HI GH SPEED LI NEAR MOTI ON MECHANI SM FI ELD OF THE

I NVENTI ON This invention is related generally to a
wounbtiemassrechani sm for a machi ne tool system aRdTAS2005/043896

machi ne tool system i ncorporating such a mechani sm

BACKGROUND OF THE | NVENTI ON Machi ne tool systens that

allow for the machining of a surfaces are known. In

parti cul ar, HIGENS PEED QONEARSVOTHOMMBCHANIEMat e
di anond cutting tools relative to a surface to cut and
ine the surface are known. In these systens notion

mach
FiI@L]BervTIéE&I\ItVGENWé)Iﬁutti ng tool, or the surface to be
machi ned or both. SUMVARY OF THE | NVENTI ON | n

TRECAVERBE &s WiIdtBy g8frANPE! ;jlggﬂén Rlech st Mhchine ’glgﬁé system,

Invention, there~is provi a notion nechani sm
and & intachie tdvd ISy S em doenppadrstasg sugh payé¢cbanismupport porti on
configured to support a payload; a ground portion; a

HACREER DR THENIINERI oi nt  and’ connect ed Lo the
ground portion at a second contact point; a second

MiddhghePObl kRsferfi® g cdlRey f? thbenfdyhiag bisdptaces pe¢ khown. In
at a third contact point and connected to the ground

ppsiculaprmanhing tagl syyiersd Mibid trsiase diasnandrQting eRidistative to a
s%rfgc%n%.egutt 8}&0 LYLOE BelQIGE &% kh&wh! T &l gébéj g%/&ﬁ%g' Stion is

inarirst inear directionh when actuated so that the
pldviddd t6 ittgkecupiixig fool) op tewiutface t@ Weanadhided or bethpay| oad

support portion at the first contact point in a second
directi t ' orthogonal to the first
S&]MM{%I*‘%E)FS”gﬁﬁ @%ﬁﬁ%t ransducer arranged to provide
a force to the second side portion in a third linear

TR dc8GHARE WHIE dn Cdndftlet Qft thetpreift $Peafich, StheéR is provided a
portion provides a force to the payl oad support

npasioni wechanisrhe Thaimeticomeehanisgo comprisesa afpgytoafl support portion
dixection substanti all or&?o nal . J%
et Eted P hER R SRR 1 b BEpdrPhh fpmngpted o the
ph¥iBa® EgPORtportiMeatd iRt cdriext Boins afkd ootindetdd & tRtground portion at
mechanism The notion mechani sm conpri ses: a payl oad .
agappIrooniask Rait; a second side portion connected to the payload Support portion
at a third contact point and connected to the ground portion at a fourth contact point; a
first transducer arranged to provide a force to the first side portion in a first linear
direction when actuated so that the first side portion provides a force to the payload
support portion at the first contact point in a second direction substantially orthogonal
to the first direction; and a second transducer arranged to provide a force to the
second side portion in a third linear direction when actuated so that the second side

portion provides a force to the payload support portion at the third contact point in a

fourth direction substantially orthogonal to the third direction.

In accordance with another embodiment of the present invention, there is provided a
motion mechanism. The motion mechanism comprises: a payload support portion
configured to support a payload; a ground portion; a first side portion connected to the

payload support portion at a first contact point and connected to the ground portion at
1



configured to support a payload; a ground portion; a
first side portion connected to the payl oad support
weandeioessiat a first contact point and connect eBCTASR6/043896
ground portion ata second contact point; a second side
portion connected to the payl oad support portion at a
third contact point and connected to the ground
apevohil gntatt oiftoa sdcbnd side @ottiqnodonhectaintd the paylsad support portion
transducer arranged to provide a force to the first .
atsy thardpeomiachpoh il sqrpngsterl o dher eraimdRarfigh alvh T HEtEACE RO
at® a AL rdlQubdr'BlanSdlR PRAAAON FREOY BRSTidt ERIEGR i 18 first
payl oad support portion at the first contact point in
liaess etirentdond iwhen tacmated idos thah thieafitsy side toogmmpatovidestanferce to the

first directiogn. | cordance wi t.h anot her. enbodi pent..
PBYIORh SRR AR Lo O PRTtED g B o SR D antally
Oﬁﬁﬁgﬁgh§qheﬁﬁgdﬂgﬁﬁgn mechani sm conpri ses: a payl oad
support portion configured to support a payload; a

ground portion; a first side portion connected to the

Iip agdovdegice wptboanothsp emboginent af fher preseabinvartionp dhere isprgvided a

oGRS Gl 1 A RO O0 e F IR SO gorion

cSMRRGED toRRpp&1® A p@flod; ahirbehCuttiasta el dide portos otmrcicado the
to the ground portion at a fourth contact point; a )
pRylpad suppariwudey at arftrairepaiact gowt v epangeted i dergsoynggportion at
¢ . . . fi . . .
S P A bl ol Sk AL i
apaghidadnaict poiat dndreohnedet @wahe priund pomioa as e dourth contact point; a
direction substantially orthogonal_ to.the first N
figt trsapqusR: ansanteeq t%momé wiremipee figst sidsvaogionymyg Fet direction
v&fshgﬁ% ag@dtsg GhatGhd L ?15\2 %Sﬁﬂfn_t $80idkda forbbid ﬁe$a§%ﬁ§ g%e first

t the secon orti'on provides a force
coitectpaititdad satont! Herettivr shibstantialtyt orfwigonal ito the firsditeetion; and a

di.recti on substantiall th I the thiord .. . .
SBRPGETIGRA 19 RS BRI HIEBYNERIE RSP o fy g direction

sb Mat RREIE&Ynd | SRHLPIrtiOR pré18ELa ifSrcB O Vel B8y 18ad B iheNhird contact
control system The notion control system conprises: a

point kpi Swethalirsetent substantiglly erthagenaip gerthird diveetipi ece; a
noti on nmechani sm conprising: a payl oad support portion

fi d. . | : . i on: .
FRFLISHEES 0 B SgRO O A HMLIRIALE, pae

nitohi Atral systdnh.r The evticactonmol Bst@n donphisec ewlotkpictd upport
ground portion at a second contact point; a second
canfggurerh o | HRPEIG rin BOrlgYesey & meetion mechanism comprising: a payload

support portion configured to support a payload; a ground portion; a first side portion
connected to the payload support portion at a first contact point and connected to the
ground portion at a second contact point; a second side portion connected to the
payload support portion at a third contact point and connected to the ground portion at
a fourth contact point; a first transducer arranged to provide a force to the first side
portion in a first linear direction when actuated so that the first side portion provides a
force to the payload support portion at the first contact point in a second direction
substantially orthogonal to the first direction; and a second transducer arranged to

provide a force to the second side portion in a third linear direction when actuated so
2



payl oad support portion at a third contact point and
connected to the ground portion at a fourth contact
weabestosssaof i rst transducer arranged to provi deParfusems/043896
to the first side portion in a first |inear direction
when actuated so that the first side portion provides
a force to the payl oad support portion at the first
theOtRE 8€donP @ide fottiondpregidedsl faded othée paylsatosipant paition at the third
orthogonal to the first direction; an

- . - a _seconqg. .
caryash SaE B BMFRRGEEN TSRO ST HosRBH to G ] Qe and a
. : . . . . i
R e
cuveiyd watlitsuptientopieté.on at the third contact point in
a fourth direction substantially orthogonal to the
third direction; and a,.controller unit configured to.
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anot her enbodi nent of the present invention, there is
p@tion icomgrisingrot payhoadessipaert poutioNeenfiguriedto sppb i paiyload; a first

conprises: a base portion: .a flexur ortio —
olGEi | & Rlgreuch el soshae EEERERRLaht f dimtedipgion and
COHRRRE th@ pAAYAOAfbpoRt dorfisi; apll Widkdih ¥h@fleglre peRiodCcontacts the

portions extending substantially in a first direction

basacpacoen; zaatli o transshiceragiranggd do ppoyide goforewis, thgrepyload support
wherei n the flexure portion s .t - portian:..
PYREN 211y ?asr?g%ﬂifc g}re%\t}o ARV ?C(%&ag?‘%\a}@ geseglaﬁ% ?@%@t{«% tsﬁiéé%ghtlauy

otifddoRalko SHPRET dirge®bhl on in a second direction when
actuated, the second direction substantially

orthogonal to the first direction. In accordance with
Inppreprince WHB AnABsT G@POélﬁ@anfgéﬂé AFeSCRL e, thefpisrpyided a

miti8 icgﬁgolﬁs_gg@aﬁ{ O & RRHR! ottt §/fem! BEmPREdsOR ité%l support

system conprises: a workpiece support configure )
catfippesd toaupmrkpivedaiiew; aptdtion nebiEsMSemMpoispgi & basg:postion; a
base portion; a flexure @0 tion co .ising' a QQ%Ioad ot
ISR P re RSN GHY AT | BPBYE gerton, $afedsd o, Sibport a
péylga?i; @'ﬂmﬁklbﬁa\ﬁq@fofeéle EdoRioht | XRmdmg endiafbally in a first
su

stantially in a first direction and contacting the
dipegtionaghds cpypasting ptbe tnaytoadwhigpest rportien, fwhstein ehp dhexugh portion

tagts th [ ; d
o{igosss e Boman ot b reaupd yraRat LAREVHE S SPEb e paytond
R Pbridd iBGtdebhdiiesttion iwhah actuateahs econd ditédtivatsubstantially

substantially o .
orthogonal to the Tirst direction; and a controller unit configured to control the

transducers to control the motion of the cutting tool to cut the workpiece.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a top view of a motion mechanism according to a preferred embodiment of

the invention.

Figure 2 is a perspective view of the motion mechanism of Figure 1.



orthogonal to the first direction; and a controller
unit configured to control the transducers to control
woheoeroegdion of the cutting tool to cut the wor ROTAIS2005/043896
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a top
view of a notion nechani smaccording to a preferred
enbodi ment of the invention. Figure 2 is a perspective
Figh®RW3 af 4 hep Redw o5t Aatbiedh snechinifigadcerdingritg umethdr isefarred
top view of a notion nechani smaccording to another
erppastimeted thaipyentitdnt of the invention. Figure 4 is a
schematic of a machine tool systemaccording to an
Fig‘ﬂgoﬂfsrge&ﬁmeﬁ%tié Bfa 'rﬂ%éﬁﬁ%'t&’&'s Elef RomidgStothrS &6t kAt of the
Irew of a notion nec anlsn1agcord|ng t o anot her
inpesfoar red enbodi nent of the invention. Figure 6 is a
schematic view of the notion mechanismas illustrated
In Figure 5 where the transduger.is providin forc
Fighre his & phietalic gy PHA MEHOGIPECRANI ST & Cgidﬁ%é’nﬁ% ?%O%K}?fé?ﬁe*%md
mﬁgm?mgggﬁqmaﬂﬁgmﬂﬂisn1according to yet another
preferred enbodi nent of the invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Ref er ence
Figitd 6 now ssbemaide view @étha motien pnechenismyaspilasisated an Figure 5,

nmbodi f the. ' L.on.
WBBS SRR SRl PR M P o P e

t hroughout the drawings to refer to the same or |ike
Figard |$ : is]|c a sahégﬁa&foe K1ed o€ nibaditior Nhecanishe atqovding i tonyetaanother
sinple four bar notion nechanismis provided to
prefied egibedipant RHthedAvetion: payl oad. Preferably,
opposi ng bars of the nechanismare of equal |ength so

DE‘T?I&EB%E@@R&}%@N BRUIIAD PREFPRIREHD BMEODINMENTS

acenents. The bars adjacent to the payl oad may be
connected to notion transducers in such a way that a
Referdnanivdlll nawentmade it aletabletoapyshersly pisfamsd nerpbediments of the

p{e{s%ﬁig%g)g? " teggveﬁiéés?ﬁgh g{en sah€ rgf%p\eggé e oets il be used

throughout the drawings to refer to the same or like parts.

In a preferred embodiment of the invention, a simple four bar motion mechanism is
provided to constrain the motion of a payload. Preferably, opposing bars of the
mechanism are of equal length so that the resultant motion is parallel for small
displacements. The bars adjacent to the payload may be connected to motion
transducers in such a way that a mechanical advantage can be applied between the
transducer and the payload. In one embodiment two transducers may be used, and
may be driven in opposite polarity. Alternatively, the mechanism may include a

single transducer with a spring acting as an opposing force.

The linear motion provided by the transducer or transducers beneficially allows the
motion mechanism to be formed to be compact in size. In turn, the compact size

enables the motion mechanism to be operated with a relatively high bandwidth.



may be driven in opposite polarity. Alternatively, the

mechani sm may i nclude a single transducer with a
wepnierngssct i ng as an opposing force. The | i neaPCIIS2@E/043896

provi ded by the transducer or transducers beneficially

all ows the notion nechanismto be fornmed to be conpact

in size. In turn, the conpact size enables the notion
Figgehani ga 1o ihestRRe hahedion hecharigh at0 veekyrdiiggho a preferred

andwi dth. Figures 1 and 2 illustrate a nption

emastimants af Toveadervr dihagnetioramechanisn 4§ Biidas sepaylesd support
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18I Tﬂlﬁe ﬁQﬁithigechﬁmismgl@ rogidesindedn }fxﬁﬁieipay}o]aﬂ.sufﬁbmt potipoA2 in
mechani sm 10 provi des nption to the payl.o support .
the ptanie o theopansr Pﬁ@gmeahgh%-}t H%énfaa@érsps%ﬁ 3&%% %“i’f‘ézontal
3 r 9) .
i BISE] S8ERBL AP K PRRAeh, Dy bt Shbodiment

bpO b itenfoli2 bal methinsmemohde Wenfirst bed bavosd sidet poatidrsuld and 16,
bar nmechani sm.include the first and seco si de

agighe mﬁiﬁp%@niéa ang ePW@%ﬁf%‘&?ﬂ%BO‘g&?Ptqi(}on 18, and

t he payl oad support portion 12. The payl oad support

TROWHEYIBAI kdppcit pORfoh I &dcdrTighiiPRY SuppoRay lpaidad @0, Suthhas a

as a cutting tool or |aser head, for exanple. If the |
cptiyg aed o asesheadcfor ekampleodf thetparloadi2 iihg cutbive tealythp sutting

a, di anond,.cutting.tool . for ex o 1fot I
topLingd Be datisuid e oL, ol Hefhe ot AR K REF el the
1286+ 1A g/ inkiul€an 3Rd of B bEBE fiBeNghdofiriesfondifiLosticdwhere an
opposi ng ‘'end of the optical fiber is optically coupled
opposingl eadef the enticeldhes isoptiTRdY Feyried tgjadasesotor pEamBle: | s
connected to the payload portion 12 at a first contact

TRO K 81%% a%?tg% Cpé{]ﬂiec%{ﬁ%gdo?ttggg%}g% Srfigré 5 9P, B3t %Brétﬁ(i:tspoint

secon poi n h on portion 1
3¢ and eciredtedao tthegpayd padiopddt dtarsedéhdatonsact Ippind 32 oAhasecond

point, 34 and connected to th r.o orfion 18 at.
8156 BPEtionCHhiSROPgSEhC thg payin ROEPEA aEBiiie Spieg Toid g4 ana
cé@féhﬂég o1 égbﬁrﬁfort)c}rﬁﬁ{‘ seCEfouffl cBRdctdonfaenNd transducer
to provide Ion to the payl oad support portion 12

and thus to the payload 20. The first transducer 40 is
The nenige dn¢abapisoviOdascaintludesa figst tiaasduicers40 andie sqsepd frappducer

e Ped g R RS B RER, P SHRLAE 50k Do 20
The first transducer 40 is arranged to provide a force to the first side portion 14 in a
first linear direction when actuated so that the first side portion 14 provides a force to
the payload support portion 12 at the first contact point 30 in a second direction
substantially orthogonal to the first direction. For example, in the configuration
shown in Figures 1 and 2, if the first linear direction is the +y direction, the second
direction | is the +x direction. Conversely, if the first linear direction is the -y

direction, the second direction is the -x direction.

Similarly, the second transducer 42 is arranged to provide a force to the second side

portion 16 in a third linear direction when actuated so that the second side portion 16



t he payl oad support portion 12 at the first contact
point 30 in a second direction substantially

wonbdsogemal to the first direction. For exanpl eCTius2d08043896
configuration shown in Figures 1 and 2, if the first
linear direction is the +y direction, the second
direction is the +x direction. Conversely, if the

prowides alforeao thk pgdbadsuppsrttpoetiony1 2iat det thod cobtaet Iscéntoifftj ina
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actuated so"t at t he second PO tion
th Gpurdy diesion if the e directidne Graybrsely, ﬁub@ﬁnnd linsat ditastion is the -

t the third contact t 34 in a fourth direction
3156@{0&’1{ edpymh %F‘?CHBBE)*%E‘F%%? HCY hird direction. For
exanple, in the configuration shown in Figures 1 and

12 thik f erhB&itnbht! Ghé i tR@8Auddty @0t AN 4DS afeharradpedi e @t imush-pull”
the fourth direction is the -x direction. Converse

carffigutesionhiied ifithedirsidilineart figestips angle the ﬂlfﬁ digearj @igection are
O}tg?hpgléé %h%‘ a&%h %I o%ecérz C%l}gctlgﬁ langl%j t1d fx@ s&rﬁ‘é §s the fourth

ers arrang

difectiod S 'R Wkhmpleo iff the Uiret liear dire®ion is fthé hr@ cfnrebﬁdin hmchﬂmrthlrd
direction and the third linear direction are.o
?qrg] élyectlon

linesr girectipvoisiibe Ty difectinae bat the peend girertionsisihy

h urth.d I
o b L 0 AR\ o s
pbdiibh Cl 4l toripash cinr fhetpag]ﬂ)ad supoet porploni il Qewlhile) the fpotrd trimesducer

second direction and t fi the +
43 P S Aecom e TR & 1 TS0 Ondhd pde yBhSubegen J3. The
trQ P@ecfs U eni b Ske 3¢ Qﬁfltobﬁcfbltyboié?ltyﬂues rbnec’dFlan"scll’l%er is driven

support portion 1 I'e the se
td emps&ndu wéiile4Be adheseto ¢dmraste ) nvdowdfd enqzttﬂnt iOo thelﬁ}’ﬂ@d support

ul | e payl oad support portion 12. The
pe 18H§ad’&g?e§ dg‘)r‘i?ﬁtl%? are driven with opposite
polarity, i.e., one transducer is driven to expand,

THBIdoBtabh Bor@lohe 30! 92.COMNtAACI6 pleferlOVdotepri¥etd eigidt or bdii-rigid
payl oad support portlon 12 in the sanme direction. The
¢ trpesfer thpdorges g@@ratghbyaﬂw tsEnsgpest e x| pniashppriigrs 30,

"t kAR Lo
e g P RS Ak @OBIARE of IR e v
pBde iBFigid ?6foareﬁa1@bl:‘e9 t}}iH}Eﬁey abley arcebstdeviddny imtherpavnd of the
the plane of the nption (the x-y
motion of between 0.lmm X 0.1mm and 3mm X 3mm, for example. The relatively
narrow contact portions allow the contact portions to sufficiently flex. For example,
when the transducer 40 provides a force in the +y or -y direction, the contact portion
32 between the ground portion 18 and the first side portion 14 should be able to flex
to allow the first side portion 14 to rotate about the contact portion 32. Likewise,
when the transducer 42 provides a force in the +y or —y direction, the contact portion

36 between the ground portion 18 and the second side portion 16 should be able to

flex to allow the second side portion 16 to rotate about the contact portion 36.



plane in Figure 1), for exanple, they may have a
cross-section in the plane of the notion of between

w0 2006m68810. 1nm and 3mm X 3mm for exanpl e. ThePCT/US2005/043896
rel atively narrow contact portions allow the contact
portions to sufficiently flex. For exanple, when the
transducer 40 provides a force in the +y or -y

Irfth{segttodimerit otk @Y 6t andaketdr@sidpdrtibmebhatd o @mumanuauy
portion 18 and the first side portion 14 shoul d

Lesbpredtwith thexbottomapersans ¢fdhe Ls ppindingdoveeicpeh othar-t Ehe present
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ransducer rovi
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portion 18 and the second side portion 16 shoul d be
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re substantially L-shaped wth the bottom
sqmo¢ blockisf miitetiak Insthizoat thagotteveapainte 30h3ht3end 36|;1 éhe payload
pr esent |nv§nt|o

s b dae Hagrsgrd sperd v e Sl a8, 257 3¢ gowd

pSitidRad 811£1r bé Slu bt @ﬂm k| the leoBtaasshts ibesmnta@ataé the
p0|nts 3 32, 34 and 36, e payl oad support portlon

paload heppbitrsartiamd 2s desofitst @nd@ep@ld pigaporapngntft 2wd dfgand the

glfﬂblge rc_)%}%?l QrL gﬁ%qlﬁm{l?ﬁ/ om a ?f%qggnéon?%ce{lg po %a @ﬂ@r steel
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first and second side portlons 14 and 16,
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a
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ion second side portions
g%%né@dﬂ&ﬁ1@ﬁdahh&egmbﬁﬂdomort|on 18 may all be forned
froma titanium all oy, aIun1nun1aIon or steel block.

The bl ock h d b t
TR PO DEY B CORVERE RoBaRn g9 n e (B SEpack may
n{c?hcfe Jr Bor€ APadGloz A8 56 TreAn tgérov?iﬂe ﬁ@ﬁra?@owﬁﬂd@ the dpayload

suppor portlon 12, the first and second
squm pmﬁ;omm aRor &amphe] ifthe pg}’loalhao pfoF euting tool,ithe ﬁﬁay nozzles

SRl SRS S S5 SUAS bl N i BRI e
“méﬁ%esd%&tﬁig 30E&ltEmtSH wohicen to provide a spray
towar ds the payl oad

The transducers 40 and 42 may be piezoelectric transducers, for example. For
example, the transducers may be formed of piezoelectric crystalline stacks, and may

comprise PZT material, for example.

The motion mechanism 10 may also include a position probe 60 to detect the position
of the payload support portion 12. The position probe 60 provides feedback when the
motion mechanism 10 is controlled to position the payload support portion 12 and its
payload 20. The position probe 60 may be at least one of a capacitance gauge, a laser

range finder, or an interferometer, for example.



support portion 12. For exanple, if the payload 20 is

a cutting tool, the spray nozzles 50 nmay provide a
wepomyegdloai r or other gas to bl ow away chi ps BCTMISE®E/043896

debris fornmed when the cutting tool cuts into a

wor kpi ece. The transducers 40 and 42 may be

pi ezoel ectric transducers, for exanple. For exanple,

Thd endtiofNHeEHRIsH MBYmbe aﬂs@f fiethdef a posste@ledclayec 70 that acts to
crystal line stacks, and nmay conprise PZT materi.al of
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commanded position of the payload 20 when the payl oad
re2fiviely bighviemdwidtb. cBlmtfrsanfmédﬁl:W@W gD theagnagien of the payload

osi.ti one t he d the
S"B’QW&’QE“% F%ﬁ%rre? eaﬂ‘% Yhe cdnsli?’éal% e% | ayer may
conprise a viscoelastic naterlal such as

Figole/w anydtens, ahetheeyasphed dinBodimesarnfnthiei dveptiavi déa the
m% t he transducers 40 and 42 al l ows _the notion
edimens Hustatsd 1 Sigver 3t eng el trmasducers isirsplaced yith g fpring

883 Xutbffs ngfvgl{sg qhgvl SEB a Ffﬁle a§a Ine® l‘éfellgh&h n%@f&‘ﬂ ‘E!Eﬁbte Hhe same

Pedonant frequency of the notion of fhe payl oad
copgents pOF 1@1@ 112 eﬂ'ﬂﬁ b& }@r@amg r80t Ib'ravndatb o tiasings kird restoring

%g%ggﬁ]ﬁénﬁg Hide pﬁﬁ'%ﬁ ﬂgéﬂtt O rst %gtﬁgln%)t ﬁh%‘rstﬁ%tesrlde portion 14
plclvlclé% fglc% do ke a{gﬂ)%l& Su rﬂﬁﬁh@xﬁ 13 Beht E&fé‘ﬁd ¥68fast potnt 32. The

repl ace prin but is otherw se the sane.
sifireg &(amayrtaa‘ ef emokk mlhraahtlmt gervides a toesionatnstiffoessonant as the
in Figures 1, 2 and 3. The spring 80 provides a

SHisi ng and restoring

Figure 5 illustrates another preferred embodiment of the invention where the motion
control system is of a flexure design. The motion mechanism 510 includes a base
portion 512, a ﬂexure portion 514 and a transducer 516. The motion mechanism 510
provides motion to a payload support portion 518, which is part of the flexure portion
514, in the plane of the paper of Figure 5 (the x-y plane), and specifically provides
horizontal motion (along the x-axis) to the payload support portion 518. The spring
80 may be eliminated if any or all of contact points 30, 32, 34 and 36 are made so that
their combined torsional stiffness acts as the spring. In this way the spring may be

formed in the bulk material of the motion mechanism.



force to the first side portion 14 in the first
direction so that the first side portion 14 provides a
woan@eesnot he payl oad support portion 12 at theCsesnd/043896
contact point 32. The spring 80 may be of a bul k
material that provides a torsional stiffness to act as
the spring. Figure 5 illustrates another preferred
Tlﬁﬁ@l@dﬁﬁ%ﬁﬁl?ﬁlapm a plussldcaiv trdmediecet,Hor exdnpe Emndmaniple, the
systemis of a flexure desi The tion mec .
ATl aeey he Bumed s oR Lot eV Hrep GR aF, Camprise
PZ?%%&% %f%&gg ﬁf 516. The noti on nmechani sm 510
notion to a payl oad support portion 518,
mhlch |s part of the flexure portion 514, in the plane
Inof sinhigar pfaﬁhaam uf e gmbedﬁae@tshg ﬂhlytrgbéne)Flgmsi 1 and 2, in this
specifically vi des al on
erRaRpet s B SgDRPRinhor s SsRRruRtLd Brine EFiad 20
suglq aé@%u@r‘%ﬁ%dl e nékte{aﬂeddf & szaﬁﬁbleal 1 11 paSRsHdaB20 18 lcﬁttﬁlg tool,
are made so that thelr conbi ne
the ou1$ung rad!l say e mdsasncanit entarsg tohk fepexample. K tha ipgylwa@ 520is a

la%%e6<£ th@ gz}.?glhaﬁ nlxtfﬁ)gq mj\éc},?ls%h%rgde oi’ga%{5 tng%ltl %‘e@lancp Eor}égﬁondlng

op?icE 20K &hdpBodifi @ BRI UE Ble, optiekl @@ﬁ@bptlcaﬂgrco&plam @,laser, for
the transducers 516 may be formed of piezoelectric

exgmpd. al | i ne st acks, and may conprise PZT naterial, for
exanple. In a simlar fashion to the enbodinents as

t = ]
o} AL 1TSS, iy bl RIS v o

ofsemel@ Qi‘ftth@ fipd pluaaility 560l osgacdd patianschd® corgactte e pmyldadwpport

d, f
dced [0, Sl L e Pl ead <20, Lo LT,
in a%rs@&ﬁﬁégghﬁ fot éxa%ﬂciﬂ g}ﬂlxé)ﬁglrg@ign 13§ {1fustr8®AMin F%@% 5the

|'aser nay | an end of an opti cal ber and
correspondi ng optics, where an opposing end of th
Tlmepﬂemd: pbitioa 51 4 macymlsocmblugle e @@smné olurality afgiengated @prtlons 534

The or t,i I t
o SR rspRaes i SRRl BTY st EbBlEEy Rghip L, ovns
sudbtahfifllyf nf tBé seﬂhél ﬂab¢tioy1 &ftheies gairﬁdwareldngﬁﬁ:d @aﬁlons 530 for
contact's the | oad support_ portion 518, Each_of the
exampde, theyrah ﬁxtyn%wbétaaﬁ wdhep dipeion asshown insFigyre 5.

substantial ly
Each of the bar portions 536 functions to connect respective elongated portions of the

first plurality of elongated portions 530 with respective elongated portions of the
second plurality of elongated portions 534. For example, as shown in Figure 5, two of
the first plurality of elongated portions 530 at the top are connected to two of the
second plurality of elongated portions 534 at the top via a top one of the bar portions
536, and correspondingly two of the first plurality of elongated portions 530 at the
bottom are connected to two of the second plurality of elongated portions 534 at the

bottom via a bottom one of the bar portions 536.

Each of the elongated portions of the second plurality of elongated portions 534 has a

first end and an opposing end opposite to the first end. The first end contacts the base
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ina first direction, for exanple, in the y-direction

as illustrated in Figure 5. The flexure portion 514
woayeesaoi ncl ude a second plurality of el ongaPe®UsS2005/043896

portions 534 and bar portions 536. The second

plurality of elongated portions 534 extend

substantially in the sane direction as the first

pdttith 3112 bya edspedtivRadhedt peint, vl th80ppdsing @xlacuptaets dieeyf the
both extend substantially in the y direction as shown

b4rporiqpedéd.5. Each of the bar portions 536 functions to
connect respective elongated portions of the first

E%hu(;fqh Elé %Ite k)&%%ﬁg ?F‘t}ﬁq{rgt ﬁh%gﬁ?’?f %ﬁgﬂlté’dep%?@&{s' %30 has one

onga ons o con urality “of
erﬁ‘i ongadtied Poedpeainge badporkon Séﬁalapcﬁ en agposingvendi pontacting the

gure 5 two of the first plurality of el ongated
P%)’é‘?‘%q%‘ﬁgorswlﬁ?ﬂﬁe top are connected to two of the
second plurality of elongated portions 534 at the top

THE rafisduff ﬂ%eaﬁfheg r&efopcﬁar toPE tpaQIdad @3§porﬁﬁgmon 518 in a second

correspondi ngl’y two of the firsSt plurality of
dleécrbmgesu‘eniarpmﬂylomﬂn@gm tethet fm@t Hiectom @H@t@@ﬁ]ﬂ!}é cheedirggsion of

he seco u
s SRt U OB DF EBIRRe " aPS FREER Bl iec i Figure
553ﬁpp1'§§@hth@f for&e s@dengiall ¢ bripopdriad s tﬁé ctureen@ee)ﬁ nHe elongated
plurality of elongated portions 534 has a first end

p@mdnaﬁ%pb@m ilep eh@ag@pcb@gmoes 80 ttpdlex #heipFespeqtie points of

f|r ng cont ac s | az{€spec
LT T 50 5 SRR B g SRS e
lbhgatbdif)orﬁ@lﬂd 5311 fheXGat tlE;’ixCﬂ&slﬁHctlt/élﬁomts(Ufgraﬁted with thedras portion

of the first plurallty of el ongated portions 530 has
S¥nandbage poiicactling a respective bar portion 536, and

an opposi ng end contactlng t he payl oad support portion

Tﬁé %lem ?%f e 05’&&133553@ an8932 ot lehSedpRctitepdinttloP6ntact

ortio |n a second direction
1ssﬂhmtrmadl mIngurerai hd@;gmal 5 tilbustratesf the snotdinr eschapism 510 in the

lélaﬂlfj dﬂg %pé%nécsgﬁ.glpLée ?sltrlﬁ) fygltgga[e]fogcléc{) ?rgﬁlt ggexurep 1909{151’1 514,

vdhlllle USihRL @qllhﬁra"(_'ésgt}feem%tloﬁ\ﬂﬂé&lhﬁ@rnt Be0 fiREe® situation where the
substantially orthogonal to the direction of the

trahsﬂmgatﬁéd ipapnlyivgs £ il thoWlexveaostiangkttedhpoekt ony the +x
to flex at t he ctlve f t
dlrﬁ%}mﬁlaﬁ% can b be gﬁe%gkﬁlgﬁrg elo aPe p(ﬂ) 1t pSgrB?ilﬂh %%% f%k A their
c&‘ﬁgct%iohﬁé’\ﬁFf(gbﬁa 5 corresponds to the minimum travel state of the payload 520,
while Figure 6 corresponds to the maximum travel state of the payload 520 in the +x

direction.

Returning to Figure 5, the motion mechanism 510 may include a preloaded screw 540
that functions to provide a compressive force to the transducer 516. The transducer
516 provides a force to the payload support portion 518 at one end, while the
opposing end of the transducer 516 contacts the preloaded screw. In the case that the

transducer 516 comprises a piezoelectric stack, the compression force from the
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el ongated portions 534 to flex at their respective

poi nts of contact with the bar portion 536 and base
weanteioess1®12. The fl exi ng of the el ongated por PCONS2B3043896

and 534 at their respective points of contact is

illustrated in Figure 6. Figure 5 illustrates the

notion nechani sm 510 in the situation where the

plelcaédisteew aldkln ipevefiingap lpydzoeleetrik atacle from tdiringlapaitiméren no
portion 514, while Figure 6 illustrates the notion
voltagh drarphicd Wothestacke si t uati on where the transducer

516 is applying a force on the flexure portion 514 to
Thggre[daggﬁ scrﬁ&' 348 &R%e "é?é]'ugt'eﬂ &6 gf&/ﬂie Rk sIRSiRed. "While a
Igure 6, the elongated portions 530 and 534 flex at
14 fee icompesstiaat aigroinnprevenfing the stick dronebreokitg apartf fealso reduces

mninumtravel state of .the payl oad ., While Figure
thy Wme@ptwgﬁth%cw AR @?8@3?&‘@ e of the
payl oad 520 in the +x direction. Returning to Figure

Proferhhl§ (RO PR sIBE MR Tk iNePbidRY 14 REobPrableoeh®atilifitkss of the
screw 540 that functions to provide a conpressive

trhugndoeertSd 6t e comparabligstifingssallomsdor p aprdiepertallity in the motion

ovi des .a_force t he, pavl o u rti -
o P R A 5 OB L e i
pefHAGtS TR Rngk Fdae Bk thentri@uad 6t ihay Behadjusted by
transducer 516 conprises a piezoelectric stack,

Lal ¢ the
adipsinecdsi wmmeria frenitoHerearelad doser et ailds ﬁtﬁgess of the
reyent.ing [ t4/4 r o]
e T
5%6,r @b eowtlerC a1 Obendall jtitiret ehle tidffpesoifdie tremyiuears’ o fasexample.

desired. While a |arger co essjion. ai I ti
PSS e b R S5 PSR BB e

' rA%edukhafs. can be provided to the payl oad
S@%S%fg%er agnllluf tﬁe stiffness of the flexure portion
514 is conparable to the stiffness of the transducer
Thi baseAoctopal Zmdethe fiekfingeosticn §lshmway be faamgd depm the same block

tabilify i h i h d . dr i
of ghetiat ot e Mo gt 514 AL O Wi PRI Gy be
ilg%ﬁl% g@g €RampRRE theABBe WirtibhS 1D oinaetheffidkbfe poivadiiciemay be

e adj usted by ‘adjusting the conpression force
fonmerh frore g titander alloyepjuswiim Taileyser figehddeckor Thaeblock may be

machined to form the base portion 512 and the flexure portion 514 in an integral

fashion.

The base portion 512 may comprise a ground block, and the ground block may
include one or more spray nozzles 550 thereon to provide a spray towards the payload
support portion 518. For example, if the payload 520 is a cutting tool, the spray
nozzles 550 may provide a spray of éir or other gas to blow away chips or other debris

formed when the cutting tool cuts into a workpiece.

The motion mechanism 10 may also include a position probe 560 to detect the
position of the payload support portion 518. The position probe 560 provides
feedback when the motion mechanism 510 is controlled to position the payload

11



flexure portion 514 may be between 1/10 and 4 tines
the stiffness of the transducer 516, or between 1/10
wanwedesdines the stiffness of the transducer S5PET/US2I05/043896
exanple. Preferably the stiffness of the flexure
portion 514 is substantially the sane as the stiffness
of the transducer 516. The base portion 512 and the
suppest poetiqros 18 o islphyiay 320. fidempesitibn pnotie®0smap be pidekst one

of material. In this wa 0 and .t h
off R BSE £S5 5098 TGP ST+ 85 AP T B e, B PR P e
base portion 512 and the flexure portion 514 nay be

Tﬁém@nfrﬁé’maﬁlsﬁﬂs 5201 HEY alsbAMeludd bHPonstraiddd Rye0576 tRekcts to
bl ock. The bl ock may be nmachined to formthe base

prpvidei \Gseoslestiadamping 1|tk masiopaithonayead sypredt paftieyS4f and
o S0 P S SR R PR s SRTRL o8 g e s

PSSREGAY NP2 a§oad 5@0 18RO the chibiahdel positisrayf thev;ﬁyldsd when
the payl oad support portion 518. For exanpl

the apaly 522)018| drivencThe icprptiainsd layes & 7§pmay h@dﬁ}%@%@oﬁll the
R BN R B Sl AT e8Bukd PR 6 s34

arﬁilJﬂ& bd@bﬁaogumpsmi ahe. cohkieain@l lager HBE haayi eomﬁﬁ)sermymcoelastic
al so include a position prohe 560 to detect the
mgtsgiat sush a8 POYREOPYIPEIRHCEIMINErt portion 518. The

p05|t|on probe 560 provides feedback when the notion

F%’E&{' RO dnS emBOdifRhl %ﬁnﬁé? 0812t 's‘PiBwhhfh Figure 5. In the

support portion 518 and its payl oad 52 The
embsdltnennoblhgme Bﬁ@wm the thitkicensf cachef 8fe elongated portions 530

b OEF bbb dF POFion D aREre < TRE: st BreneBlonties Anisspy be

adBRNpRLRAY, lf&Céxuﬂh91eab9 aavihp adafidlepefioR’sBd mﬂmoatelt thait the end
provi de viscoelastic danping to the notion of th

p@uph@gm byuppadingpbatithe middle parigns Aiesformed phy rategioh 3ich has
.S
o i RO A oL BB LR, T Hment

rGATBTRNSETh RO6T the Bexek S1hes Peikadd when the payl oad 520
is driven. The constrained | ayer 570 nmay be positioned
to fill the regions between t

h d .
Figorq AgHusiidies 8 macEms gak Bisor 09 8 Rordng R 93 odiment of the

invention which employs a motion mechanism 110, which may be the motion
mechanism 10 with a cutting tool as the payload 20 as described above in Figures 1-3,
or the motion mechanism 510 with a cutting tool as the payload 520 as described
above in Figures 5-7. The machine tool system 100 provides for the machining of a
workpiece (not shown) provided‘ on a workpiece support 112 such as a rotating drum.
The machine tool system includes a controller unit 114 that controls the transducers
40 and 42 (or just 40 in the embodiment of Fig. 3 (see Figs. 1-3) of the motion
mechanism 10, or just 516 in the embodiments of Figures 5-7), and receives feedback
from the position probe 60 or 560 of the motion mechanism 10 or 510. An
input/output data processor 102 provides cutting commands to a digital signal

processing (DSP) unit 104 that supplies a signal to a digital-to-analog (DA)
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and the base portion 512. The constrained | ayer 570
may conprise a viscoelastic material such as

woabospegsay| ene, for exanple. Figure 7 illustraPes/uamos/043896
enbodi nent simlar to that shown in Figure 5. In the
enbodi nent of Figure 7, however, the thickness of each
of the elongated portions 530 and 534 has a m ddle

cdQEisicdN d&dee bch Vo‘-’rta%é iahdpeiffiet Naos récslvemch pighll ﬁbm the DA
This may be acconplishe for exanple, by, having_t

cqnvaﬂerel idsives ﬁwr@@d'@q@r ek e pafen fnl‘?éh"é‘i*?&l b PE P'b‘h%o direct

thg m eIlP (Igfg \{ftt\?\r}ﬁqg)h E%&lo&c{]go g@r?g qu % tggggﬁt ﬁf;}% é(ﬁftmﬁdpref)e 60

(seBFaisi &l3) of 560 esee Mg GrT)isomses alpmsitimInS)fehd:)p@rlmminandtprewdes a
rotational stiffness of the flexy, 4ISI aig

signa updicativie| QL fBe PRFIEEN 40 AEERIOR ST gi%t gl 118 amiplifics

thgcs gg 'S’ﬁ% agl{ngql flcd esag%ﬂ BTt ol Qﬂd %%ﬁ%ﬁﬁ QAYY?L g(ghverter 120.

ani sm 11
Lixht ientoder Chaditamiies the pbsidorc of thie rgprkpiete @nstht veorkopipteosigpport

1 FownappSiiesa fredpaah Sh i Dognveter B, 1B Bl po8eter 120
th%l§ gm&és abf%gd@a%?‘é?gn'aplnﬁicgff&@éf éle7posfmﬁ dﬁﬁ@bﬁ’cﬁng @l and the

tem 100 provides for the machini ng a wor kpi ece
p(ﬁSlan shthem)oriyrieaei atetdie ororigpiowsrsuppert d 18 ap puipt totthe digital signal

as a.rota dr t t
pRsreig Fa [t LB DG RonbropotHes Y AREAL IS & me
n%ﬁgoﬁltgut(]gbcdsbﬁtlﬁo THE piRa8 P0adhy 8O Uri0én k @esirdd.( T@€ machine
I gs the notion nechanism 10, or just 516 in

tooh eymnouammvgieomotw@m additiorryo themotier anerhanismeldi9ac¥hen

m.t h robe e n
sl St SRR rBORRE ot B pRAPAE i A4REhbEined as he
citfldg [Rlirevidhe $n € hdithal pmmaﬁ $hd mr&oélog“l thalwosk}:gml Additional
processing (DSP) unit 104 that supplies a si

nmtlgntnaa directinafidfipedpayonvierd fisertigayinaad ays o g of alnpglg%ﬁ plane
of R dua8L of B2 WGRBISLE Sn} BLIBELd VIR, P BIOHGR WeRhirfm 110

drives tra cer rmtl on nechani sm
rrih@ W uded Qo tp®0\ddd§ em:nohhe theotutting aﬁrec'udm iingh¢ pline pfiytho aurface
(see Fi r 5-7), The si.ti.on robe6 see ..
ofthegioni 1 ik cutigs fessor i i eedHiEEeBE Boahy Srgpation
& spayl oad and provides a signal indicative of the
position to a sensor anplifier 118. Anplifier 118
anplifies
While the invention has been described in detail and with reference to specific

embodiments thereof, it will be apparent to one skilled in the art that various changes
and modifications can be made therein without departing from the spirit and scope of
the invention. Thus, the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodiments, but should be defined

only in accordance with the following claims and their equivalents.
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the signal. The anplified signal is directed to
anal og-to-digital (A/D) converter 120. Lathe encoder
wWQ 260668820 M nes t he position of the workpi ece BaTHISE005/043896
wor kpi ece support 112 and provi des a feedback signa
to the A/D converter 120. The A/ D converter 120 thus
provi des a feedback signal indicative of the position
WweiAt feceuttipmyig.ool and the position of the workpiece
on the workpi ece support 112 as output to the digital
signal processing unit 104. The DSP unit 104 provides
l.a prbswivadeshgpism COBPHRNSEi nput / out put processor 102.
The payl oad 20 may be driven as desired. The nachine

| P cotd hRa@Adgd.tion to the
aﬁ[@?%agﬁﬁﬁéo?ﬂgﬁﬁé%%%@%en lﬁg&gfﬁi ﬁiaﬁg, t he additi onal
nmotion may be provided in a direction, defined as the

a grotuhd pagtidny ecti on, in the nom nal plane of the surface
of the workpiece. Additional notion in a direction,

efi.ned as the in-feed direction, . in.and o .
o fiShiREPoa e e kB8 PP kB B st Chnbigping and
cRBedéPi tHE Srouhl PofThia®h sétdmb 2Bh860 polit; may be used to
provi de notion in the cutting direction, in the plane
of the surface orthogonal to the cutting direction, in .
a sagend side perdioni coapeaiadio thy PaRgAd-BRBYTH RPTLOR 3 ﬁéhlé%?‘?ntact point
ile [ [ e ' i.n detail and
anfyopfec o oY OBl AP EAETRHRRn | T2 |
wi |l be apparent to one skilled in the art that
a Vigst iratisiuchangagednd provitlef a Gate omthecamst Hide pertiontih er fishlinear
W t hout departing fromthe spirit. and scope.of th
gER IS ACPHLES, b He B St SR ioR g R R et ioc e ppyicad
sdg@é@ ngaRJ‘ﬂ % Uty E‘(ﬁlttacllE’Soiln't i 4 egbohy daBdtionfsub&t@ntially orthogonal

escri bed exenplary enbodi nents, but should be
todtké firse direstion; amd accordance with the foll ow ng cl ai ns
and their equivalents. WHAT IS CLAIMED IS: 1. A notion

mechani sm conpri si ng: . a I 0 i o .
» S50n garebporgiast s PR ERYE BGe °5 BENSkoRnA: Blimion in a tind
lifidat Sre@ioAewRE hdt@ieC A tHRGetend $ide paryibn atoddgofdrce to the

portion at a first contact point and .. .
payload support portion at the third contact point in a fourth direction substantially

orthogonal to the third direction.

2. The motion mechanism of claim 1, wherein when the first direction and the
third direction are opposite to one another, and the second direction is substantially

the same as the fourth direction.

3. The motion mechanism of claim 1, wherein the contact points comprise a rigid

or semi-rigid material.

4. The motion mechanism of claim 1, wherein the contact points comprise a rigid
or semi-rigid material, and the payload support portion, first and second side portions,

and the ground portion are integral.



connected to the ground portion at a second contact
poi nt; a second side portion connected to the payl oad
weuppmessiportion at a third contact point and eonmsedsd43896
to the ground portion at a fourth contact point; a
first transducer arranged to provide a force to the
first side portion in a first linear direction when
5.act Ugtteechagiont Mmathahien foif r dhinsildewipoeini de pordadtdesnts, payload
force to the payl oad support portion at the first
SUBRA BERIOPoNTH seRoutagh QOISR BiF EaHt BRHiPh pieyof the same
mé)[[ﬂti,chpgonal to the first direction; and a second
ransducer arranged to provide a force to the second
side portion in a third linear direction when actuated
6.s0 tHm ndtensmedndissi o @aim i orwhereini thes centaer pants,o payload

t he payl oad. support rtion at th hird contact Rpoin
SUpRPTS PORISEE g PRCEFOR SUBIRaRoTeaiy 8 RuEERMRGD SBfpibe at
ledshbhdoditagihi Ay, AumThn AR6Y, R siggichani sm of claim 1,

wherein when thé first direction and the third

direction are opposite to one another, and the second
7.di r sEhd owtion methenism jodl qlgim Ae vdgrain axhem gher figt ttrpnsducer is

o HSAEL e PGB0 TSRSy LR e v

sidpatib@kotatts abdie thedecoml canivapommantl weaithe decomheraesdocer is
the contact points conprise a rigid or serﬂ'-lill idd :

actptesk nel proyifes thiorsaln HiedasesoshiIE ROBIAN Bhther thirddinggiion, the

c portion are

seR e BB Bl e o o P 0 T her i
the contact points, payload support portion, first and

8.secdhltt siotien pechanisms of kbiith e wrewaim theplinst anshsegprd gifle ppgions
sa material,. 6. The notion mechani sm of claimb5,

g Séarnﬂaﬁ}ﬁi"%‘@mdact poi nts, payl oad support portion,
first and second side portions and the ground portion

9.CONPThS thodon! BE&HbhnieMEoOElatnh t1aRiHemiR|th® grovald Usdrtieimcomprise a
or steel. 7. The notion nmechani sm oAf claim1,

al | oy, [
gmhledglionk,méﬁhft mechanisat furthgheupieses:i s

at least one spray nozzle arranged on the ground block to provide a spray towards the

payload support portion.
10.  The motion mechanism of claim 1, further comprising:
a position probe arranged to detect the position of the payload support portion.

11.  The motion mechanism of claim 10, wherein the position probe is at least one

of a capacitance gauge, a laser range finder, or an interferometer.
12.  The motion mechanism of claim 1, further comprising:
a payload attached to the payload support portion, wherein the payload comprises at

least one of a cutting tool or a laser head.
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actuated and provides a force to the first side
portion in the first direction, the first side portion
woab@toessiabout t he second contact point, and weRenwuSk®s/043896
second transducer is actuated and provides a force to
the second side portion in the third direction, the
second side portion rotates about the fourth contact
13P0i Nthe BotiohNBedMhisa o NBEHAID, Sleftin tHegiaylodd cuhprisdsm diraond
first and second side portions are substantially
cutingiapled. 9. The notion nmechani smof claim1, wherein
the ground portion conprise a ground bl ock, and the

14Techan SﬂJn %&%ﬁlsﬁpgqpl B ﬁl?therlér?ﬁ@ spray nozzle

arrange e groun dk to spray
t owar ds the payl oad support portron 10 The noti on
a oechaies agd tehaeen it 1dastr pztrEr oft threp giiosind qportégomp aed tthe payload

probe arranged to .detect t S|t|on ad
pogmﬂaa?r BTt FORrovide Visiaelatic; SAmHBE A (e helfork B 5 Payload
Sﬁ%ﬁ“ @whhe position probe is at |east one of a
Itance gauge, a |aser range finder, or an

interferoneter. 12. The npti on nechani sm of claim1,
15 ur t Fer moicorpmieshandgm af plaim d4d Whereie Fredcanstiraingd laxen eomgprises

or.t portion, wherein the payload conprises at
pcﬁ}ggg]?yl eg of a cutting tool or a |aser head.13. The

noti on nechani smof claim 12, wherein the payl oad

1€ ONPThS MStidn eierh@mtishn cft daimgl,t witdreinlthhe fitkteandodetamd transducers
mechani sm of claim 1, further conprising: a

comMise PizAdertnia yiack Pet ween at | east parts of the ground
portion and the payload portion configured to provide

11 sopgl ﬁ%ﬁb&n@@ﬁﬁﬂlﬁﬂ otf‘alaﬁrﬁq WAkl RD 1R rebdManPRYuRASY of motion

support portion. . The nofion nechani smof clai'm 14,
oﬁkbepwlaadsluppmbpeﬁtmrmg@alea?@n abartprkidas pol ypropyl ene.
16. The notion nmechanismof claim1l1l, wherein the first

186.l nd ”f‘l?é: I%thor} rrn%c Sa%lils%le bF claim 1, wherein the first transducer and the second

transducer are configured to have opposite polarity with respect to each other.
19. A motion mechanism comprising:

a payload support portion configured to support a payload;

a ground portion;

a first side portion connected to the payload support portion at a first contact point anc

connected to the ground portion at a second contact point;

a second side portion connected to the payload support portion at a third contact poin

and connected to the ground portion at a fourth contact point; and

a first transducer arranged to provide a force to the first side portion in a first linea

direction when actuated so that the first side portion provides a force to the payloac



conprise piezoelectric stacks. 17. The notion
mechani sm of claim 1, wherein the resonant frequency
wohomwmessan of t he payl oad support portion i s gPEatUS2005/043896
t han about 4 kHz. 18. The notion mechani smof claiml1,
wherein the first transducer and the second transducer
are configured to have opposite polarity with respect
suppore peiontah de. firdOconfactpéinbin azechad dsention spbstaitaly osthogonal
payl oad support portion configured to support a
todbgAisbireciolr ound portion; a first side portion
connected to the payl oad support portion at a first
20?Ontﬁgﬁotﬂ%ﬁirﬂéchﬁﬁgm%%%ﬁq@.d to the ground portion at a
second contact point; "a second side portion connected
to the payl oad support portion at a third contact poin
a paydoadonput pertion corfegugediorryrpat eipeyload; a fourth
contact point; and a first transducer arranged to
E{o%%de.g force to the first side portion in a first
2 OHRGP"dPPect i on when actuated so that the first side
portion provides a force to the payl oacsupport portion
a fist kibepbitios tcommstiaiad tiRopayloadrupparepartion di a st comtact point and
substantjally orthogonal to the first direction. 20. A
campesteshtorfae Bechnd PO 2 5599 canish#¥d support porti on
configured to support a payload; a ground portion; a
. il rdol 8¥loR 3 a SHBPBritact point
a%%%@?%ﬁéggngﬁf%rggjﬁgﬁggiéégg%ﬁ?ﬁgﬁgBconnected to thep
argr @unettgiototthe groamd aoseoana foutht eatacppéint,; a second
side portion connected to the payl oad support portion

t third contact poi.nt and comnect t e _qar .
o By Bt SRR PR B0 GRRIR S St fyeeon
whél ARERE §PtHAr ¢ et Add Preien povidie o fof@tto Shelpaylodd atdhe first

ina first direction when actuated so that the first

cagitaé peiot ini aosecprddiresion susiangially grthogonglip|thafrshdiregiion; and
first contact point in a second direction

a §15{%5gt a%‘hé@& {oy prg(/fdla QG0 orde Qo tiEsdebAS gidéjb&rﬁﬁﬁ k98 thifdirection

so that the second side portion provides a force to the payload at the third contact

point in a fourth direction substantially orthogonal to the third direction.
21. A motion control system comprising:

a workpiece support configured to support a workpiece;

a motion mechanism comprising:

a payload support portion configured to support a payload;

a ground portion;

a first side portion connected to the payload support portion at a first contact point and

connected to the ground portion at a second contact point;



a spring arranged to provide a bias force to the

second side portion in athird direction so that the
weoeeowrndssd de portion provides a force to the pagraagnoans3se

the third contact point in a fourth direction

substantially orthogonal to the third direction. 21. A

noti on control system conprising: a workpiece support

a &0HHd GHE Brtion cBHRRAJIL o ABARIdERBporapHtioh A a ke eotitapoint
conprising: a payload suppart portion configured to

angd gppesctedatophs Bround pertign guadoysby eonBat PANE i r st si de

portion connected to the payl oad support portion at a

a fhl‘sE ?r n&d%g%raﬁ' 8(1.1 i pIQ)Q/ P Ftﬂ@é: e st e g&‘ﬁ%gqn a first linear
portion at a second contact point;a second side

difetidh Ghes eotatiied that thadirgaydopdtisn ppyvidespofdreoto the payload
third contact point and connected éo t he

: §8£ound 1
supBet Porioatat Hhe sk ¢amtach RPIRE I HefeARd dizeqtiopspbstanielly prtbpgona
mﬁﬁgﬁﬂ%gg&&QPp&gyide a force to the first side portion

in a

I'rst [inear direction when actuated so that the
first side portion provides a force to the payload .
a saeppad tranggimeet omanged thpravidesa farontoatbe speind: side pertion do adhird

.direction substantiall t hogonal. .t o t.he fir.st
gt GEe5tGH, P et P red T i a0t fpeds the
pa?lcfa@rs‘%lﬁp&@ polforSRCARGhisd dentB@r3diMniafoarthhdifedtibh RE@kantially
Irection when actuated so that the second side
orffwmgondrio phreohirddirectionppee t o t he payl oad support
portion at the third contact point in a fourth

di r.egtion.subst ial 0 t [ .
o it SR b PR B okt B A€ morion gf the
c&tﬁﬁ%bbﬁf&dﬂﬁ&rxsoﬂ(piee@nt rol the notion of the cutting
tool to cut the workpiece. 22. A notion nmechani sm
conprising: a_base portion; a flexure portion
2% onpfimaetRe MeChIBMEINRISHFort portion configured to
support a payl oad;

a base portion;
a flexure portion comprising:
a payload support portion configured to support a payload,

a first plurality of elongated portions extending substantially in a first direction and

contacting the payload support portion; and
wherein the flexure portion contacts the base portion; and

a transducer arranged to provide a force to the payload support portion in a second
direction when actuated, the second direction substantially orthogonal to the first

direction.

23.  The motion mechanism of claim 22, wherein the flexure portion further

comprises:

18



a first plurality of elongated portions extending
substantially in a first direction and contacting the
woaylepagiisupport portion; and wherein the fl exBC®US2005/043896
portion contacts the base portion; and a transducer
arranged to provide a force to the payl oad support
portion in a second direction when actuated, the
at Slegnshedbirepbition cubgtiagtregiebyyveoof tbgdirat phuwalitheoff elosgated
direction. 23. The nptign nechani sm of claim 22 .
bR R of fhexgiRecihYs fissAuraliy A Floesﬁﬁﬁl‘l PYIBONS,pPROSYE fo an
: L AR tJonght gspective of the first
eng&ﬁ?%l@{l?€&g§)hgp%ﬁ%%e Ldp())ortni ons at an end of the
respective first plurality of elongated portions o
a sgepnd ipheality odelomgated pottims iengnding sphsthrtiadlysioperofitst direction,
poriion; ~and. a cond ral.it f el ongat.ed pPQOLti
el SR AR R B! PR S: Fbafha Ba R, ARHLEA: ena
ar@ll o @iﬁﬁ R&Iohl @Ad Ohe & n8 comactigithabate/patioevangebgsdtive
porti'ons having a first end and an opposing second

coatrdt pointarfd the bprasthacendtcRptacting 2 rRSPesiiys aplspitions bay pergon.
respective contact point and the opposing end

ontacting a.r eCLi e r i .
24 Tt PR SRRSO bR LBy
heBlaanIidteSsbrid WhiehSs &tifferahadi ithng poetidrison whi ch is

stiffer than its end portions. 25. The notion
mechani sm of claim 23, wherein the transducer pr.qvide
24he. Tt B0N0B MEHEE PEST dopUrregdht RaRUPY HOYFLRE Torce
to! {h%r@% r s@?gﬂ BB ANERMfaHEd RS eA@Mbel BbéMAnisth further
prel ed screw contacting and providing a conpression
cdnyprizéng:0 a second transducer end opposite the first
transducer end. 26. The notion nmechani sm of claim 22,
wherein the stiffness of the.flexure [t '
o SEloRa FERPy T atdProRgng A pRRBEGHT RS to a second
trifsA06F A8 bppodite thBrs@drsaicefeshani sm of clai m 22,
wherein the base portion and flexure portion are of
the sane material . ) . )
26. The motion mechanism of claim 22, wherein the stiffness of the flexure

portion is substantially the same as the stiffness of the transducer.

27.  The motion mechanism of claim 22, wherein the base portion and flexure

portion are of the same material.

28. The motion mechanism of claim 27, wherein the base portion and flexure

portion comprise at least one of titanium alloy, aluminum alloy, or steel.

29. The motion mechanism of claim 22, wherein the base portion comprise a

ground block, and the mechanism further comprises:

at least one spray nozzle arranged on the ground block to provide a spray towards the

payload support portion.

30.  The motion mechanism of claim 22, further comprising:
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28. The notion mechani sm of claim27, wherein the base
portion and flexure portion conprise at |east one of
woib@rvcgsT al | oy, al um num all oy, or steel. 29. PTNAIS2005/043896
noti on nechani sm of claim 22, wherein the base portion
conprise a ground bl ock, and the mechani sm furt her
conprises: at |east one spray nozzle arranged on the
a PoRGHpobOslfariged 6 a¥teciehpiticayoftthypaydsad upppaypbodd.
support portion. 30. The notion nechani smof claim 22,
further canprisjng:a position probe arranged to .detect
3t-he phmofign mecharign ﬁgyhaalaéoswgar&m the HsiIEH prope is hlgast one
of AR iAEE DAY AL GhE MR o M RHErohirPOST 1 0N
probe I's a east one ©f a Capacitance gauge, a | aser
range finder, or an interferonmeter. 32. The notion
32rec hdihe swtiof nechanis 2f cléimr 2 dortbemenipsisimg: a payl oad
attached to the payl oad support portion, wherein the
ayl oad c rises at l.east one of a,cutting tool or a
a paderd rusass oyl SParerachan ShFd b JefR3d cBlpflses a
lewfiomgiona bheinpayd10ad I4enaises a dianond cutting tool .
34. The notion nmechani smof claim 22, wherein the
transducer conprises a piezoelectric stack. 35. The
3%t i She metiprmeshanim of elpim 32, Wheindhhpayheadcogmppisat 2 diamond
f.r.eq cy of notion of the payload support portion is
mn%%%#%? t han about 4 kHz. 36. The notion nechani sm of
claim 22, wherein the stiffness of the flexure portion
34.s bThevesotich ihealwhign tafnasint 8, stheréinethe tomsduver comprises a
transducer. 37. The notion nechani sm of cl ai m 36,
PigARTiestc $1AK- st i f fness of the flexure portion is
between 0.1 and 2 tinmes the stiffness of the
35 I anggLigRfion RfbchahiSR ol BRint 001 WRreRYihb SE¥LEARBlel8dreg of frotion
wor kpi ece support configured to supEort a wor kpi ece; a
ofribie ipeyloadkaipgnit portamis giegien ghan about 4 kHz

36. The motion mechanism of claim 22, wherein the stiffness of the flexure

portion is between 0.1 and 4 times the stiffness of the transducer.

37. The motion mechanism of claim 36, wherein the stiffness of the flexure

portion is between 0.1 and 2 times the stiffness of the transducer.
38. A motion control system comprising:

a workpiece support configured to support a workpiece;

a motion mechanism comprising:

a base portion;

a flexure portion comprising:

a payload support portion configured to support a payload;
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a base portion; a flexure portion conprising: a
payl oad support portion configured to support a
woaylopaskia first plurality of el ongated porti ORET/US2005/043896
extendi ng substantially in a first direction and
contacting the payl oad support portion, wherein the
flexure portion contacts the base portion, and a_
a firsaphilalitg rofad oreagé dottoonsrexvéndingasibstanidaltyoin h dirgdjieefzan and
support portiqn in a second. direction when.actu
cop et s SEbTosh B8 SHEFE 16 ToRehagRidr CBlefe base
portidSngll r€ction; and a controller unit configured to
control the transducers to control the notion of the

cutting tool to cut the workpiece. 39. The notjon
a tamstnedr aspegehtooprovidg arf@es tavherrayload FEPRRTH PPEIoNdR 3 sgcond

further. configu to cantrol. | 11S ¢
s aheotruied e G PEcFEtioh (TR TMAN BRRIBIEE 4 fir
dirktibhenyor kpi ece and in a direction perpendicular to

the plane of the surface of the workpiece.

a controller unit configured to control the transducers to control the motion of the

cutting tool to cut the workpiece.

39.  The motion control system of claim 38, wherein the controller is further
configured to control the motion mechanism to provide motion in a direction in a
plane of a surface of the workpiece and in a direction perpendicular to the plane of the

surface of the workpiece.
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