WD 2005/ 107528 PCT/ US2004/ 043761 1 DYNAM C KI NEVATI C
MOUNT TECHNI CAL FI ELD The present invention relates to
ki nemati c mounts. 5 BACKGROUND ART Ki nematic nounts,

oidomeszsknown as kinematic couplings or  pCT/US2004/043761
constraints, are commonly used to couple neasuring

equi pment or instrunents to a Base or 10 substructure
and for coupling rigPdNphFe FEMAEEE ¥RHNIng surf aces,
where despite repeated di sassenbly and. reassenbly
the plates remain in the sane relative position to
one anot her as when previ®u8AF22sEER ed. Three |inear

notions amet baeséRt i10R8ntXon YoeldkedNo WimdAk€€ mounts.
angul ar notions or rotations (6X, 6y, 60 are

necessary to describe fully the notion and position of

a solid body in space. Beckarowgy drirody to be

conpletely, fixed in space, despite repeated . .
di sassenﬁ%’“ﬁ‘egﬁalcreg}gg‘g?ﬁﬂ y,°‘§ﬁ‘~‘W§iS§ deyPBBs 8f Kkinematic
fr eedouphiees tor beod6tecansiy,ai sied. coamohher wseads;o t BSuple
t hr eeegglgﬂsl ati ons %ggt trg)% thilrnes xﬁr?\tntsi onsg must Qe
consiTained wi th respect 6 sone arpittary°fi Red °2%¢  ©°F
toor diubsitmictyseeand Afppurbup bindkimigrwt iparuhenoahbrgi xating
degr gesr freedpmare £ ain in which an

addi tglgon%{eséonst rg}fnt S \/\%gﬁggbe J?egj l?r?ggnt . &g%asse%bly and -
Accorgisgmplya tkenebalidsc nepahr hmsthsi wamadepkaidernt position

ConSEEa{Br{g %no%higm@s Kn}h%% Lé&dﬂ%‘i%té yeci'ﬁal% one or
bal | at e f

int ront plate of the

a,agrét%%g,.and'af ]

mount to raingarufRgheed abt tornsipdaasal (X, ¥, Z) and

£ONSLEALOS QD | RotIhX of  B0:ANdeE KBS BN o) are

groove constrains notion Oy (pitch) and 6,,”" (roll)™*.

The fheaesTonstiaidescrbbe ofully ohe ywbion Bhd pheitfion of a

di sadyapd ageswficong{hal | mmund Srj'lg%dF '?:%tdlys‘%%e pef Likpletely

coupling occurs between the translational and

rot afidpdl in space, despite repeated disassembly and
reassembly, all six degrees of freedom need to be

20 constrained. In other words, the three translations and
the three rotations must be constrained with respect to
some arbitrary fixed coordinate system. A mount is
kinematic ‘when all six degrees of freedom are constrained, -
in which any additiocnal constraints would be redundant.

25 Accordingly, a kinematic mount has six independent
constraints. '

Simple kinematic mounts use a cone or ball, a groove,

and'a flat in the front plate of the mount to constrain

unwanted motion. The ball constrains motion in the X, Y,
30 and Z axes. The groove constrains motion 8, (pitch) and 0y
(roll). The flat constrains motion in 6. (yaw). The chief

disadvantage of cone/ball mounts is that some cross-

coupling occurs between the translational and rotational

A

*159159+

*G00002*




WO 2005/ 107528 PCT/ US2004/ 043761 2 axes because the
rotati onal axes are not centered on the surface on the
nount ed part, which can cause significant

Woned/avdenal errors. A well-known ki nemati c p@r0§2004/043761
incorporates a fixed 5 base plate with three V-shaped
grooves each formng an angl e2of approxi mately 120

degr eess V\Jbédramcktmt h:@ltagiomﬂe axeEhensalnlcs afentaedd on the

gr ooy orm RRI te 45 degrees wth
t he sﬁr%a%ee Oo éls@ d % 58 ijC%e%aonnd(gguﬁe spgnificant
threer@mmospheﬂms msrrbers are secured roughly 10

in an e%'%ﬂgh&f It 127 T @Y e 4 %@%sgnda fized

plate is rested upon t Irst plate, eac
tﬁr ebagonpérte sghthi @é&lreﬁeffcéhgpqe@sgsowetshi pe@nefofming an

"the, L B{ 86 HrRVER ima GARL 61%' Ryt tueysidey, V@éﬂeg ghoove.,

each respective second plate, which may be [if
fronThRewphke of afrCrRECOWReors replatert swRdoxdmatply 45

the hdgpid£aliddoTihl @QRrEgtatdyectd pdde Hase., WBLCH second
nor nal %?lrerml ns fixed. However, the above-described

poi nPLabMt ath e IORNER SBREH-SdhdErBars nefheteifgd roughly
goooye gﬁa@i@ltmteeas;emmig@d garfﬁfﬁagg lamhtgheszee CSHHoAAt plate
poi nt's ese concentrat.e oL ces ead. t
st re§§e§esﬁ‘ﬁ‘§v&1%°s“ I—ﬂﬁ%tlﬁﬁ s?lt’tﬁg‘%'ese‘-"cﬂ’otodf % ee convex
spherspﬁahmmﬁmbamd &bsthewgtmnveoneAmmrﬂi&gimee grooves,
whil e t pr| or mount i s ufflfm ent. for

onp two W ch ¥ %1 econd
| 0ad§ M 3TEH %as 1eabBi%at 513F afptitath o Tor e'I’sllf’get"?t dtit ¥
fiel dladppl wln::aih o«w Het lfifitks tf:‘norhle’ah/ey kb ey plate and, when

appl | h n Ny unc .
380 CRBLAGHE: A" BRdpy MIE" (ABRE UL SRR ARl Betative to
wher &hhij lgehse,ntwélnsht yoxmadrlat h:@lnsirasndixgnocks cause

failure af e o»#&z%rcongh%m Q?ierlhésc lﬁﬂ%@t&&ltggggt $etween

whi ch are ten referred to as 1isolators, are
desi gael tswhakio9t f demheX r 8ngi EFPovRURSaRsofto concentrated

forces at these contact points. These concentrated forces
20 lead to high stresses, know as Hertzlan stresses, both at
the spherical member and at the groove. Accordingly,
while thils prior art mount is sufficient for light loads,
such as laboratory applications or light-duty field
applications, it fails in heavy-duty applications, such as
25 when used in space launch vehicles, bridges, buildings,
and superstructures, where high intensity vibrations and
shocks cause failure at the contact points.
Some kinematic mounts, which are often referred to as
isolators, are designed to allow for a transient number of
30 freedom changes (i.e., tilt and magnitude changes), and
are used for motion isolation. The transient number of
freedom changes is, in some instances, temporary. Typical

tilts are those encountered by anchored marine oil =rxigs



30 freedom changes (i.e., tilt and magni tude changes),

and are used for notion isolation. The transient

nunber of freedom changes is, in sone instances,
tvodes/ s Typical tilts are those encount er p8r/BY2004/043761
anchored marine oil rigs WO 2005/ 107528

PCT/ US2004/ 043761 3 and rocket | aunchers. Typi cal

magn# g dec Biean gesnahas %-ho§eprient ourandiedepghdnees are those

Se'SQ%@bJKE@%eHDWQﬂE@Becwséi%h@ét'5§se OQ@@%&@H&'°@£ celestial
tel escopes, mirrors, lens, and antennas. Many skilled

arti SBPRIVATAPE heletRoped: tBiiTRiiTovaehh: G pgrannas.

Ki nemat i uaHuNdis 1%l RGOE BOR AL hBge CQRBLEMYd {EatMERSe on
For |nstance one such nount |ncorporates constralned

e? astodt? | &pBPEAGHT h PABANE st Pt s HRCUFRORAEERT | eGgERLiant
pl at f@&mﬁmportwﬂpllwtagc@,al lorien- sode kﬂ@aht NOScorporates

However , i s ar enent i s not, capabl e

SR panrera R SR 2 R D AR 8L G0 0 szee
theSEegdjida&th]:btaﬂ‘lﬁ&S AipPolit C led®Lopi g ObaDB-F:gd—l&ahe Padsings.
use gg unt i S unfortunate

oori Baretdhy® S tannabBe Rt SFTGsr! srenbls nas | Spping svith
10 | htrosiuoe $¢[Le$te¢ corphiande |ivedihéepns Se:tn‘iuegilsd these

Ki neg%{:grgg%%%s a%%t 2@‘5909&%@ %JGSP %n}ége@atfd Wt gse of

mar gl na unacce t'he curre
trentdhis trweindt aite, ofunfprtefatdlivnemainttasbnébr abpitical and

”Dungkﬁg 5%396%%§ i Egcgggxﬁgnplbﬂﬁgﬁ eQ§ng§960 introduce

capapbilitres in or r to nce transitive .
accebetatterhscemrl ivgcpr dvi detharwdeat ixd9ié- ddmeaptig, mounts

ab| h%ghgtieoa%bxea%e@ﬁﬁ@éd | nyihe SDFHR! dd Mhacceptable
practicable and w thout inposing additional demands

on ofRéRWF%e used active control systens over the

mount andad t Beutehbheruieedt tta-em@bOB! Ohe ! @88te SWEN art of
systerrs after the ?a55| n of 25 accel eration

di st FrBERRES SSafETappt FRARCGRE, S dPad St AR 24 pliance
. prot aahpomg Of cdpaii Qb t 55 ha:rrdemmrof teonbkDin@nd trans:l_tlve
Iatforrrsaddata centers annot _afford

A AL LR e et it S T AL Ao R ORI
syst@ﬁthostvataiveTtmmtrmme:holdhefehostn$Untnme practicable

prOteCtlglthout imposing additional demands on otherwise used
active control systems over the mount and without the need
to reboot or reset such systems after the passing of
25 acceleration disturbances. Some applications, such as the
blast protection or terrorist hardening of control and
command platforms and data centers, cannot afford to
reboot and reset when the continuous operation of such
systems is vital. The same holds for seilsmic protection
30 of data, communications, and command centers. The
continuous operability of mounted control devices in
artificial gravity or induced centripetal fields in space

stations is a rather cbvious reguirement in light of the



30 of data, communications, and conmand centers. The
conti nuous operability of nounted control devices in
artificial gravity or induced centripetal fields in

Wﬁ,@s/lﬁgﬁtl ons is a rather obvious requirenepérirtrooa/o43761
l'i ght of the WO 2005/107528 PCT/ US2004/ 043761 4 fact

that transients of such field are inevitable and may
be flfeqtletl]iat DSEsO8WRE 6F Jidth |NVENTEOR Sndcicebdiengnd maiy
to t nvent| on, a dynam c ki nematic nmount i ncludes
thre b FFEee gpposn ng first and second' plates, the
first plate contacting the three balls at six contact

poi nts constrai ni ng,tran ﬁhﬁél&naﬂ Ea g0 onal

novenment of the first pla an e second plate
chbnt act i nicadraling tor ke tﬂalIVIthapn5|'n)< dymamact kpodmsttd c mount

const fai ih g tﬁfé&sﬁg\hsﬂnaéppaa%qngotﬁ&'senalndﬁ%\é%%ﬁgt p9htes,

the second plate A spacer pposing first an
secoftéief 288t dERtehcoatapbing e ddeagbehey ethryuglsontact

fr omptstﬂﬁté ' E§I§s1f1%‘i%1h@ ‘:anslsﬁ‘ﬁ%lﬂglf aq8- rg'E‘?c tcl?{a%e movement

balls are each di sposed in one of 15 the three bores
for Pt &brorfiréFaPiobet o2rhetBpacerondimfatitheanipebing the

hal | $£nRES] eataiaut board ofist he cbhistt angc3ae9nd <4AG8%4ining
The first_plate_is in <%>uxtapos|t|on to the first

f ace FraREL I HeSdcBRY PP PAL) URTMISG OfohPe o59%rpd Plate.
fSeCOIAg sbpfaafeel | Haly anp@ﬁfshhgukaﬁ:]?enﬁﬁdl {E@ana hehees Saﬂctl] three
our a I rst e ntacts the
four%ﬁrﬁil Iekﬁ?n%lnq‘ m&‘a{re&gﬁ?%\@?. %@Fn?f’e a%ﬂ”t%e%%‘"eeco?fﬂ the
pl at eeecontiatise t hethef atitth balls airea eﬁeﬁoﬂﬂspﬁﬁl’&da&h one of

[ ein_at | east .0f th erst a secon
ggnt &OF Egﬁ&n sPPE%% J%?)rnpoléla‘n °fcd ?%\ otlontncq‘e $238r, ana
Consitder ithgeé hbaibarpivieait outheansqaa@férthes 25 s&tl :md second

furni Wi r s, throu ,
t he sf%gggr ftrrg?n EP&; Eléh%{%f chSevi? éec%nl i zZICc?e%liJ1 flrSt
f our thrckal knd stk sposad PAatheld othhpbgll’ewrorto the second

rot atd,el, r@kaéi};.@rél%utl@% SHBEE n%n@hQEQJ §§ta5 fourth ball,

outboard of the first and second faces of the spacer.

tRe donpihiight dentfeet3®laspnicopsachy ovielefowstharball at a
el ast:arBE alonthe:CceBLAE} BAHN%the second plate contacts the

fourth ball at a second contact point, wherein at least
one of the first and second contact points is a compliant
contact point. Considering the fourth ball, the spacer is
25 also furnished with a fourth bore, which extends through
the spacer from the first face to the second face. The‘
fourth ball is disposed in the fourth bore for rotation
relative to the spacer, and projects outboard of the first
and.second faces of the spacer. The compliant contact
30 point is 'provided by an elastomer at the contact point
between the fourth ball and one of the first and second
plates. In another embodiment, an elastoplastic

material/layer is applied to the elastomer. The elastomer



between the fourth ball and one of the first and
second plates. In another enbodi nent, an
el astoplastic material/layer is applied to the

NAsh9IPEs The el astomer WO 2005/ 107528 PCT/US2004/043761
PCT/ U52004/ 043761 5 is carried by one of the fourth
ball, the first plate, and theé second plate. In a

par t iisubarrievhddi eeat oL tte f@hlaShobﬁ,ﬂrl/i shpr Syrefecdliate, and
the f.grm apglLigd | ay 1 CULAE cdiment,

enboglgrrentgécoqﬁe % rst Iatlglrl S fgs |%ﬂ{a from0 a " the
pl ur @lasionssfr mSgp@pyl@ﬁq‘: ibedhp| eks .o mnaapphEed layer In

errbocclll ggg;glcglgq %%eagma{@t echgsfi@ié“;sm@ K0P & oned from

pluralit of rigidly-affixed I n yet another
efbodi neAbRratiey qurstrlﬁpa%é-a}fsflﬁaéhubi’a@%ﬁ%f bl d@ks another

hel de?%odﬁﬁ%tse%lﬂéegec&% AftealB. rddhi@kdSkkdh a plurality
anot her enbodi nent, the second 10 plate is fashi oned

of blodckETheherafyixaddoiadifred TP oYeh 2HHRRE. CRRRGINTg the
L_o thﬂr}sBVﬁmﬁt@nlsaﬁ@ghﬁnmlﬁmﬁksﬁhe&d tynadng secured
i nemati ¢ nount | udes a spacer havin 0Sj n
firsttoand SEBRd f rﬁ*fli r@’é°ﬁbﬁre§“%>?gg‘ﬁﬂ?ﬂg%f§ second
tiver gflareugb ffaemcbmmf shldaxee Headt g, Sea@andekaced to, a
Three balls are each disposed in one of the three

bores ™86t rotation relative to the spacer, and the

t hr ee bal hscoprimjgedto dutebdarvendfot heafotlstr amdtbogeénamd of a

faces, A fir Llate in | ux ition to the first

f ace BEAFLE: SrwE 36 riias BATRERS, “CipeBsh  Sartidisregsine

constfrigishi n@ndt r @esbati o:ﬁabeandamabt atlnmml pomeene gxtehding
e TSbeRtaldh 208 &ReConibdl gl Bol UKIAPASELARN £ace.

to the second ontacts the three SI X
cont ddtregoipatgs ééﬁs?ﬁﬁhnﬂh@qfﬁalnﬁnatqn@naf ei'ﬁ!ﬂf three bores

rot atf&naﬂotgleygﬁreeélﬁlaehecoZEzhgeggagepI alfy Ahd OMAR palls
bore extends through the spacer romthe first face

to tHEgesbnavirea-d ok dihet HipaF| 2pd seFLpbsEFesn t he first

fourt;mal%%relrfoguﬁ@g di@Aohelal i M t@ithe rSPaC®ontacts the
projecting outboard of the first and second faces.

T fitee pl BRkt Tonthct sSthe fUERRtbal PO, f FPRFEEEFning
cont agtan@okBiondlne e eidt pbigdle neaRindaat Sof hehd ofitidt plate,

bal | and a second plate in juxtaposition to the second face
contacts the three balls at six  contact points
constraining translational and rotational movement of the
25 second plate. A fourth bore extends through the spacer
from the first face to the second face. A fourth ball is
disposed in the fourth bore for rotation relative to the
spacer, projecting outboard of the first and second faces.
The first plate contacts the fourth ball at a first
30 contact point, the second plate contacts the fourth Ball
at a second contact point, and at least one of the first
and second contact points is a compliant contact point.

Pieferably, the compliant contact point is provided by an



at a second contact point, and at |east one of the
first and second contact points is a conpliant
contact point. Preferably, the conpliant contact

R@ 2obs/ie9s2pr ovi ded by an WO 2005/ 107528 PCT/US2004/043761
PCT/ US2004/ 043761 6 el astonmer at the contact point
between the fourth ball and oné of the first and

secorftf-3tRres, af ntighicwteRE PRt diedieepstiarfduadhbyall and

one oénd R fraur Ehrbaldng tsRechirstaddsat €y @ﬂfhhtﬂﬂé elastomer
second plate. In a particul ar enbodi nent, an

el astb%l%trlledn’ﬁl’e‘?rieaqu &ver frergppriléd *t:%etﬂﬁefs‘ﬁ plate, and

el asteHer .secbRda p@.ﬁ&é cul arrrenbodigzest cuidie ee'n@v%ﬁ@ﬂ@ﬁt an
provided_ in ,t eformo{L an applied |ayer. one
ertbodt FEEPLERGLS (T4 HALEVTS Thstiitried ffoibd oiastones

pIuraInty paritiggildly emdb@inert bl ek 1lalsRon8ot NEr provided in
enbodj.,nen t he secondpg]l ate .10 i s fashl oned froma

pl ur at 3% y’L‘%’f r P @Ry -EFFiR8d BI6EKs. 11 noyet cBROtHREAE, the
enbodfimertt , pildie f isStfaphdbred Sfﬁraﬁhlaonleﬂuﬁglltlgl 0$KSrigidly-

hel d ecured tao, n

anot h%%lflemogimﬁ ttr-Tr(Ie1 s‘_"é]c?fcc)%% F PR °d31¥'§nf:asﬁ}‘8n€8°%rfd plate
bl ®ckss hédadubyxedarfcto&e@urpéahrla@;tg br amﬁgld@—éﬁﬂfﬁlkddi NYlocks.

to thfn' %?%Bbgger 2%) Q%EH r‘ﬁﬂ%qun%né%gge is %%SﬁéOHEd of

ki nemat i c mounts 1 n arl’s east
addi thbredds deelid dtmrprafrsi r@ecalrhdurtph aliram&.first yet still

platean&ﬂﬂ%ran ﬁ%ﬁﬁ%ﬂéﬁ& Se&&stQE@LE fy%ef|£§t %ﬁf%&gned of

contacts the three balls at six contact poi nt's
const?aHisngetd gl ardoaaruzatl teot at formsd- novenment of

the first plat@ingnd the 3866, ate+CoRLAR:S diBdiment of

three balls k6 at six contact poi nts constraini n?
transt afYREC FhRempt aiioinss ABGERRaRt tdFreenbaliacon least

pl at eonelheadi tidnanl ab£11 CoBkHOlsI n ghea feyhtin bakhiat 28 £irst
first cont act CPOI nt, the, 25 second plate cont acts the

f our t A-BA"| a*ReOBRASLRMt S8EORHoPhTEe and Hee | Bt plate
one ofordthetki rsﬁheandtsﬁ@@ndbﬁmm ackt PGS ESntact points

C Ilant cont act, poi Further to t nbodi nment
é)dm SPHTEARAEYT nap%np c?stllﬁﬁa#l 7Y r{slé’é‘éﬁdmo?'%f&%g of the
' and fmstb@rleseexarehd:hw sehenetdilradieghoht ot 4 hdhef ith8ée balls

?8u:t € tél h@oﬁ@&éﬁ“jﬂgyﬁ%s T@S%nggiglgglléEans %1onal and
rotational movement of the second plate. The first plate

contacts the fourth ball at a first contact point, the
25 second plate contacts the fourth ball at a second contact
point, and at least one of the fixst and second contact
points' is a compliant contact point. FPurther to this
embodiment is a spacer having opposing first and second
faces and four bores extending therethrough from the first
30 face to the second face. The three balls and the fourth
ball are each disposed in one of the four bores for
rotation relative to the spacer, and the four balls

project outboard of the first and second faces. The Ffirst



ball are each disposed in one of the four 'bores for
rotation relative to the spacer, and the four balls

proj ect outboard of the first and second faces. The

Wg bs/MEs28005/ 107528 PCT/ US2004/ 043761 7 pl aper/vgro04/043761
juxtaposition to the first face, and the second plate

in juxtaposition to the second f7ace Preferably, the

conpl PaAte chht Hettapeoshtien tw oVidefidnt dHacel ashdmehe abecond

the copiact 1 poknk thg fuqurt | on
t he 519f| rstlang s%%g;nmgegt teﬂg t?% aégcg??l g%PQ epreferablyf

enbodFRentomRdiang| a%rt@pqtasvpmt et mnoanl/:ipéyfey s elastomer at
appl i egl t @odthertelRILEMBELyeh e R %Iu%ﬁf bh$1 Céﬁ% | & DY the

one of the fourth ball, the first plate, and
se%onﬁlﬁ%tae“d I??Cémﬁaﬂl??%ﬁ? ar IBnBodprEEHRulaghenbodiment, an

el ast @I‘rﬁ’tdpﬂaﬁtlwl ﬂ@ﬂeﬂ:ﬁlt/mgyéﬂrﬂ% of EﬁLrleJdO t%pFEIh'eeglastomer
| ayer rticul ar enmbodi ne I?] first plateis

a
fashlaﬁ%d ??% TS “plidr £ Ty B bYl @Pﬂl §fafPexéaurih oeadst, the
I n andbther ebod) rrmmﬁ tie seeconmd phate.is rhashi %%Qlcular

from a .pl I|ty af fi xed hlocks. In

anot heIFlg) Ar/illbo&t e IJig \g?rb/eért Pl a‘?léo‘flsdefiaﬁl d&d f@lefS’f an

bl ®ckspied e byayand sdmuraedp‘amtlmlfarranembddlméat Sttlh|e| first

anot h n econd plate. is fashi oned of

bl ockgi'ﬁ?{mgg rE% E Oréequu?e%imts alufrla&r’rgy R ordiRgyrpffized

t he ilpesks.on, “,'net aottbet hesmbeddadhtenttheof s@cond plate is

ki ne n c .spacer haV| 0s 0
%é%%% e oﬁ A gf = ERORE! d&ﬁg'%gxed Yodl. 1n

firs second face r&s exteh
t her eY$if odgbtieonenbedlifmentt ftheefiost helsecotsl fasieioned of

t1y eep P S, nand vt d.£pSteMeqaddi tio hal |
conprising a foum’ﬁl bal 1. . The thrée baq% $€and The'st stiil

f our t FRHAIT aPBPOURSRTdi shisederandondase the Wosdsoned of

for retedinmenal B8] wadt gethee SRIGEL, AL 25 the four
bal | s project qutboard of the fi rst and second faces.

A first plCeTAERY ntg UtapdWieRt bt ovethed fiygherf geleodiment

and cent actiidehetidr aeuhal hfcaidey Xacephast RVMMS o opposing
nal and rotational novenent o

0%13% r% é‘r ansl at i
Fret BrA( ESCo0L oLtiRe Pl CP9%eS (P (PR APBs FEFBREhEouSh
to therd0 secohidstacecandocons agéSoddhealch; eenbad | $a@ls, and

si X copnt %ggst one additional ball comprising a fourth ball.
The three balls and the fourth ball are each disposed in
one of the bores for rotation relative to the spacer, and
25 the four balls project outboard of the first and second
faces. A first plate is in Jjuxtaposition to the Ffirst
face and contacts the three balls at six contact points
constraining translational and rotational movement of the
first plate. A second plate is in juxtaposition to the
30 second face and contacts the three balls at six contact
points constraining translational and rotational movement
of the second plate. The first plate contacts the fourth

ball at a first contact point, the second plate contacts



poi nts constraining translational and rotational

nmovenent of the second plate. The first plate

contacts the fourth ball at a first contact point,
woezosmmoses pl ate contacts WO 2005/ 107528 PCT/US2004/043761
PCT/ US2004/ 043761 8 the fourth ball at a second

contact point, and_at |east on& of the first and-:

second T oht ¥t gt €5 & aseennsl i eemtactonpaet paiditat least

Pref esmbl o, HHee faeEp! hadt sEUHA, RYLAL 5lsntsorlgw de:gmpllant
by an_el astoner gt the cont act 0| nt b jtID\/veen th

four t FPHAGE BRY"bne ‘BreRaTEPLYr sthayrrpredant ?ﬂraft@ point is
The pei:(ﬂSlIckercllElbyl ancal&seshdly aanenaf cBH@aétpLHchrr‘)tb%leltween the

firs I e, nd the second, pl at es.
pra’t’?tl% acrh e%ﬁ‘g%d ﬁé Eli’%sfjdﬁ%sat"ldc second plates. The

mat erﬁaﬂd‘doal?er lapp&hrﬁﬂbd oyt I&aeebaStQ@”Bfourﬂhn Hal1,  the first
10

part 'ﬁﬂ j rresnetc, ! he eJC ast omer provi ded’

the foorm df an a bl 18T Pabb? e n aI”pzi‘rPPEEt‘a‘tlar embOdlmentr
enboohrneenltastopheshcr Stta'qmlzatae/myé:asipmﬂed tcbom;a elastomer.

pluraljty JGhdly | n_anot her

enbodi rrentlggl:r e&ég%oﬁgﬁg{lirﬁ&dﬁ as %a8ﬁ8‘ae’f r bin Rrovided in

pir athe yFoam pf gwejlgpp&flfeplxédy@t ocmn. a l_oar’yﬁtulaﬁofehuﬁbdlment,
enbOdEH'@:-‘rHl’rstthﬁlgté Sis pf?sthe.l‘.onédf §§Fﬁ.o£] d_lumc %y og rlgldly—

hel d by, and secured to, a frane
anot ErBobilRERE; t R seeblrr p¢r¢tceilmentashh®neelc@fd plate

bl ockss hﬁiﬁu@’ledaﬁgoﬁeﬁu QQrL_Qlt)? LEape lﬁ%%g%lxe blocks.

with the foregoing summary of preferre
and tHe Y&tsaPAGREH Sobssirertyl thestinptenlftor 152®ashloned of

Ariactbleickg treedi rb‘gzentaln@n,se\&hh:sﬁ 26e 1O f*}‘émfeakertn yet still
together as th (fllc’r sclosure of the invention, th

i nverftooh Sl sTPEGAER DI dies SEReRd apdatat uss arf@shloned of
net hdelcembode e rttys. aBRI & deSCRLPTA QN 08 . THE DRAW NGS

25 Referri.ng ta the dr W FIG 1A is an isonetric
vi ew of abpgs%)?cealfct %‘ njgl%f cTORRIMI s HRRaaY iaf wets kprred

appea?tmbloolememt;s R IR isnsaningS@IBtLbSud ey Cﬁestth%todes for
@rd o ttlckfté]eg@éun:rn l‘tmons)f wﬁ ch‘x E}J':Aes V\Qe taken together

appear
the disclosure of the invention, the invention also

contemplates other apparatus and method embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Referring to the drawings:
FIG. 1A is an isometric view of a prior art kinematic
mount shown as it would appear locked;
FIG. 1B is an isometric view of the prior art
kinematic mount of FIG. 1A shown as it would appear
30 unlocked;
FIG. 1C is a top isometric view of a plate of the
kinematic mount shown in FIG. 1A;

FIG. 1D is a top plan view of the plate of FIG. 1C;



FIG 1Cis a top isonetric view of a plate of the

ki nematic nount shown in FIG 1A, FIG IDis a top

plan view of the plate of FIG 1C, WD 2005/107528
RlT1oblod9bd/ 043761 9 FIG 2A is a top isonmetrperNkRWioss761
of a spacer constructed and arranged in accordance

with the principle of the investion, the spacer

havi ng bor"d§.f oRAmaitat ak ni ngp bigdohe £ B FlG e w2 B oifs an spacer
i sone | 0 constr.
arran%%%%r\r?cgggo%agngg vw%hci ?Lhmgl cgﬁ%l Pi%e "o t%%@ principle
i nven?t oftanknvsingdanasthe swaded appeag bm:tem:ktiui: matth€aining
ki nenggii;mount i ncluding opposing plates and the

spacer of FIG 2A maintaining balls disposed between

the 10 plfdfes;?Briig 2B ipemetiier tvical sfcti Ghabmaiiew mount

of a baldtrueeatiaching: AONRY N4 & in.accar dance
with t B;él” nci pl e of the i nventé;\ég%}aﬁce wrlﬁ% tae ﬁglnClple
t

al ter nh B He d‘f“da gioMemasi dt P@u#duwppear unlocked,

const'ﬂu{;t &dlnandk & r apged |1ﬁc§§@ﬂ{djaeﬁﬁo¥!rtgp Ebgtes and the
pri nC| | e of ggtd nventiqQn and, shown as it

appea? TR SEkedC P17 meRrFaining kallsl tdé-l’sﬁaﬁ%d between the
eifbodbemnts;of a kinenmatic nount constructed and

arranged |Fc_}Gac dance 20 with the pr.inciple of the

i nventi on and shown3as 3 t YSiduicgt aﬁfé’*&l‘maﬁl odedd; ofF| & ball
2E i scartacsonet romposiimy otatviweidd,nemnt i @céﬁlldﬁtnce()fw:l.th the
FI G t_ woul d._appear |ocked; FIG 2F is an
|soméE%Q| C g:ﬂéwggfé}iehénf(’enié ic mount 25 of FIG 2E

as it woulFdGapp€ariaassncipdtethatid hesb&{ilncAg o&'SSEi SkifGnatic

iy t hgadrcki Bigs10f, d-hg K—%Jae”ﬁﬂ uni, EL.G

is a,
side el evational Vview o i nEnt ° depi clfceed Fhth  the
FI G PERCEp&e 3A itdea ipgention yals:bhelmtn aside would appear

el evajdorakd;

FIG. 2D 1is another alternate embodiment of a
kinematic mount constructed and arranged in accordance
20 with'the principle of the invention and shown as it would
appear.unlocked;
FIG. 2E is an isometric view of the kinematic mount
of FIG. 2B shown as it would appear locked;
FIG. 2F is an isometric view of the kinematic mount
25 of FIG. 2B as it would appear associated with a spring
assisting in the locking of the kinematic mount;
FIG. 2G is a side elevational view of the embodiment
depicted in FIG. 2E; |
FIG. 3A is a partially schematic side elevational
30 view of a contact condition including a ball in contact
with a £lat;
FIG. 3A’ is a top plan view of a footprint left in
the flat of FIG. 3A by the ball;



30 view of a contact condition including a ball in
contact wth aflat; FIG 3A is a top plan view of a
footprint left in the flat of FIG 3A by the ball; WO

KPR0sL7588 PCT/ US2004/ 043761 10 FIG 3B i S Bor/US2004/043761
partially schematic side elevational view of a contact

condition including a ball and ¥ track left in a flat
fromthe BEGL, 3th agceér dzmrddamyh sichemapi¢ neiipe e edbvational
the ipygntdon: SoddaGe 3Bnalsidh toR RLaR, Ve Y

track left in the flat "of FIG 38 by {he )é’%ﬁ,é?‘ﬁa track
accortRifcelMi &h e Hremcipeebstlt hén megntdence FMGth the

3C i spAineablicCaf 8RCctingBatiMi,ew of another contact
condition jncluding a ball, coated with an 10
elast omer FIPn éBnt 5&t2 viith PAap| Biev cfattdd wireFkaheft in the

el ast o1&y ; ok N FEACCOr gaNee WH bhey PriAciUL8intde it the
i nvention;, FI G is a vertical sectional view of a

3D
cont RIEENGi T oS HFVERFIRI/a bal |, coated with an

el astoner rFagd 35S pkatedveithcan ebasiopliastisw Shel lanother
lied onto an_el astoner

in contact with plating .ap ,

coat i %%natc?r?ta FPﬁg,ltJrQrP alélEEPah’h%e i 197 tihe SPRRRY plwith an
_OIO t h@la:,am!ati, oninFl @nt&_cit_s aipar td alfnatschesaté€ with an
lsoneéféé%oﬁggylogna é¥§¥dghgnlqgﬁgl?g%%{?k%?gai%&ﬁj of the

i ncor porati1 ng” ki nemati ¢ nmounts
ar r angekniticaccordance with the principle of the

i nvention;pyEl GapA J S, an Lspnstric view of .a buildin
bl ock for Igée i nﬁcsjon%t Pﬁ% 1.‘%‘3 pT A Fbr RERe Mt it Sontact

mount &ondiffiopcdnrdadicw v thelilhe qoeitadi pieh oént Bkastomer and

| yentig 291 FhG amB 15 s80p] SATRL T isfe ¥ eW of BBRESAd vien

plates for a kinematic nount each constructed Trom

bui | dHfiBPodRRliednsekuceedebinttamerargeding on a flat, in

accor gediant-t huithe thdi b8ing p18l gekedenichad: &, FI G

5A, with t%alls depicted in fhantom ,

1G. 4 1s a partially schematic isometric view of a
positioning platform  incorporating kinematic mounts

20 constructed and arranged in accordance with the principle
of the invention;

FIG. 5A is an isometric view of a building block for
use in constructing plates for kinematic mounts, in
accordance with the principle of the invention;

25 FIG. 5B is an isometric view of opposing plates for a
kinematic mount each constructed from building blocks
constructed and arranged in accordance with the building
block depicted in FIG. 5A, with balls depicted in phantom
outline for illustrative purposes;

30 FIG. 5C is another isometric view of the plates of
FIG. 5B with balls depicted 4in phantom outline for

illustrative purposes;

FIG. 5D is an isometric view of a kinematic mount



outline for illustrative purposes; 30 FIG 5Cis
anot her isonetric view of the plates of FIG 5B wth
bal | s depicted in phantomoutline for illustrative

B ROSRSssFI G, 5D is an isonetric view of a KiNesRbdf3761
mount | WO 2005/ 107528 PCT/ US2004/ 043761 11 shown as

it would appear |ocked and incluging the opposing
~ pl at eshofn RIsGit5@oahd a@p@pac%cldé@Qﬁﬁiednt:lnﬁcﬂﬁ{gett\h%eepposmg

i ncor porald f bal i,n accordance, w t
pri nm% gft%grel nvent |a<131r01l > Ifipéce‘Squgpgsf) %@?FP?EWE@H
expl ot hrosating cfarizeWwadiist hén ddqvermhie WDt haf prlnclple

FIG S$P+ul @nv@&tioﬁ] .an isonetric view of an alternate
enbodi ment__of a buil'ding bl ock for use in constructing

pliat es fofIRi nekets @ meaHEs1ly rexdodedahsenatitile vhew of the

10 priivenhecoholdie Jenyept igy, FIG 6A° is a schematic
representation of a contact geonetry of the buil ding

bl ock of FEFE&: 620 Al #B iisoaatrseometidaw wvifewaof , ahternate

ki nenedbcaifeHdt orShpwhu Bbdidg WOl & @ﬂﬂ?aﬁsangc&%QSérgktlng

i ncl ﬁ % ODEOSI ng, 15 plates each fashioned as
asse ﬂ}(ﬁ RE bYinededd ol Bkt of FRG a@@rd@rmdrea with the

SlﬂHCQﬁrldicﬁpmsedftﬂ’}ﬁf ghetMesdh;and nai ntai ning four
bal I s, écorgance wi th_t he, principle of the
i nvent i on I GPA6C P s 2arf SPEBAELT | tPRFCERRBRt e of a contact

Ki nengddretmguat tr%()baﬁlﬁ—l@ KRB cxheyer@s. ish ; woul d
appear qu,ligd, 6IIZBIGL 6D is _an isonetric view of a

ki nematic mount sSHowh adSPeNReS FEBp&dr 3 okkigmatig mount
i ncl udiowy al 1l weodidt iappedr bet WeardORPEASIHG1Rasey Opposmg

oA sl et LBkt 00 e Do Mok ol

i nverklasks PEGEIG7A6RNGITA 2 @pe cis odbdrdsed ithescBétyeen and

anot h@lintaining four balls, in accordance with the principle
of the invention;

FIG. 6C is an isometric view of the kinematic mount

20 of FIG. 6B shown as it would appear locked;

FIG. 6D is an isometric view of a kinematic mount
shown as it would appear locked and including balls
positioned between opposing base plates eéch constructed
from the building blocks of FIG. 6A, in accordance with

25 the principle of the invention;

FIGS. 7A and 7A’ are isometric views of another
alternate embodiment of a building block for use in
constructing plates for kinematic mounts, in accordance
with the principle of the invention:

30 FIG. 7B is an isometric view of yet another alternate
embodiment of a building block for use in constructing
plates for kinematic mounts, in accordance with the

principle of the invention;



al ternate enbodi nent of a building block for use in
constructing plates for kinematic nounts, in
accordance wth the principle of the invention; 30

S0/ 74%8 an i sonmetric view of yet another aféﬁﬁmﬁ@“m
enbodi ment of a building block for use in constructing

pl ates for_kinematic mounts, inlaccordance with the
princi pl e TGt HE | e | HICMNDIZOOBLL0PE2S8 kinematic mount,

PCT/ UsgRO4 Q43464042 arEalix%ed7(;LrJ S:xc%gr!:lac‘x%@tvylt% \@h%nggnc1ple

a kinematic nount, constructed arranged in
accor BgnEEev\nlf‘He’l‘W”pr?%lﬁcé’m Gfs tife tdrpeaananlocked,

ShOleﬂ&lﬂdln\@jOlébgogﬂrP@%ﬂa%Ql ogked, fas'hE".QhU&“ QQ aqp%.(&.hﬁgly of
shloned as an assenbly

t
?I ng’ﬂ%ag%i 0%f PEPRES 78F dt4- a7§pa@é¥d d"r1 sﬁééé%lr disposed

ther ebeé v@etweBhNhAL ia1g 1hgufobalksisFI G 7D is an

i sometric ﬁl-ﬂ(i%vj%f the kinemati¢c nmount of FIG, 7C

shown as it d BpfEart PEERELS FARY Of Ghe dijnematic mount
| somebfikIaL 6W ehoan ki ndraibeldydbar Il&ksaown as it

woul d app ! I o&ked and I ncl l{dl ng balls i,tioned

bet ween opposi ng' base pl at8E eaShV&SHsf’f‘ué’t negatip mount,
as&enbhywiof asheibuivaildg bppsds 0bcEdG 2AB, i.lﬁlcludlng balls
accor dance h [ of. t he |n ent| on; FI G

8A | sggn i so\gér?gt rblte(tl}%\?igéwgg‘lf’g%/er{g R399 BRSTRerr*s CoRstructed
al t er pat ererpotineent «of shdubhdldigobl odcsorofiISEIEN 7B, in

const L ueti 0GR @S.@ﬁ' fry p@lﬂg éogbfng}li'gtighven@lonl

accordance wth the principle nvention; FLG
8B is an iK&etdh clyi aw deomettic aviaw t der yerl sbihht enother

enhodi PN 0fe achibibd Hidrg bl)f)Ckafgﬁlﬂéﬁugl Np169% for use in
constructing plates for kinematic nount’s, In

accor BAMEFUSIHPA (HEPPI HerpliEnsratie mAveRti ol ERcprdance

8C i swath |ﬁwrptr&halmee\tyfofchaein@nft%ﬁher alternate
enbodi ment__of a_building block for use in

const ruct img pl & ed 5f oarn ki PETETSE Mot sof afdidlf Pangurther
for 25lusenadte assiesthireng acpl W abilydioly svcbcbuidddi NGse in

b&énzkconékructlng plates for kinematic mounts, in accordance
with the principle of the invention;

FIG. 8C is an 4isometric wview of yet a further
alternate embodiment of a building block for use in
constructing plates for kinematic mounts, and a frame for

25 use in assembling a plurality of such building blocks to
form base plates for kinematic mounts, in accordance with
the principle of the invention;

FIG. 8D 1s an isometric view of a plate for a
kinematic mount incorporating two building blocks attached

30 to a frame;

FIG. 8E i1s an isometric view of a plate for a

kinematic mount incorporating four ©building blocks

attached to a frame:



form base plates for kinematic nounts, in accordance
wth the principle of the invention; FIG 8D is an
i sonetric view of a plate for a kinematic nount

WoCRbPREakI Ng two buil di ng bl ocks attached 3fct/BsR04/043761
frame; FIG 8E is an isonetric view of a plate for a

Ki nematic _mount incorporating flour buil ding bl ocks
attached téCa ffEmis WD 2065Me 07528 vRET| US2004/ 43 E61for 2
13 FtiGerBkibSmédhi SQUBLELE: V4 hqr

Ki nenatic _mount incor porgt i ng rgdlmx u?lug“lk%negolbg&?gs attached
att acted *#8™&/ frame; FIG 9 illustrates a truss

assembl y thal nay :beusEramml oyed Meth KIBERILG. nay be
nnjunteng:(inst ruct,ggl and arranged 1in accordance w _ thig

pri ncTBHEYEE #HED| Av&iRFBRt I tPunty Fanskruptemreend carranged
vi ew iof aareotbeficenmied ROtpAncigl Bubt OthégiHb&%Jn‘%r '

use in copstr uig& ijrr}% plates for kinematic nounts, 'in

accor dancé Wi t h° t1e 3r HAEFPHE DfVieHe ot 1979 hpenepbadiment of

FI G allbulilastg atdscian £sbodisBENin OfcoRsSHEEAGR CRYLLYs for
confi]&lﬁrﬁgg hat, may _be enpl oyed with a buildin
bl ock &seg Poltn%%nntsst’r act aﬁFgg‘é%‘ycfeorw%hnéﬁﬁt PElhﬂfﬁﬁs,Of the
id® dooendance with the principle of the invention; 15
FIG 12 igran {songtric view of yet . anothe
: ; 1 : ;
enbodi ment “of @ bﬁ di'ng bl ock ef%?dffg%nﬁ r?flc’:élnsqt“r’ﬁi‘f? ffvity
pl at exenfaguks begmat thatmmayt $e iempdoged dantie s bhildigg block
princigabe oo tNRnsBYSME i OBioiElG 63 IS, an isometric
view of a coupling used ﬁg 265| nterco%ﬁ%%?tlbcui I'fHgs: P
bl ocleS AR edsHuEhe P ainGiate apfethe iinvericiomdance
wist h the bugl ding blockssets fprtbhibn EBLG 12 L;?ex{ Ol Mother
plates for kinematic nounts, in accordance wt he
pri nG"BPEBENE heti v etitilshngribdocks fog arsel sbmecehstructing
Vi ewgfatpkat €8x f Qfin@matic mounts, 1in accordance with the
principle of the invention;
FIG. 13 is an isometric view of a coupling used to
20  interconnect building blocks each constructed and arranged
in accordance with the building block set forth in FPIG. 12
to form plates for kinematic mounts, in accordance with
the principle of the invention;
FIG. 14 is an isometric view of plates for a
25 kinematic mount each constrxucted and arranged in
accordance with the building block of FIG. 12, which are
joined with couplings each constructed and arranged 'in
accordance with the «coupler block of FIG. 13, in
accordance with the principle of the invention;
30 FIG. 15A is a top plan view of a compliant surface
layer for introducing compliance to a kinematic mount;
FIG. 15B 1s a vertical sectional wview of the

compliant surface layexr of FIG. 15A;



25 kinematic nount each constructed and arranged in
accordance with the building block of FIG 12, which

are joined with couplings each constructed and
WolBgRes2k N accordance with the coupl er bl ocke®fis2bd4%e43761
13, in accordance with the principle of the

invention; 30 FIG 15A is a top4plan view of a

conpl i ant F8@r f a€els | ayesrtfigali eéc*oihmailngrie@rrplfi anceltexnate
a ki u FI S erti {i ona

Vi ewn%ﬁ%h%ﬁeg@ QEI i an(fCém ]'lgga{%e “PEYEFe o? ﬁﬁ 95A ducmg
2005/@@?52&@@@2@@%@&@16momnt H@ 16 is a

vertical gegtignal lgl ew gg¥%ﬂl der eese%q‘gggure 1t oaf1 ball
a conpliant surface |ayer it r oduc ng conpliance

t§ a denferhtyeMRdIAt; and FIG 17 is a schematic
representation of a baII 5 contact geonetry. BEST :
MODES FOR CARRYI NG QUT THE | NVENTI ON Di scl osed herein

are ki nemat i CHPSUNPEER R SPEREENRINTE BHE hENGHEIIAY

large trapgkéiodragRirbudesaand tiddnatlQ changes 'tmat are
nat ur al Qgﬁld artificial gravity environnents, and

accel BPEPIBNOf i BRIRICHHG HEGEe ekEarsliige &aﬁbFE‘éﬁqﬁerﬁn@ tilt

and tdmhgase iableath@aquigdd Yartﬁfﬁlbgh@nglrﬁvz.t Ndnvironments,
automatj cal | re-centeri nﬁgafter such st ur bances are

over ,28fhi cHT eduRBSS TGt R_r wi Sdeddbst antiBreyr  excessive

el i mdiaﬂp&Sc&:ﬁerttfﬁa deimnta@nagst avee C‘@H]tcflﬁc]@;‘j{/?r eﬁflﬁh.xently,
mount s dan ensure oper abi I [ t of _electr

mechafi%c A E SR s 18y &P 8 uATES* Rt ﬁﬁumqea are
t he drvaw, ngdich nre\dirmmﬁs Ioﬂ&thmefvﬁasensﬁoﬂfmaaney Seliminates

hadi cate LOLLgspONgL ee'c%m%glrs Othf%ug%g }@ ensures

several views, attenfion is recte
1A- D,Omiif?bhliw ustr atlectivanies evadt mpahapiealprisystems t over

ki nen®fdnCnBRi#d . 10 incorporating opposing rigid plates
11 and 12. For ease of discussion, plate 11 is
consi der eBeferfingst nsvat &ocandhs adEawngs, cotrsi dfe‘n@di alike

second ehate. 25hEL at st
13 T f% for?red tl'lﬁez?it%enﬂy fndhlahas tdar @@sﬁ@ﬁ’d S elements

hroughout the several views, attention is first directed

to FIGS. 1lA-D, whlch illustrate, in relevant part, a prioxr

art kinematic mount 10 incorporating opposing rigid plates

11l and 12. For ease of discussion, plate 11 is considered

ra first plate and plate 12 is considered a second plate.

25 Pirst plate 11 has three cavities 13,14,15 formed therein,
which are disposed roughly in an equilateral triangular
array. Second plate 12 carries three thrust bearings or
balls 1l6a,16b,16c, which are rigidly secured roughly in an
equilateral triangular array. FIG. 1B shows kinematic

30 mount 10 as it would appear unlocked, and FIG. 1A shows
kinematic mount 10 as it would appear locked, in which
balls 16a,1l6b,16c rest in and engage cavities 13,14,15,

respectively. An acceleration field, such as gravity,



whi ch are di sposed roughly in an equil atera
triangular array. Second plate 12 carries three
thrust bearings or balls 16a, 16b, 16c, which are

Woholwrsgcured roughly in an equil ateral trpengsoddossrel
array. FIG 1B shows kinematic 30 nount 10 as it would

appear unl ocked, and FIG 1A shidws ki nemati c nount 10
as i tlewd &iappelirc moockedl0in which balls 16a, 16b, 16¢

rest in a nga ithe , 14 ... Lespectiyely. ,
An accel erllzgtai%gg ?lfe%gg %%cﬁa%é; ?ié%]ﬁte)}, %&256#1%%"528““}1
15 PCI¥4JS2684h 04 3e6nehdighkd aki netmt | theountiréBtidi at e§  the
11 ang Naye,paral{ gl back surface i re each = .
per pen%l‘fj%ul a:é ?12 %ﬁéelogi rect gnli&f qt%écypgéég?%rg%’fedﬁ and is
fi%l deomigleged1aj basgpréatey fibletde aAdibspSesented against

consigeneda BosendlAlRiPlats 1R g pr agaj nst .
pl at egl‘l by thg acceal%té:%atéi oﬁ fi é%ﬁ.ﬁq‘yp?%%qfaﬁfiyéngﬁ SBiect,
obj ecthichHiscH9ts shern shdfnsupar iswpsefmposetaton 1 atrel acts

12 angls Wﬁoa@soﬂa%!ié)@éj 19N pl@ke ob2ecd e PLG, gﬁfgtplﬁnent,
a C.

an instrunent, i xture, a structural support, e

The paytoddTappPi Seredural ppurerty ehf- beThaugrenped applied
wid h ed podhid i1onadan dePlaugfleneXd e nad d.rﬂfaldéﬁ.'%ggnaf,ucgbplied
as with a hydraulic assenbly, a spring, etc,.

Ref er $¥TfF"Fo BP .erl@'anﬂlcfc,ascé‘(ﬁtgy a1 3ydgsapbf cagsembly, a
cavi t ypdihg,seeeested, and cavity 15 is flat. Cavity 13

is 15 referred,to as one, cavity 14 is' referred
to as a gngg\?é,“%dtoca@iGt%y %53 i3 dtter FBYLEY &3 & conical,
pl anecorityeddsss cBaltlesl, 16ad 16dyityc1bace, fland acevity 13 is

it] [ avitie 13, 14, 15, respectively.
en t?%g%aeﬁ c&m%%talcfgﬁlse’l SER&GY a¢ slr%v\ﬁe#erfrﬁ)féato as a
1A, toeoous:f aveé ofvidal L516a toisdres tbea?(r slmhacer ofecess.
cavi ty, {3 ats.t hgge ifts ( i ' e Q three ...
poi nts cal I'ed 'cr o(/\}}é)cgo%r?%é) %thgrgu%%\lﬁéeloc??g%%l thyefpvities
t ouch®d Favtt yregpeat ivady poi e kindme biec sunbéic20ofs locked

bal | a§-6§hc§v9#qn1e%‘1§@\/hﬁy ’gﬁe agu%%ep%ifnkalirh§§§ §J>L?%hes the
cont act points are ri I d contact pol nts.
20 surface of cavity I3 at three points (or in a circle of

three points called crown points), the surface of ball 16b

touches cavity 14 at two points, and the surface of ball

l6c touches cavity 15 at one point. These six contact
~points are rigid contact points. _

25 FIGS. 1C and 1D show the X, Y, and Z coordinate
system of plate 11. The X axis passes through the center
of cavities 13 and 14, the Y axis passes through the
center of cavity 13 and is perpendicular to the X and %
axes, and the 7Z axes 1is perpendicular to the Y axis and

30 parallel to the directiqﬁ of the acceleration field. In
some instances, the geometry of plate 11 can be adapted
and arranged for causing the Y coordinate to pass over the

geometric center of plate 11.



25 FIGS. 1C and 1D show the X, Y, and Z coordi nate

systemof plate 11. The X axis passes through the

center of cavities 13 and 14, the Y axis passes
AIR-48e center of cavity 13 and is perpepdiasdotdnssist

yg;th’% >§and Z axes, and the Z axes is perpeﬁg*cﬁ% ar

to the Y axis and 30 parallel tpsthe direction of the’

accel erat iraatébseltl. ahd 150N RSLANGES, dd N LECR/FEERYedom to
of plate 11 caq:.be adapted and arranged for causing

t he Y'T0or df frt'e "Fo gLss T 1HEergeotBLLIEiRENt BhE of three
pl at et ddns 101 20856167%528hBCKTUS20844 043 4k s]16 arfd adRS three
11 and 12E[ieach have si x degrees of freedomto nove

r el at TV H G Eacdt 3 er EhsThe| R t he: (ERAEL, By (pitch), and
t raansg athens - . Y @npd e the.thre
Sé_th@ﬁ ak ﬂl@%li‘ l'l?x% Oél’r%)réolstio)n’%ggt %Ig%éﬁs)z ’Setween

rotations around them hanely, ey(
and PFYL APanRrSr esFéeyi 48| gonTtm inhmesiconbachlaentisl and

bet ween i.balHe Lea @nﬂ, C'f:l,\llgxyj ]ZStg:gH§§_£ i ! ti of
pl ates 111 ande 12e| n the three XY, aﬁ%&zsrm 'I@ﬂs, ball lé6a

transiift i GRELEYThaS, aF8l | thsaPTHPRE Y a¢PRt 3 ndr eof héinematic

pri madighronst.r ai Dhe Ofcwki ROABLEEE pODWY HO:welhe dM8 16p
contact points between ball 16b lgmd 10 cavvfety 14 and

cthst ¢t Yndei ePrUiragnapesian ofnglapes nllephpi L2hin Ggrptitch)
ex(to \ cti Bal,| 16 nd cavity 14 are the

secon%i‘l‘a&r ﬁxgﬁénlgsr'akﬁgﬁ%?tll%%gﬁat ]?%ﬁrrgl?ﬁt 239, 4 Ef7 are the
the seqmgidergontastryigitntofbétineesntbaldouhtic 1and eankidy, the

15 congfiai pg,omtd on0fy Pl 1 12.in ez{yaw).
Bal | 16¢C fS an%l cavi ?’f/) 1% ab?etet%gg%t h%qtqerf?llﬁgryané c\‘%lt_y 15
consteesHraghs kingtgimat o€ photed 110andhusernob, pradhiynaryall 16c
skd 1wl .eadiky preciate that kinemati.c nount 10
i i;é ri %I}Igd,éa%g?t ér 8? grésc%}hen&ertﬁgrﬁnS%n%W&ﬁnﬁr ognt%lnematlc
magninerhdE dlst uThese e ofrdihary adcéllewal i oreddialydappreciate
functy o ng, l.qck es; ol 1; and. 20 together. In

accor dance %/\ln{ét?'ﬁt?%e ngru%tﬁc?lp elsgofgl%%%’ i%r\‘/éentqlggﬁ? ore cannot
di sclRl@é@crer @inguare peofler mednétdadi néhttamdfances  of  the

ﬁggﬁ%dﬁgeé?g?ﬁggﬁga f%]cﬁ%ln§ﬂgetgnql$lc§r pE}.QQes 11 and 12
2 together.

In accordance with the principles of. the invention,
disclosed herein are preferred embodiments of kinematic
mounts that can balance angular and magnitude disturbances
in the acceleration field. Preferred embodiments of

25 kinematic mounts constructed and arranged in accordance
with the principle of the invention include rotating
balls, rotating balls maintained byl a2 spacer positioned
between opposing plates, and/or redundant contact points
incorpofating compliant features in combination with six

30 rigid contact points.

Considering| now preferred embodiments of the
invention, reference is made to FIG. 2A, in which there 'is

seen a spacer 17 for a' kinematic mount. Spacer 17 has



in the acceleration field. Preferred enbodi nents of 25

ki nematic nounts constructed and arranged in

accordance wth the principle of the invention
WoSlobdfsd9t ating balls, rotating balls mai ntginesdedhisze
a spacer positioned between opposing plates, and/or
redundant contact points incorfbrating conpliant

f eat uFB2eTivadohbraat 1 oh MRkt h8siform®d theietloonigact which are
poi Nt srrzRuasi depihggh powprefer : i mepts of .the

i nvention, refer e%lgeyni s made t%c‘ﬁ%l%@%%i iﬁ}l\/ﬁﬂg@%ar. array.
t her eBP%es séBar Hrypgdeereach f secalud nbhatein mbant rotation a
Spacesnhisthas@ng0Q3/ 144528 PRI/ US2004/ 043761, 17

spg1eri cal, bores 1§a, 18b, 18c fosfgrl;é%%t ﬁlgf_e% r%ﬁéﬁruﬁﬁ?%h"f a
are AMrHAGEAFblght9td mmadrréebi pat epmttinationguEaraterials,
arr aygucl'B(Hﬁsst]e%'i,, 1%b.uﬂ=\§ﬁu1€,acpitra%q.%.fnye E.Qg{fé,n%toc! Spacer
r ot ati_ﬁn a' %}hr ust bearing or, ball. gpacer 17 1s

constT Uct®F ofa BPEIFRANTFarted ri greh meaer iyl wplding or
conbimattiionngf @t erhahSonesUERoAS St @8hra B RYM i 141 y-
t'tanéf‘ﬂxe@ astic, etc. Spacer 17 can be .

i ntegral f BT ey, such as by nolding or machining,

o0 Iashl Snﬂ‘adniyg)mwo pIFRIDSgI.l tZ%B of%ﬁéglzﬂ,ﬁ i@Iltlbtfﬁﬂied is a
parts,. r n .GS. n , illustrated is a

Ki nerrkaltnljec a%%n%&%bé %r?c&?ﬁ%%ﬁ%dngpﬁ%‘??@gr idfddpptes 11a
11A ard 11X, respedtiveély. Phlattes 1A apgd 11My’ ak€e each
each ; ddgnatieal  t teg 11 previously discyssed in, .
conj th.cti o%b vvl;:%‘)hlg:tL eeaplrell ?regrrl u%%bo sr‘r'élr?tseaeéf’gﬁ%’ijéﬂ‘cuon
10, &b tthesprgod Satfe ampddinemodtiddighatbe PULVERUSE is to
disscussi eRadfsdabat &kt APl iLs LQ-eaGh Ol plates 1

and 11A' . Like plate I1, pI%Ifezfs%%?FA%%ﬁauii%’n e%%hp}é:e 11
i ncl ARPIESSi fPe§2eB, oF, Phateh Lidhiatd fIJRGl arliitke plate 11,

ref engneeschamaci &l s1d8, 14adp fc1 HRNNGEH QR Wt -
plate 11A incorporate A deaéi gnat(i:ons, g%lrtg%p?ec]’(ap\}éf%/?’ n

and réfélenc@ ch&acteys 1SLerents | ghagonprt i o Wi b5  in
pl at exchhBctifgonpenal gldke desh gNaldo2Psratd €SPEELLMEl Y 1 ons,

20 respectively, and reference characters 13,14,15 in

connection with plate 11A’ incorporate A’ designations,
respectively.

Positioned between plates 11A and 112’ is spacer 17

with balls 19z,19b,19c disposed in bores 18a,18b,18c,

25 respectively. Spacer 17 maintains balls 19a,19b,19¢c in a

roughly equilateral triangular array, and balls

1%a,1%b,19c are, in accordance with the principle of the

invention, free to rotate in bores 18a,18b, 18¢,

respectively, in which spacer 17 and balls 19a,19b,19%¢

30 constitute a constrained free body subassembly. Spacer 17

has opposing major faces 17A and 17B, in which face 17a

faces cavities 13A,14A,15A, and face 17B faces cavities

13A7,14a7,158’ .  Balls 19a,19b,19c are not only free to



Posi ti oned between plates 11A and 11A" is spacer 17
with balls 19a,19b, 19c di sposed in bores 18a, 18b, 18c,
25 respectively. Spacer 17 maintains balls 19a, 19b, 19¢c

@aﬁﬂ%@v%gl y equilateral triangular array, anﬁcﬁﬁéﬂoﬁmmm

c are, in accordance with the princip
the invention, free to rotate i bores 18a, 18b, 18c,

r especstate y:;elartlwhl o spaesr ish,and, bed) stﬂ,&a ggpo 18¢05ect
30 C°Q§\Ilb7>t ute a %onstr ned free bo% subasse

Spacer HKaSToppoEt ?Anﬁ 8r 1 TRceJHEPAPEALS 1]7%? ]19FP 19¢c are
whi chdita:ts:eae]ﬂA if acksreavi LB£s1d3A8L4A, kApedtdvdBLE balls
17B f avigli AL 14A) , 16A Balls 1 19b, 19c¢c

are n:gfaeglr%%y %egj? c]c\%\‘ﬁ bet f@f%z@fpﬁﬁé)‘iﬁzggﬂf/ 043761

18 rot at Bapdbatiqee 1Pb, b%cresré8azr]aab;ca18by theylBy&Qzed, as

pr o] ar s 17 B. bal |l s
19a, %{)e 1glg£§€e 168. '{é%%?gs or es ]1% ?L%%%rlb aze somewhat

r espektigfs Ehapabptls 194, lgb; 19, acreapethvdlar,ed:hﬁahtpermits
of spaceds liss, 3 sBahbs @gaa& Q%Jg&&%be eEELaPég and which

equal | y-si zed, as are bores fes’
18a, IBYMigE APalkonkimatob, |1§pgefrotmahab@| lrelative to bores

109, 104%,4190, 168spectively, which permts bores
18a, 18b, 18¢c to accept balls 19a, 19b, 19c, and which
pernits balPs 78asPows 18tnanstist ApEnk bt Pyeit owbatdsappear

10 18 1brediBcankt| £3c.2BESBRYEs KiinRmBELE ADHM Z%Oagslﬁtwould
woul d a ear nI ock% and FI G 2E shows ki nenat

mount? G@dul df eaﬁﬁBSFa¢JéEké’§tw?ﬁ@ %ﬁiﬂ#ﬁatlllénllf\’ and
bet v»emqm::aues iklAxddderaRd r5PAERE PUrdSsLXA098R AL ion.,
é’p]%f“%kcg|0Isllstrat|01}I 15, In the |ocked ,
p05| t| on ih E °%patRr 17 FncPbdi f§2ceal £4 including
19a, I&L1B9cL 94,4 SbamBo chedsbauwmmqolmet*ca&_ei;l@lamds 11A and

11A" 140 whisgh ls 1 b, rest .in caV|t|es L
13A, 14A iBAlreB'gJelctﬁl vg’?yigofﬁ ]t%'tﬁﬁ gt ni® cavities
cavi t3%¥s L4apABA 1 4pespBAivet espett plety, 104, pdnai eidléavities

An 20, aecelgr aison flgéppec%ligglys gravi 1F}él’&ltensu]l]%s,”t he An

| ocki ng of ki nenati c nount Pl at’és and
HR e %ﬁﬂq&pFéFlon field, such as gravity, ensures the locking

of kinematic mount 20. Plates 11A and 11A’ have parallel
back surfaces, which are each perpendicular to the
direction of the acceleration field. Plate 11A is
typically fixed, and can be referred to as a base plate.
25 Plate 11A’ is presented against spacer 17 and spacer 17 is
presented against plate 11 by the acceleration field.
Typically a mass or object, which is not shown, is
superimposed on plate 11A’ and acts as payload on plate
11a’. The payload applied to plate 11A’ can be augmented
30 with an additional external influence, such as with a
hydraulic assembly, a spring, etc. 2As an example of this,
FIGS. 2F and 2G illustrate kinematic mount 20 as it would
appear with a spring 25 applied to the back surface of



back surfaces, which are each perpendicular to the
direction of the acceleration field. Plate 11A is
typically fixed, and can be referred to as a base

Plate 11A" is presented against sp .
gh}%&‘s/m?s@.s 31%(5@%2@04/043761

spacer 17 is presented against plate 11
acceleration field. Typically pgmss or object, which

is n%laﬂﬁaOVmLA" SppiYRes| aaosae{leﬂorpdlat&t&ﬁalamgcﬁﬂtgs force

as p ad on plate 11A'. The payload applied to
pl at eé/?tqﬂne%f‘éﬁf rAEdt e d¥'39- v@glﬁ-saﬁ 88eF t91evarional view

ext ereml kirnafxﬂalit&BCpruﬁtICbOaasV\lllﬂ:h v@ulﬁy%?&%ihcw:.th Fslprlng 25
| S

2% antBaeR [ 8t o FRPhe i B hog B s 114 moul dhose of

appeasrdiinatya ssqiﬂﬂngnZStmphredwhmlt heabark Spﬂsf@&%t@f that
WO 20q%4102?28 PCT/USZ%O4/O4 late 11A
appl yi ng an addrti SRdl “Ext"& roc’aﬁg gt ethg glocking of

ki nenetriematmoonhoR: 2BL G ZG [ s a side el evat| onal view
of ki nematd S ul d appear_w spr.
% Bfgpﬁﬁg:éggﬁl éh m@lsc BBt@flf teTﬁés%mde in

25 applle surface ©
of 5 endimmatfoskiith ithet kebagdimant Idelse@mlaﬂeyi appreci aid with

that sﬁgéy%ﬁcdggfgfghdga%: %Tﬁsengor ng ? Eﬁ are each

I'ockiTig of _ ki nemat|c nmount 20. Consls St
di scusdtisirloflipkat eCOIleP)rmd?eVP-hleeothricﬁtAl’onrw ehclt herested

embodi Nt dgss ﬁed §Bd1%av§@§e\£" thys 1@x8pegid '%ach flat
reference to Fl G cavities 13A, 13A "are éa

coni cét- ir. é’lané'éné’s) Iegavsesles 1W¥\6114Nn%¢8€tlea@munt 20 is
cresteskked - ,ngrmseS)zEa&sﬂdC@wttﬁé 20y 1P Blfthes the

each fl at (| anes or recesses) When ki nemati c
TGNt SHG A8 o Gﬁl@atfésl?fh ¥ GPTTE RifAtOFanE hhpatyrface of

19a teuches ishe 2% suef psentdf waMi tiovpl3IBudhed h&@ﬁty 14A at
poi nts and .t he surfgﬁe of caV|t 15A" at one
bal | 1%b RUGERed EabPEy 15703 % i PointéPrand tT’l‘é° ‘points,

sur f aamed obaLhviley ThAchas lcamipoi nisa, zﬁﬁndn$abblﬂ80and the

t ouch aV|t 15A A g point and t surface of
cavi t%érf%,& r%g‘lgnt Heeabrt SI3 can be

f&r med as CthLtyarlQquaam pré smmaed as a triangular prism, a
mﬁlti-angular prism, or as a lofted surface rather than a
cone, if desired. As a matter of example, FIG. 2B’ shows
ball 19a toeching the surface of cavity 15A’ at one point,
and touching a lofted surface S of cavity S8’ at three

25 points. In this respect, i1t is to be understood that
cavity 8’, which is characterized by lofted surface S, may
replace cavities 13A and 13A’, if desired.

There are six contact points  between balls
1%a,19b,19 and plate 11A, and six contact points between

30 balls 19z,19b,19c and plate 11a’. The three contact
points between ball 19%a and cavity 13A and the three
contact points between ball 19c¢ and cavity 13A’ constrain

motion of plates 11A and 11A’, respectively, in the three



mul ti-angular prism or as a |lofted surface rather
than a cone, if desired. As a matter of exanple, FIG
ZB' shovvs ball 19a touching the surface of cavity

0§§iﬂe point, and touching a |ofted surf@gesa604Rfi3761
cawty at three 25 points. In this respect, it is

to be understood that cavity g which is
char a€t e¥i zadt by tmrtse'l@tsunﬁaceBSJ.lrmya sepl ageity 13A and

cavi tj o5 L3A an g %§@l ESIt%ggtigﬁeiﬁlsacr %H%ﬁl the primary

cont act” points etweery
11A, eonbtgeintont alsanmltmcsmbetx‘we%m 3(rizaltwe contact points

19a, 119&‘4%%9 8991 PigY %nliléavn:lﬁg? %‘E?h tt%?o coRPLOL S

bet ween bal | 19a and cavity hr'ee “°CoRE adoints
pol nt‘%e%@ﬂ/een ]q?dlll 19%Pand @i t ycaBity conb4dai n together

Dt i gt 8k 27 85 AkbA ang A | xel yyod 0 ,
three. WO 2005/ 107528 PCT/ US2004] 04%%%% ll,AY gggd ZIA

t r anstesdestisveBad | 1098vépikaddavi and 18N xcandl. babilll9¢% and
and ¢ \;tt 1?% taqlgjettﬂ)g&lco tltutﬁetlélab rlﬁ?‘é‘ct fogether

constr al n I nemati ¢ noun
poi ntsonsdtweentiraldecPdbaandecamtichyn 44F anichefaeit Woount 20.

cant a@ina@.@.‘ynt $he %.tn\ﬁq.%n ltacilg%oiaLPg %@é{ﬂgé’ %\é\il 1% and

toget her, ., constrain/retar ["at'es
11A , Caidgpesh| vary, the Vy(gdet chytastd mnn(cr blet’v)reerBabdll 19¢

19a azﬂdi EaMichY 158AcoaRErRAl | ndOaande cavidas A ang 11a’,

together constitute the secondary constraint o
ki neregsreciduety20in 19 (Pawhl | yBathel®: nghe caovittactlSa’, and

poi ntypat ween kal !:a\é%ﬁggﬁ% C‘t%‘ébl:?{déw&ns%'lqié tgé nigereclary

cont act p0| nt betwe cavli
clohst P sreadet off dfinprates MPEATaRE- 11A'

respecti Veb¥andd) 8a{¥aW o, Badd, 1392 a0d g vity,
and ball 19¢ and %awiﬁy I5A, fogether c%nstl ? L txed,

tertiWy A coifdthesi nree kitﬁerrﬁPF%t?muﬁ@lEQU‘feBect@usé)ores

bal | s1d0a8b9h8d 0k ideaBOt hdigitdloy @é)‘li&?dacco%kn@é Gith the
rather free.to rotate relative to bores 18a,18b, 18c

Ki nendtitSIRbENLE 20 0s  19VE N5 R0y dSPER AR t hihis  compliance
0 ncpgdretef thﬁnematanu ofpugONPldant .toThi ayeemtd13RCe and

automatically balance angular and magnitude disturbances
in the acceleration field. During balancing events, the
nature of the motion of kinematic mount 20 is mixed
because the rotdtion of ball 19b between cavities 142, 14A'
25 is non-holonomic in nature (i.e., a reduced-friction
rotation), and the rotation of balls 19a,19c is holonomic
in nature (i.e., an 4increased-friction rotation). In
other words, balls 19a,19¢c encounter more friction at
their contact points when they rotate than does ball 19b.
30 Friction at balls 19a,19c imparts damping to kinematic
mount 20, and causes kinematic mount 20 to automatically
re-center after balancing events, in accordance with the

principle of the invention. Kinematic mount 20 is,



20 permts kinematic nount 20 to dynam cally and
automati cal |l y bal ance angul ar and nagni t ude
di sturbances in the acceleration field. During

W Angiongasevent s, the nature of the notion opcrrus2004/043761
kinematic mount 20 is m xed because the rotation of

ball 19b between cavities 14A 124A' 25 is non-hol onom ¢
i n nathexeforee. 2 momdvioednici kinamtirohatitorgue avdthe non-

th 1 1 hol t
(i e rﬂ%ﬂ;ﬂo%cogagﬂ PE %ﬂe 3.9&ta o O gnkg)rqls lg?hggc.ure

e., an increased-frictron ro |on)
wor ds, ballhe rohaiiden efccuiedd wibr gihenatiicomoant £heis non-

t t | ,19b.
ot ot ol 2 155 100 eaas s ey (B jthamapPRosing

mount @0t tigRd ehuseabasnedddi élﬁr{oum’c 20otches are parallel

aut Onﬁéldlﬂlvley tol %h@egﬁgfhé’g t erTl'peal Gl RG YOl Pun I J¢ a ball
accordance with the rinci the inventron.

Ki nen%’ﬁ%’%&ﬁrogeh@ evbaégo?/erwsqsthe two contact points

PCT/ L&Q/%ncmgﬂél p2h1 t ey efwre, oﬁ?gﬁ_glr%hgbggf{l%&el ofsurfaces .

Ki nenmat i nr%%nt due t%f@he non-

the r i off6f PAPTROLPESMiG. chpractsEattih &Ff azbabpll of
OJLO klnﬁmiftaltdfcllmwhht]?QGhS ﬁ&)ﬁé’lyhohﬂﬂgnﬁ&cdrfdlttﬂSnal reduced~
abut t Surfac of t posi ng cavities of .
pl at e J%L&OflAT‘ etlaltlf’Bu es‘?agéigar"gl ImepaELe i weuph 20, is
one amotdier. JHly axd stiod sotﬁdceﬁsn of ehdabhvieddLnels plates
t hr ou t.he,bal,l e two contact. points

bet vve:gir}h‘t 13 baﬂ ulvf o%c posi Y pBiat 1&’1 srtﬁlla§&<¥§ to one
Thus, amdrtélerxon Mgtwn,c t@hahammm ichaﬁictae:halthcofaf 18 ball
rjéﬁﬁtq'g%'}ﬁfﬂ&légaczrgour{p% yha{nQ %n%?%i:(l? 1011 1ncxeased—

riction rotation o FETHL]
mount £Dixtios  watstied &ﬂyaubaiheogurlﬁax@@stm tnhent 20, is

cavi ti el Rlakes: ¢ 114 1&&:f£&a9s bad 'tl'iéJUEQx?ft:ﬁerse of plates

parallel relative to one anot Mor eover
hol onbhctiéhar Het &PPshee GFea lb%H | Pagab¥eki hemattiec another.

nount yébndi@mehyl, t Beacandishi0pddn LBELEAREs ffkhﬁ'g@b of
rotation of a baII of kinematic nount 20, is ensure

y FRYREISuMeIREs 4P theathiAtgdkeafausrattde surfaces of
11A 1d#vidyt t4uches tanehsodt apar gakgh140 epe t@:@ou\ﬁffaces of

cavity 14A’ it touches.
Unconditional, increased-friction rotation of a ball
of a kinematic mount constructed and arranged in
25 accordance with the principle of the invention is achieved
by orienting plates llA,ilA’ and posiﬁioning a ball
between opposing cavities 14A,14A’ as in kinematic mount
20. Unconditional, increased-friction of a ball of a
kinematic mount constructed and arranged in accordance
30 with the principle of the invention is also achieved by
orienting plates 11A,11A' and positioning a ball between
opposing cavities 15A,15A’ as in the embodiment of

kinematic mount 21 in FIG. 2C. It is to be understood



Uncondi tional, reduced-friction rotation of ball 1.9b
of 20 kinematic nmount 20 is achi eved because the
surfaces of cavity 14A it touches are parallel to the

Wy dosoRssef cavity 14A° it touches. Uncondi tp@ied2004/043761
i ncreased-friction rotation of a ball of a kinematic

mount _constructed and arranged 42n 25 accordance with
t he pkhiafci pplatsts t HelA Avdht | oani s eachi eviegobyorate  various

ori enéénﬁﬁn@t@&fﬁ &é%é«lﬁle‘%‘”‘}oEO%\.‘chQ&‘iﬂ}g rﬁ)nb-ﬂoh_onomlc ball

bet ween opposi ng cavities as I m ki nemat’i
mount AT 1opE c orR 13 éﬁéPCte?qq@rué‘h@édh@rqménb@lﬁl aCObaI:fLons

of a ki nmbtﬁlﬁ@%cﬁﬁﬂéifﬂpt&d reBd 8¢ T angedakDe mount 21
accordance 30 with the prlnC|pIe of the invention is

al%so0 Ht uéj\‘?édpﬂx?te%rjr%ﬁ Agr pPat edPacsk fiAmagngaining balls

posi timniuey, asbal | het weesn -APPOSIIE Cavt n%%eé5é,115$1ates
as [ 1t}{]§ nbodi nent, o ki nematic nount 21 in FIG
|

o B eurPEERHER VIS FU0SR1GFospacer 17 such tnat
PCT/ UBRO0 410487 6dc Aburthatl pkateskddANd Aur€abe €8€hball 19a

i ncor,porate [ Qus nat i ons, of cavities for -
pr owtgp n% no\r%gﬁof'%ﬁfoarﬁed aICFVlF%tJa‘? 4 ¢tfs thERE Roints and the
sidl ectwifavenoér chvl gndia¢ kal kws opainioN)s thBek@EFid) of ball

specifd,c E 2 i pematic_mpunt 21 :
i gcl lic ebsa%%/tcthtgg f%gnﬂgukang §PacBPHF n%rl%t‘g]%isﬁjgrface of
bal | scavidy, 198, 18t. thre¢ psirdwhodindenhedest fmnat et Zhll 19c
pl at etsoucl'x%é L1643 @ f50rdentat §g115§| Ad UG, %&% %geerotl7cavity

such that when Kinematic nou 'S Iocke
sur f ae@'ofthart BGat.t ouches the surface of cavity 13A

ats three paunts, and tig 1Qm}§&Hlfrr@(ﬁ% Oéf C@th ykljn%atﬁé mount
two points, the surface of ball 19b touches cavit

14A acfestl\%‘aﬁeijn% afld FhersupFaceisf C@mﬂcﬁy H@@Atsatbetween

thr eaoaQ.Q.lsntls_-)a and, 16e swdfacecof1bal | adPcss oughes points
cavi t%Et 15A a ﬂ;e poi nt_ and _t he surface of cavi ty

15A° RAtvER8 p‘%"i‘ 122 AP 48ci RcheP bbb dithBht of Thie three
Ki nenedritacowiti ntdebegnasedoatl 2104 hehe @LQi8yX13A and the

Cz‘ff‘t accg g:cgct)%oagt%;ween& ntqlglt%ve%ga 199, 196, and,p lcgzr(fty 1327
constraln motion of plates 11A and 11A’ in the three X, Y,
and 2 translations, respectively. Thus, ball 19 and
cavity 132, and ball 19c and cavity 13a’, together
constitute the primary constraint of kinematic mount 21.

25 The two contact points between ball 19 and cavity 14A and
the two contact points between ball 19a and cavity 14A’

together constrain motion of plates 11A and 114/,
respectively, in Oy(pitch) and 0x(roll). Ball 1% and
cavity 14A, and ball 19 and cavity 14A’, together
30 constitute the secondary constraint of kinematic mount 21.
Finally, the single -contact point between ball 19¢ and
cavity 15A’ and the single contact point between ball 19¢
and cavity 15A constrain motion of plates 11A and 11A’,



between balls 19a, 19b, 19c and plate 11A' . The three
contact points between ball 19a and cavity 13A and the
20 three contact points between ball 19c and cavity

WSk ain notion of plates 11A and 11A i’(f’r/fﬁé‘z%04/043761
three X, Y, and Z translations, respectively

ball 19a and cavity 13A and ba3| 19c and cavity

13A', requettherlyconst b (yae) t he ganinapy eeastadify 96ar, ang
Ki nenﬁgjblc unt 21. Zg J;%dtwo contact points bet ween

bal | aned ERG £7VIaR t9EethRE Eemt bidtutgoithestertiary
bet vveeomijadallnwaoand l«jaumtay1&4ﬂmoumpgegmer cogggg@é@ balls

m)tl o | ates_11A apd_11A. respect ively, in
. (pi tc %%(fr &FT) n%gl FLIuh Yo ff 18561 t 9“54%“ aﬁféither free
bad | 11®ar<atﬁd:ecam1tayutdA=tp boget heBa 3(BK,QBSY, | kihemdf: mount

secongary;con of ermtl c unt 21. Finally,
99 Yi§ ‘?.:B iﬂnt cp 158 aﬁanar&aa%lll,yy and

the single conta t pol nt et ween
15A" awePraftécaihyl batameacanpoiant doetvme;mhxakﬂla H96turbances

and cayi k%154 LQRsSLEALN n of .plates -11A a
11A .~ WD 2005/ 107528£g6CT/ %%%&/04 %1 sprface W cavities

r espettAniERy bakl GZ—’(W&W)JCTI%IMel%raMIeJ;aMtq,neléﬁother As
and  bald, 19ecAndnca ty,15A oL oget har _ ﬁcgggﬁdgl Wt elnt Eature

tertiary constraint of kinematic nount

bal | SK1PR¥2EEgh, POUREr e 2ot ifsirgi dihprafpixed, abutrloar-bolonomlc
rat hekidan® 15 houdtot ate rel ative to bores 18a, 1Bb, 18c,

ki nematic s conpliant and is able to

i
dynani cal Ipﬁg?xﬁ%‘mgau%‘?mt fRal By WdeBAEES amgBttar 28nd which is

magni d:&rtﬂrdbﬁédﬂrmcmamgadt h]ﬁ acest il 9Athi ehd. pl-‘.r‘_hlﬁ:lple
all 19c touches are

legfa(%: S %f 1%%\” Les, . C)ﬁ{ée o g -
ar al SRE 5ROt het ' CLAGeT 0P Lates TdvdtPon a1d baacer
190 |sncri®1|d=1hgal omafdile | r19raa11915r:‘19c Ki nematn ¢ 90Ut 2dbodiment
is n nom emati c nount .

Regar‘%leeJ %&F%ﬂ %b 2% Herrat .@%ﬁfﬂt B2 quteshafed relative
consttmc&meandhrsuahgemat nwisac orid@naei i hbudthe21l is locked

rin fo nvyent i ncl,udes pl ates
glA C&fFAg ,esuar%gcgpa%:g?alll7\iu%%c|t§gf?1‘l§ (a1 SUFRSY OBt 1Eavity 13a

|2rPthqt's BHsedinpdnts and the surface of cavity 13a’ at three
points, the surface of ball 19b touches cavity 14a at two

points and the surface of cavity 15A7 at one point, and
the surface of ball 19c touches cavity 15A at one point
and the surface of cavity 14A’ at two points.

25 And so in the embodiment of the kinematic mount
designated at 22 there are six contact points betweeﬁ
balls 18a,19,19 and plate 117, and six contact points
between balls 19a,19b,19¢c and plate 11A’. The three
contact points between ball 19a and cavity 132 and the

30 three contact points between ball 19%a and cavity 13A°
constrain motion of plates 11A and 11a’, respectively, in
the three X, ¥, and 2 translations. Thus, ball 19a and
cavity 13A, and ball 19a and cavity 13A’, together



desi gnated at 22, plates 11A 11A are orientated

relative to spacer 17 such that when ki nematic nount

21 is locked the surface of ball 19a touches the

S JoagR7els cavity 13A 20 at three points and pdBus2004/043761
surface of cavity 13A' at three points, the surface

of ball 19b touches cavity 14A 24 two points and the’

sur f ageP O tadiei tpe 15ALmaty openpoiain: axfd kinheasiy facent 22,
of bathe 195 Lauehes LaviLy ! Lnt . and

surface of cavi @éf&ﬂ ¥ bé@ﬁe%‘ n%lﬁ ggb ’Iubd cav"LEytjﬁ%A and
errbod’?%n’?w@ffl@rtf@% rP@rmﬂiﬁcbm;uaen Hesl gh®t eghdit c@@ity 1427
therecdydraiX CRALALL 1 POI RS et ygen s '
19a, 19(96j 19crand pl at el 11A, an swcg%tgg%% p%)lzr%t and  11a
bet me’éﬂ?ﬁmtllyema 19b %ngliaxm phaﬂee,l(ln‘bl.l)The Bmleewb and
cont act t,5 b a 19a and it

t he g% \ﬁ%&eq‘ﬁ nt%glgfgg%?nltl be?vve‘é‘ﬁwb 1%93 ﬁﬁHStltute he
cavi t yeIBRaryc oAss terim troifi (knnematpicatmnﬂgzandﬁﬂﬂly, the
respegiiMel YoonkQet 1HS LN Y, translatjons.,
Thus, %\i 19a and lgl%Law tb%etﬁin bagf %1 af%a °and Jc Psa’ and
cavi t?hﬂswnglteog@ﬂhé‘?t WPJQIUOE#GIWF@ZS bRCT/ US2084d 0437161 154
20 cosdidahembheoPrdaMBINa+eansg s faky Ki -
nount 22. Themtvvo conf{rg{:t poi nt's %e?vvgj;‘zh brﬁ%%%ﬁglve%’ h
cavi t8 (Yaw andalfhed% vindcoavaty Point sanbeba(\Elen.ghalahd cavity
19c afuh cavi 1 %gg copstr ot i on

pl ates 11A gtg%tl%%' ggtgg%t i \glg?y, Q?J:nclﬁre/pl f:%it%‘ih’d‘t of
Ox( r ofinemapaF| PRt akd - cabetyusedpbakled bed I19b9t%andre not
cavi tyi didAy, a@@ﬂ?édt%h% EPS r ‘}_”‘}%X £ONSLIBLNL fat ve to
Ki nematic mount 22. Finally, t si ngl e cont act - it
b]eetme‘é?Fao"aljisal%balf?d:'cé‘\}lnFVaHB‘A'm% 2t2hesspnlgﬂ>3elant and is
cont %Bl@wmtdﬁahwmwaédd Ja%%oﬁagl&ﬂw %atafed Oangyiar and
constral n gn of plates, 11A and 11A", resp ectl\/g%

in *ft‘%%naﬁa ey afsAleraawnbéllplqgc Hone of
and crava tyurﬂcﬁfés tegether eAsibs Ut thmadeRr tia M1ar balls
onst%%\ % ; erra i c mount 22. Because balls

19a o ?% Ouc i gi 8y afBiEREdSL buttor e OPat henother.
fatee Aqarotiagey s eﬂ&ﬂlb’@tdt(lo]ﬁ lodr em118a,1bBp1d830,9¢ are non-

Ki ne%lo%omgnin21‘?‘a1éusreconmllngzqgtggdmolunt 22 is, therefore, a

non-holonomic kinematic mount.

ct

Having described exemplary embodiments if kinematic

mounts designated at 20, 21, and 22, attention is now

25 directed to FIG. 32, which illustrates a contact condition
designated at 30 including a ball 31 in contact with a
surface orxr flat 32, in accordance with the principle of

the invention. Contact condition 30 may be used for one

or more surface contact points between one or more of the

30 balls and cavities of +the preferred embodiments of
kinematic mounts disclosed herein, including kinematic
mounts 20,21,22 of the invention as previously disclosed

and ensuing preferred embodiments. In the representation



able to dynam cally and automatical ly bal ance angul ar

and nmagni tude di sturbances in the acceleration field.

None of the surfaces of the cavities of plates

Wohoddfyrsgal | s 19a, 19b, 19c touch are paral | epcl/Bs206¥043761

anot her. 20 Accordingly, the rotations of balls

19a, 19b, 19c are non- hol onomic 4% nature. Kinematic

mount 992iGted dReFEF or3d, a faopiliel dmoniee kinemetlied to ball

nmount 31 F@yfé&lqgsgﬁnpegl ems%r Bflgqbggl ggmégzl:o cause ball
an

ki nenptic nounts designated at 20, 21,
attentt of® i Sr$7d% 295 1aPeREt @ fqpmr@nt3A4 whi €hat 32, which

| | | ustdmt £Bs A KeDNerGt i6ONdpt LeRndest@na et B0 . 1, this
Iud| 31.inp contact wwith a surface or flat

! Cl(?l’dgﬁll’:i’é Wt H tn??ereplrrlﬁéfipﬂéa’bfflatthé"zr which causes

| nvenfcbcﬂmrlﬁﬁnt:m:t t6O0rMirkl Ofh 3QuiBycdesdsed, f oL MBe to a
Lé1 ace_contact %go%nts between one or _nore of

the 3 S ahd ¢avitFP f£a R81pr & 93¢ @SEnblrti #ént s

Ef Ki nerrEPtrlezfenwl,tz,g fgascBms:ad ér}%rselle, LNGHHIGhNGpon release
i nenpy i nts t he i nyentjon as

pr evr%%sqy g‘lggc%:é%né 3% ggeﬁ%?ﬁ%nﬁr é?e?”rje]d recover and flat
ehbhoddhrentlsl tHaket e DE[SI‘ @ségliﬁﬁl Oshaia .200% ]ﬂ%&z&z Iwas not
PCT/ US20Q4/.04 5 1.t in FIG 3A ,a forcib

i mpul se%c%écép%glgé%%fnt 83: s 1 ré\’mraégtl ngCBEFFE 3qondition 30
agai n52 £l atorgigptasangachuseridaklion3] ahd C:Yrﬂﬂ'toeuaﬂlon of

I ndent o R k00t dydiRE o34 3N frlé%t %Z’kl\fll\‘é]llné:ﬂlc Cacl;lun n,zlf:lenematlc

seen in top plan view in Fl exa

bal | BAuTgts e?li gicd than Pravid® ahi chldiblessl layer of

famot p&dn[ﬁllgﬂcéo fagm i f‘uz.sﬂﬁeracellgt?rdvré r es@ﬂ%%l%gsg events.
a

forci b%& uI se aggl ied to ball gai nst
Pr ef P HBIOPIbt £4RE 392 | %5 diarst |relglFin t\’wnn chalipot r dihdgsean be
of batdvelkelir af fahata133-h 90 PEidHqi34nWM bl Egﬁgé(@c; @J}Qiltlon

flat 0 wi Il take on_its original shape
32 wa3s°1 t?'leneltél& £8se t Porricht Pak KEupt 1ig elr?e?rsnrlMtié@tn flat .

ond|12 OnazﬁﬂOlndSniaaﬂ}_@ﬁ'pNoaﬂH CtaCin CORE bhON, 3aNtyrrace,

|2Vbtr t|o ﬁﬁﬁta:{?t condlt on 30 into a kinematic

fount™ |ne htlc 20, 1®1t b? 595Pflovi RSt aftt can be

addi t:tfcg:p;@ld | aferamof elastomer material, or a pPlurality of
elastomer materials, in which case flat 32 is made of a
material that is more rigid than ball 31, such as steel,:
aluminum, etc.

25 In FIG. 3B illustrated is another contact condition
designated at 40 including ball 31 in contact with flat
32, in accordance with the principle of the invention.
Contact condition 40 may be used for one or more surface
contact points between one or more of the balls and

30 cavities of the preferred embodiments of kinematic mounts
disclosed herein, including kinematic mounts 20,21,22 of
the invention - as previously disclosed and ensuing

preferred embodiments. In the representation depicted in



15 conpliance and further inproves bal anci ng events.
Al though flat 32 is nore rigid than ball 31, this can
be reversed in an alternate enbodi nent of contact

9@%&)5/1095&8 30. In the case in which ball 31 igct/BSHo4/043761
rigird than flat. 32, an indentation would formin the

ball 31 surface, 20 rather tham2élat 32. In this
respe€iG- 3@, b81l cin 1taemoﬁr@ngedcfrfssariletasi Ocmerthe direction

mat er rqan ol I el as eri,als, ,in '
whi chil?é\lscea% fjab9 gﬂ@ Mlyo & ot 15e %’B?%élaéﬂ RRir lFslﬁ’B?Jese is
ri gi aceevwreatkly 3«'4pp19@@1h tas bsfl@eBl datemtiimgnba@lc3128gainst
In Fl& 3B, lLustr her contact conditio

desi gnat ed Zatsg4%£|%%:ﬁ% Egﬁ H\Slo crg%n? act W eﬁ@ed track
f1%t 33240t fd@@oﬁéan&iél‘a\hitham heel gor ibecispee oh the plan view

|nVeni1{ okrg. Cont act pgonditi of ﬂ"?grmXBbe H?e& fl% J_nc%b es a

nmore surface cont act pol nts et vveen one Or
the bAt3% CRRECBD Taviddi e8Pefirheapeskdr tatl dfbodndenpsosing

of klpsrﬁmmeg naueEs 37di sed.asndher el n’Héa%C'HzS’AH&r 35 is a
ki ne u]sftc 0,21,22 of the invention-

previ %yn’g‘i‘ | 9Eed aHFaEHSui R blﬁ%’ffaéTtlaééouSr indentation
@rﬁjodfdim:lm&ntIBIG,t hen Icepries entiapt ok depincted by .ypln an un-

2005/ 107528 PCT/ Us2004/ 04 761 26 FIG 3B, ball 31
movi Mg B0r688 FFAte 321 nYPRER diERELt BBNisi i ctd"{eecpxtgy:ess of

t he arecwwedihgne Armanthé Ees€i bhe whABH! $8akS 32 is elastic,
3

concurrently applied to ball 31 directing ball 3
eh %g%%%reaé W JG8E b 11 F G SPeyiél apecover.

agai ns I at
i ndentredHisaekafpl’g iblatLdJ Bl ats Idrewbighd CatrlesQtb€2, which

n p V. FIG 3B een in FIG
3%‘8 Jt:a{rhéstg% 3%1 %%cléu%es a “HEad ? coﬁ%‘%ﬁs 3%5 Tantoppdsicngte @

taper%ﬁOtléllP ggoulaed apppdsinge parlaldlelagaiides Siat 32 as it
t her %Qﬁie\ée%ertlgé‘f’o&om of'ia@SBﬁle eﬁ.gg i hal ftl?ch, n}?referred

dynanm c, or instantaneous, indentation foot
36, VATRANLmEne | Pt iWhdIch Tewack 389 wilh aecomer after ball

recoveiedsstat@onl Ne MY Chot aiy dSBfla% i gyt Ig,qlgr Qccqcss of its
recovering. In the case in V\,hl ch flat 32 is el as

i cPHIGipRLS BRIRe, e TlekcRRngS | RotFIGas3Bowi ttack '39 will

recov¥main. - Furthermore, if flat 32 is made of materials

having any plasticity characteristics, track 39 will

remain in flat 32. Permanent tracking is desirable for

kinematic mounts used for seismic and blast protection,

25 but not for precision positioning in semiconductor’
industry or in optics.

Referring now to FIG. 3C, yet another contact

condition 41 is shown, which includes a rigid ball 43 and

a rigid surface or Fflat 45, in accordance with the

30 principle of the invention. Contact condition 41 may be

used for one or more surface contact poilnts between one or

more of the balls and cavities of the preferred

embodiments of kinematic  mounts disclosed herein,



In this exanple, ball 31 is nore rigid than flat 32,
whi ch 15 causes track 39 to formin flat 32 in
response to a forcible inpulse applied to ball 31

[@donsterdeat 32 as it noves thereacross. Fl apcgdsiodsosszen
elastic in the preferred enbodinent, in which track

39 will recover after ball relZased fromflat 32, and
flat BriWdingt ddaepatic st@ltﬁri@jq),r%ll,Z@ha:rfe tHd {d@ntddn as

is n%r&}l%%ts&Qe C%Lrs@(igsg’g ‘é('nl:ll aVI ng P elfrff cgmgmsbdlments

flat 32 i s mad materi al s
char att eiftist iegbodirenty 39 Wilkptomesin ap@lﬁ.laét t<32ball 43 in

Per mafient £da Qe B9 dhe 108284 yabl & fahg ‘%'1%@”@5' §s MY Scoateq
used for sei sm c and bl ast™ prot ection not ftor

preci'stdh PosPt? orimey i TR ES&HPL odAuCES ' formhdeiEt py lower 44.

'n optdyeses Ref anhti ng Ao éa:hFla@pﬁgd yet her
contact condition 41 i s shown, ?nc%hgfé's a FFIea ing,

bal | &3 afth®a rigrertdrrate B?a‘ﬂfkﬁ Mcmﬁq%cor daﬁ@e the
Wi tla :zteh:&:e%@npﬁtﬂm p:i@:.@ﬁ:eHhEnl AYeNtion.a @%&E@%ie impulse is
condi ti on for one_or nore surfac

cont act qpc?l nttém% ﬁvﬁ@n d&ﬁﬁcBJrng wore 6f 19 nsHI Iféa%m‘%ﬁ 5o as
clebvi ttcescajiset He 10r efertcedreembodhMeAESHOf o Ki PEIBIAiIGL 46 :Ln

nDunt her ei n, 07528
PCT/ 4%0 %gdl rﬁ:alV\QéLl Re%: } Yemb? i 813HhaRegE laver 4.
20, ZlTw cﬁeftOhF@atm'rentwibn a‘l.*astpmexu olsyer «di sl osﬁldl and is

ensui e his._enbaqdi men _
el astég%edrye?éeé%pﬂf eg OBEEF{”?ZEE“HS& iﬁlv‘? 6°rump8fse§\ ' Betause
shel |74dy S 42 Wefil HithSelsstrmeg deabed4s, Widdt@aint 46,

elsastoer a ARt @lledbnd 41 dnhes f obm, of aygl Ay, L s
42 and 44ag§rae eachmapp i ed by s r%I%I]ng?[gi 3 ng’,ﬁi fully

ot her* G ¢&nt FRfal I%%‘f%goﬁectrﬁ%lqu@ IfriFOtﬂheflat 45.  The

r epr q&.ﬁﬁilahbﬁnoﬂeﬁllgéﬁgnelrn 1Bver 3§ of borei @ﬁ ear'l&'rp%iass%omer'
glp i ed to ball 42 directi ng bal | 42 agai nst
45 S

10 1Y caide al 1SS creERElANTe deritheorcontact
f oot pfetlwtee%bbml ﬁlsahnASflamd%rmr EoR@dd Wk kYoni M1 is a

ezl0 coorlrﬂwerl ger - condc__{L%f or mati on of el astoner

128y ere ﬂ. 2R F%t lon, and introduction of contact

conditicn 41 into a kinematic mount (kinematic mount 20,

2l, or 22) provides an additional layer of compliance and
further improves balancing events.

In accordance with the principle of the invention,

25 FIG. 3D illustrates still yet another improved contact

condition designated at 49 may be used for one or more

surface contact points Between one or more of the balls

and cavities of the preferred embodiments of kinematic

mounts disclosed Therein, including kinematic mounts

30 20,21,22 of the invention as previously disclosed and

ensuing preferred embodiments. The contact condition 49

in FIG. 3D is charactéri_zed by a rigid ball 43 coated with

two discrete mater.ials, one atop the other, namely, an



exaggerated in FIG 3C for illustrative purposes.
Because flat 45 is coated with el astoner |ayer 44,
footprint 46, 15 and any deformation in el astoner

woYeds/#rssW | | fully recover upon renoval ofpdadodhdeser
fromflat 45. The provision of elastoner |ayer 42 on

ball 43 and el astoner |ayer 44®&n flat 45 introduce
conplg'@stempn tdegdnlacin bdewebdormballf 48 asikifll/abyer 42a
45. Qoptragl sondiii o fla | j ant._cont act .
condi ti on, E}and i ntroducti oﬁel%fsgggg%e]\%é %éaoﬁ i"?#ohn 4qpe form
i nt o % k¥ neRedi/clavsintd Teki eratdmioc eteaheme0, shall/latyer 42a,
22) puo\1desomdy addithie0Raln | Sy ey ogpl iance and

further inproves_ balanci ng event sl%f% g%ol%ggﬁggl%dt%o tlat
t e prirn@fl @MofleRECRIRASAC SRterPsl RIG tIBD form of a layer

i usimat €8 sdpplileyettaAnalhefoddPr 9y ed- cQBkact .17 43 44
condi t.i on_desi gnat _eEd it 49 may be used for one or nore

sur f SEESEERT 92 PSnEs2bet el otéchretatiordpsthe layer 47a
bal | sis and eaitattesieh ehespsefarned 1gpbodiimEnt s @by 45 34
kinematlg ,mounts disclosed herein, including '

ki nemati ¢ mounts® 3 “DEM52 of Pt hRe i FRRNARSEHRaRLon depicted
Qﬁgv%@usmﬁ.di ?_%i o:aedicamit blengi;nipmgsgzg_fse_rgﬁ%i&d 3t|:()3 ball 43
enmbodj, ont,act _conditig in , i's

char a(:l{IgrQI;I:r;‘% b)e/algL ri%i d2Batto %43 84t ed®wi fATMRGp a  swall

" di scrferspritter 8l s, Bwepatop #he it herdefammit onakoWeid in

2005/ . el teribal in the formof a
pr Cago wa e ARl T e At etk dvBal fig dals to
an elPgst ophdstiteodat ekhat | elelkéopashicof Aayer 47a  and
abel lg1kaysp1 443 caat b pg t /layer _42a.  An

el ast Qer Iir)n t he fogr{lran o%%aaﬁgggﬁﬁﬂégeélﬂse é:ﬁ%f%ial%% ?%Iesses of
f1 at eFagbomemdaygrelidat ol aslsstonat e¥avdr 480t hee§mranfully,

of aprayedindt78ohslaRRkl ed {0 glast 'r,rer ay ,
Bal | A]f:s islnfjri rethSleld agai nst fl at 4egi, ionflev\h(l?{héggsmplasuc
el ast'GPPaEt1 @ PRt 7R7521 ke ol ipbmrtrds ift Hesired. Contact

el astopbiasidc hayes 4merull ah 4BidesatilIklubst RiSioved in
ggbodlomegt. ln the rbggr esentation depicted 10 in FIG
, BOPOFETHIN i mp e i s WRILFREL Y bal Imaggpulator  base

applications, and other similar applications. Contact
condition 49 is a compliant contact condition, and
introduction of contact condition 49 into a kinemétic
mount (kinematic ‘mount 20, 21, or 22) provides an

25 additional 1layer of compliance and further improves
balancing events.

As a matter of example of an application of the
kinematic mounts of the invention, reference is now nmade
to FIG. 4, in which there is seen a positioning platform

30 assembly 50 incorporating a base structure 51, a
manipulator base 53 overlying base structure 51, a payload
base 55 opposing manipulator base 53, manipulator arms 54,

and a mount space 52 between base structure 51 and



directing ball 43 against flat 45 formng a smal |
footprint 48. Footprint 48 is a deformation forned in
el astopl astic |ayer 47B and el astoner |ayer 42b. It is

Ho 200910883der st ood that el astoplastic |ayer 47g-aHhodn43761
el astopl astic layer 47b distribute the contact

stresses, of elastoner |ayer 42&a% and el astoner | ayer
42b, PEERILEEAF| Pase pPdvi dingthbmpesanrde, bhsdeskrediure 51

one ofn@lmstapkastifee kaYehst A7 anand 144 b
eli mi T %%%_ it desired. Contact co%éi t??ﬁ‘?%é‘ 8L a space 52
n |

usef U™ MATEL iEIHGHRTS ehprBjedanhp PR sasikdseniGfy each

t abl ecapiriveatdoasd HRAARYH at0r o DASK nRRPLE R LYDS, ;
and opher sinj|ar applicati ans.  Contact  condi F?%nlﬂgentlon

is a conpli ant LBHEt EHETS on20edid 220t r odiRkt | oRuBSorting
cont aeinipeiddtdt OvaAD Si3nt OMan Kb ISR 6 rm&04thosstion payload
(ki ngnat CSEDuanrtld ZQh 21, or 22)f provi des an 25 _

addi t1onal “Pay®e of P&onp?H afdETan® faf t ReYleathr baes 55 is
bal arrsapgnduents: #s an Mattelerehi8XaTRLEOf s@h as gravity.

appl igatlan, of Kinenptic mounts of the invention,
ref erence iln%gncr)nvt?/nfgrgsdecof]ggﬂ%ed4,a’? TP echele pgcordance

déen Hibostihe opidngipliat fodr M0 assemrhby 30 space 52 reduce

I NnCork-abhNgeAaDaSes S t 51, mani pul ator base
53 over | yi ng Baasrgés(t%r u%:%ﬁe%%heél ﬂ%ﬁ 358‘3955%%%’5 field is

oppostiigUraRt pul ditds beescs3donndmi padndtrol a@leh®nB4.4is highly

and aigm@uBbispace 52-hstygen ha rucfure 31 and VWO
2005/ 107528 PCTI US2004/ 0437%1 2§gs%ni%ﬁ3at o?aﬁg‘%e FPpgoing

I n t H'$PExanA@e predindrbasedir ensennamcotpbeatopest hriemses),

Kisnem@lrire r o WAKS 1HsSROSARGL3h ,Sgﬂ§@h5%ee£ekge%% q%%%ected
structure 51 and mani pul at or base 53, eac
constT Ul BT &M’ &ah§Er Pt e dofyand oldstth evhets.  Although
| nverthieon B ridmaeic KmBandti CopOURhS 20,321,220, QL wide
supp%rgﬁggatrmni le angor base 53. Mani pul ator arns 52

n

posi L6 paytoad™ "baté B5 t FRPtHFiderfacesush as large

pay!| cadibaset 56ppkicapeopendibey amay 0ba8N udgCLar ah®0 1ignt

bipel q,oaauc%) S Qegyily. S Kinematic nmounts constructed.

and arrang &ﬁin ac%%?ﬁaﬁ%fk as sc1¢nt1f1c and educational
equipment, semiconductor applications, and other light

load applications.
In accordance with the principle of .the invention,
+ the plates of the kinematic mounts constructed and
25 arranged in accordance with the principle of the ipvention
can be made as assemblies of building blocks. FIG. 5a
illustrates an exemplary embodiment of just such a
building block, which is designated generally at 60.
Depending on specific applications and needs, block 60 can
30 be elastic, elastoplastic, or =rigid. Block 60 can be
integrally formed, or fashioned as an assembly of two or
more rigidly-affixed parts, and this applies not only to

block 60 but also to all ensuing preferred building block



10 with the principle of the invention in space 52
reduce control demand of arns 54 when the
acceleration field is disturbed. This reduction in

S@Yoblo7siemand is highly desirable in anchormek/us2004/043761
sea- based rigs, |large seagoing ships, large

ground- based antennas, tel escop®s, |lenses, 15 mrrors
and | ¥R Reaponry, whi ch need to be protected from

seism c amd Ler6orisgt aI "Hilé%@gtgl ﬁl?édl?lvq:mtﬁiltAl t %u%hcls non-

the kinematic nounts of the I nvent | on ave
appl it T4 SREaTy Inéaélla'ppppmmrwnspalajdhlassdr&ages 61a

eqUI RNt 6appl iaeat | GhosihBeYp MY 188 USEG-BST] g eop.
ht 20 | oad gppl [ catl ans, such as scientific and

e dicai Rsre Saa Feht SR et tintdastor 4Ppl iwaPEdAG, ends of
and ditverk | tht andoaduappldscatt®nNsnd na@xscq;mraegemw the

t he pr|n0| eof thelgzn%on t he plateso t
ki nendFcE  RBuRE SR oREt PURTRdPSnd B&kar $Aingktp i #es opposing
acgon@@me feicels td0m Patnbdwc?m £ ofSut_-hgcégw\léle[gl gﬁdcegﬁbbe which
made s s_of bui a
i |l ustrat gs'%gﬁ %ﬁosufgarpy Sﬁ%%% ®PusfaBubp gonsidered
bl | iy sekedekes wihif Ghildck desl gmtmfgaaeaer aggyalg(lg @2%, which
Depe on_s Lfic nd needs ock 60
can g%sggeeﬁasteﬁgéglerf ajt oy %‘aﬁeﬁrdcaﬁl Bekcgpidered
can beidej gusgeees yof dwh@dk 6@r faslnfmmdem &h asseilky, or -
of twn.,Qh af f i L par d

gel0E8 ELA Y -ALIXEL Parls,; af ag%l%waﬂgls to

applies not only t ut al'so to
pr ef ¥ édipued cﬁlrfgjl ttﬂlecchez@tbsmo%@sa 3Gen it is emplcyed

RGT/ li$2%01/1%37é§ §npﬂqin{£%m':5mour@ OC|§A Q_;Qcoo%e’?l ne is formed

di screte nmodul ar unit, and has non nati ng r?ac es,
nanelytoopiiiass patld | shidyr flace%haefmteandecslby aFbosing,

OppOSaJri’wgrﬂafa&il@ct%ldr E@E@a?ce@z@3a£]ﬁid6é2@ tha? %E%aﬁ:e a> groove
6la and GI a&;&a eri ze the opposing ends o
60, ’ac‘é atAnBe B LITHLEL &0 zaXdsheX and slanted

opposidwgwsrdias 041 d1i0ek t60thBl oK Hlardd SO AT RRRESI @Qa to
NGBy orsur ces gl%a and 60b. Surfaces 6la and 61b, whi ch

Opposing surfaces 60b’ and 60b” on either side of the

groove reside in the same plane, which, like groove line

65, 1is similarly slanted relative to the X-Y plane.

Moreover, block 60 tapers from surxface 6la to surface 61b.

25 In this regard, the end of block 60 at surface 61B can be

 considered the tapered end of block 60. The size of block

60 is generally defined by edge 68 length and edge 69

length in the X and Y coordinates, respectively. The

length of edges 68 and 69 need not necessarily be equal a

30 shown. The groove of building block 60 can be pProvided

with an elastomer layer as discussed above in conjunction

with the contact condition of FIG. 3C, or with an

elastomer layer and an elastoplastic layer as discussed



reside in opposing parallel X-Z planes, can be

consi dered 10 end surfaces of block 60, and surfaces

62a and 62b, which reside in opposing parallel Y-Z
Woaoeso7en be consi dered side surfaces of bbebs268)043761
Surface 60a can be fixed, or arranged to receive a

payl oad. Axis Z of block 60 is 3o be aligned with the
accel B¥ei R FPRlWRGHER MithsthapteyaPtiFondisiph aset forth
of a ¥i negatig nmount. A groove/cone is formed into
surface.- 60b, which is characterized by opposing, .

i nvardl y Aifectedl 8Ldf 3t eslbmstardess at rdnemabic anount plate

gr OOVéubalsisBRL 5P, iWBLEdAS BEFRENG Gl Alest 071 AXL 54 X7380 cacn
sl an;%g ,dovvnvv%rdly rel gtlve to the X-Y plane from

SUT f dASPEPEE 0 X9 LdPFAEe SB1b. BDFt6sig st f healsicwell from
and 60ur osLeidsheso siideladidtdieopgbione gesideckn thhexrs 60.
sanme ]%Loane, is\lnigh |.ike groave_ line 65, is simlarly

sl antB P8I &P 08 o°h RS PIpPARERS Nbrvsy & rapEse ks Bir-by-
t apersider, oramsur fiaceoppasimy spaimcectd Blodks | Bot e further
regarcgl,s tohg er%% ggce Io%Iés6QC at surf%ce 61B can he

consi HeredStnd PSpeFed 8Rd & BISE®dece e &7 zdlbpstrated,
Bl cksudd0 thetgéher abbysdef ipsddsbyfed@ech8 hesngédcrand mirror
edge ; l ength. a oot di hat.es, -
respelg%g\?elgs.g%egm%%%&?h % °g’é§e§56%3€1 %3%897%%@“?10’{191‘115’
necessiizey begethet, WD sisowmy. WERdigy oovegbliing. Because
bui | %fég;ebl?ngiﬁQo%}:ah&%sp%ng dsgoclégl t6la,a%l§kgs?1?}ge}{as four
| ayer as di scussed "above in conjunction the

cont &BtO¥8Adi 1P o b3h maGh BEoowe BMFATides tebasbobest points
layersaang gp1el astopl astic | ayer as di scussed WO

2005/ 107528 PCT/ US2004/ 043761 31 above in conjunction
with the Edatact’Bontf t PdACsetashdprpd ifFom FoBD, blocks 60
FI GS. il uaiifly S6pbbd ited s aKidemEl Gomoungi gl alpect to
subassenbl y_j ncl gi ng opposi ng plates 71A and 71B each

5 fadhi edﬁfl?’om% PEEks %B0. OBl &aEh714%s PhsHirdg 60 are
f r om d:0tangbl Ogkde -G -istiab Ldimty tORPOEH O RAIFS ref obl tdkss 60
Szlcbde_%e?cgl?rt%%rwdlesapcohse%al {ap%fregl Oe%kd% 6190 ar{:gpg{‘erdanggg

illustrated, such that the opposing pairs of blocks are

s, as

each a mirror image of one another. Blocks 60 of platé
71B are xrigidly affixed toéether, such as by welding or
gluing. Because plate 71B incorporates four blocks 60,

25 plate 71B has four grooves, in which éach groove provides
two contact points for a ball.

Although four blocks 60 are used in the construction
of plate 71A, less or more can be used. Also, although
four blocks 60 are used in the construction of plate 71B,

30 less or more can be used.

In the arrangement depicted in FIGS. 5B and 5C, in
the X-Y plane the grooves of plate 71A are perpendicunlar
relative to the grooves of plate 71B. In FIGS. 5B and 5C,



side, and the opposing pairs of blocks 60 are further

di sposed tapered ends to tapered ends, as illustrated,
10 such that the opposing pairs of blocks are each a
worbewio7s2rage of one another. Bl ocks 60 of plraireuszaod/o43761
are rigidly affixed together, such as by wel ding or

gl uing. Because plate 71A incc¥porates four blocks

60, pfl’gja?tté’ 71A has fteurPlyrocndsplate \iHiBchs eadirtgronopéate.

provi des tmBsCOBDAGAPOIMt $11ddk L5 2 baldneBhate fiB: 73
is al so_fashioned fromfour blocks 60 including '

opposiHgUHarestep Blafeks’1Bo. battamr pdpeet 71k  foug alls 75

71B, didckss i eachyaiy 1fs blarks 89 8besakhangef the
S|5de-db.y-t5| de, and the o gosn ng pairs of blocks 60 20
are fUrtREFSHi Rpbsse Ibﬁ‘g Ped® eRdlestedtt Rpbr 88 ahbRY fpr ball

i |l ustatatédn suchhthabréseamppost Ngapai 81 10forPl QK Syrooves .
are a i Lror i of__one anot her. Bl ocks 60 of

pl at efn gfl]ré’a'a:%eg’ri |c<§’1n§/3q" i Xed ¥ ofethe?y: sthch pigapts, two
wel digrposingglgstionges Betapdetps avea /B, i NEMRREALEEy.  With
f our oc . 25 ate 71 s faur ogves, in ,
whi chgl(?ac%?%eg%&\?g p&ov%%ue% EF%S cggt aatﬂ%r pg‘?‘hrt sCppFesponding
&l | boMesheurghifiedrbpl sokse607 Gl espased 76 taha@ balls 75 are

constyr I Qr re,.c be used.,
A so,l%ﬁt%gﬁbh‘%f a2f) Shand 8 1R pess BiSvious1y
const¥ipcrsendof apd atte Ti'B, be3Ouidesstopd nbigt cele béiscussion

used.od Nsddieanrangeneh ;denisgt e 1h 1,831,268 and 9¢
in tohe >I($-Y SI ane the grooves 6?%)?12%{ %&lgge%o spatex 76
per péidi Bath$ 7%el ative to the grooves of plate 71B.

ls FIGS. 5B and.56p, W 20054 107528; PGTY 41 Q437
32 plate 71Ajs a top plate and pJf ate lﬁé&?s %@oﬁ%ﬁwets’

pl at &"°F| BRPOEH%ngrsESs | a8t riatd$sa kiheltdyi crasegntively.

73, Hdrahudi agcH grophat & dALebOtAOPY i@ T8 b DUcontact
bal l's 75  and % sgacer 76, which has spherical bores
to k&SP ERe BRYi RIGHTCEs °BER WBEIP Hal9Ts PRBER oAk apoiges two

to aldaow tonthad Ipoin@bAat ALY 75t BecbrdesiaRd E6htdd lpoints
E%llvﬁﬁhtgﬁaggoqxgsénd eight contact points with plate 71B.
Because only six contact points for each plate is
sufficient to constrain the movement of plates along the
three translations and the three rotations, the two
additional contact points for each plate 71A,71B, are
25 redundant. However, this i1s in accordance with the
principle of the invention because it is to be understood
that at least one contact point between one of the balls
and a corresponding contact surface of one of the plates
is compliant, and incorporates one of the compliant
30 contact conditions set forth in FIGS. 3C and 3D, namely,
compliant contact condition 41 or compliant contact
cbndition 42, Compliance in kinematic mount 73 is not

only by the provision of ball rotation, but also at one of



In FIG 5D, each ball 75 is held by, and contacts, two
opposi ng grooves of plates '71A 71B, respectively.

Wth the exception of four balls 75 and four
wonrimeapargi ng 10 bores provi ded by spacer 76 PCIme@n/043761
76 and balls 75 are identical to spacer 17 and balls

19a, 19h, 19¢ _as previ ousl di sc”t’_fss,ed, and it wll be
unde&’é?aadgt:’hatsg?%et}ﬂ?%c{&%i’iﬁﬁ“alﬁﬁngpéi:’ér cqytafid Redints for
19a, EAkh190a8pplde@@iho eSpaseialls @dmBakts 7R1theubR only
FIG 5D, each ball, 75.is held .. and contacts, two
oppos$iPRig CeP bt e U tp st BES9A%, tB’,eePeépgﬁflr vild a plate to

Becagseveaeh tgfeoovegm{)rem abemﬂﬂfaWeOViiﬂeSac]ttdmldbal:é with a
c@nt act 0i nt nd because each groove, of plate 71B
p(r%ovip%eege W’)C‘51 %%DIO TR af P Bof it g’,e RAPIE49Y griodrgrred.

ei ght condactinpohaitesi 20efurdeh ipl atenjlibAtasd eight spacexr 17,
cont i BES Wit ate. 71B, _Because only ,Si

cont %%ttdcggi gtgsa}q%rggg(h: glc’a 9% u%u?f?%?%tn’%/aﬁn(‘?)é free body
constsiulkas¢hialyhoverfdier Ghephatesemitdng fheldt it emrbance is

transglati ops,apd: ee s ot at | t t
addi t%: onal Ijlggnt acltéqgréc?%}{tse]fso?geegggg%f%t gg%lﬁ,&?l@?l)ériéo the
29 r edarBanf. thewavesves hifs dlaten Jddo¥ tBwndentni dlsct hecause

pri ngispli@eOfc ek Vet Ao sRECaUSE Bkeigft%agfs 75 and the
understood that at |east one contact point between

one &PtehEohAf§ $hegh@lhs correspondi ng contact surface

of one of gph@eplat gsn bs &thgegﬁ’ir?n&njeﬂﬁeiporﬁa}n%s 73, if
one of the conpliant 30 contact conditions set.-torth
i n FI881Y3E and 8i5hondhel §pacegonpbi d4FRY ceeRBCt redundant  in

asndikinema ¥ic OnoGREPIBANt +teOH@Glenc6ONQickb88e 42 the dynamic
Conpl_i_ance in_kinemati ¢ nmount 73 435 not onl%/) by the

pr ovi"&-Bh® of “bal FBPA Fon™ Bt also 2B oRE°BIdesppenhanced
2005/xbb¥ 528 fCT/ US2004/ 043761 33 balls 75, such that

the remai pinNg Si X. .cont.ac oints for . each plat Do
remai n esgié%ti%}lxlyl ﬁshté:ﬁtﬁ ipc‘_’.moliﬁ%teﬁoﬁrd‘ﬁo L ochf:a building
cont &dbcpokft vssdnéedddshétmeplrntbadi ahtbratpbameuhds, in

Bi00VIad8o LA I EOBRLAANAS 13 BRECLANGA W TN e3.3y 59

preferred enbodi nent, re cdan be provi ded, 7

desi ded.similar in function to block 60, and is joined with
other similax blocks to form plates as described in
conjunction’ with block 60, but does incorporate different
geometry, which alters motion characteristics.  Briefly

25 considering block 80, faces 61 and 62 are non-mating, and
the X, Y, and 2 coordinate system is basically the same as .
block 60, in which axis 7 defines the acceleration field.
Top surface 8l of block 80 has a surface cavity, which
provides two contact points for a ball. With continuing

30 «reference to FIG. 6A and additional reference to FIG. 6A’,
the cavity 4is characterized by two, opposing conical

surfaces 82 that meet each other in cirxcular groove line

83 and that meet surface 81 in two parabolic edge lines



As intimated before in conjunction with spacer 17,
spacer 76 and balls 75 nakes up a constrained free
body subassenbly. After the acceleration field
wosbosnbance is over, kinematic nount 73 re- @ENIUSRE4/043761
due not only to the 10 slant of the grooves of plates
71A, 71B, but al so because of Bhe conpliance
i ntr 8ducedlatkohe sizdald systprandlyt Hefinest &ty erigef ltthe 85.
baII p [ ddn K c

T eERL AR (R S ghhgy TS i {acion
|n P5 kinenpalke nﬁantcﬁglthslpresem@éemncﬁéasesdthdl e.,

dy nagie¢p 0k 48 -0f vJ&'t'H@HHtlhi: goeﬁeJa%c%ed o Qi 4/~ 50°)
enhanced r obust ness. % ustrates anot

erboditfBnELof aﬁc%]tﬁqa&lﬁ@ fbl%@kasaodeo@@@dt @lPBShiith Z. In

pl at ggof é@lrnenatlg‘alrroumss,deg@ct@ 3GC OF HANGS %&&H&e for
pr|n0|ple of the invention 80 is simlar

T unctitdRSEER HIvEcRUBBYS P - j oi ned with ot her
simlar bitocks t® formyyatestasndesgiibgd Ebnical surfaces

conj ynction bIo 60, but does incorporate

di ff érent P @@ﬁ%@{i %en X51% eFRE bt pperpendicular to the
char agicelésd s flarcn ef l yr8bscansi dar i éghtragek 88, a cone
faces 61 and 62 are n-matin and. the X Y, and Z
coor&Fﬁng'%V§Eean%q%%§i58?? Tlﬁ%%&&nﬁoﬁgﬁokﬁQﬂﬂ%C6€?ll or
i n whriedhcesifriftdefi nesllt heoat) eicahi oted ebdace1knh cone

surface 81 of blaock .80 has, a s rfa cav ty, i ch
provi- %o 32n?%cﬁ§b0|n%s fo? ‘g tHhe W& eration

cont |fn§ildg BO raafler etige tootRtGon6A anmd:eantdlohsonatadlal and
rlgf ert%ﬂggn{f)aflﬁlaada‘ve t%h%h%a\él %g %%atfhgfa IC%'cee e%tion

osi ng conical surfaces
ot herfiphdti reudbamogionvecdinse anggherr qnh@lonnreel surfaces 82

surf 581 ar dg 2
PCT/ (5804 5%‘3’%?“%4 ég%ﬁ{selcﬁckpedll ?@Smups 33?%%%?‘?%““

def i AégCbyvdERe $anfe 185. (Previensiyediitcessedf crambest o ball

FI G QAthrEerélfﬁ@s ofa naat iQn +8hcR Bahicdin LAVLEYsi §2 at
counter aligned e., perpendicular within |large

£8 eloé‘ﬁé‘egw%fp% ﬁl n +/ - 50)

FIGS. 6B and 6C illustrates a kinematic mount 87
including opposing plates 86A and 86B each fashioned from
blocks 80. Plate 86A is fashioned from four blocks 80,
which are rigidly affixed together, such as by welding.

25 Plate 86B is also fashioned from four blocks 80, which are
rigidly affixed together, such as by welding. Plates 86A
and 86B are each fashioned from four blocks 80. Although
four blocks 80 are used in the construction of plate 863,
less or more can be used. ‘Also, although four blocks 80

30 are used in the construction of plate 86B, less or more
can be used. Kinematic mount 87 further incorporates
spacer 76 and four balls 75 (not xfisible in FIG. 6C), and

at least one compliant contact point between one of the



5 with the acceleration filed as defined al ong axis Z.

In FIG 6A, a ball is depicted in phantomoutline

for illustrative purposes only. It is to be noted
Woadood/ees28xi s of conical surfaces 82 is par adEls6043761
pl ane X-Y, and thus perpendicular to the 10

acceleration field. This is in3ontrast to a cone

ori erR&tiSorfnd t FRIeSRgRf g wWiktta atorswrdbononitc obal lof the

or rerHieed- f rateti @R Babys rQiﬂéﬂgieagloemﬂ%ﬁB?LgﬁeaI‘Pnunlocked

cone -surfaces along the axis aligned
accel RIHTOR" #PLIEFS: n 66nFYot vk inemati oredungi Bacik onslocked

(radigdsiandnl5 tangenti ghrtgdat Lygdd ot hediget Lonoahe g7
thje agucn%lt%atlgg_ fiel %%ﬂﬁ such notion occurs anywhere
Bfir rdé8s PFRELC preVREI G -enhameed:” 76 can be

on coni cal

real ignmenttedar Bt tdydisbdcSand AED, ijh8usPAS dS3 this in a
(pr evlii%%%la¥idi scusse toucﬁe, a ball at _three .
poi nt's, a barl "CXR"t olch BONTEEY strackalss 45 smndwiched

onl y havepoi oprsesikhGSlattds @d 6fdiddrustrates a
Ki nemati c nt,.87 i n¢l udj Qpposi n | at es 86A and
oo g B 2888 Ve fastn pabodinent of

86B each ashi one Fom
flds hisoriud Lodoeh pbegk Moked80p cohstotucar @lekgs db¥ kinematic

af fi e S Lding. 25 Plate 86B is |,

al so)&fﬁggtﬁ?gnéﬂe%%coorsrnﬁggﬁg % glc\lggeSBFg%Jipgﬁ §%e%h?i HrERRpLon.
af f i ¥ed ¥Fgethed, Wétﬂ@hth@ byeviglugi ngilPiag e5186A erdtliiment
86B &g %ﬁ@!ﬂdiﬁgsmlggfd96_r§ﬂg e%ugu.p}:'%gekss ﬁoandAl E%‘F:ﬁq%e line

four blocks 80 ‘are used in the construction of
86A, 8Yred8dokhgirregRomdings &d. YARRD, 2 aldtolrdigitéour In this

l50C ksiabBQ1 RO B & U tiyN 1 Eheo SRNSLILGT iap QErPAt@éS‘_’?l, which

86B, .l ess or nore _can be used. Kinenmati ¢t noun

furt B&° | W pET L sOracaPriaFesndth®iur abal LoTrsd ( fsttween

Vi si bliecubaFl §xodsE) 1188093 aind @ast o@PEs GRNPLARL L, paraliel
Coméétf goi9 t bet V\%n one of t WD 2005/107528

PCT/ US2604/ 0457615 95 3%Bal’l's Bnd8 RRCS&8nditAgs of groove
cont déhes@Bf aceuch Dufredf sibfacd¥ rRvidEl Gro 68 SHRWS points

e <, MR 81 g an. gl anked, bos Lo AMELE .,
straight line 95, which is perpendicular to lines 94.
This variable slope causes a smooth re—centering response,
which constant slope surfac::es cannot adequately provide.

FIGS. 7C and 7D illustrates a kinematic mount 97

25 including opposing plates 96A and 96B each fashioned from
blocks 90. Plate 96A is fashioned from four blocks 90,
which are rigidly affixed together, such as. by welding.
Plate 96B i1s also fashioned from four blocks 90, which are
rigidly affixed together, such as by welding. Plates 96A

30 and 96B are each fashioned from four blocks 90. Although
four blocks 90 are used in the construction of plate 963,
less or more can be used. Also, although four blocks 90

are used in the construction of plate 96B, less or more



position. In all further respects, kinematic nount 87
5 functions |like kinematic nount 73. Spacer 76 can be
elimnated, if desired, and FIG 6D illustrates this

W@)ﬁos/ﬁhmmitl c nount 89 including four ball spdBus2004/043761
sandwi ched between opposing pl ates 86A and 86B. FIGS.
7A and 7A" illustrate yet anoth enbodinent of 10 a

bui | df#y 351 86R490 used to construct plates of
ki nemat i CKJ.HEMQ’EJ'.SG fdhnRCEH AANGR . lhgolg&ﬂés” $0BLE: Y6 ang

the i nvent.i on. expl ai ned wt evi o
bui | FFHF B er?oo(:ﬂ%rﬁhowgo inh BTG n7g3)bl Gokl 9t least one

Shareﬁon‘q‘iﬂlﬁaﬁe&oﬁiaéﬂdpégmt eggevdde ne85ofanége %%lls and a
cqr respondi X; Y and Z coordinates. In

erbodf P° A 1P HAS T GRRERFY iifo °tn@p°§urtflacél@tl_es FIG.

whi ch7c fﬁi&visml&eﬁtlﬂﬂc OméleTt SIgr fl%ces& thalb cRes hggltelq:n, and
line 93 and two opposing,

bet | ar roov
st r\gelffb pg{:D F%‘P’S ﬁ PR atR Qll?ﬁi‘eldh@OSltlon In

opposille Su:dﬂ&rofregslp@eve kiAgnd.c e 081 €functions 1like
surfqg%sémgrcow de 4o ont ﬁC% points 20 for a ball and
have vari abl & ST ope, P ansPR%e oV cagt Pgi ghiminated,

[ithe 5, degiireld, i gnper‘E}JGndWEuIlaﬂuéﬂrdﬂd’bestk&ﬂs inlMd Skinematic
o e 908 SMARRL R, STIED LLLECNYEL DO LASRR Betveen

whi ch const ant ope SUF f aces ca
pr oviRPOSENGEP 1B safA7and |d6Bst r at es a k| nemati ¢ nmount

97 25 inghydi Bg | 6B.each
f ashi oned from blo%c%tggt&!b g %gﬂtl gt fe%f ﬁgh’é% Provk o6
f our BIBERSA9PE Wﬁ?cthlar:és“@lrdlyh:aﬂfl red twogdidher affixed

sech Byewekding | 6 al S fro
four brocks 90 mflé?fa‘?fé&v% Ellnés Pt .a%%‘dgkgég Hortelative

such s B werhiheg - Pl Biezk 9 8@nah§ 9@Bea¥ellaa¢l¢rmed if
fashldm&deﬁromfour bl ocks 90. Although four bl ocks

are usgg |n8th construction of plate 96A, Ie§s or .
m)re can befus¥u.t Alu%ra*éﬁ R&tgRtEbtiramitdeks epbodipent of a

used Huilttheg comstk uabiomseli Ploat s 36Bn |23%eQ" JEOME Matic
é%OS/m]éQJZI%ZS 36 PCT/ S2004/ Oll:ﬁggl can be used.
‘nefRirc: hotiht? P FaPEher i EBPpBF H B9 lepadethy sinantion.

Block 101 is cylindrical, and can be easily machined from

bar stock and used as hardened inserts in base plates.

Block 101 has a round base 102, two conical surfaces 103

providing two ball contact points, a circular groove line

25 104, and a top perimeter spatial curve 95. Block 101 is

useful in small-scale applications. Building block 101 is

arranged in a kinematic mount like that of the other

building blocks disclosed herein, and it is to be

understood that the discussions of the previous building

30 Dblocks of the invention apply to building block 101 in
this regard.

FIG. 8B illustrates yet a further embodiment of a

building block 106 used to fashion base plates of



four balls 75 (not shown in FIG 7D), and at |east one
conpliant contact point between one of the balls and a

5 correspondi ng contact surface of one of the plates.
HioGoos/ih@28hows ki nemati ¢ nount 97 in an unl ock&Edus2004/043761
position, and FIG 7D shows kinematic nmount 97 in a

| ocked, position. In all_furthe¥ respects, kinematic
rmunteklgf%mfaﬁﬁgt MGHE P 1 ke BYASKerdtS chafouRie? s and reptangular

Spacesasé6 ead be eloubieatetond0 bfaddeshyBehband FhGraboloig
7E iIILfsctrates his i,n.a kinematic pmount 100

i ncl udi G of oGS B | 31%75 s% cREAVHEt e dii© oppdli mpntact
pl at e i9BA. an@Fhe6BrobV & 1T i bt usifmices 19@t vaROLeY because

bui | di ; 9 sed of .two bl ocks 90, which

are (rjdlgigvﬁyl%%%i %3398%% %gegﬁé ¢ sEthVthat CtSfovigich  groove
l'i nesli3® dnetpahedidlel rHleatigreote® Dhee asrdher. hBkoed shows
96 cayy be,i r - f or if. desired. FIG SA _
Tl ustr at résr%hgeg gﬁ%‘?“’gngfg 2orlss b3h :%ﬁ’?mﬁgl‘é mounts built
bui | ANRGLEl 8EkPIoakudEE -t o Thushi Ore prabes dinki aLrmEldck 106

20 munhistehp, ageoOrdance With rijagiple of the .
i nvention. Bl ock 101 is cyl ircn%érelbgla , cgﬁdg?:aﬁe%eerrcfgsitloyas a
téchideB8 PEokPRBats stlocdessnaotis etcesd recderedrias egdaietry.

i n bagsghpkabeger ﬁh@&*ﬁéﬁ¥l§3¥§a@emgﬂ b§§§5&U§%ta&$Din the

conical surfaces_ 103 providing t al | contact

poi ntFEOPSedr Edrdf Qo APPLEFARLIEL 1bps amte antbp subject of

peri reetier ispahtddn CUryeA5.108 agk plr@%e'i%lfl‘%?sfe‘éﬂ #dt 1arge-
smal | -scal e applications. Bui]lding block I01 is
arr afg&d®i PEXRCAGHART c *RBEHEL NS kevtfrge ol 0T h&oother laxge.

16i | diuagebboakslaitsclromeddhgeiity a1t distiMmDee balance
under st 89% that the discussi 3&»21?&\:9:]‘ the previous .
bui | di'fg™30° bF 6¢ks™ 3% HE 45Vt ort %ppl Y oPBEPAdFRgs and
bl ockar0¢ vesseld suchgasdaiFtfafiBRarkiusér af@ScMBlsed 1iners
e s b CH
PCT/ B820641r0438%61a87antdgrendt itthenwlistios&l okknek@@ iBasount s
|§@Uaﬁgc9£p5fggfy%9ﬁg§5e plates fashioned of large blocks 106.
Building block 106 is arranged in a kinematic mount like
that of the other building blocks disclosed herein, and it
is to be understood that the discussions of the previous
building blocks of the invention apply to building block
25 106 in this regard.

Large-scale kinematic mounts may require widely
separated blocks framed togethexr. One such’ framing 4is
shown next. Note that more than three balls in a
kinematic mount require Fframe fléxibility of the framing

30 that holds the block together, which provides the
' compliance that is required in kinematic mounts
incorporating more than three balls, such as four or more.

Consistent with this, FIG. 8C shows a partially-assembled



base and a doubl e second order hyperbolic parabol oid
| ofted surface 107, which provides two ball contact
poi nts. The groove line of surface 107 vani shes

WocausRrfagof vari abl e radi uses of gui de cur Vvescpgs206:5043761
such groove line (not shown). The "groove |ine

effect” however shows up in th&dynam c response of
ki nenéirematgunteoubti L0 $orbidingf ticodkeock8611Thushich have

the gEROVEhd N&Lfadll 0alk i 106, e -
Surface 107 can be r eferrle§d) o géégzl o ?g}rgég?odetalls of

it doBifhbtviddcawed Sechacbichst:: gé‘@ﬁetlflytruﬂlgllmerprovlded in

or der pk ned@ti £ 3kl sesskhave di-sadyaptage dyn t'?f?came Ji2 to
proposed field of application, thuS are not subject

tht's FA%enti BR2EBI otk oD é’lﬁﬁéﬁeﬁ-él’al JRE_ERPIRGe outwardly-

| ar gedls@caieei apRhineetiONsrdoeayi fing ﬁyff@@&plc%gt erhRe 112,
| ar ge, ake and bl ast induced gravity field

di st u?‘ba‘ﬁ AANLBI RY i e SCEGER/ | BF g*é‘%lliéeblléckhen used

106. Searb@&EK:jz rdfgsxablockaArga Wes SlaxeSUEP, aSany number of
aircr AT eﬁ ? %t gruise liners  have steady state
gr avi PYOFERIGR REI FAHEICOTY ABEP shdedte ¥hbh canfdesre 2nd the

amanfagm afant hekdi smlaogedelsmecmafdm BRUNESy 26hitable way of
i ncor ate fashloned of | arge bl ock

106. Q%E%{ g?]g b?o&el 658 |’§ arr ahged i Mg k%’%er}bﬁﬁdc without
nmount depaketinghatfrefn t hke ot heverfiiioindi ng Iheck®locks can be
di'scl B5e0 NEll BexBNfly | dne IhciRebe UNASLAIOPGLOAL LAS ey

di scussions o he previous bul ng
i nven¥iém apprlys t Brdui Prk ngndt ek li25da@6:e|dn tdids this will

regar depd:af pr 68l %Aﬁﬁ@ﬁﬂéﬁgﬁﬂl&%kﬁ may require
wi dely = separated bl ocks franed toget her. One such

fram ng i $5 sRowaliExE. Not dlenatrabient hgdGthr 88 shows a

bal | skiferhtild nefmaki Q10RUAL A EELY erdd agBs S £X] fildgt
of the fram nI% 30 that hol dg t he Dbl ock to(_zL;et h)éjr ne Xﬁth @

pr ovi GEE S h& Tecoffl PRATGe 2 KaberatieqepEdliop I@inr‘?éﬁféﬁl@ foux

mount Blod:]{EQfdiaéat imgn noreramaanahr eec bad# SshowdCh R$nematic
FI G 8C shows a

D20t | B GO aRBa PO R00S) PO7E8n FeArOssash) D4sTEE-  The
38

blocks of mounts 110A, 110B, and 110C can have any desired

cavity geometry consistent with this disclosure. Any

number of blocks secured by a frame can be used in a plate

for a kinematic mount without departing from the
25 invention.

FIG. 9 illustrates a truss assembly 113, which
included a plate 114 with a cenfral, annular seat 115
which mates with a ball of a large-scale kinematic mount
constructed and arranged in accordance with the principle

30 of the invention as disclosed herein. Plate 114 has a
plurality of spaced-apart holes 1lls arranged
circumferentially around seat 115 to receive framing

struts 117. Struts 117 are bolted to plate 114, although



ki nemati c mount 110 including two bl ocks 111, which

have the sane surface cavity as block 106, further
details of which will not be discussed. The

Wwasiobsiarsen provided in FIG BCis that bl ocker/ésboesnasre
are joined with a frame 112 to 5 forma plate, in

whi CB-@tbl Es 111 |ncorg orate o@®wardly- directed

par a 8 bf RRedioF1EaC B inaEEBpt$ng frame 112, in

whi ch wel diupgd 813 k8§ Ch&YShg I en used ,
ff:luigjbl ocks 111 to%?‘fggr‘ge é%‘%&ﬁes 1@6&‘1%1?1‘%

to rigidl

ocké @Ja FHSFCaSRrehtrl rpg aYpIPatéEdmntthgaotﬁs amer the
and tSheglé gmdsme Cadvitgk8uefa Y dtesiye
syi t g, ed\gx_@%los a}f|lf| xing the bl ock?r{eo%a L rf% iR thus
used Wit hout ° depattisg fr d tahé“aitr’f\?énpﬁoﬁlltm’erdﬁl@cks FIG.
can Bé& 1r3d$1|star@he$j aexXtirtioewNEnEsiRat, o@r aSpaﬁQ_%mg block
apartl,zoagge(gvgﬁ dﬁ uc@agt from one anaot her
desi r ed i SR 2 5% pRtitt o Orfhéﬂ%@%ﬁq @ounts, in
appl F@SPFWCWJahnahe epriofcibllbust ratd Alvekt Gn 8Dp1ock 120

showg e OA i ng two bl ocks
oi nega%vlu{fég]aga Fgﬁ%@ F‘%atfl% d:{ﬁ?gél ki ABRRtIRctBangroove

Q0B1iERRF ueif nt2 ¥ oand 1&3I200k151q:k0|an£§j dMaﬁbn@lfif@r@)e %Q{qare or
FI G +8F: shang 2 ki c ;o C including six

bl oclfs joined wi téﬁg‘gn'?'r gme- % (J)%%s of TSunfsrcular or
110APaiﬁkﬁil%uﬁP?ﬁﬂ9€Scéﬂ3hav@ éﬁ? desi efke ddthiden groove

geonetify conshaliepbryhdib.d hiss disGl osyy nunber
of bgggks secur eder a frarre% ganl%%e use etﬁ"% pPapave line

for ﬁ’@ﬁatﬁeflﬁ‘ﬁﬁﬁ% WEEPodE 6 depaspé eighferlym tJhﬁ wilirh are

Lhvefbimed dubGraftiblslest @ dohys aéﬁ,?:lm 113,
lafe 114 with a cg%tra LE%nul ar

which i % uded %ﬁﬁ
seat 115 iR SHELEST A 1 SIFALRT oFenttal gemedkic cavity
Ki nesatfaawunt mnmspulctgeaoagd 1qrnré§nge§a3) Nihree or more

accogdance th the rinci ple 30 of the invention as
di sc?ose h\e,;ﬂrléller? Pdt e g”??&slcapaﬁ?km]él%dtyq@ﬁdrants, is

spacé@smmtn\/'holweshiﬂetaé rasgeings retinfirenti Al on. 1o

25 oupgh seat Iy ecejve f struts 117. Struts
117 are bol te(liL sttga at g}‘i?m Eg‘ﬂ hgjugﬁ M5 2B0SPIHFBRcavity

pcr/{@m/q)mlarred embod:Lment of this invention, which is

lofted between square perimeter 1line 131 and cirecular
guide line 132, wherein lines 131 and 132 are disposed in
opposing, parallel rlanes perpendicular to the
25 acceleration field. Loft surface 133 is a single surface,
which appears to be gquadrant and split by pseudo groove
lines 134. Spherical surface 135, which is tangential to
'loft surface 133, closes the bottom of this surface
cavity. Note that such a loft is hyperbolic~paraboloid,
30 which is still a second order surface. And so while FIG.
10 shows lofted surfaces incorporating intersecting groove
lines, the embodiment in FIG. 11 shows a configuration of

a surface cavity incorporating non-intersecting groove



39 the bolts are not shown in FIG 9. Building blocks
having surface cavities with nultiple groove lines

are practical and ny be advantageous over the single
WoPRyS1sayi ty surfaces of the buildi ng bl ock5p¢m0&/o43761
far disclosed herein. As a matter of illustration,

FIG _ 10 illustrates a further 4€nbodi nent of a

bui | di*R§Sbl ock 120 used to construct base pl ates of

ki nemat i cApBAHiSn 1B nBRCALAANGE Wit Brkhe, prineiple of ,
t he |nvent|on Bl ock 120 i ncludes a surface cavil y of
doubl’&, §9%Fer¥dct#RED egr dveding | bhesk of4Q2tsadd te2Fashion

whi clbaaéepnja@@@rtad Hl@xetrn%l@%@hﬁcsm B&%Ekaﬁ%"fﬁ?ﬂ%%% four
1% of bl ock Two circul ar par abol I ¢ sur
3

§ﬁﬁs‘i§‘htjavree SI”EFF‘@G GRY Hess glr‘léeve Eqohneaydtyahdl has a
perlm@besligrBithEyaﬂﬂdfMﬂdNe%ﬂrléé%%”idﬂ @@thlgguﬁﬂga groove
peri ter 126, r.espect n which are 15
P or noa" gt A GHIORs A4 hCELRIThetdy A s THEAS  with

onstpunde®ng:¢owarﬂinﬁs, emﬁrﬁﬂldﬁyﬂﬂfgridhdaaﬁ|b&oove lines
lines, say three or nore

zgrr% agée?%éééggd &%aggge%%djfﬁfe éF@GG@nFI¥Eg9%§Nfurface

HAst IC@(‘H-T—M%S v51|4t1h|anIe futtabde itbl ustsate loéaonérﬁg balls of .

f [ a ol uadr ant s
?LZC%F%S%IO¥ i gbuﬁﬁgng?%n ééﬂ? %Fh 87 ﬁ?%ibgﬁfl§ﬁoﬁﬁl%ﬁ of
sur f &€€tenwiatpriapedt revighofatpirsy .i nwadki vml 1 Whisclbfi Block

squangoWhes eldreRShi BB flct ol 'ngcﬁgltllég%p §]m§§e plates 140
circular and 132 are di spose
to form .a bearing bed or track. End wall 146 is suitable

15 to receive end bars for the same coupling purpose instead.

As a matter of example, FIG. 13 illustrates a

coupling 150 used to couple together plates 140 to form a

large-scale plate for use in a kinematic mount. In this

embodiment, coupling 150 includes a cavity 152 formed into

20 an upper surface 151 forming four short-sided sidewalls.

The short sidewalls have holes 153 to receive bolts or

screws to couple block 150 to plates 140. Looking to FIG.

14, there is a framed platform 160 formed by plates 140

and couplings 150. More couplings and plates can add up

25 to larger-scale tracks or plates, which are suitable to

. receive multi~ganged electronics cabinets and other
payload units.

When additional damping is needed, the surface of the

surface cavities on which said balls roll can be treated

30 with as compliant surface layers including; for instance,

one-way gJrooves, or two-way grooves, formed by blunt,

trapezoidal, drill point, or ball point cutters, contact

condition 41, contact condition 42, etc. A ball surface



opposi ng, parallel planes perpendicular to the 25
acceleration field. Loft surface 133 is a single
surface, which appears to be quadrant and split by

ReLieo0g890ove | ines 134. Spherical surface 1385u¥3b6813761
Is tangential to |loft surface 133, closes the bottom

of this surface cavity. Note tthat such a loft is
hyper38l Pespabrabiirérds Boeatvicchyi 8 Séhdd aars@CORMdimples or

or dershsuLbdRceo-ANd SRi i Le F 10 _shows. | of t ed _
surfaces i ncorporating i ntge?sén?trfndprﬁfgb‘&’?%l PPnés, SRifgical
embodi*ERAES | BRI EFoavBSshowkn atitionfiaparal i GuGef 18a and 15m

surf aceueewddas iaRCELROFRI NG -] cting_ groove
VO 2005/,107528 40 PCT/ US2004] 3957 RS be R dithldad ana
i 2 nOW Qi réct™&F™ & FFePERNL] rcanttiach tHeémeens asemllyeind a

- anot berféee | dEng aakyl4F used;to, fashion . hase.
platgs, {r&(citn matic nounts, Bl gck 1407 i r?clnlfjl é%a &G mognted
consecut I Ve SUr PAe 23CETRI§ % st AEcopdance avitly thil prdsciple

a oppbsithg sSnstentidd.ndr.epdr susf ages gézag’i%ﬁ ?%cggas?dball,

gr oo I ngs, _and _oppesing_end cylindric

143 éﬁﬁ?{]& roﬂn&eqcoé‘(r%%ge Slu?‘ﬁég? PR hiB¥rttthe ¥ounded plate

§ oovevitnes Layer aach idencied atglid MMNAUE of paralie:
rfac 10 Cavities 141 are suitabfe

const di r . 14 |
to re%g% yé§I gggc%gaa.laﬁg ba1"e& SofL08h Y¥dderi givdiinfeandcting
| esslergiginignadr anonldeianidigabavh s @fs 190f Lek FRberi glyg
Wi t hyhi gh dagpj Si de | 1_145_of bl ock 140 can _ !
recevi]ve, connectlcr)}{r;‘J bl %rgks i e%oug g’ moPEEHitt e840 rebling
f or "eeHedrang g betowrdingaekhakret Wakbiddb | Bn Sitd ahb8diment
15 t @egianeiave engidlar §shor, iihe samge _coupl i ur pose

i nstead.  As a mattor of é‘%té‘n%%: n&loéergi%llpgl E’SI?r geparally
a coUpiihg 1507 udé§-t ol@oupine tbgetrirere phat@bink4® t&Ff an

f or re Bastomege-196ake oat &5 f QL use (N, a, Ki;nematic
mount,. | n thi s%%?ﬁbodi ment , 08u§1 i k’glg’%olﬁﬁga tb s mgshroom-
cavi I13PPFSL ¥¥ERSd Y4t Ferarakedpper vaditase 1251 cher myngall

f ourpsimar testtded sisjewed | §hicdhes$NQ% bdewal | s have . |,
Shak3 tOo recei yve bolts (l)? sca:rgﬁy/sgtgbgo\é%fae 19UggRd in

| e
Zr11)80 VEES at eS-'F40 S"PBERI ATt 6°¥$¥s and valleys may be used

without departing from the invention.

The present invention is described above with
reference to preferred embodiments. However, those
skilled in the art will recognize that changes and

25 modifications may be made in the described embodiments
without departing from the nature and scope of the present
invention. For instance, referring te FIG. 17 there is
seen a schematic representation of a ball contact geometry
145 including a ball 150 contacting opposing top and

30 bottom cavities 151 and 152, in which the bottom cavity
152 rotation about axis X is orthogonal to the top cavity
151 rotation about ¥, and in which both rotations are

orthogonal to the acceleration field %2, which, in this



14, there is a franmed platform 160 forned by pl ates

140 and couplings 150. More couplings and pl ates can

add up 25 to larger-scale tracks or plates, which are

ol Joadl09s280  receive multi-ganged el ectroni csp@ptB6il033761
and other payload units. Wen additional danping is
needed, the surface of the sumbace cavities on which

sai d epkbbBsmet,| dan heidnesiat edth 3Qravtbyas co¥phbgdal ang
surf Laye nel u for st ance,_ one-

gr oo&%gg ¥ afped caw‘%rl%%vgg cf”b F RISt ; 2% a ball can
trapéﬁpomdsald agr iinl FIGI. ntL7 tﬁbrb@ﬂbt@@lm EUkigéatic mounted

ol | “ChPF AR Y S0 ar 18 0h rrbRFoAs s T pilasiotes

aPsoofe thefdogentiened blha densetwayrdy ofIcli npbes @h be

shal |,Qw,RoL s ' acli heri cal,
surface the gafsé\c/)\{\%\gh ﬁ t%%FnSFg ar%l &@_{% GSO{H’1§ and EsBTed-
i |1 udtsr at Bateer cfagedapendqydoited tirfiaceall be @ppltived’ in

and %npdsedefbdidemi-a COEPdrant cgﬁpt acirbet wegn a té%lresents
and a surface of a cavity of a ate of a |ne

nmounts&gstephistidyct aﬁ@“ear Faﬁlg"e}d Bﬁora@'cmhdamnm izh cross

tbe RlichEbR) €asOfint NG dHNVENt LD+ 1Y El5110h Fa5 P various
appl i ed to a ball and/or to a contact surface of a

pl at EX5FRRT | hangsre 307 cMAKFicrbiRns 167 | Akt udwdodiments

gri dh@l.’relimt I‘ch&s@xﬁ paf abheposdPVsE 0&1%@1@93%11 eadily
towers 108 di §Ihded b%el ntersecting |ongitudinal and

| at i CGGPhalFovaPEfs Stoo sthat 116 Barts, TRhithe esEpRhigthat
on | ayeh 1Odjfhtdtdionsmana Kf@i:ieht[hg:nsrei%l S’Io&n(iﬁpart from the

oVi e .da |n I.n .t he enbodi nent
epi cPaals nORPRES LA ol ey IP50805] o be inclugea
.genelwalthyn ‘@w&lcepelthdﬁie@.f 16, an alternate enbodl ment

of an S i ncl ude

mushr oom ﬁé%qgedfdﬂ e]s%%ibg%pggat éLBVBn&OIi | &ys® %2 clear
cut BydbaPmClqﬁoutﬁ—-@cmeuu o H@blentwﬁechkvalédey& ma art to
are podpdeddd gz%slgf‘epcec;mg r S&%estf r nqw%q:ion clalmed

val |l eys may be used w thout partl ng r oM t
2Rvedtion.



The present invention is described above with

reference to preferred enbodi nents. However, those
skilled in the art will recognize that changes and 25
Wﬁl 4f3dgons may be nmade in the described e

wi t hout departing fromthe nature and scope 2?8&!{%9}/&3761
present invention. For instanag, referring to FIG 17
there is seen a schematic repmasgentati on of a ball
contact geomet inel uding a ball 150 contacting
opposing top a ]{r%aigéégot?omrﬁr&é‘% fies 151 and 152, in

whi ch t hethote dmléaw ty 152 rotation about axis Xis

ort hogonal § 1400 cayit 151 rotation about Y,

and in whi chﬂb E’ r ot atalahodnsf‘};'a?’%msblt”tg"h(§§8i’i’%ﬁi RiG tetie’

accel er at Fom frllrértdpzate/\momltacttmc_t hite %@:2@&5411@752851};
PCT/ U32094¢ (ggﬂ@; égn i.S aI| ed wit

gravity. Orta&gona and %qggg{]rs%ns&@&leﬁ 3765 Iﬁ§atl°nal
cont ACVeBRRY ffedhpofizsthaletearande used as in FIG 17
for plateghd BeokhNSIBld ¢oHPY Sqr n fUC ed ,and :
arrantg_)ed i n accordance w th ﬁ&ﬁ |t%§|§ gflst"ﬁfe six
i nveffPPoRct 'ﬁ?énﬁéoﬁ%‘t%tfailﬁl}ige;rwlad;ann@e aral rangetbnal
as Wmbhkehdte: GRORRE! Yendb&atd?, If so desired. As a
matter of reference, lofted surface S of cavity S in
the enbodi nent depicted in FIG 2B represents

subst ant izl | y abpersaie oavi b ym QLGOE%EEM [ 0SS
10 section, _as in each of cavities ® %%%iggng

Various ¥ UFPREF %ﬁ‘gﬁ‘é}egpﬁﬂﬂl%oﬁﬁflséaﬁl%rﬁeﬁclo@dt peces and
enbodhrentireberet endibgs €Ae f O hIMGRO8ESN Afhe First face to

|IIu§£ga§é readily occur to those skilled in
he art. Tc%@ltd\t,wwguéx’t ent that such nodifications and

varl at i orfshedshpee hEdar eath Odﬁlstpb@eaSJ.ﬁpirfei brofht NGy ree

I nvepgiion,. s n included, wthin
t he scope %Otﬁergég 1%\/}3%99 { gggcf‘?%ceedf't Be three balls

i nveREPIAFLiRTs petbadreapt ‘almd ﬁ:msctl sed t dBdasa s ;
enabl e t hoge sakid I dnsh Ny ALLALOLs nder ot an and

pract |C(1:e the same, the I nventi ai med Frst face;

the second plate in juxtaposition to the second face. '

3. Apparatus of claim 1, furthér comprising:
a fourth ball;

the first plate contacting the fourth ball at a first
contact point; and

the second plate contacting the fourth ball at a
second contact point;

wherein at least one of the Ffirst and second‘contact

points i1s a compliant contact point.



WO 2005/ 107528PCT/ US2004/ 043761 43 1. CLAI M5 Appar at us
conprising: three balls; a first plate, and an
opposi ng second plate; the first plate contacting the

Wy R6s/ ks at six  contact points constrai Ni B&rus2004/043761
transl ati onal and rotati onal novenmnent of the first

pl ate; and the second plate contaacting the three balls
at six cdéntackpgroiatts cHNSigl Bl NGuAdTRAS LakpLNaIngand

rot ati onal nt .of the second plate. 2. par at us
of claim 1, s?%??eﬂ‘e%ratvéggrp%}fps?sﬁ@?’ g“é 2l ﬁﬁ%‘?“ﬁg faces and
opposiaV§ Prres ewténdévpnthdmatascaghl fidi €Re bOIBSE face to

ext endiengekBgs eddy.Qugh fromthe first face to the
second face; the three balls each disposed in one of

the threethporhzeef brliotand ¢her Ebattivdald tdheh spapesed in
the tdheeerbehd Sroull 8hEES I G QULbpard r%flaEEee ftlor %Eleand

second faces; the first plate I n juxtaposition to t feAcer,
first-hPaclYr Hrflisherseedidplateodrd jafx thpositstoant osecond
the secesd face. 3. Apparatus of claim1, further

conpri si ngh alia fourth ball; the first plate contacting
the fourth™DatiT34t PA2¥$ &t Jugbapawttise he; thd itk face;
secorchdpl ate contacting the fourth ball at a second

cont act pg{lnt' vvhgr ein at,  east one of the first and
second contaci®ch8i Rtaty sifa JeERRe it oBoRe ddte perard face.
WD 2005/ 107528 PCT/ US2004/ 043761 44 4. Apparatus of

claim 3, gurtt}\er conpri si nq:'. )
. bparatas ot claim 3, wherein the compliant

contact point is provided by an elastomer at the contact
point.

6. Apparatus of claim 5, further comprising an

elastoplastic material applied to the elastomer.

_ 7. Apparatus of claim 5, wherein the elastomer is
carried by one of the fourth ball, the first plate, and
the second plate.

8. Apparatus of claim 1, wherein the first plate is

fashioned from a plurality of 'rigidly-affixed blocks.

9. Apparatus of claim 1, wherein the second plate

is fashioned from a plurality of rigidly-affixed blocks.

10. Apparatus of claim 1, wherein the first plate is

fashioned of blocks held by, and secured to, a frame.



a spacer having opposing first and second faces and
four bores extending therethrough fromthe first face
to the second face; the three balls and the fourth

R0 booSarkngdi sposed in one of the four bores $@fus2004/043761
rotation relative to the spacer, the four balls

proj ecti ng out board of the firstS and second faces;
the first ‘prat®PRIFtust aposliatimon, t ehedvd rf ithet sé @O plate

and the meaedfe®|d &1bBKs WehapRsi ti hg secan
face. 5. Apparatus of claim 3, \%he%rgc?]nste%ﬁ%egoﬁ%l iaa%lrame'

contact point is provided by an el astoner at the

contact pointApgarahppasaigss s9hgcl aim5, further
conpri si ng an_ erl 2l|sato | astic ,ma?e'ri al applied to the
el astoner. 72HppdPItis BPOSHas nfSrstwrares acervk faces and

el astidwee bsresamtieadihy mRec0hrdbl frount bybalil it Fgce fo

first.,pla t he second plate. 8. Apparatus o
claimI, &E%?%%actehe first plate is fashioned froma

pluralitytbfes ikgildbyeat idtedobb®Cks onQ. oAPPA A4S Ol s

cl ai , ' cond,plate is fashioned froma
ol urﬁ"i]"ti o?‘“?‘%‘ﬁf Pg‘e}tg%f %ﬁeagﬂ%‘ﬁ&e.rrléhemeaba&l@f

- cl ai mreJeqkErRiqntbherd iafstthpl Atest aindf asBbaned ek ;

bl ocks h W ] a4t )0 e
2005 107636 L) ChotDa baTy Bt P SRt st oface and

cl ai MPRtaGREIRithet hereebodds phiateix sohashi qradtef

bl ocksnbet£h g @ red, t frame, 12, aratus
conpr, s ggﬁjt a s?paggﬁ%gtl\%ioﬁgl o%pdogoﬁag%??%{l Hgﬁlggg%&ﬁthe

faced 4R Hrede@B®r es ext endi ng t heret hrough fromthe

first face dedontihglsecand hacs odiRs ll.s each
di spgsed in one of the thiee Bor ellglggoggréo “afFoRnd face
rel afP¥e BN g pthrepdbabise@thal ¥ scontact points

constraining translational and rotational movement of the
second plate.

13. Apparatus of claim 12, further comprising:

a fourth bore extending through the spacer from the
first face to the second face;

a fourth ball disposed in the fourth bore for
rotation relative to the spacer, the fourth ball
projecting outboard of the first and second faces;

the first plate contacting the fourth ball at a first
contact point; and

the second plate contacting the fourth ball at a
second contact point;

wherein at least

one of the first and second contact
points is a compliant contact point.



projecting outboard of the first and second faces; a
first plate in juxtaposition to the first face and
contacting the three balls at six contact points
WoWwbyALAENg transl ational and rotational NMOVEEEDBE2004/043761
the first plate; and a second plate in juxtaposition
~to the second face _and cont act4i6ng the three balls at
six conta ?‘ gBRAEEtug otfs tlaimi B8 trhersliat tomatomrgidant
r ot atdoanakt NEBseEEat piotNid $CHNL Rl ALEar 13
Apparatus of claim 12, further conprising: a
bor e PExt'sndi ng through the spacer fromthe first face
to the second face; a fourth ball disposed in the
fourth bore faor __rotation relatjve to the spacer, the
fourth baﬁe' %lp&aéé{hilsng‘)%&lﬁb’&rh‘l'ofWhlePfél%‘i?%ﬁt ediggtomer is
secordrfieey the Hfrsie MHoatkenhcwtaCcthagri he gﬁ%gh and
bal | @t QeéérLdsﬂoflaEQnt act point; and the second plate

e

contacting t ourth ball at a second contact point;
wherein at | east one of the first and second cont act

points is;a cqopli cqontact poj nt. 2005/ 107528

PCTI US2004/ 043%1%@&5 vd C%b%flg‘{rusfuafﬂ BT fWPFdsing an
wher ELASERLachAp| Parericdneaplighitet the Prasticied byyan

el astoner at the contact point. 15. Apparatus of

claim 14, wherein the elastoner is carried by one of
the fourth baPPPar#ens iofsclpimtle, ahdrethemecanst plate
pl at €s AfshidpRar atats HhHiokat M4 her_ LS

an el astoplastic mat e al app}lli éfdg%i?ﬁ% a%%ggfegr@?‘jg"ks'

| ayer. 17. Apparatus of claim 12, wherein the first
plate isid.ashppaestdy om a1plmrdl i ) pL; :

ri gi gL yzaff; xeg locks. .18. . Apparatus of cl&i mignd plate
wher &7 it e 8880 {pqﬂqapéurallty of rigidly-affixed blocks.

th
f ouer tcRntact

19, Apparatus of claim 12, wherein the first plate

is fashioned of blocks held by, and secured to, a frame.

20. Apparatus of claim 12, wherein the second plate

is fashioned of blocks held by, and secured to, a frame.

2l. Apparatus comprising:

thiee balls;

at least one additional ball comprising a fourth
ball;

a first plate, and an opposing second plate;

the first plate contacting the three balls at six

contact points constraining translational and rotational

movement of the first plate;



y

is fashioned froma plurality of rigidly-affixed
bl ocks. 19. Apparatus of claim 12, wherein the first
plate is fashioned of blocks held by, and secured to,

wol2065/Ma75280. Apparatus of claim 12, wherein tgE/c2602033761
plate 1is fashioned of bl ocks held by, and secured to,
a frame. 21. Apparatus conprisi4iy: three balls; at

| east one “RGdFEFYRPIBER | CovmRtiapngha thoart balballt; sax

firstcpliaice, pansk ArcaBpesinthSecopth Plabss LI fivettionar
pl ate conta tlggrithe three balls at six contact
n

poi nt & SEREEr &t nitfy SeFaRSIR¥ESRal and rotati onal

nmovenment ahet hirdd pabtpl @dreia MOLG00Rd HUGDRR ball at first
PCT/ L&é,%%%/ 043761 47 ., the second pl ate contacting t fie
al'’l

three $ BY'%i'x %88ntact points constraining _
transl ati ¢hal semchdr pllaté oraltachDNgMeiY reh-ihe,Sacqpd,

pl at g irst .plate contacting the fourth ball at a
first ecté)g‘ﬁt é%?éapcdtf)ﬁf)?méhd t he second pl ate contacting

the fourt Whea¢in att deasecord ofothactiR® Bha MR Bo@tact
| east,ARg0f 4t ' nd second contact points is a
conpl ant sco?}tg]ac;ectc’;“gg?%?e '%é’.scaﬂgp%?ﬁiqcus of claim 21,
further conprising: a spacer having opposing first and

second faggs foyr borgs,;extend ng, theret hrough
fromthe first face to tﬁgﬁégc%ﬁd UEEBRT { FRPARY !

bal | s and2t FRAFFuPeHLEK|dppeadhg df Spdseddi secane ratet hang
four fRkeBofO o ' ' 0 acer, he
o ﬁ%@ﬁ&iﬁﬁ‘ﬂﬂ@ré%éYﬁﬁ&h ngﬁi?ﬁ% é%ﬁftst%%ﬁufo

four l%al | s projecting outbo t he
f acedRet ABS$39 RCBFate in juxtaposition to the first

face; andthe three balls and the fourth ball each disposed in
one of the four bores 'for rotation relative to the spacer,
the four balls projecting outboard of the first and second

faces;

the first plate in juxtaposition to the first face;
and

the second plate in juxtaposition to the second face.

23. Apparatus of claim 21, wherein the compliant

contact point is provided by an elastomer at the contact
point.

24. Apparatus of claim 23, further comprising an

elastoplastic material applied to the elastomer.

25. Apparatus of claim 23, wherein the elastomer is
carried by one of the fourth ball, the first plate, and
the seccond plate.



the second plate in juxtaposition to the second face.
23. Apparatus of claim 21, wherein the conpliant
contact point is provided by an el astoner at the

wodoato7s280i nt . 24, Apparatus of claim 23, fupties2004/043761
conpri si ng an el astoplastic material applied to the

el ast oner, Ag?ar atus of cl 4Bm 23, wherein the

el ast oner ?S APRPFRERS 5 Sheimf2ihehkoetn htlbaalfll;cst helate

firstspfasie,omyd fréhe $26eR4; P aleL. e
PCT/ US2004/ 043761 48 6. AppgiFat usd %’?ga?rﬁag Flocks.

wherein the first plate is fashioned froma pl uraI ity
of rigidl3af fAlpp&datbisO@:lfScl@Im Anpahatys, afhclalm 2l blate

wh t f ashi oned f
ol ur S 119 G EP QLT PERRRH b Gk Si Ly RRgaras usLates.

claim2l, wherein the first plate is fashioned of

bl ocks h b secure rane, 29. Apparatus
of cl ai meizei? %ﬁ%gg%nust ﬁg Sg%ld‘h(}lm ypareing tﬁ‘&sﬁ%’éﬁ‘%@lﬁfﬂe

bl ockg @Peifﬂoﬁyd efhdloekarkedd dy,aaht age@urdQ. tAPPArALYUS |
conprising: a spacer having opposing first and second
faces and bores extending therethrough fromthe first
face to td%e ABRdFRFUsacE; cldime@lbakhazeial theasscEM plate

addi 14 omadnhibakl <o f rth bal | ; the t hree
ball's and the four:ﬂ% Eg%%elgjc ?/dl ERDSTFIRY bhe dEreRS-

bores for rotation relative to the spacer, the four

bal | s pragjoect apghQiBoasfbafs ke first and second
faces; a flrst ’gl ate in juxtaposition to the first
face and® GBAtH tqal’{dnﬁ'h%pﬁqﬁlé‘@ Barst amd skxordmaaet and

poi rterescenstnainy n@ekéoNuahi enah and Aotational, o oo
novegge&tndof the first plate;

three balls;

at least one additional ball comprising a fourth
ball;

the three balls and the fourth ball each disposed in
one of the bores for rotation relative to the spacer, the
four balls projecting outboard of the first and secongd
faces;

a first plate in juxtaposition to the first face and
contacting the three balls at six contact points
constraining translational and rotational movement of the
first plate;

a second plate in juxtaposition to the second face
and contacting thelthree balls at six contact points
constraining translational and rotational movement of the

second plate;

the first plate contacting the fourth ball at a first
contact point; and



a second plate in juxtaposition to the second face

and contacting the three balls at six contact points
constraining translational and rotational novenent of
wbeoosgemend pl ate; the first plate contacti nPQarigs2004/043761
fourth ball at a first contact point; and WO

2005/ 107528 PCT/ US2004/ 043761 48 the second pl ate

cont acti g% K& PBAr P ifaIcen R clings dbgndoweit Retlpot it ;
wher ekaomd dcﬁﬁattop@lrﬂj‘ the first and second contact

oints |s a _canp t contact_point par at us of
(F:)I ai m 30, "RAFErE, ﬁl:?ﬁeeasgoﬁﬁﬁ %%PthecSﬁFéEtar%isﬁflopé contact
provpdigthyisan ebasliim cahtide geamkact point. 32.
Apparatus of claim 31, wherein the elastoner is
carried by one of the fourth ball, the first plate,
and the %COMPQ#@U&S Oﬂalaﬂpw,athSr@f.n ahai Hbﬁé-llant

furt ri:sk.n tolastlc terial
to tEgﬁtealpas gﬁél}: :g?%?t&ov déé FH tg\lgech}tﬁct

the PP¥%t- plate is fashi oned from a plurality of
rigidly-affixed blocks. 35. Apparatus-of claim 30,
wherein the second plate is fashioned froma

pl ural it y%f ﬁP@?Eﬁ”ylSafOFEl sbafib|3dckwhe 86in Appar bb sisonefr is

cl ai B3B3k e dMy r%h@ dhanfdl E3i 0l 381 1 Snd af%%'.;% i.lgate, 2ng

bl ocks hel d and secured to, a frane
of cFEﬁrﬁ?ﬁ?ndmﬁé?%¢ﬁ-the second plate is fashioned of
bl ocks held by, and secured to, a frane.

33. Apparatus of claim 31, further comprising an

elastoplastic material applied to the elastomer.

34.. Apparatus of claim 30, wherein the first plate
is fashioned from a plurality of rigidly-affixed blocks.

35. Apparatus 'of claim 30, wherein the second plate
is fashioned from a plurality of rigidly-affixed blocks.

36. Apparatﬁs of claim 30, wherein the first plate

is fashioned of blocks held by, and secured to, a frame.

37. Apparatus of claim 30, wherein the second plate

is fashioned of blocks held by, and secured to, a frame.



