 112 are moved at a rate of half

that of the inner shuttle 110, and in the opposite direction, the acceleration of the
outer shuttles 108 and 112 is a/2. Accordingly, the accelerative force F,

25 associated with the outer shuttles 112 is:

F, - 2mgea (-3, /2)




6. Alens. cutting lathe as clained in claim5 wherein: said plurality of
said shuttles consists of two outer shuttles and an internedi ate shuttle

t her ebet WWOP2/06M5d out er shuttles nove together in opposi tREHCAYAIIEN to
said internediate shuttle; and said outer shuttles nove together at a rate
of about one half that of said internediate shuttle whereby the magnitude
of accelerative forces generated by said gater shuttles is generally the
sane as that generated by said internediate shuttle. 22 7. A lens
cutting |l athe as cl ai ned i_(rh.'cL%i m 6 wherein: said plurality of shutters
consists of a row of four ssafd shuttles arranged in two pairs on either
side of a central axis, said shuttles of each of said ' two pairs being
-arranged to nove in opposite relative directions in phase with a

cor r espondivie il tdBe, Giifle PAIAES] 02 dtairy tihe Wil fieferorbibaly 1 athe as

clainmed in : sald shuttle p t S are ear; and) each said
‘actuator is a I|near servo notor. 9. Alens cutting lathe as clained in
claim6 wherein: said shuttle paths are arcuate; and, each said actuator is
a rotational servo-notor. EO |:A+l Fns mutota ngnlaaheoas clainmed in claim?7
wherein: said shuttle pat hs"are linear” and said actuator is a |inear
servosnmotor. 11. Alens cutting lathe as clained in claim7 wherein: said

0L TSR ok o0ed b Bl o ool o 0
1 L A o L o
g AL, M i, et I ol S, gl
Thet T IR PO Ry O R
corres po“ﬁﬂ%cboé ‘f'éé'@lé«h@al ¢ nﬁ@ntsébgutsfrfé’ﬁftéﬁﬁgd%ﬁe é had d’lﬁefur ) EEdtHé‘

claimi12 erern Nncli Nng mMass consi s ast t wWo

cutting toplSes Hstoriated WHHPRTd i0(Ref @Hdﬂlé% W%&ﬂdtﬁ’e AedsBfee asOthose
reci procal novenent by respective actuators along respective shuttle paths.

associated with the outer shuttle 112. It is expected that this will usually be

accomplished by centrally disposing the intermediate shuttle 110 between the

outer shuttles 108 and 112. It will however be appreciated that other

15 arrangements might work such as compensating for not having the intermediate

shuttle 110 centrally disposed by varying the respective masses and

accelerations of the outer shuttles 108 and 112.

Figures 5 and 6 illustrate another embodiment of the present invention according
20 to which four shuttles 150, 1562, 154 and 156 are provided. The shuttles 150,
152, 154 and 156 are arranged in a row and may be considered as comprising
two pairs of shuttles 1568 and 160 respectively on opposite sides of a central axis
162, with shuttles 150 and 152 comprising a first pair 158 and shuttles 154 and
156 comprising a second pair 160.
25
Respective actuators 164, 166, 168 and 170 are provided for the shuttles 150,

152, 154 and 156 to move the shuttles along respective parallel shuttle axes or



14. A method of turning a non-rotationally symmetrical |lens on a |lens
turning | athe having a | ens support and at |least three lens cutting tools ,
sai d et W@ Q& sing the steps of: (i) nounting a | ens REAKAQIPIAL ens
support assenbly; (ii) rotating said lens blank with said | ens support
assenbly about a lens rotational axis; (iii) pressing one of said at |east
three cutting tools against said |ens blanl (iv) noving said |ens blank
with said | ens support assenbly in a direction transverse to said | ens

rotstional s £Y)2beohBreral' 4y TNk VR SRFus bs oS rBhalRoind Bt
Sorr espond! e fd g BhetA AR A LSRR o 9L do! e MATICAR 5450
AT P 158 4t Wl 1 O
1 aency | Sihighy. Hd 2BofBIgd SIS 16 dnd ot UTRNGBARE PAI pobVars
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to claim14 ein: said at I'east three lens cutting t S consists o

first and | 458, IipBterivbrdy] the dhuttié 450 Wbﬁlrdmvétt@gbﬁ"ﬂér Wﬁht(gégiﬁ el ?ame

di sposed equidistantly therebetween and in |line therewith; and, said first

and | ast | edicection ias) dwelcf thee shuttiss i164uah5011569n8_i‘mu_1tanéa0634, ndred Nimcthat e
| ens cutting tool at a rate of about half that of said internediate |ens

cutting tomppddite direetibnd the shiudiierd S2owaidd mdve wbgethier: withithel etheriof the
turned in at least two stages with a different of said lens cutting tools
utilized irshadtiés d6dgand 1H6.A net hod according to claim 14 wherein: first,
second, third and fourth lens cutting toots are provided and arranged in
line; said first and second cutting tools are noved contra to each other at

a simlar rate; said third and fourth cutting too are ved cqontra t
each ¥ her 18ithg fourshittle g ,o%lmf-rbtn% ol H{ﬁ%ﬁ)@* shuthesampviag;iq eithest

e iﬁcﬁ?ggﬁrﬁe&l ibﬁglgtgﬁﬁh%ﬁfﬁg%?ﬁ%‘?i@?y e e é%'psﬁfrt@.tigﬁpv?é%ﬁﬁ%é S )
| y satt | | S . .

2 measur | ngdyantad® 15 shR Totf shiie Bpuriaiindh 388y fie sintkelefBRE UsE futith

W th sai d IeehP5Or sHIRYEEEHo 553 S4 3Ad5156 moves would be similar.

15 In the three shuttle embodiment, using the lens cutting tool 114 associated with
the outer shuttles 108 and 112 may, in extreme cases, require a longer
compensatory stroke than available from the intermediate shuttle 110. For
example, if the actuator has a 30 mm stroke limit and a 20 mm stroke is required
for the outer shuttles, the intermediate shuttle 110 wouldn’t be able to deliver the

20 requisite 40 mm stroke for full cancellation of reciprocally acting forces. It is
expected however that this can be tolerated as stroke length diminishes toward
the lens axis © where tolerances are most critical. Accordingly, good force
resolution should be possible in the more critical zone nearer the lens rotational
axis 6.

25
Figures 8 and 9 illustrate yet another embodiment of the present invention

somewhat analogous to the embodiment described above with respect to



cutting tools and generating an output signal indicative of the nature and
the anobunt of said inbalance force. (viii) sending said output signal to a
processorwoOR#§008et ermi ning with said processor how said RETEAMNBe
nullified by varying novenent of said actuators and generating at |east one
output signal to at |east one controller which communicates with and
controls novenent of said actuators; (Xx) ﬁcelving said output signal with
said controller and varying said reC|proca novenent cause by said

hal ance fOBBESS Amnd 4ot RGBS A Sa S embBoERHL A %ﬁgﬂhﬁﬁaége”%wtwe
1o olai msi?@"lftﬁsﬁnéﬁ%#ﬁ@%{?ﬁé rgﬂféagﬁra?f?%@“%%%giﬁw A 508 for
wth said ?é’élpﬁﬁséf‘%ﬁ%?@%éﬁ?*ow@%@éﬁ&f teiBt? Rahons TXKinBAAET 19! dfow,
Force. (virag WFoake &, Ind Multies TE 02 ¥nd M erd mifigh BT, Rsking
W th said @c%ﬁﬁ)wm*@om%ﬁdfﬁ@%ﬁ% rﬁ%g% F&é%&l%ﬁapﬁeﬁéﬁaﬂirgove”e”t of

sai d actuators and gehnerating at 'l east out put signal to at |east
one cgntroller which conmunicates with and controls novenent of said
actuators; (x) receiving said output signal with said controller and
varying Sa% nith the Rigurey Sreiid daepsbddintantd thet deturitdrs BTG AR 14 @re
said output signal to reduce said resultant i nbal ance force; and, 21.

met hod accarrdinged to sieventig outet shuttted, 1800 andh804 sbepectitely( in 2 dlrectlon
measuring with a nmeasuring device any resultant inbal ance force on said

| at he assooppositethatofthednteroigdiateshuttleed82and abaradtd kalf that of the ratelof
and generating an output signal indicative of the nature and the anmount of
sai d i nbal mavementef intermeyiatershutfje302i thlqmaspaczjwel massespneacts of the
(ix) determnin sai d processor how said force may be nullified b

varyilg noQutas gmatlega?r@ m&pérwouimtsg@ﬁaumhqubaut Iﬂéﬁsﬁafﬁﬁea%m@iu@f the
signal to at |east . on ntJ h comuni cat es th ntrol s
nmovenent o'Ptt%rziT‘ﬁ 'éé? 30((1) ?{Qﬁlﬁ iveglens; eutfngpioo 1ér4: 8@'%%[1? of
o et Pty TR et g BN 5 e R

response t
shuttle 302 would be cancelled by similar forces imparted by movement of the

outer shuttles 300 and 304.

15
The arrangement illustrated in Figures 8 and 9 could of course be expanded to
more than three actuator/shuttle assemblies, for example, in a manner
analogous to the four shuttle embodiment described above with reference to
Figures 5 and 6.

20

Although the shuttle arrangement shown in Figures 8 and 9 features the shuttle
actuators disposed along a common rotational axis parallel to a base, in certain
cases the shuttle actuators may be disposed with respective rotational axes
perpendicular (or possibly at some other angle) to the base. Figures 10, 11, 12

25 and 13 illustrate two embodiments of the latter type.



out put signal to reduce said resultant inbalance force; and, 22. A nethod
according to claim20 including the further steps of: (vii) nmeasuring with
a measuri MO 8UOE any resultant inbal ance force on said | BEREAGHEWAR at ed
with said reciprocal novenent of said |lens cutting tools and generating an
out put signal indicative of the nature and the anount of said inbal ance
force. (viii) sending said output signal ? a processor; 27 (ix)
determining with said processor how said force nmay be nullified by varying

oo ORGSR Bl SAesc 2B S b
cCua O e B0 Pl 40 A syl ap0.
Sa1 9 UL PO S o Aty bR o SRS B n e o
he fur et ShARSRlond he)o SEBU 450 A e BBRTAFAA, 9941 BBt dnd ™
sard | ens Shdsabeciy 390 GRIGHS SN ARHARShOe! PREEHILE a5 8ot

signals to ah@,ﬁfs}wpmo(aré)aﬁsﬁgémtaing§véw6 Bppasie Pé%%ﬁ%fﬂi'e&it‘/hss?éﬂalféﬁtée

may be nullified by varying novenent sal d actuators generating at

| east one awWigng 3809The shutties!35an@ 3660 the@dcond baie 380caFe als6arfgnyéd h
and control s novenent of said actuators; (x) receiving said output signal

with said tenmove iheppositevslgiivedirectionsparslie! i thwbase390; but in-phaseiwith

actuators in response to said output signal to reduce said resultant

i mbal ance the fiest paiti370xi ) repeating steps vii through x. 24. A tool

gui dance assenbly as clainmed in claim1 wherein: said first reciprocating

mass i ncludes a pair of said first shuttles and a single actuator for said

pair of first shuttles t ool gui dance assenbly as clainmed in
tig ar

cl ai H011 whiguses :12s|%'|"d1§nmté?@%$-§tfg\w shuttieaambadignagntsimilar te thatllasisatas!
in Figures 11 and 12, but having one actuator for each pair of shuttles.

According to the Figures 12 and 13 embodiment, four shuttles, 400, 402, 404

and 406 are provided. The shuttles 400 and 402 comprise a first pair 410 and

are radially disposed on opposite sides of an actuator 420 which may be a rotary

15 servo motor. The shuttles 404 and 406 comprise a second pair 430 disposed

on opposite sides of an actuator 440. The actuators 430 and 440 are mounted

to a base 450 and rotate the shuttles 400, 402, 404 and 406 in arcuate paths

parallel to the base 450.

20 The effect of mounting a pair of shuttles in a radially disposed configuration on
opposite sides of a single actuator is much the same from a force cancellation
perspective as having a pair of shuttles mounted to separate actuators moving

in opposite relative directions.

25 Use of a rotary servo-motor generates both a rotational and a linear resuitant
force when the actuator/shuttle assembilies are not balanced. A linear resultant

will be observed if the imbalance masses are 180 degrees out of phase. A



26. A tool guidance assenbly as clainmed in claim 11 wherein: said shuttle
paths are generally perpendicular to said base. 27. Alens cutting | athe
conpri si NWOREMSe: a first shuttle connected to said basePGHEAGHHAR ti ng a
cutting tool; a first actuator connected to said first shuttle for
effecting rotary reciprocal novenent of said first shuttle; a first

bal anci ng nass connected to said first agluat or dianetrically opposite said
first shuttle for noving opposite to and counter bal ancing said first
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‘movenent of said first shuttle. 28. Alens cutting lathe as clained in
claim 27 wherein at | east one of said first, second and third bal anci ng
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The controller(s) 184 receive(s) the output signal(s) and vary the reciprocating
5 movement caused by the actuators 164, 166, 168 and 170 in response to the
output signal(s) to reduce the resultant imbalance force. The monitoring and

compensation may be repeated at least periodically.

Depending on the degree of balance and any harmonic frequencies associated
10 with the spindle rotation, it may prove more effective to do an “air pass” i.e.
without cutting and while holding the spindle stationary. This could be repeated
for each shuttle/actuator selected for cutting in turn as the dynamics may be
slightly different for each shuttle/actuator combination selected for cutting at any
given time. The variances might be stored by the processor to provide an initial

15 setting and minimize set-up time.

The above description is intended in an illustrative rather than a restrictive
sense. Variations to the embodiments described may be apparent to persons
skilled in such structures without departing from the spirit and scope of the

20 invention as defined by the claims set out below.
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) assembly comprising:
at least one first shuttle for mounting said tool;
a first actuator for causing reciprocal movement of said first shuttie along
a first shuttle path,
said first shuttle and tool comprising at least part of a first reciprocating
mass;
a second reciprocating mass; and,
a second actuator for moving said second reciprocating mass in a
direction opposite to said first reciprocating mass;
said second reciprocating mass having a mass, a path of movement and
a rate of movement selected to substantially cancel accelerative forces

caused by said reciprocating movement of said first reciprocating mass.

2. A tool guidance assembly as claimed in claim 1 wherein:
said second reciprocating mass includes a pair of second shuttles each
of said pair of second shuttles being disposed on opposite sides of said
first shuttle; and,
said second actuator includes respective actuator for each of said second

shuttles.

3. A tool guidance assembly as claimed in claim 1 wherein:
said first reciprocating mass includes a plurality of said first shuttles and
said first actuator includes a respective actuator for each said first

shuttles.
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a first actuator connected to said first shuttle for effecting reciprocal
movement of said first shuttle;
a second shuttle adjacent said first shuttle for supporting a second cutting
tool, said second shuttle being reciprocally moveable along a second
shuttle path, generally parallel to said first shuttle path, said second
shuttle having a mass similar to that of said first shuttle;
a second actuator connected to said second shuttle for effecting
reciprocal movement of said second shuttle in a direction opposite to that
of said first shuttle by an amount of about half that of said reciprocal
movement of said first shuttle;
a third shuttle adjacent said first shuttle opposite said second shuttle,
supporting a third cutting tool, said third shuttle being reciprocally
moveable along a third shuttle path generally parallel to said first and
second shuttle paths, said third shuttle having a mass similar to that of
said first shuttle;
a third actuator connected to said third shuttle for effecting reciprocal
movement of said third shuttle in a direction opposite to that of said first
shuttle by an amount of about half that of said reciprocal movement of
said first shuttle; and,
said second and third shutties balancing accelerative forces of said first
shuttle to substantially cancel vibration and resulting deﬂeétions imparted

to the structure of said lathe by said reciprocal movement of said first

shuttle.
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a plurality of shuttles for mounting respective cutting tools mounted to said

base for path movement toward said lens along respective generally
parallel shuttle paths;

said plurality of shuttles being reciprocally moveable by respective
actuators mounted to said base, said actuators being arranged to move
some of said plurality of shuttles in a direction opposite to a remainder of
said plurality of shuttles; and,

said plurality of shuttles being of similar mass and disposed and moved
in a manner to maintain a generally fixed center of mass whereby
movement of said some of said shutties in a given direction substantially
cancels both linear and rocking forces imposed on said base by

movement of said remainder of said shuttles in the opposite direction.

6.  Alens.cutting lathe as claimed in claim 5 wherein:

said plurality of said shuttles consists of two outer shuttles and an
intermediate shuttle therebetween;

said outer shuttles move together in opposite direction to said
intermediate shuttle; and

said outer shuttles move together at a rate of about one half that of said
intermediate shuttle whereby the magnitude of accelerative forces
generated by said outer shuttles is generally the same as that generated

by said intermediate shuttle.
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’ two pairs being arranged to move in opposite relative directions in phase

with a corresponding shuttle of said opposite pair.

8.  Alens cutting lathe as claimed in claim 6 wherein:
said shuttle paths are linear; and,

each said actuator is a linear servo motor.

9. Alens cutting lathe as claimed in claim 6 wherein:
said shuttle paths are arcuate; and,

each said actuator is a rotational servo-motor.

10. Alens cutting lathe as claimed in claim 7 wherein:
said shuttle paths are linear; and

said actuator is a linear servo-motor.

11. Alens cutting lathe as claimed in claim 7 wherein:
said shuttle paths are arcuate; and,

each said actuator is a rotational servo-motor.

12. A method for nullifying accelerative forces induced in a lathe by
movement of a cutting tool secured to a shuttle mounted for reciprocal
movement relative to a base of said lathe along a shuttle path, said

method comprising the steps of:
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' which cancels linear forces arising from said movement of said tool

without imparting a corresponding rocking force to said structure.

13. A method as claimed in claim 12 wherein:
said balancing mass consists of at least two further cutting tools secured
to respective shuttles mounted to said base for reciprocal movement by

respective actuators along respective shuttle paths.

14. A method of turning a non-rotationally symmetrical lens on a lens turning
lathe having a lens support and at least three lens cutting tools , said

method comprising the steps of:

() mounting a lens blank to a lens support assembly;

(ii) rotating said lens blank with said lens support assembly about a
lens rotational axis;

(ili) pressing one of said at least three cutting tools against said lens
blank;

(iv) moving said lens blank with said lens support assembly in a
direction transverse to said lens rotational axis;

(v) reciprocally moving said one of said at least three lens cutting tools
along a first tool path at a reciprocal frequency corresponding to the
rotational frequency of said lens blank to produce said non-
rotationally symmetrical surface; and,

(vi) reciprocally moving remaining of said at least three lens cutting

tools along respective tool paths generally parallel to said first tool



3m' 10%&' () - 3@10%& ()- 3SHL0%& ()- &Yd0%& ()- FFf#10%r& ()- kil

n] nnndE7/ 10Y210%r& () - 90@*10%r& ()- | .f&L0%r& () -

&S#10%mE' WO ®Wb00HTR' () - yg#10%&' () - n6ooopppp! pxnbC 10Y910%@BI/CA01/010M 10m
10my; 9$10%& ()- 9T#10%& ()- 7z&L0%& ()- S5T#10%& ()- ! p$pY%UpspppqdEnbC
10Y @ 10%0& ()-G3 109%08& ()- F f#10%0& () -

3SSH10%0L () - Y3" &10%0& () - L10%O8 () - gf ggqdr r r dEmbC

10Y, S#10%0& () - GLS&L0%O& () - A @10%08 () - GLOYOS' () - 3T#10%0& () - ZI Yd0%08' () -

G #sss=ttt dEMbC 10 THIQUER () -4 * O ()=l ' YO () -
Cuisss=t 11 IEMDC 104 T At St dolnrh o EURRcy 4 ALY drla SPA04Rhion
10Y1 " 910%Z& () - 9f Z1QoX & L) s AR S i %O () -
ul ur uovt vvagbe 1070005t 0d SB et a5 dmnedt foides HbBse 6 atd
& ()-1<,10%& () - X z
1098 ()-g¥(z 109 @%0%8%@0&@(& (gt iRy gles Q’? w"ﬁ@%@'%@%y@y?fﬂng
10! @@ " 10% ()-! " dNErsehl o #el0Z99109%%& ()-Y7 109%Z& ()- y5z
1092Z&' () - zzdzzz{&| aB = 10'2 10%& =Y z 10%& ()-Y g 10%& () -
1g" 109%& ()-G8&g 109&' ()- ~109%& ()-& g||}e}}S~dE = 10!l ( 109& ()-
15. A method according to claim 14 wherein:
said at least three lens cutting tools consists of a first and last lens cutting
tools with intermediate lens cutting tools disposed equidistantly
therebetween and in line therewith; and,
said first and last lens cutting tools are moved in unison contra to said
intermediate lens cutting tool at a rate of about half that of said

intermediate lens cutting tool.

16. A method according to claim 15 wherein:
said lens is turned in at least two stages with a different of said lens

cutting tools utilized in each stage.

17. A method according to claim 14 wherein:
first, second, third and fourth lens cutting tools are provided and arranged
in line;
said first and second cutting tools are moved contra to each other at a
similar rate;
said third and fourth cutting tools are moved contra to each other at a
similar rate; and
any rocking motion created by said first and second cutting tools is
cancelled by an equal but opposite rocking motion created by said third

and fourth cutting tools.
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on said lathe associated with said reciprocal movement of said lens
cutting tools and generating an output signal indicative of the nature
and the amount of said imbalance force.

(viii) sending said oufput signal to a processor;

(ix) determining with said processor how said force may be nullified by
varying movement of said actuators and generating at least one
output signal to at least one controller which communicates with
and controls movement of said actuators;

(x) receiving said output signal with said controller and varying said
reciprocal movement cause by said actuators in response to said

output signal to reduce said resultant imbalance force; and,
19. A method according to claim 18 including the further step of:
(xi) repeating steps vii through x.
20. A method according to claim 16 including the further steps of:

(vii) measuring with a measuring device any resultant imbalance force
on said lathe associated with said reciprocal movement of said lens
cutting tools and generating an output signal indicative of the nature
and the amount of said imbalance force.

(viii) sending said output signal to a processor;

(ix) determining with said processor how said force may be nullified by

varying movement of said actuators and generating at least one
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reciprocal movement cause by said actuators in response to said

output sighal to reduce said resultant imbalance force; and,
21. A method according to claim 17 including the further steps of:

(vii) measuring with a measuring device any resulitant imbalance force
on said lathe associated with said reciprocal movement of said lens
cutting tools and generating an output signal indicative of the nature
and the amount of said imbalance force.

(viii) sending said output signal to a processor;

(ix) determining with said processor how said force may be nullified by
varying movement of said actuators and generating at least one -
output signal to at least one controller which communicates with
and controls movement of said actuators;

(x) receiving said output signal with said controller and varying said
reciprocal movement cause by said actuators in response to said

output signal to reduce said resultant imbalance force; and,
22. A method according to claim 20 including the further steps of:

(vii) measuring with a measuring device any resultant imbalance force
on said lathe associated with said reciprocal movement of said lens
cutting tools and generating an output signal indicative of the nature
and the amount of said imbalance force.

(viii) sending said output signal to a processor;
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output signal to at least one controller which communicates with
and conftrols movement of said actuators;
(x) receiving said output signal with said controller and varying said
reciprocal movement cause by said actuators in response to said
output signal to reduce said resultant imbalance force; and,

(xi) repeating steps vii through x.
23. A method according to claim 21 including the further steps of:

(vii) measuring with a measuring device any resultant imbalance force
on said lathe associated with said reciprocal movement of said lens
cutting tools and generating an output signalindicative of the nature
and the amount of said imbalance force.

(Qiii) sending said output signal to a processor;

(ix) determining with said processor how said force may be nullified by
varying movement of said actuators and generating at least one
output signal to at least one controller which communicates with
and controls movement of said actuators;

(x) receiving said output signal with said controller and varying said
reciprocal movement cause by said actuators in response to said
output signal to reduce said resultant imbalance force; and,

(xi) repeating steps vii through x.

24. Atool guidance assembly as claimed in claim 1 wherein:
said first reciprocating mass includes a pair of said first shuttles and a

single actuator for said pair of first shuttles.
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said shuttle paths are generally perpendicular to said base.

27. Alens cutting lathe comprising:
a base;
a first shuttle connected to said base for supporting a cutting tool;
a first actuator connected to said first shuttle for effecting rotary reciprocal
movement of said first shuttle;
a first balancing mass connected to said first actuator diametrically opposite said
first shuttle for moving opposite to and counter balancing said first shuttle;
a second actuator connected to said base for effecting rotary reciprocal
movement contra to said first actuator
diametrically opposed second and third balancing masses connected to said
second actuator;
said second and third balancing masses and said reciprocal movement of
second actuator being selected to substantially cancel vibration and resuiting

deflections imparted to the structure of said lathe by said reciprocal movement

of said first shuttle.

28. A lens cutting lathe as claimed in claim 27 wherein at least one of said first,

second and third balancing masses is a shuttle supporting cutting tool.



