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Sangul ar notions or rotations (OM 0,,, 0-) are

necessary to describe fulyck n and position of
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conpl et ékyem&ftﬂmd nouspace, otdespitie r epeaitred as  kinematic
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coupl 1 ng ocC en t e transtfation
r offakednalin 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 additional 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 6, (pitch) and 0.
(roll). The flat constrains motion in 8. (yaw). The chief

disadvantage of cone/ball mounts 1is that some cross-—

coupling occurs between the translational and rotational
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p0| nt contacts between, Uégl spheri cal nenber and
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poiind Sresth@seencent rated fanees 28chead tdehit@hece convex
stresses, know as Hertzian stresses, both at the
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which are o ten referred to as I sol tors, are
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termq%raghe;:}/fpalcamember and at the groove. Accordingly,
while this prior art mount is sufficient for light loads,
such as laborxatory applications or light-duty field
applications, it fails in heavy-duty applications, such as
when used in space Jlaunch 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 isclation. The transient number of
freedom changes is, in some instances, temporary. Typical

tilts are those encountered by anchored marine oil zrigs
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darpisngrbapads | eteesiicmoerderct orbalaangdeal r ansitisje use of
.20Q accelerations and_to _proyvide ayt.o
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or naesetadichbsyst enBedbtes, t hetpassirgdnel 257 unacceptable
accel eration di sturbances. Sone applications, such as

t h&SSHIl4St protection or terrorist hardening of

control aand scognandpl-ahtorimemndi dattheCest ££8, of art of
cannot afford to reboot and reset when the continuoys
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without active control in the shortest time practicable
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and without 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
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 1is vital. The same holds for seismic protection
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 obvious requirement in light of the



artificial gravity or induced centripetal fields in
space stations is a rather obvious requirenent in
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three Aall.s,  opposing first and second' plates, the
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The first plate is_in juxtaposition to_the first .

10¢ addr®8nd Eﬁiigeco%ﬁ plEte | FPIREAposPPIBR® t 0 FHREtraining
seaqtis1kacenal nawd pastdtchan esbederendt tes esd®nd plate.
fourth ball, 20 in which the Eirst pl ate contacts the
fody t PPHAFT BESaCPPPPLRYIcdntdtt 356 nTeCU 1R SedBhd three

pl g cgont:addsiihhe tHourhhobgh! rabma t3eCOoN GOt AL to the
poi nt, wherein at |east one of the first and second
corteserdpdiefes i <1 EBFr%Fi%\?’PclS coFt sRAchatimposed in one of

15Congicdanng thedowdrh haldtiohhec3pagee ks 2Bealsp@cer, and
furnished with a fourth bore, which extends through
t hé&bspaderess fiorhltheirst PraceOREAt RE $880Ad rFAcendTecond

fouwthsbal IrHes #i.sposed den itshe f oty RRRE1EQT to the first
rotation relative to the spacer, and projects
outfiFegr d 2o ithe fiecend RAYUTS etBNUUF RIS g ophé os pagesecond

Thecanpl i@gnt, contach130 BALolidehPrad.ded by, %uﬁth ball,

el astomrer at the contact point between the fourt
20paliln andi@dnetipd fhesti pdetandosseohd the fourth ball at a

first contact point, and 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
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material/layer is applied to the el astoner. The
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carried by one of the fourth ball, the first plate,

and the second plate. In a pa?ticul ar enbodj ment, the
el dst e ipd brovheledl i the Hourdhmbaf lanthppf et IRpde, and
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L0 hé e ot 88 15 roo% %f%cﬁisre %tdldv]%y‘t oa?%esgﬁgﬁ%(?, to, @
anckddne .t hree balls project outboard of the first and

second faces. Afirst plate in juxtapgsition tq.the

first ACEOCHNPACES U 20 CRFeE barl S AP T sTHoEON Bt OF 2
POoi G enstihanak g mbuanshationed anspieimthonalg opposing
novenent of the fi rsé plat e, ang a&ﬁgcond |ate in .

j udtidstsi t3%h t BSEMRY sefBRES f afBY cOMEEEL s HHESt hrgdending

1sbaldife @it hgb¥gBontagt RekNt SirLONShEai NEAQY the second face.
transl ati onal and rotational novenent of the_ 25 t%?rcon

pl atiEreea Hagurt I Hor 82 Tkt ehtRC %5 otRyhCTheCSpaler FSm%ores

t herdd r&de fraee 1 1bhe veeaend neaGa cBrf Oumh dal lthr@e balls
di sposed in the fourth bore for rotation relative to

t heerSpadecuitpegirdcrifngbsutiBsard 28f Sreopdr SpcgRg  » first

seqongd J a§§$-juxmgofshe%n plat ecgontzacts the.d odbhbacts the
ball at a first 30 contact point, the second plate

20contlsss t alfisurt Atbal $1x contact points constraining
translational and rotational movement of the first plate,

and a second plate in Jjuxtaposition to the second face
contacts the three Dballs 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.

Preferably, 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
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I I X
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three balls t_six .contact paqints consirainjn
L1 ansl4eTBhal FEARr TGt At Gra SOV EREAT COFOF nkn Shtorf least
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first contact point, the 25 second plate contacts the
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conpliant contact point. Further to this enbodi nent
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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
25 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. Further 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 first
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the second face, three balls, and  at _| east, one ‘

addPEPORGT BICUEBRPET si M a I6WEh BaRte Ihe fephéened of
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rot atbenahe MBYERENE,0f tHethe second face, three balls, and
at least 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 first
face and contacts the three balls at six contact points
constraining translational and rotational movement of the
first plate. A second plate is in Jjuxtaposition 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



first plate. A second plate is in juxtaposition to the
30 second face and contacts the three balls at six
W@ saet528 poi nts constrai ning transl ati onal anBCT/US2004/043761
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15\ t Bldodies fh)déb@obpg sunByuRkdpref,erd edragiboditients  sti11
and_th q}enSU|§% dlsclosure of best nodes for 20
pratt?le FADEAL T on-RShiSERCBfe PRt tidkedashioned of

togleldstefs as16heydi 56k 0seerf theal p¥gption, the
i nvention also contenpl ates ot her appar at us and
met hod EBGdiHEREs " IBR EFDESORFPTION GRMTREY DRAW INGS erred

25 Blefinicng st @ntdhe vl a NSy Fdl%‘cl%éuhé AR 'b%%'{etn[o for
VIeM/Of a prlor art kinematic nount shown as it 3

pp‘%%?rcqlc?clﬁl@d the) dnvegtilgnan whdehetriec twi dw o‘¢a1td17e together

prigs a8ht 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 dis an disometric 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;



ki nemati c mount of FIG 1A shown as it woul d appear

30 unlocked; FIG 1Cis a top isonetric view of a
wWeb@taows8 t he ki nematic nount shown in FI G 1PCT/BS1804/043761

1Dis a top plan view of the plate of FIG 1C WO

2005/ 107528 PCT/ US2004/ 043761 9D FIG 2A is a top

i sonet ri EXGt ew?df &S spacekor cohsamaictied aiewar pdnged spacer

in aeeotdance Whtd £f¥%ﬂ§éd“iﬂﬂ§%céyaé%gg M&%ﬁg%%gngfé501ple

the spacer having bores Tor maintaining bal
2B P$ §ﬁe|§6ﬁ€ﬂ?%@nM|EN@CﬁPQF6@rhﬁﬁﬂHQ:hﬂﬂﬂﬂ for maintaining
congtrygted and arranged in accordance with the

rinciple of the invention and shown as it would

ppear uhfeckés, iﬁth@nkﬁﬁemﬁt¥tcnumaw kmmlmdkmgematic mount

gppeéhgerﬁ%ééfs Eggi%gﬁ%%g%t%%rda CEI&% Inhg;ggggciple

I's di sposed between t
verpfcémes@@hkmwabnvmaw(ﬁhQWMxﬂd itombatti agrepposhngcked,

cav e or Lhe principle of the
|nvgﬁ%|zﬁfd%h%§y%2 <%§%§n@% ?erna e %ﬁﬁ?%ﬁnﬁEH?I%ﬁe%i and  the
ki nepatéc of5FFBuntAcorshtadchéodgahdlasr angedséd between the
1@cc§mgggge with the principle of the invention and
S as it would appear unlocked; FIG 2D is another
al t er natel@nbadl nerd ef @ertkidEnmateet oyl @@@atr&mt@d ball
andcg£ an ed i n_accordance O wi th the r|nC|pIe of
t heCPAVENTT'6h ah&oSA8En S8V1T-Sul d° apEar daRreckedth  the
FIC@rQﬁbipﬂ@ﬁbﬂ sogethtrenview of the ki nemati c nount
of FIG gﬁn as it uld %gge | ocked; FIG 2F is
an i sonme e of 21 h&lkPhB EmhBARFEND506f & kinematic

12E asunt kuﬂsdraap@@r ARS06kab LM il aa888FdMhce with the
assisting in the |ocking of the kinematic nmount; FIG
2G PEIC R fe oF eVAEi oREF U1 B8Rt KEOBRDAG éntwould appear

unlocked;
FIG. 2D is 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 1s 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. 2E as it would appear associated with a spring
assisting in the locking of the kinematic mount;
FIG. 2G 1s a side elevational view of the embodiment
depicted in FIG. 2E;
FIG. 3A 1is a partially schematic side elevational
30 view of a contact condition including a ball in contact
with a flat;
FIG. 3A' is a top plan view of a footprint left in
the flat of FIG. 3A by the ball;



depicted in FIG 2E, FIG 3Ais a partially schematic
side elevational 30 view of a contact condition
WO pbaaisesy a ball in contact with a flat; FI GCBBES2008043761
atop plan view of a footprint left in the flat of
FIG 3A by the ball; WD 2005/ 189528 PCT/ US2004/ 043761
10 FIG BESis 38 phft ical Pyriseivat pehenafel @l eddei cdalvational

vi ewiaf; @rcantagiaeendidhii9e; LAC bal
tracl% left in a fa or gmetl%H %HP%Q@I% a%c%?fan%gd a track

wi t Befhe 1prienciisite éﬁomhéhlenv@ﬂtlron:mS #Flc@rd3dBeei srigch the
: top Qhﬁglyigv;?pftgehgn%gggokeft inthe flat of FIG

ythe bal in accordance with the principle of
@he i nveREi¢ omBFIG BG s rlarertievalofs b emakkviledt ofn the
ano%ﬁ]gg SoOntaet condition i ngl ..a bal |, .coated
with an 10 e?astomer tyl nﬁééon?}ag? Th g‘CFPg anc%atwel&_h the
wi t hrancebbstoihdmhe iinvaotbedance with the principl e of
Vi ew

the i nvﬁﬂgl ony con%g 3D I § Iluzafrtsec aqnlait Ic:glg%vléd q"a tﬁnother

of a contact tion 'inc I'ng a
an ebastopercamiitikh pliatdddwntth an ebast opkasté€ with an

heI cont act WI t l,ati n appl [ nto a
6;I as %ﬁ%?m%%’atllnn on aafltgﬁJC éccggagncecﬁﬂﬁdth‘élth an

pri ataptenaf, thenl m/cemindm,cel:l G:;Lt%l i $ha pakthalpYe of the
schermtlc isonetric view of a positioning platform
i ncor p%r%f?r}fg ki nemati c mounts 20 constructed and

arr angedria. aeoorld;arwethhcéhesgbtﬂ@ﬂl@i evidf W€ a contact
i nventi on; is an isonetric view of a buil di

bl o‘&ﬁn?joi?lo%sjemf]ﬁ] 5tF Uettg pratsess Forh k?%e%%i‘%orger and

190upLsted n wﬂﬂﬁoradﬁn@}&awltbblém@r idwdipl,e ah tBentact with
|nvet|on %G 5B is an isonetric V|ewof op osm%
pl aP St %pp Fengt e AbuRte8heRetoRstEiRy ednf Porfla

bui bdisednRCkS th the principle of the invention;

FIG. 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 1in constructing plates for kinematic mounts, in
accordance with the principle of the invention;

25 FIG. 5B 1s 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 in phantom outline for
illustrative purposes;

FIG. 5D 1s an isometric view of a kinematic mount



constructed and arranged in accordance with the
bui l ding block depicted in FIG 5A, wth balls

wale@saores i n phantom outline for illustrativePCT/US2004/043761
purposes; 30 FIG 5C is another isonetric view of the
plates of FIG 5B with balls dépicted in phant om
out FABYS Bf 1| YRistd atinea rpdepdedsand| 81¢1BHngs tar opposing
i SO EE Vdew a kK+n L WO 7528
PCT,U%E%%M%&B%%' I%és%%%m gs 1t woul 82391%%%%% ?C%lt:e%ggetween
and ‘PREFRAFHg thf wppdsilag, phatesondardeGwisB ahe @rinciple
spager + gk spossd sthper ebet ween i ncorporating four
balls, in accordance with the principle of the
T nventi oG5 T Gs SEPragtaapavt eabl ydek plaoded risoreewi 65 the

vi ew; REndhe. i AfeCrT%%i gngu%; of FIG 5D, FIG 6A is an

isonetric view of an alternate enbodi nent of a

bui | di ngEB¥ ockéX oriusern n icomsttrict | ngewpl afesafor alternate

kin ' ngs, ccordan ith the 10.principle
of t@lﬁ%&?%@%ﬁé‘%ﬁ ‘-8?]’ F%?l%%nqasggOé\%h ﬁ_ﬁt IUCSG .'LI? .COHISEIUCtll’lg
reppésess atfon dfiremeontacthougesetiy ofcddiaabdil divpgh  the

| ock. of . El G . FLG 6B is an isonetric view of a
lcﬁi né%%%l'c&neouor#%h&%%e%?%’ woul d appear unl ocked and

i ncl udi NHLBpp®sT nys 45 sphamesi@a@?pf@ﬁul > .&P@GA qmazoiarh contact
assenbly. of t buj | di ng bl .acks of F , and a
spa%%?m%ifrsypoosfg%hfeh P%%J%%\}\% %4rid ©“méitfit abhi ng f our

bal |'s, iFIGcceBdaBceann ibohdteriny i Al 87 &f Eh@matic mount
i nvention; FlLG is an isonetric view of the

6C . . .
ki nenal? c*frodht Y369 0P PRERE BBlSAibYh a’di EngbidEng opposing
lappepitdockedn Fidshldds 8B iHOMkELELYLEWOT t8e puilding
[ shown as it woul d appear | ocked and

k tic unt _
" ncp klrﬁ; Pal 15~ pUyi tiBhéd TAReed i6pposinghbaseetveen and

pl ahesneach ngonsdruadad s, f rom f e, huiddi ng bl Oﬁ#@ ;ﬁiinciple
FIG 6A, in accordance with 25 the principle of the

in t§Qﬁulnventlon;
FIG. 6C is an isometric view of the kinematic mount
20 of FIG. 6B shown as it would appear locked;

FIG. ©D is an isometric view of a kinematic mount
shown as it would appear locked and including balls
positioned between opposing base plates each constructed
from the building blocks of FIG. 62, in accordance with

25 the principle of the invention;

FIGS. 7A and 7A’ are isometric wviews 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;



FIGS. 7A and 7A" are isonetric views of another

al ternate enbodi nent of a building block for use in
w@oovstierses i ng pl ates for kinematic nounts, in PCT/US2004/043761

accordance wth the principle of the invention; 30

FIG 7B is_an_isonetric, view o_flzyet anot her alternate

enbodi mshFGof 7§ Bd 13 ngSHIYEKE S oFLeise°f nacdrderast pngount,

pl atesistenckinesnli 6rIDMM S, 14 Ny ACEQIHANC S Wit RHN 5 1 0i 76

princi ple of the invention, W 2005/107528

PCTPESIGG4/ PUsretom 21| Ghow i 3s ahti sorer iappepewvsflocked,

a kijpemakkfg! sind Qsductedrapds arganged i)y 45 embly of

accordance with the principle of the invention and

ShoveaLHildidgl dPhppear ofinlBé&ked]B, | AeHudt ngrappbsidigposed

pl atesresehwd ashipned 183 ngnrassasdl v ;0f 5 the building

bl ocks of FIG 7B, and a Spacer disposed therebetween

mai nt ai nFRQ- f dlr 1Baldns;isPPetr¥p véednoifs dimet kiipewbene mount

of bherkinemt i Ul 5 cOholl & affeihqun,as, it voul d

appear |ocked; FIG 7Eis anis ric view of a :
ki nemat i EX@ounE, isl@®shbvemeds it wiow do@ppedinkoeked mount,

1@nd¢hpghudi ng hal | s.,1poSit] d -bet ween_opposi ase
pl atsesleach const ruct ed g%}%@%ﬁ ass<eE Iya%$ tﬂé&%(ﬁng balls
bui PaFngidhetksebledt GorF®;ing baseoplahes wath thestructed

pringi i.nventji.on; . FlLG,.8 an iso I.C ,
Vi e\?vgo%rgetgggtgﬂﬁya\égt h%}?é] TEL%%%? nlgtslé)cgﬁboooﬁ'nﬁ%%' of Br in
a berkdidgndd ook if dheupeinnipbonst rihet ingeptases for

Ki nemat i ugt.s,. I n_accordance w.th the princjple of

the i nve%%?’gn;gkﬂlé 3B ﬁgogﬁg{%%ngf?‘f'c C\?i é%tof SEfjrjrl agother
1% ur eheernat ¢ erendtosl ierhodi oBnta ofovd 1Buhbdi mgodt oGerf Olise in

use .in_, 20 caonst rﬁc i ngfgl ates for .kinematic npunts,

Secdrtafice I wtR“The TBFi dcisTe of (¥ Aventt ofccordance

i n accordance
Fl GriBIC tlse gprimdmakr b€ vhew fery@iona furt her

al t er nat nmbqadi nent of a buil ding block for use in
construcﬁ(g'g ggatjei‘, £8 KiMEHEriCc Hoent ©F aRBlal f RamBurthe

foralternate embodiment of a building block for use in
20  constructing plates for kinematic mounts, in accordance
with the principle of the invention;

FIG. 8C 1is an isometric view of vyet 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 is an isometric view of a plate for a
kinematic mount incorporating two building blocks attached

30 to a frame;

FIG. 8E 1is an isometric view of a plate for a

kinematic mount  incorporating four building blocks

attached to a frame;



25 use in assenbling a plurality of such building

bl ocks to form base plates for kinematic nounts, in
waewonaamexce with the principle of the inventiRer/UF10G/043761

8D is an isomatric view of a plate for a kinematic

nount inﬁgép two buil di hd bl ocks attached 30
to a fra i 30 an-SUGHELFI cVABWOSf A prite for a

for kanemﬁﬂﬁmﬁwnmumoruoa@awﬁ abi A% § O RUIEIRY 2ttacheq
bl o% gttached to a frane; 2005/ 10752
Bs20047 073761 13 FIG 8F is an isometric view of

a pl ate Fog. a o Ki DEARE LUt t9§9£p@&éﬁhﬂgys'§hat may be
%)UI I dI]T%{bl ocks attached to a franme; FIG
|| GBPTEYeS Ylthuds kdgsaably fﬂﬁaﬂtnﬁynaérugteedmawearranged

Wi t hinaa &t dvedBtdeC mﬂ@HnEhgoﬁJ@irﬁéﬁgl%d o@nq',ih@riw&@&% 7

accordance with the principle of the invention;
10 i s an"t%Sonet risc ayi dwopetanet neew erfbodiarest: efibodiment of

bU|£d|Eﬁthiﬂ@k BQchseféf‘ StEHCtEQQ%e fg€§%€{8%éas?s for

ki nemati c nounts, I n accordance wt prin
thek“l‘%}“"’?t?ﬂ/?eﬁ‘?qws FIi@ artoirdepserwuitl e epbboiifent of the

10f ansafage cavity configuration that nmay be

empl oyed with a building block used to construct

pl ates fiokG kllﬁ-eﬁﬁllluﬁtﬁ@bﬂﬁ sanlembcabMamEea\/\fshhfach@ caVJ_ty

pringi r1the e 15 FI G 13,45 anjis

vi ew of g;iuet anot r;%lr%\é %@3033 nye u]ﬁ dihg” bt 9 block

f orussse |hoconstlstpcm¢mg pbit:&ses for Kkhesmeitie nownis.s, in

| n- e h, the invention;
%ﬁ%ﬁ%ﬁﬁ%ﬂwﬁ”&%m ?l%rlvr}ce § g%ﬁp’r?‘ﬁeg“ dd to 20

15 nt er corfléct B | disng 4ot OCkSorMIﬁlcﬁon&Ierlethﬁd apgt  another
bl ock set

o 0B AEOLIATS ML Lhe UL hg bl ook sl ing
i N Redwdarfeoe wiktthemébec privdeityd,e ah t Bechbavgntd ONiith  +he
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 FIG. 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 constructed 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 Dblock 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 1is a vertical sectional view of the

compliant surface layer of FIG. 15A;



FIG 14 is an isonetric view of plates for a 25
ki nemati c nount each constructed and arranged in
waewonamexe with the buil ding block of FIG 12pCTiismmh4/043761
are joined with couplings each constructed and
arranged in accordance with thé coupler block of FIG
in BE¢ordante Wtfﬁrti@lprsercmwneloﬁfltev\leof an alternate

'nvsggwﬂneé@ bGa 120nd et OB, DA VI, gylé r_introducing

conplrant surface |ayer onp I ance
a kroephitimcardunt; kEhEnatse mcsurat,vamtil cal sectional

vi ew of npl L a face.layer of F . 15A,

2005/ 107%% pCT) uéio{)‘%/ 343787 14 ]ﬁpées’félc%l%“ 02'a a1z
Yer tovhdcsetdngtaly .vi ew of an alternate enbodi nent of

a conpliant surface |ayer for introducing conpliance

to a kinematic nmount; and FIG 17 is a schematic

repr esent at ie@sTofoarbalFor CSARmrm\]@chgeDmthEbBE@ﬁ

MCODES F RRYI NG _OUT .THE | NVENTI ON  Di scl osed herein

are Ki néﬁa&osﬁgunthfreﬁgt aré c,kéﬁSBFEl%f BAFANTi ngrat  are

| ar gepwm(sjmwa%a{mg]mlg ucersyeanttatislit 140 &agﬂgew%@ and tilt
at u an artifici ravit envi ronnents an I N

L ST iRt Aty S E s Ekd Cnsey Sy alBirbRpERents,

andahhat ame abé@béléﬁﬂﬂﬂ@%lya efdigd,ent | yitnand excessive

automatically re-centeri ng after such disturbances are
ov el SBif G educ 8%t Gth &% $&lsuist aivtlicklyy efficiently,

el i ghfad@sordx itd2Q 19enande AP ALAd VEEF CONtS Rl QW EE uSHSRces are
nmounts and ensures operability of electronics and

nechEPT cal P s§ist BpdU GRAeroT st iibuet < UbRERSIEERAGY nehinbnates

14 herds anRgsa éﬁ‘X@%iﬁb|é&ﬁ%rdﬁe%%%Qn%ﬁcﬁhﬁeﬁﬁggr§nd ensures
i ndi cate corresponding el ements 20 throughout the

sevePafakildwy, aft enkgdondcpi rand dreebeetced FIvBSems over
1A- Dochifilhdd l ustrate, in relevant part, a prior art
ki nemati ¢ mount 10 incorporating opposing rigid plates
11 and Befergringaseraf discusks ondrafites, 11 415 which like

Con§éf@¥éﬁ%e characters indicate corresponding elements
20 throughout the several views, attention is first directed
to FIGS. 1A-D, which illustrate, in relevant part, a prior

art kinematic mount 10 incorporating opposing rigid plates

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

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

25 FPirst 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 16a,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 1t would appear locked, in which
balls 16a,l6b,16c rest in and engage cavities 13,14,15,

respectively. An acceleration field, such as gravity,



a first plate and plate 12 is considered a second
plate. 25 First plate 11 has three cavities 13, 14,15

wo ooosearseder ei n,  which are di sposed roughly i PCHIS2004/043761
equi l ateral triangular array. Second plate 12 carries
three thrust bearings or ball$516a, 16b, 16c, which are
ri git@rysskempreat¥ompting LA-an  equilateral triangul ar

array. FpGy %sijs_;{]o‘Q%d F%e'ﬁ% Sﬁoq:arl@é@t 52 aséur%ac?s,lowhlch

appear unl oc |nena i C moun
as Btrewowarhmppearpreéodkedan n mhlchthéalhsréea;dﬁb,lﬁt the

rest ..o QPQtle&ga?leef@V' ti?f té‘31%41 ‘typrﬁeﬁj{)%g % }fl_?%'SZ%nd is

JAn aCCG eration sSuc as graVIt
@Gﬁ@&?@@ﬁi@ﬂ336ba8¢5plla©eks kH’lEGIHitlZ: ﬁmupﬁ:e;%@nted against

Pl ate 1 ave LLe surfaces,
arekeac% %g?%é¥§F2u Fggtﬁe di v t?Icn§¥ﬁ ﬁﬁ}yr g object,

accehechtnennbtebdowﬁlaue Empe31my@$@ﬂléw pixted, 1Aanghd acts

is n dered a te 12 is presented
agal ns? § ?act‘leorilp PThe accek} %} 528 e an instrument,

Typacﬁhk‘yura,n aob;teﬁic,tur\a:ﬁll ehpp6r1ﬂ,0te1$d'10V\ﬁThé Payload applied
12 and acts, as payl oad on plate

18 S Fi8h il CRR b AN TRECPUNBHED =B Fifihieie ooplicd

st regteredl SUpPDidncest GsuckheaPayl ©ada apphi 61 10 L 9sembiy, a
late 12 can be augnented with an additional, applied

ext%?ﬁ%?gﬁn fiUence, such as with a hydraulic assenbly,

a  sprimgeréaiingReferridyg tos RILH. 1dB andhi hC 18avi t¥onical,
13 is coni cal cavity 14 is crested, and cavity 15 is
fIa?avfﬁﬁl%@'%%‘F?Stf§'réP€rF%ﬁl¥b35%1§ ééné, cheviyy 13 is

1514 psrsefired t ag adBeQoV@&viaRd €avisty d&diSed to as a
referred to as a plane or recess. Balls 16a, 16b, 16¢c

f acBTORURY A FESHEVoREDLE FRATSEERA ticess B3plang5er recess.

respectd veby, 16\9&% Kigaenmt i gyt d,
shown in FI G 1A the sufface of%bgigl%%gh?%%%hé%’ favities

20 %@Jr?f%zc]e%ofrecsmctyvs%s/at heeekoimatts c( opuhh &0 is locked
ci re,% esﬁ’éwntbﬁ e?I@o' DAS Eﬁél Qgrf:g@é/mci@%ﬁf)}ﬁg h@ot%ches the

surface of ball touches cavi t at two poi
Z%ndsgh%aqﬁ”@%c@a@it}balj at three polnts (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 %2 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 7%
axes, and the Z axes 1s perpendicular to the Y axis and

30 parallel to the direction 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.



16¢c touches cavity 15 at one point. These six contact

points are rigid contact points. 25 FIGS. 1C and 1D
waeb@i/1015e8 X, Y, and Z coordinate system of plBCBEUSDN4/043761

The X axi s passes through the center of cavities 13

and 14, the Y axis passes throdgh the center of

cavity 13labesi sl perpehdi eadlarhawe tdiex XaanweZ cdxdseedom to

and Z LS P endi gul ar, to the.,Y axis and_30

parg%Pgl f%ﬁ%%éwgirgﬁfio%é%¥ tﬁ%ﬁ%%telé?%f?%ﬁpgieF%%  three

I n tgeneléhsemhcesonphahgechet Ky 0fd phakteetl canl behe three

ada@t%dtiand arran ed_for causiEg the Y coordinate to

pasd O5Ver “the 2 GE8Met FiT ceRPBRLEF plafelyr, foPitch), and

2006 1ath28 FUJIARA0NM043THL. L6 Sl abeacdd aBdid2, petueen

each have six degrees of freedomto nove relative

eachadthéfa inel gdivagyt B8 thnetraimanstiati oo plangs 11 and

the X ;X apd £naxgesx apd ge _rotations aroun

t hem ﬁaneLy, 0 ro¥1),’d§<€i%2% Sl 5?“53(yg%ff’ far1 16a

respeét iaseiiyry The tineeethontradhapgi ntehdtetvieen obakbinematic

16a and. cayity Cc train tion of plates 1 d

12 P%Htﬁe%phree%%? $?8aﬁ%nfaggaﬁgﬁggfo%§gwfﬁﬂs%%z%Il6b and
1d6acaanty caidonsktIadnembbeoPré My Hate@NSLr ahft 10fiy 8y (pitch)

Kinematic nount 10. The two contact points between

bal Prded (ZRd110 taspestitelyensBralnlfmtirmh wiviplal ésare the

11 j ' ng . ol | respective
b POt QMRS o dil iyl eoRie Mooy, e
of Ripghaticonewnmt ©ROInF redtdweent hbalsi ngbe cont achvity 15

poi nt _bet ween bal.l 16% agd cavity 15 constrains
mot F8RS B Piar&S 12T 8hdPA3ESH 10z 6pawt2 BAI Y- (W) 15 Bakl léc

1gavehy ddvate BS dhe dertharyeconsty aldits 0k i ki ngrakh fomatic
mount 10. Those of ordinary skill wll readily
appPetiate - t hatesis wénetrénadYint k40l il i giegdiamdappreciate

t hetgdor @i6annot c Q@MQQCQIﬁnQQ!QEgQHg RGN {MAE fore  cannot
di st urbances of the accelerationfield functioning to

| ock3piifies IMIRRF 123790 wogeihere | Wigseobdanee woth the
t he; ped Nciqie% of i 41he flﬁW@d’ltdnqqllg to lock plates 11 and 12

20  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 by a spacer positioned
between opposing plates, and/or redundant contact points
incorporating compliant features in combination with six

30 rigid contact points.

Consideringl 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



di scl osed herein are preferred enbodi nents of

kinematic nounts that can bal ance angul ar and
wore@aitersele di sturbances in the accel eration fPEr/tsS2004/043761

Preferred enbodi nents of 25 kinematic nounts

const ruct ed a,{;d arranged in acédrdance with the
pri nEpr&cat PREST n 18%n L8RcFogred ob AeFeighradei, s which are

rot atriraggbal | ot ained By 3 SRAGELrPPSI {] lar array
pl at es, and/or redundant cont act ’

bet\ﬁeen opposi . .
poi MCSSSi ncGtpdatilhy el iraseiveaturesim for rotation a

comtbhraktomeiri RgSior Eghﬂjgigpgggiaﬁﬁ jonégnstructed of a
&n& gegl ng, now preferred enbodi nents of the
P nvEHPP ORI T2t ef eft®ld dnahmd atlo ol GomdApaithonhioChmaterials,

t heg@chS asS@@Rea, SRACRE ndd, f @62, kinemati g mount..
Spacer 17 has WO 2005/ 107528 Pc%‘ﬁgg’ogﬁ%%%%l S4%  Spacer
sphéri caftboPes ABEEIIsy lyséotoedrd suEr etdw olbgh, mehichy  or

ar emaghianged rughbynip,an ] ateral frjangular . .
arra¥._ ngr?%s 18a, 18b, 18¢ eagqii}érn!ectgi véh%aéir%iyg fO%r rigidly-
rot atf ¥ @' Patttfr-ust bearing or ball. Spacer 17 is

1gonstructed 9f, a5 s anti,al Iy rigi,d material or ,
conbi nation of mater :%g%tg Zentad stzgél , UltrrriRd s e
tit &ARemAtisl awting, 26t ¢ncSppeeatidy @andieg rigid plates 11A
i ntgggalhy-for s by di ng_or chi nj ng,
or fashioned fro ea&glgg%grity]?o JC?T’ gg&gy-a’g?fF%%d are each
par t@entizafurin nylate AIIGRraBoasdy2Bi scbbbsdr ahedoh $udetion

Ki [ t 20 j.ncorparating opposing rigid plates
112‘?{%}-16&11%, Or%sapretctel“\L?g)%ﬁ.rﬂe a?l‘égf‘irﬁﬁceachdl(%l@ndarlé is to
lache wdéntbtaddt dhpkatthel lppseddushysaisaussedsi Biate 11
conj tion wth th ior art enbodi nent designated
10’&%‘5}&%% ntlos %&iSO]EeB%%ﬁs{L%%daPﬂat”%e prékeolrsate 11,
di selssisonlof phat el 1K aph i @ﬁcl@d@a%lavgfciggatlgs;ﬁ%lllj_\s, in

and hlil,%'. é_i ke giat.e 11, P| ates 11A and 11A' eac
i nclUde’ caviti eST38 %Y, 1551948 0CGki cHhaFGicteirari th3, 14,15  in

r ef@rmence ioharactier $1keldilsr i theSHAUMQGE OR WILLL (porions
20pI ate 11,%.i nior porate A designations, 20 respecti vel Y, !
and TEE ey char’dtt er §e4%tengel5 Fharacters  13,14,15  in

connection with plate 11Af incorporate Af designations,
respectively.

Positioned between plates 11A and 11A’ is spacer 17

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

25 respectively. Spacer 17 maintains balls 1%a,19b,1% in a

roughly equilateral triangular array, and balls

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

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

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

30 constitute a constrained free body subassembly. Spacer 17

has opposing major faces 17A and 17B, 1in which face 17A

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

13A7,14A7,154" . Balls 19a,19b,19c are not only free to



connection with plate 11A" incorporate A

desi gnations, respectively. Positioned between pl ates
waimsaems28l1A is spacer 17 wth balls 19a, 19bPABUTS2004/043761

di sposed in bores 18a, 18b, 18c, 25 respectively.

Spacer 17 nmintains balls 19a, 18b, 19c in a roughly

equifPatéralralatdigulter aeray, 18ndldalls:, 189ae9b138c project

areoukao§9&05§aﬁgéb§“fihtéHé B&%nCi%&§%o§%%f§8%ga,l9b,l9c are

invention, free to rotate I n bores

resfécppoefy, im whpeds spdber 187, ahd, balkspa®aiddhy,19challs
30 g@B$ibL Ui g & LON3LIA free body subassenbly.

Spacer 17 hacs Opposi r?gdrg}gjg%rﬁ %%eogfdf?ﬁcgﬁdﬁ?& in

Which faBellyAlS%eadéh, tdvi taires ABAddRIVSAcqaall f-atieed, as

17B_f.ac vi {jes o LA A5 . Ball 5 193, 19D, 19
ar e not qion]%ss f Ffeg' %%k;’égGZOOSIde:%ZSl Ei%é%ﬁﬁ/ dr37§¢mevhat
18 Ferace rermthakls d Borldd,18a, 18bsA8etitdigy alhS@h permits

pro b d ces 17 nd. 17B, n palls ,
19al,3§59;%? 18?5&9@15’ %J?(g pggeaCFﬁpﬁogggliSE?i\é\gS}iBﬁ?C' and which
respeciivel ypallal | $9a 108 1%, 196 are-fensikdesedvdarl pores

f c 7. .5 Balls 19a, 19b, 19c are preferably
1§qu§?€9f£l?’z]1eg ., as are bores 18a, 18b, 18c. Bores

18a, 18b, 1Be. at® sboeshBinehal@ermddian MBS it would appear
19a, 19b, 19¢, re tively, which permts bores ‘

18 TR ARY (g acdbpt \égarsf‘gwidé%ﬁ@%ﬁtf%,m%& #hi gh it would
per appsabal dskekba, THe, ERpat-atioh al&@tvfe?érﬁtﬁl\é%etsolﬁgf €Pa’ and
10 18a,18b,18¢c. FIG 2B shows kinematic nount 20 as it

wouf B2 Eppehlf TUnPERKET 2 tand ToFG EPPE BERS ek PRefdi et ration .

150unh 2Bead dckedOyod itappean lmekedy The,s&parsd| o, 1yding
and spacer 17 is exaggerated

bet we plates 11A 11A' ,
fort p&?ﬁoi%bojr%uaét FatAYhchas PRtYARN | éRéds 11A and

positinon iﬂnF!thaﬁ, ppacer 15a,i§§)1§ﬂrmkeéﬁﬂlfh cavities
19ai 19b, 19c, is sandw ched between plates 11A and
LIASSR M Arién 0 IRecfda b, eic Hese iliZgavind ebn cavities

s st et gt gL SR
20pn acceleration 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 1is
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
11Aa". The payload applied to plate 11A’ can be augmented
30 with an additional external influence, such as with a
hydraulic assembly, a spring, etc. As 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



20 acceleration field, such as gravity, ensures the

| ocking of kinematic nount 20. Plates 11A and 11A
whawe/1gEeal | el back surfaces, which are each PCT/US2004/043761

perpendi cular to the direction of the acceleration

field. Plate 11Ais typicallylPixed, and can be

ref @lpéd tl3R4s aprdasegpleat ed@EiBhat e ektArnes locking force

presgnie '  17.;and ,spacer 17.is ,
presente elggg:llgnﬁo p atCQ? 1'1%31%1 ﬁé 3¢l Sé:‘f% ieolnevfaité.log.al view
TypPéaldipeaairass monnbbjeéctas whi choisd noppehowni th Sspring 25

supet.i ed on a 1A d acts a ayl o on

pl a?gb@%i %%h%}p%a%%géd%a%rp F%ed ?g ﬁﬁﬁtgs 1]1:%‘ can g&se of
augredtiedrB0 switfth am addet ieonal wiekt ereadilinf bpppe€iate that
suc with.a _hydraulic assepbly, a spring, etc, ,

o Sxan g e N8 e A 5o & CLofRing o
Ki némaeinetountun2028@s it would appear with a spring

25 appl i rface of WD 2005/ 107528

d to.the b
PCT/ US20 91?%]%3;7"‘6’% "%gtl%pls te fiASUspHIYi Af EAate 11 made in

addicbhonat t 2xt erinal dheckibgdfinese ddoiddaAemmiti-C 18DURLG with
1ﬁg' FIGifZG igfa si de el evatignal view, of kinena;ic

ufPSSHTHS THSWHE dppedi® widh Friittdess13appPiedaFe each

thecbackasurface oforpdate ckkAticlhaae, 0hab ki BAEY crested
skill in the art will readily appreciate that other

devi‘teS myP e VeSed fBRaughertiasy £Ae: tokki myeof sach flat

Ki nefrpé| £ pOEREs 20r Gelskstent WigHint he AhseussiQn@f 20 is
plate' 11 made in_conjunction with the enbodi nent
desi-§rat@daat 110, F%ivd Wik hard028pedihri daldf ek%nceotehes the

15! GsuzZBacCayit besi dpA 3 A3 ahe.£a6h: CONI £a) e €surface of
cones), cavities 14A 14A are each crested (1.e.,
gr 069855y BPR calvi PresPebAb15pelhr E%akhudher cfVity 142 at

pl apgs BhikE€£ESSESEne Vg kI NENRL | M, 20 :
| ocked gslin Fl GS. f% andf%%§ ?ﬁebﬁgfgylg%gzo%%h%%ot%%lnts’
15 30ff &8dlofltavipychen amvifiveel Poi ats cred pbent and the

SUrfaceof oCublyy 194, aly ang oiaty, ball 19b touches
- cavity 14A at two points and the surface of cavity

204A  at Ganoitpoi b3 s cananek bdbkmédc asoughesieayiillyr 1pAism, a

at Igﬂftfﬂéﬂbtul%@dpgﬂgm, or as a lofted surface rather than a

cone, if desired. As a matter of example, FIG. 2B’ shows

ball 19a touching the surface of cavity 15A’ at one point,

and touching a lofted surface S of cavity 8’ at three

25 points. In this respect, it 1is to be understood that

cavity S’, which is characterized by lofted surface S, may

replace cavities 13A and 13A’, if desired.

There are six contact points between balls

19a,19,19¢c and plate 11A, and six contact points between

30 balls 19a,1%9b,19c and plate 11A’. The three contact

points between ball 19a 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



surface of cavity 13A" at.three points. 20 Cavity 13
can be forned as a triangular prism a nulti-angular
w@eiosty75e8 as a | ofted surface rather than a PORES2004/043761
desired. As a matter of exanple, FIG 2B shows ball

19a toS{chi ng the surface of ca@p%%/ 15A" at one point, -
and*t odehidly & | bF et durgce Pkl cha tynd cavithr&ed, and

25 peint socl Bnlihcaviespeshs , ifod 0 .
that cavity S hi ¢ i s char%%%e%ﬁ%zg%nb@}qﬁg?tgegge primary
sur FRBEL R 1nfayof ket icaviquings 203A e I3A cdnftact points

despeedecd LBl &R Sing CRRLAGT 1 PRI LLs .
19a, 19b, 19c and plate 11A, g%dlglgxgrg%n?g%%i%?ga& points

bet heeKeenm0 baFls 19al ADb, 180dand qrvEte 11A14AThe together
thr egn 5ol ACL- QAL S REENESN Q%Jelt Wéggtggd v tya(}]lgA 11a7

and the three contact polints al | c an
cavireypdSA vetlonst tai 1, (pbtdilon ehdplatesiilA andallA19a and
respectiyvel in _the three WO 2005/ 107528

PCT @&%4/%4&76fndzotbi,l‘iv, 18Ad 274 r FRTHY ofdA’ Bal Fogether

19acanst: cavie ychE3AecandarpabbndOe BNd SAitYmdBA: . mount 20 .

oget hey. constitutee the primary constraint of
lc§<i n ﬁ%?#cy’nogﬁ? 019t e ‘?‘?/%ta&&nt%%]tntpopﬁ’t?‘éeefbebﬁéén 19a and

bal tad8ty arghcamid ye A and o hentwercnt act LPRFALS P11 10
bet ween bal | 195 and cavity 14A', together
conSt? aFArteY at g nGORSREBED pliaEeen 1PA #i@tesA1A and 11a7,

respegtd Melwe i n QY (@ and,_Q,, (rol 1).,. Ball. 19a and
cavi t% 14A, ar§{1d bal | “fgga@ahd %gglltylgﬂf?n,d t%ag‘@ttﬁ’e?l‘% r and
consat ut¥c tared sexoridaripcorstgeahpt ebnkiheass i EndDtttiary

1 20. - nall . ingle contact point between ball
19aC%Tgs a(r:lgl\}ci %é)? %Ei@ﬁgﬂ%c IS 2§I'e contact point
bet ween Heafalusg9coaldnd tawi19p, 184 const haitn mmficaR offfixed,

pl 1 an A, .respectively, in O, (atXLgvv) . Ball
loa S %%it;g}aﬁ?f | LR &Pl TSERd Pty VEsAto bores
t ogedheitlbganst | kihembhic tresddtarao ik canstrar®in® with the

Ki nemat i.c .noun . Because balls 19a, 19b, 19¢c are not_
ri gy &R xoe%, gg%utlnéflegﬁf'g?her‘”?“? 1% r otdtle compliance

20r el@dnmiec st 0 dmesatic mount 20 to dynamically 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 rotation of ball 19 between cavities 14A,1447
25 i1s non-holonomic in nature (i.e., a reduced-friction
rotation), and the rotation of balls 19a,19¢ is holonomic
in nature (i.e., an increased-friction rotation). In
other words, balls 19a,19c 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 1is,



18a, 18b, 18c, kinematic nmount 20 is, in accordance with
the principle of the invention, conpliant. This
weowphoaexe 20 permits kinematic nount 20 to PCT/US2004/043761
dynam cally and automatically bal ance angul ar and
magni t ude di sturbances in the2acceleration field.
Dur iTR§ EAPARC AgR@VERCNHE kiacupblofmetid btd dw ¢he non-
Ki nemathemn Uk [ I %e se-t I.0 [ of
bal | 19b bgtgmeée%@%avoi%t A 5 R0 kb Do
i n naturéh¢i retatieor edfuceded ¥l 2 oninemettati oopptafld is non-
t he yotaL) of £ ba 1 S 1C A n_ phature
i.e.,_a%h?ﬁcrggse%#€ri%??%%ﬁ%%ta$$%%§%g}nOfotﬁgF obposing
r §8Vibagss dDa, iRt eencdudr éLAfor étf ricidlors atare hebrallel
con LN n ot at.e_t han_dges _bal]. 19b._30
Frcerontar o Pa 1850 Ts P npafe s SRaipeag r ot ki fordt 6 Dot
nousEt2Dds afdircngseshki fredt ilmetneent 20 t owo contact points
aut Leal re-gent aff.er bal ancing events, in
accggggﬁgg Q%F% ?ﬁg§ p%#%ci% T SFPORE"TnRHtT ot  surfaces.
Ki n@huti ¢ bibeintn@0-Hod onW@i2006hd07528ristic of a ball of
CT/ L 4 t her efare, non- hol.onponi c ,
15in%#§%ﬁ%€%%uﬁgééﬁe%%h t P o - ﬁgfoﬁ%ﬁPEdﬁgfﬂ?%lbfreduced‘
t hefrotatomn rotababh s of9as 18al1Ther r @t aéhoni ©f maubal 120, is
of kiggggéi% un% %Q%is non- hologoqjc if the
abutting surfades of %eSBBg%%?%gO 5 "05vitaediss of plates
pl ates, 11K, 1tAe idaltiouchesheay eapar gakel16€l ah¥eit® to one
one anﬁﬁher.glhe axi s 3& rﬁt?tion.of a ball  extends
t hr Bligh"the bal1°Véetwedn®t R PRI tontiicid F6rResic of a ball
1bet veehitheathial Incand e appesiyNgrparaddeltivmafiacescreased-
Thug .t?e non-Fogononic characteristic of a ball of 10
ki nehat Tt hoaRE2 20" n&iel d, PEhe Hcohdremanl | mount 20, is

redesgdred rbaiyonsrofiad i Ofrpdcaks bakl tak kiRAMALIC of plates
nount th,is_ ensured only if the surfaces of the
cavitiektdr pitat BRUChSS $TA PP BaETRliedchies sme another.

parahtehaf@latilve 1R -raRetheh. MLEUET oA NEa11 10b of
hol onom ¢ characteristic of a ball 15 of kinematic
2hrouht PR titanBrPynt t RE condrehbeedd breressedhef rwtfiagrs of

rotativony ofi4a bal | tofckinennti %)alﬁq_ﬂtelzocoiﬁhe surfaces 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 113,112’ and positioning 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



ensured only if the surfaces of the cavities of plates
11A 11A it touches are not parallel to one another.
wonmenaises onal , reduced-friction rotation of bet1/U8209b043761
of 20 kinematic nount 20 is achi eved because the
surfgces of cavity 14A it touéfes are parallel to the
.surft ks (ﬂ‘la.tééyi tyH A 4AR | t ¢ucheschUndosarpbond, various
i ncreasedat 1664 i On EQbAtion Al g0l dq; of n%nk'hgggﬁ&lnﬁc ball
mount constructed and arranged in 25 accordance wt
t he*pFRhtPPFe 14 théslagbndi owdsr delicapadcbyall rotations.
Orlentln@eﬁéfgfﬁbigk%ckkﬁbaﬁﬂg‘PQStféPUkﬂgléuﬂﬁkkic mount 21
bet ween opposi ng cavities 14A 14A° as in kinematicC
Touhtcl28es Urkairks t 1 Bhdl 1A i nemeased.ceri Gffi oriotaanbag | balls
of @oakigsmpgd c mount tﬁQQStern%%td%e?Qd QALANDEL !
accordance 30 with the principle of the invention i's
al sélachi2Vearpy ordenentetigrplateve 11A, EbAceand7 such that
posi,tiQni NP bal |, et n,.o ing.cavities 15A, 15A
as in the embodi ment t(-)tf ilﬁe%%%?{cegrrgéﬁt Sﬁf%iﬁ(ﬁe F?A% &1 10
2C. tpuches t ehdpeswntharsstafodam®t005A10F528 ree points and the
CTLUS2004/ 043 ; hat_.pl.ates 11A 11A. can_egach
1
(l?ncor por at egéa%%tﬁgzlc%nbiaﬁcgttlwéjﬁ)o&flt@avitflfeegu*r'g?ce of ball
pr o¥Pdi higupbes hobwhowyi t4baklk twot aidions, =and tthe surface of

sel nupber _holonom ¢ ball rotatjons. ferrin
speglg%lfg\él #?/T‘;&‘)t oagl Eﬁr%%, p%%esrfat?rbgngb%tsﬁ%ea%e of hall 19c
i nctodeise pl edeis Y1 IAAL BA' ,onzngespacehdl ZhBBis0t 8k e NGF cavity
bal #gA, 19a, 19b %910 In this enbodi nent designated 21,

pl at €s aﬁ/ﬁ’“ﬁR SFe orientated relative to spacer 17

1%such thatnd ween ki netrat i emboditierd]l ioF | prkeditR@atic mount
surface of bal ouches the surface of cavity 13A

[ 19
at THY e Yo {8t arid t%ﬁléeﬁ% SUPf atE* ofF°Ba#Fty PR4RTSgtbetween
t wobpDi Nt $9at heo supd aged oprbed | 11490 hauches €aWiddt points
14A}%a% t wo 0|13ts and the surface of cavi t%/, 13A" at
t hr3®'Foitht $214Ad tHe Stirflae B9 baleteoclid'oucheShe three
cavédyraldA pbigne petiéedndalhe 1surface Ofveavi i¥a and the

15A' at one point. 15 And so in the enbodi ment of the
ZQ<inEﬁﬁﬁ§(:cﬁBEﬁ?t points between ball 19¢ and cavity 13A’

constrain motion of plates 11A and 11A’ in the three X, Y,

plates

and 7z <translations, respectively. Thus, ball 1% and
cavity 13A, and ball 19¢ 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 11ar,
respectively, in ©O,(pitch) and 0.(roll). Ball 1% and
cavity 147, and ball 19a 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 19c
and cavity 15A constrain motion of plates 11A and 11A',



designated at 21 there are six contact points between

bal I s 19a, 19b, 19c and plate 11A, and si x contact
wpoiosters2det ween bal l's 19a, 19b, 19c and pl at e 1RGT/US20h4043761
three contact points between ball 19a and cavity 13A

and the 20 three contact point$3between ball 19c and
caviteyPE3hivetvnstF aPa(yastli-on Bilbl AbesandAcamdt$1A5A’ , and
in theithuee Xg YavifDd 4, translations, .respectively.
Thus, bail 18a angwcgv%tg@’ 1%%?851}1%1; b%?rfs?%@%gn&he tertiary
caviceysiBaint t ogét hérinepensti t utoanthe Z0r.i mar yBecause balls
consgbray i, Ki Lc. omount 21, 25 The two_cont act

goi nt's lEL)et (/\g'{)e% %g$rﬁ§tbré%dcﬁévﬂf§lﬁ% ANt #he tabher free
ontactropeitat sebettween thaldork3a im@myd 168V bY, 14Ahematic mount

t oget her, constrajn notion, of .plates 11A and 11A',
r esggct iVel y?gr}lpn n(n% t ¢h aﬁg OP%'I@I | )t° Baf¥raBkcang and
cavetyol#diy calid bakladda anguTawi b¥dl4Agniteget RELt30Pbances

congtitute tap:% EegogdaryfcoEst raint of Kinematic nount
21. T Final | yCPReTerngt e fe6nfact pdint sBefaeen 194l | cavities
19clandliSxavialyl 194" tandhtbeasd Ngd & CQNt aGt BRI Bhother. as
1petyeen ball 19c and c vité 15A constrain notion of

pl af £5711ACERET T ACT 3 20059 %0752 8n PCHAISPO04 L0437 6ature .
23 Kespectioel yountt Oz(yaw)s, BathedOdGand cavi trllénl§ﬁ"lonomic
and. .ball 19c and cavity 15A together constitute the

t er FHATY T RSOM P i nt of ki nematic nount 20. Because

bal | s l0ayakdntOcrase pof i gkdlmafifd xgdinbuboare o 1o
rather free 5 to rotate relative to bores 18a, 1%b, gc,
Ki n‘é%?fi@%lﬁ?ntandzfqréln@éﬁpllpaﬁtccaﬁdan@e atfehtbhe principle

15lynaii €ad | ynadiek i Ayt anrtiveak! yihakanee,apgid ar_and 4
magni t ude di sturbances in the acceleration Ti el d. *Frheé
surt2edign cabptles 1P8A198A19%al | 19Ent oudhies aembodiment

paraliny s ons ool el 10, ST, iRt BLLGREBY non
i s, hePaFT el 7 as - Hed oo kkiemeriEtd enawmint2l is locked
oot 08 FOREIIETRLLE DU, 220 MLERY iy 15,
aniqﬁjkﬂgge points 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 15A’ 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 between
balls 19a,19%,19¢c and plate 11A, and six contact points
between balls 19a,19b,19c and plate 11A7. The three
contact points between ball 19a and cavity 13A and the

30 three contact points between ball 19a and cavity 13Af
constrain motion of plates 11A and 11A', respectively, in

the three X, Y, and Z translations. Thus, ball 1%9a and
cavity 132, and ball 1% and cavity 13A’, together



15 of the invention, includes plates 11A 11A, and
spacer 17 including balls 19a,19b, 19c. In this

wepdssdorsesit desi gnated at 22, plates 11A, 11A PEX/ES2004/043761
orientated relative to spacer 17 such that when ‘
kinematic nount 21 is |ocked &HRe surface of ball 19a
t ouCABE L heteubhacerdraEavecrystaainp af khpresapbf npeunt 22,

andthBet&yr £acea & Sty bL3fee Al pi I efop RN Systhes
surface of ballalggﬁ?buches caSity 14A at two g&%gts4A and

and“PRe t¥ar faredast ERIPEy FBAvean dred lpdidn amthdcathiey 14
SUfE@%@tQér balbn 496 #PUChES: GAVI LY Vl\gﬂwgés ong; POl %{11% 11A7,

and the surface of cavity 14A" at t poi nts. 25
30 asphetEnblodi mént Gefptbeh ki nedatd,q ropunt Ball 190 and

desi.gpat ed 22 there are six contact points between
bal Fs"%%, ig‘%c 168&a§65i‘)| 21?8 FPR CANATEi x1font Sepstitute the
poi atsondet weeth dxaddis t194, 1Abek9eiandophat 22 11AFind Dy, the
t hree font act oi nt,s between ball _19a and cavitg 13A

k]

and>tRE 0CThrEe &St dc P Hdichts PhétwedR BAPI C2BRtUnd5A’ and

cavihy 33Aglecoastadt NpdDit ObeOfcdt atLsL Ll afeh 143ty 154
;gespectively, in the three X Y, and Z translations. '
husP Baf gt FaR BFE3A 2aridchdilp’ 194°aRgctively, in
CaVe;M@%§A"BéPQQﬂﬁ?%ﬁ@D¢%99§§193§28e?9§&3§%99@£0§§36éavity
24 constitute the primary constraint of Kinematic
mouhbPA22, todéfehaqmo worttadutpoi rhe bebeweearpal todSbrand of

cavj n e,Lwo C point s t 1
190k%%ﬁ%%§5?t§0%%2'ZEfoge %égg%%ngF?%?nq%@pﬁgﬁ’ggc are not
pl aresidU sifd xe8A bub eespeethemrel fred ncOppphtehreddtive to

) ( : l1,,19h and. cavity 14A, and ball 19¢c and ,
1%;v$$%é%4%§$]ggﬁggffu%énFﬁgklée%%ﬁ%ﬁrggcbﬁs???ﬁ¥ﬂaQﬁ and 1s
ki nelpd i to nbymdm22 115 rald yutiche tiskDgy ebsDat @Ct a @i Hr and
bet bhal |l 19b and cavit 5A' an the single
coﬁ%%% %ﬁﬁﬁn&%ggPﬁgé%c %Ifxl S and S §5FF§OES£?3%d' None of
conshe aisnrffetesn off phat emvitAeanbAlAlateespaat,ively,balls

in 1§§£y vwrg Balk 195 and cavit%lgﬁig , and ball 19c
and ca fﬁy f5A, P8GRt het*Conftitut €t hetPert PAgy another.
2@ onstcatdingafy, kinrenmitia iento2%aBecause 18, 19« are non-
19aPl b, 19c are not , ‘ ,
olonomic i1n nature. Kinematic mount 22 is, therefore, a
non-holonomic kinematic mount.
Having described exemplary embodiments if kinematic
mounts designated at 20, 21, and 22, attention is now
25 directed to FIG. 3A, which illustrates a contact condition
designated at 30 including a ball 31 in contact with a
surface or 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



rigidly affixed, but are rather free to rotate
relative to 15 bores 18a, 18b, 18c, ki nemati c nount 22

WO 2008007528 ant and is able to dynami cally and PCT/US2004/043761
automati cal ly bal ance angul ar and rmagnitude
di sturbances in_the accel erati 88 field. None of the
sur FB&S $ theftavithes dorsiktesimanlge s Faldlded to ball
19a319ki18etti pychaar espapghl gls t o1 onesangLh 0
Acc%r di ngly, t%e rotati ong ofé%al 1%1139% %b%g% Fause ball
non=1h&PolkGRAEST ANnARGPBE RENERREPEIMDURE 22 Edat 32 which

the&@floéﬁsoaben%eﬁm INAHL E!‘la@lempfelk fPudte  Hayi ng o, this
descri bed exengbar% enmbodi ment's i f kinematic Tounts
1t

desPHRER LR af Sammfezzrlgatct érainorf lieg B6w wRSch causes
di rebedri® FIG 84, sthichj es nt
condltF%F] desi gnated at 30 |nc |%'S a‘o’%a%{?1 %gs%onse to a

confaBeihd¢ himpulsgr papéied 4 sktal&Z 31 mgacuset dance 348 t h

the pringipts 0fiy,theinyentio ntact conditio
may be used for ofe or rmrgégs%% Face ‘cont ac Iﬁlmuﬁf’g release

bet A€z bhe3briraw €loft BRef80tbaits Ihdviddvirticeseof and flat
he,pr r di:nent rrat ic u
1(§ 3@ gfefrediemiqc 1'%% lggﬁ?neﬁaf:‘?% rgsla% 321"2328 not

di scl osed herein, incl u
of @h@stmenf¢@Tpla81tprié4\/|\mjsll yr ahizsiod .0S edon adnek e&s:ttﬂlﬂﬁon 30

preferred nts..lLn . the representati on,
200% 107552%%%{E2§82/t82§76i0n§%1§ &5 cBRY |Wt|§|0éu0§;‘£\on of
a foecidite copdiseon s3@pplited ko aldmat3t dhd@td | N@inematic

bal agai ns flat 3 so as tq cause ball 31 to
creljg?égtan%?hdeéjt o oot Jpr Pﬁf)vég ¥ n ¥ af9dstigiflchlaver of

15(;anc<ah£shdcre:eseeandn toprfiean Vieprbheds| GoadAncih ”%\Sents
iS nore ri than flat 32, i ch

5 ex | i.d
causg% ot%raitnt 4% &St i s dreac 233 i34 r édiensen be
to mvéme@ bire anpallserappd i edbdoidald 3 agaifst £4,8ition

32. Prefer flat, 32 is_elastic, in which upon
rel e(gse ﬂbatqb%I 2591 7 giichaads %of—ﬁrﬂﬁ?ssﬂl%ql |than flat .

r ecawer aAnd fdeatrat1Bn32iomilldl toke oA ithe 0KhOiNah currace
g%%lf flat 32 was not elastlc foot print 34vv|? !
ToohtHEt TeBhditfiron 30 thésa ESmsicitantbaddnt 3kt can  be

conmbﬁmemﬂ, o@nd ainnt LQEYESHhON Qrfaterlal, or a plurality 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 dinvention - as previously disclosed and ensuing

preferred embodiments. In the representation depicted in



contact condition 30 into a kinematic nmount (kinematic

mount 20, 21, or 22) provides an additional |ayer of
wa2osn0qsks ance and further inproves bal anci ng PUEOS204/043761

Al though flat 32 is nore rigid than ball 31, this can

be reversed in an alternate efbodi nent of contact

condifr oRBr 302l Bl He swserignamhbeh Beit L dirs Hhesslirection

ri gidat Baped |8y - th 3% r A, dNdantat, uld £ in the .

bal | 31 surfé%%, 20 rather fran Al ardgd ﬁ%ﬁqgﬁgé fmpifse is

r es fEREUT it t L3 1eridr slde tof dyatdd 33f deamreeltasyohell 31 against

mat-enkal 30 0L, a Pl aldty at1ekastoner terials, in

whi ch case flat 32 is made ot g§ %%t%ﬁ?%aetﬁ%aﬁnﬁ§nﬁ89etr30k

tigPd tRha Bart 33, whéphasastebbo bal seemuim ebs.pP2En view

In FLGpr3B islghustrated.Ls apother ntact condjtion

desi gnated at 40 incIu%%ngggaﬁﬁ%Sleﬁ%’cgﬁ¥¥é%c%ét+PCludes a

f | aBead2conpuac &ér danc epmpt ing heagdacitplia gB{thﬁd opposing

i nventi ct-co ,on 40 may be ysed for one .

or l?mr e%ulrfagggégcgrzt aig}?é}peoblen 'S Bet webRBnE B Wor 2 Bf 15 a

t hefbatt shand 3¢ cavi%y:rresnli@f, Ejdmﬁ ﬁm_ef:eﬁ’_ﬁ&dT@ggJ,od'ﬁHa@ﬁ@ation
1 pf nenmti,C unt.s i.scl gsed, herein, including |

king%atlclﬁbd%?svgﬂfﬁlffzeg TPEHE T nvehfd©h 38 s in an un-

pr evéousinedi sicdtesedimndheasuitagl meefeyred theV\BroceSS of

enmbodi nent.s. In the representation depicted in W ‘
200%%1%%9PCT/ Eézdﬁﬁoi%%%llnzeﬂ%% 3Bt pdkl 131 ekestic,
novimirlaciossrdfeatred? ithet headkiggt i@nrréNdigal eth byecover.

the_arrowed line A and a forcible inpulse is
coﬁ%ﬂr?}gﬁt |e;¥a5$§?r elaa?% Hhal s I Fégtrnghpal £181 32, which

1%agataisdes - thatk 339sot@s fdoemcauise shakl Hl tQ creale an ., ,
i ndent ed .track g 39 into flat 32, which can al so be
seer 1T 6p PPaNcTi 8kPL+90 FF G PaB S sdiast f1REG32 as it
3B modgacknd@addielydes @ atheas ¢ontouL3a, ;an 8P '
tapered tail 38, and_ogpoasi :rg}% garal_l gl Si &es 3 Prdferred
t heTBlstMEeR: HeadBoRE oUTas% | 49 a wifldontedraidr offher ball

dynLQJMe%,se@r ff&ﬁ?@‘l@@e%@,’ iaﬂgenfﬂﬂ 0_@210w1ﬂ9t @%ikgt on its
36, which_is elliptical. Track 39 Is in an un-

20r ecOVEr @A s aRBS | nTHhESATE 871 188n¢s ¢hrithe process 36f will

remain. - 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 flat 45, in accordance with the

30 principle of the invention. Contact condition 41 may be

used for one or more surface contact points between one or

more of the Dballs and cavities of the preferred

embodiments of kinematic mounts disclosed herein,



recovering. In the case in which flat 32 is elastic,
which is preferred, the tracking in FIG 3B w ||

woemoners28 I n this exanple, ball 31 is nore ripiTUsIva41043761

flat 32, which 15 causes tracka%%g to formin flba|t|3§

in response to.a forcible inpalse applied to ba 1
agaFﬁgﬁu?“r%‘if gangwatic Wﬁ\%@%stﬁé’néécggsS)f Rt Blzvq'erztmn as
el apkb6ibisipe kel 6LE8d aneMbodl BN . piDrhich LI ack,

39 gvilllr,ef:o%er gfter ball rel eased fr om fl at %é’@ Shaonts -
f1 af23500F | prbaREmeit i 13 X0-agrtiogienali sshapéiedfté|alB243 in
IS aat ebaslbe, al rs%lﬁlgﬁa%%'zl%{ egﬁ&”flﬂ”%@e{[g"gﬁso' Loated
flat 32 is made of materials aving any plastrcity
Thatakk epinst ¢3S tameacknB® ndialll iy efrbien fiornf |af 82.layer 44.
Per acklhngy, i esi ab f.or | nemati.c nounts_ ..
useggggfé sﬁejidS sfgnllﬂ(i: g%]daqf)?a%%&grg elcjteldor%y Bt "Hot SP%fadlng’
pr eefsi Ofhpasi tdamviengipnasenicoehdugt ottechnilysé ry or Imn  the
opt | A als) Fl : t anaqt her. cont act ,
ond T B AT TS SO G G Foct udgs 3 Prorebpal fisee is
andarrl ¥4 Qi wlflade direbhtndShaliln dccopdascervethis so as

gieh PraindSoain aoagk Dt _
14, geﬁggcg{éggﬁgggf 9f the dnvention § agooﬁquoqugpp%g”ﬁ 46 in

for one or nore sur ont
betfeeh dhe emd,norereofpditie dndklrd yand ncaviddtemeef ther 44.

re re di nents. of ki nematic nhounts discl osed _
Eer{é%, %\i}f‘g%% LBy 5 5 PCAISITA 045761 S 297‘2i n@PGdi g s
Ki nepedderatmuntisas 20621 322f0f 1haléﬁé]cejltﬁeogu§§oses. Because

reyj ous di scl osed and ensuin referre '
grrb%%;‘l'trren si® Fﬁa??ﬁgswé oaiﬁﬁﬁ%‘gﬁnl@f%‘%t%%rf?%tprlnt 46,

lappinedahg badfodditinn the koestehea shekh/ | ayer 42; fully

20

2

3

and_flat 45 is also coated 5 with an el astoner

mat BT TR n"PRB fOVIGH aCfay®t'u4.3 LAyeFs W2tand544 The
ar ep eacis idppl d e de Dys toledy I1RGersareati Nth11 043 04 Nerelastomer
conyenti onal co%ti ng technique. In the representation
deptB{¥d h BPGIIS€E, ‘@ figriciosivesi mampddapse dppliited eantact

baldetdeadi recti ngs bahd AZ22agabnst fhab45.80q86:d0 19 15 2
cause bhall 43 to create an indent or footprint 46 in
compliant contact condition, and introduction of contact

condition 41 into a kinematic mount (kinematic mount 20,

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

In accordance with the principle of the invention,

5 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  herein, including kinematic mounts

0 20,21,22 of the invention as previously disclosed and

ensuing preferred embodiments. The contact condition 49

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

two discrete materials, one atop the other, namely, an



flat 45, and, nore particularly, in elastoner |ayer

44, The deformation of elastoner layers 42 and 44 is
wexmggersat ed in FIG 3C for illustrative purpOoBEEDS2004/043761
Because flat 45 is coated wth el astonmer |ayer 44,
footprinpt 46, 15 and_any deforfétion in el astoner
Iaygﬁaﬁg?mﬁfl IMFRAGNRL ¢ dBovERe up eRbval ofhdllilaagr  42a

fromobtahgdbalThes BRAVLSI 0N 0f ol ASLATEL |
bal | 43 and elfstomer Iayera44o}%n fTat 45 i %tggogécgﬂe form

conPfi éncéhehl 4y sdont Bt copbivgenlbattmeds shdlilbayer 42a.

45. pGopt astokondid i 4L S o golgggzpuﬁmiscpmpa%te to flat
condi tion, and introduction of contact condi tion 41
?nt 8%a RiPfAerdt cdafboRtatki penstsciatouimt 20 £y of a layer

22) 4ppovi desgniaddi tonal, d libance -
further | rg%e; bal anci ngsécs}eﬁﬁt&s?{ﬁ‘ﬁeq%gggfgdanczﬁ%% h*3 is
t hedE)F?(ﬁE$£| Wpmsthd liagvdAt i on, wh2sh R GsB3Dlastic layer 47a
il lustrates stikl Mgl an L opr oved contact :
condi_ti.lonldélsi gnat ed at %%tg?rg%ggl%sgay?%r%%e orf by &5 18
sur faged comt blet s peirdinsettweenl ongorramescofathén depicted
1pal ks @BRd cavities t.he preferred.enbodinments of

ki nemati c n{g%'nté31 df(g%: lok{c,leed %?%i%e, Rcl Pingd to ball 43
ki nébretd¢ieimmouritasl 130 420, 2ba22s0f theti n¥ent E6Pmasy a small

preyj y..di gl os nd. ensyjng preferred .
erbod Hos 3 com At iedndlt | n 4o SHATRGIogD fagmed in
chaebztteriized by layeirgi@sbahd 43 woated 1WvER 4bMD Tt is to
di screte materials, e, atop the other, napely, an WD
YR s oz Aty SR Ut CRa
15 n ¢hestfarimsafica lakek| AVayer s¥duteoahiengohakbt 43t 86kes of
the form of a

an el ast opl asti c erial i

sheﬁ?%ffgerr jfgefgg%f"n@ngl %2?%?%?@%@34€FI dyer Zogpecipinlly,
el astoneringn ¢dmp fiermaeqf aIEaXﬁ%iéga,!%m%Pp$feg159toplastic
fl a]; 5 45, 7and an %astopl astic material in the form

of wYHyer' 7478 § '8ppPT et t ol WHidsttoRer 1faglepiaop. Contact

Bal dork3 Hisn dig eekediagailnsin f katedds 1 d anEhEQ employed in

20eI astopl.astic layer 47a is in contact with
el é%‘iif%%@ﬁ?@ | ay'et>#7p. TR S iogs 1 ginpriipulhicor  base
emhasi NeRttiohB, t hend eprasentati;an deph et ed v ons . 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 layer 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 made
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



10 in FIG 3D, a forcible inpulse is applied to ball
43 directing ball 43 against flat 45 form ng a snall

wo owspeises 48. Footprint 48 is a deformation fPRPCTES2004043761
el astopl astic | ayer 47B and el astoner |ayer 42b. It is

to be unge{s t ood thg% el aSt0p|2§Stl c Iayer 47a and 15
el aSFOpPASETRT 18587 47b ditSt (Bt &*PRBlEonbaEE structure 51

str &&SGSprat@é s 1R Mk indye k1 4280 ARs Bl AT Jra¥ebpace 52
42b fully provi di ng conpliance. |If desired,

es
onebS% ! %s%’&ﬁ?assttrGCtPﬁ?eP% 7 ap g aéan these 53, each

el i gbnatedetdd Qﬁ@lE@Qan&@nﬁﬁc%ccggagﬁééOﬂléﬁ kfie invention
seful in kinenmatic mounts enployed in 20 positioning

abl'&-Gppl i catiFRS L Cmant et &t or 29a28, 23bpl i Y onsupporting
andmghbﬁﬁlé%dﬂlﬁﬂéeaggl'C@%hQFﬁlaEthggﬁs L0 gftqgn g?yload

is a conpliant contact condition, and 1 ntroduction
conPad® condiaidonthe | pew SWiffeeat PE wpoyitad base 55 is

(k|§8B§@ﬁ&i@PMﬂ;'gp’aglaceélggatﬂgovfgg<jans£§1 as grav1ty

addi tional layer of conpliance and furthér 7nproves
baI5h§?W@F%%eﬁP§ntﬁsCanﬁﬁtﬂ@¢e@faeﬁanph@n@hdamx1 accordance

@pplieat i [ of the invent

Hefer encécglgsq%ol& Thde To IEillIl&G gﬁf’lgg‘%% ch théere ész keduce
seefoRt Po5i demrichgpl atthor b 3®ha1$semal ycb@leration field is
| ncg_{gplg]_a[;é(pg aIt?lz_aL%e lsé({&&tl%re 1n conFrmgl pul atgglr‘glbsashlghly

53 overlylng base structure
oppdss eplveni pul atochbase 53$afhﬂnqﬁﬂ atiafs , armsr§é seag01ng

and unt ce b2 base structure 51 and

50087 75242 BES EZ56: /&i‘é? Bty ' pUr St BICBRSe 5J3enseSr
13 n ltl:hI@Jeexaﬁpﬁe lalsase wstapuctryn e Wwikich nﬁ@dscpotat as t PFSCected

ki ng i nts._di sposed. at a ace bet ween base

st ru}p%%r‘ss(;elggiz“l'i n%a%?pu?a%%? HH %g Cegly b é‘ﬁf:hevents Although

conste ucﬂcedemmﬂlcarralbgetsn agcor davce ivybRtide have wide

|nvent|ont510| € klnerralc nmount s 20, 21, 22), for
SupPOrHi g ~fant Pulsesy based s3PANEAPHUPRF or SWGFs 53 large

posediigmepay| gad i hasenss amdyt he:t ope SUsE@CenOfsma1l 1ight

2d3 X}O%g bas gg5#§9§peQPendlCU|agc{é%éy}j%chggraéééggtlonal

equlpment 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 invention

can be made as assemblies of building blocks. FIG. b5a

illustrates an exemplary embodiment of just such a

building block, which 1is 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



Ki nemati c nmounts constructed and arranged in

accordance 10 with the principle of the invention in
wWGEpasa0528 reduce control demand of arns 54 wWhRCT/UR®04/043761

acceleration field is disturbed. This reduction in

control demand is highly desipPéble in anchored

sea®Basey eiyS, |arge seagoing ships, |arge

ground- basggh appennas, £l e €8;,:45 M Irors -

and | aser weaponry, which (ﬁ%gt "t gn%cléﬁ%?:oﬁlencjt]téd 4G oS non

sei BAFEPANGUERFEF T sthamediic ecdbHrlcms noevientasl LAl t imutptes  61a

the kiinegmy | ¢ sapuUNnt S, 0f 3 1 he j on,_have wd

applai cation in heavﬁp?ola(#an%F%{gg%% onssu,r%éaﬁce: a§2? afgs ©2b.

equiphEnteapircaricdbnsibt kbpraayebizaisetei mremalihg ends of

li ght 20 lend appl i catk such as  scientific and .

educat i onal ' equi pment, Qg%ﬁi condugflgr g%f)l i A5eshsrize  the

andoBpperng i ghtes | odbappki 64t i orslodin @ cal danEes WobPosing

t he, pripcicpl.e ofgdhe jpveption, . the plates of th ‘

Ki nlgn‘fllalti c ymuﬁts gonaéljt@ugtaféd ansdur%cégsrrgﬁ@e&nfin 6ib, which

accoedatre el mi eppehiepriancilieé of 2t beahBYenthdnbeanohEidered

d S i e f huilding bl ocks. FlI 5a .

e Ro s BRI O P1o boar e OF<F uSP= saEh 520, vhich

bui te$ie bl mcéppadinch dasadesignategiganer abhy Bt 6Onsidered

cations_and needs, bl ock 60

Dep | ng.on specifi.c appli .

cangg(gé b%ujé Hsti & e%osﬁgpéoast | TUTIACS i i Cq Rk Toiked, or

canabeangatt eigr atdgeifver redhavloabiashizened A AnbRSSEM Yis +o

of two or re E{gihdl -affixed parts, and this |

appr T 63 1Bt oy SpPEER B DR diisddt Hhan| 1Enssi ¢igeloyed
1%pr efers edldbts | ¢if ng bl oole WO 20084107228 roove/cone is formed

PCT/ 82004%%43761 30 enbodinents. Block 60 is a

di sttet e SUrbaafar® Wi t "PARY Has RBArafBeTPESuPbacesposing,

nanedwsrpPesiregtpar ahtelcsirdaces Gharngpd,6db, ,and
OppoOSi ngéﬁaral | el surfaces 62a and 62b. 5 Sﬁr%—gcaés 618 V¢

and €1 ERar dEEEN 25 t RETBPPSLET HepTentie Gfxishl Bckng0,slanted

and&HWacey 623 2Rd-628 ¢har ackerdze t 0 i
si des ofa bl gfck 68. Bleock 60 al so r?as gpggcsofnn%%%%agg bla to

20 surface 61b.
Opposing surfaces 60b’ and 60b” on either side of the
groove reside in the same plane, which, like groove line
65, is similarly slanted relative to the X-Y plane.
Moreover, block 60 tapers from surface 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 provided
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



maj or faces 60a and 60b. Surfaces 6la and 61b, which
reside in opposing parallel X-Z planes, can be

weomsitoseed 10 end surfaces of block 60, and sSPCT/HE®S4/043761
62a and 62b, which reside in opposing parallel Y-Z
pl anes, can be considered sidélsurfaces of block 60.
Sur PREES6DA EaRIBRCiNedTitdy the ramgedtt sonddsive aet forth
paylhqagrcAxis, Z of block 60 is to be aligned with the
acceleration field when it is enployed 15 in a plate
of a ki neh@ti coRoant. SA gldovetebae askfioemedicimbont plate

ey A et S ir T e ee Ba TR SR ThRbr Ty 18 cecn
Yrobwehioner EsomwiileRkis Ger peditel At ol axEssXiandl from
sl apted dowpwar gl y ;r.ehagi to the X-Y plane fr

surface o6la to 20 éUngggxglﬁ%peﬁﬁg iﬁﬁggﬁ%fg%egﬂ%ﬁﬁs 60.
andB&0bks of0 et hexclsiriel nfof Helogrsodle aresiadeangetiheide-by-
Sl an o8 T EPg 1 t SPERELS VBER kR \BFackA, B0 Borthes
t apgispdsam sapfaee Ghast otsurtbaeeebllend2b last hilSustrated,

e e of block 60 at surface 61B can be ,

10 oBht L hE g et i P bl SR i e s pfe mizror
bl otkag®0of sogeneratitier .defilred sbysoedge pb8tkenghhaandrigidly
edge.69 length.in the X and .Y cooydi nates, ,

r es%gjgjt}i’?/éel %/ggerll:nheer’l etigth of %Sﬂg‘%%{%glgan?jr 69 Heult nopecause

necessias | TyA benesgtadraa <30 rehewnlothe gopoyea®f 712 has four

buildiQ%ablack gQ an be provided wth an el astoner '

| ayet Qs Wi scus B i97°C8hR] BREVBRS WPhcPRBact points
lxonfacta aendi.tion of FIG 3C, or with an el astoner

| ayer and an el astopl astic | ayer as di scussed WO

2005/ 107%%%0%‘?%32]8%4/36&376%8@P%’ovéf@rﬁ dafjtunkipelks 60

W t hndhelieent&dotondigdan st posdis 0. Fl @it3Drespect to

FIGS, 5B and 5C illustrates a kinematic nount plate

subBsSenbl Y B ncPtief iy Sposf ngeattat 831710RndPrBseath are

o L orte e S R e o

200 . are further disposed tapered ends to tapered ends, as
illustrated, such that the opposing pairs of blocks are
each a mirror image of one another. Blocks 60 of plate
71B are rigidly affixed together, such as by welding or
gluing. Because plate 71B incorporates four blocks 60,

25 plate 71B has four grooves, in which each 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 perpendicular
relative to the grooves of plate 71B. In FIGS. 5B and 5C,



Bl ocks 60 of each pair of blocks 60 are arranged
si de-by- side, and the opposing pairs of blocks 60 are

w0 eooshers28 di sposed tapered ends to tapered endBCT/EHS2004/043761
illustrated, 10 such that the opposing pairs of bl ocks
are each a mrror inmage of oné2another. Bl ocks 60 of
pl aPe2¥eA &R el § i gty Platei Red pbyet WEB, isuehbastdy plate.

vel di ng etcgl uisRy. 5 Becatise 1 1p) A ngor por.at es
four blocks 60, plate 71A hasS?%%rczggraoo}\g/lergé?naltﬁc\/\hrfl%hnt 73
eachR§l-BBYRy pEeni Béste wdldonbattopophise 1EBf ofo@r balls 75

bal LnqPlatg, 718 i $sal sp;fashigned from four bl ocks 60
i ncl adi ng %ioposi nZG'pa?frqé&gf H%?ocﬁ?sheéﬁ?a%\y %ﬁrleés &ctk§p the
Dl aflésrapcep| brlueg0 fllsadlh painstahtbbotkso681a6@ for ball

arrapgegd; sj de-b [ nd.t.he. opposi.n irs of

bl ocksggbé%oggréhgu%t%ﬁgr gingp(;%soécgq?a;plergle@%en% tpe grooves.
t apéredléndshD/asead | st afedissuciid hat, thed oppesides, two
pai - bl o [ a mryar jmage of one .
ano?ﬁ%?él% o%Eéog%goP%pl gtaé%esnfBﬁ%ﬂléBr’i JiARPCH Ve B  With
L peon por et on. Ty Bl acke 80, S ok FECRUSEIR,3nding

r s, f.our ocks._60, pl ate as four
1 oavBe PROTATSN BhCRT g Gbvatpr GVRERS TewgmGonide 15 are

poi hdsntiorala thaldpacAkrt houghdfeari Hl peks B0 1@Eeagsgge{,pously
71A, less or nore can be

the.construction of plate

use%?sﬂssso%oﬁal?rhdou]g% &‘@Lrb‘ﬁl JeRergeret ethafedther ghecussion
consfruptten of phat@allB, 180 1l@$30er APHeCARDPEcer 76
used. . l.n t.he %rrangerrent depicted in FIGS. 5B and fC,

in art]%eb%l\? gl ane the grooves of plate 71A are

1er pendimul rc. rebat byentpat hevgr qaves 1¢f at g, 1<gontacts
In FIGS. 5B and 5C, WD 2005/ 107528 PCT/ US2004/ 043761 !
32 DIt EPPPAIPE 91U % até aRMeptat & TA1B1Rs arbopecmvely.

pl ad&caudd @8chS5Brapde 56 i1 st rahe | | n
73, includi r? tggp pleat e 71A, botAt o%r%%&igtggn%%?b%réontmt
bal P15 / PeSpHEer °76N glPere hat Bbiet i T boresies two

to ﬁ%%ﬂJ&%ﬁ%a@%dF?§§B§?Sb§ﬁi§wﬁﬁ]ﬂyﬂJiEe7éiggpség%¥aé¥npoints
ZJ()éatfwélége %HA and eight contact points with plate 71B.
Because only six contact points for each plate 1is
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 is 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
c&ndition 42. Compliance in kinematic mount 73 is not

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



rotation in the bores and for ball roll on the

grooves. In FIG 5D, each ball 75 is held by, and
w@omsaetses two opposi ng grooves of plates 71ApGU/BS2004/043761

respectively. Wth the exception of four balls 75 and
fou% ﬁgrr spondi ng 10 bores prévi ded by spacer 76,
spaC8r76 'and SH&ER <hes &he negespiedl sis spateftlpoantls for

bal kscA981L9k, 106na%: PEeydaushy , di seHssed, and, |
wi || be understood that the di sgussi on of spa%g?ﬁ??gh only

and°Bal FS"193" 1801 19c  apifadss thetsipaser P6llanddbal piate to
75. pkovide Fliae SRep@chgbal LB d3chelid bX%ﬁé%&%ﬂge with a

contacts, two opposing grooves of plates
T espEetpUEEY . © H65E eBRFE roVee ofcoptided, 71 desired.

pr ovi desyi wanbahh ONLAEL.c PNt 55 ARG BBGaYSE each

gr oove of ?I ate 71B provides two cont poi

bal FB27SE pr bvicdE dicghts dontredtespaimtas 26nwktdimpddt free body
71Asgp4s el ght,, cont act | Nt i.th plate 71B. Because ,
only Si X contyact_ p%f':nrt gg#é;rasceégc erﬁfgétoél ifsle%ugﬁsgﬁlg}ﬁ?nce 1S
to eBnst r Ainendel qrovewent 78f rplatesent odget het tdwee to the

ra i QRS d r rotatio t wo
Rt L D b 87 BRL R DT 1 I, s o Becanse
25 eeduhdarpmpHorever inthddudesl i ai- acaor danea 1wst hyst heig the

rinpcinle of i nvention because it is to be
p Pgtﬂlod’l Otft]gﬁleapaﬁys

under st oo east one contact point between
one of tymdeal I7S candba ebdimbspendiiig KGeRMACE cSHEERAEE3, ir

of one. of the pl.ates _is conpliant, and incorporates
oneg%?el]i%de' corr%ll %’ﬁtuggo EBRTETt CondidY of§S¥et TeERRFANt  in

13 n FiGCHat3C andul3D, 70amelys peosPhéantine@BLast the dynamic
conrgiédroen 41 or, o Iti.ant contact . condition 42.
Conpl i ance $'n KIHEAEE nBGRET737Ps ABE  BRPYLPSS t erhanced
pr andlsisdmesfs .bal | rotation, but also at one of WO
2005/ 107528 PCA;”' 20%/ g43761 33 balls 75, such that
the renditing |]>L<H&Jt§ ACESpBrAtReYF opmbedide i stfe @ building
rermigtiess@ntsadl YokimerabhC p1AkEBOUGN 100N tQRe mounts, in
contact point i.s needed between a ball and a plate to

20pr RA G BRESr ¥dirtr ddecBrphfante ¢h Beeorrisidd ani-t h Block 80

is similar in function to block 60, and is joined with
other similar 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 Z coordinate system is basically the same as
block 60, in which axis Z defines the acceleration field.
Top surface 81 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 is characterized by two, opposing conical
surfaces 82 that meet each other in circular groove line

83 and that meet surface 81 in two parabolic edge lines



5 preferred enbodi nent, nore can be provided, if
desired. As intinmated before in conjunction with

W@ pmsae751%, spacer 76 and balls 75 makes up aPCT/US2004/043761
constrai ned free body subassenbly. After the
accel eration field disturbance3#s over, kinematic
nmouilt . 73Bﬂ@C®eﬁ@eﬁ§Z@uésn@En@mbylyodehEné@ ¥ aatigef line 85,
the 0 I 7 7lB, |, so because f
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kin | &, mount 73 esired._ Al though pacer, 75 .
naysg?%n$?%§ &éﬁ%ithln 15 1 hehdd T @S Ento 737 i +/- 50°)
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73 and provjd enhanc bustness FIG 6A
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usedllosteashiven pplrgbessobnky nemati ¢ nounts, in 20
i (nciple of the invention, Bl ock
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80 is siTilaf IR PGnéPFBR £02hl 6Bk BB1SaRd €1 j6rhedurfaces
Wit b2 of hesrsirdl alo blasksxte, f ondn phaf es@endesaihbeds the
% conj unct,i on MAtE bl ock 60, but does incorporate

i f PEFRht e g&Shetty; dphi chFBi% ef§ ndpj opentrast to a cone
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faces 61 and 62 are non-mating, and the X z

coof EF R E Systénni sP Bhsi et ilyinghe caanetale lﬁl@@ﬁ 60n cone

in whigdeaxi s1dndefimes athe accelgrat i op,figld. acggperatlon
surface 81 of block 80 has a surface cavity,

provieled tidb tvacttvpoi mpsatéenal balirechiiths (radial and
§0niéﬁ@éﬂﬁiéﬂ)féﬁé%ﬂ%%CQxiOtﬁéchlﬁﬁ%EHH¥ addi 11 ongl. . gl%ratlon

reference to FIG , the cavity iIs characterize
mnfl%bﬁosﬁﬁﬁmcéwﬁéap osgpfacuEyy R rchan weeuceachurfaces 82

ot h@l‘iué n gkesy&ﬁ{ggrgq gnblge I%Eﬁéﬁgxgé@% Zgggfm%%stlcs.

surface 81 in two parabolic edge
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def h | f f
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FIGS. 6B and 6C illustrates a kinematic mount 87

including opposing plates 86A and 86B ecach 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 8643,
less or more can be used. éAlso, 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 visible in FIG. 6C), and

at least one compliant contact point between one of the



perpendicular within [arge tolerances of within +/-

50) 5 wth the acceleration filed as defined al ong
w@zios1@s2d4n FIG 6A, a ball is depicted in pheruUsaon4/043761

outline for |IIustrat|ve purposes only. It is to be

not §d ihat the axis of conical 38urfaces 82 is

par &FI&F £8 plaan%"%(fefpo&ﬁié}nﬁh@S’nﬁéppeﬁdllréapar offo driee of the

10 aceeteratiran.fisgl dnofhi % hemkP; 6O tot 0.
orientation. In this rg ard. wh Plégnlg%&ﬁ%l %%ohgcggaflpl“ked
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cceleration field in onl tvvortatlbn
?ar abraftaere 1§lﬂ<8nd@mqnﬁltlpelmmrvte 78 .t he Sgieceet ih @bn be

thecaceeh £¥ad i One Jéﬁr@d sugh E‘fe}tl ag Q oiiﬁ%ﬁc%bg teh:Ls in a

on conical surfaces 82 thus providingen
r eakiBpimERtc cHaratt €79 stincdndiny scowhi belTone513sandwiched

(Provinust odlisgussedl douanes, a papl  at three

poi nts, a ball ouch conical” surfaces 82 at 20
only tvaTt:ﬁ_ﬁ nt7§ aIﬁIdCBA’6Blansitﬁﬁe | teistanatc@sraembodiment of

ki ngngt | 7 dj opposi ng, pl ates 86A and _
GRP B S IE AT, AL 19 PRI PLILES PP A
f aghtwned fimomdcoudabbteckstB0che V}ﬂil@ﬁl@ﬂ@ lb'hfg'l:ﬁla)’lnvention.
af fi xe uch,as b 5 Plate 86B i s
ol <6 TRER Bl 1 VAT bUF B SEKeB0PTHILIE dbkoc  grepginent

af f§ keduidgeigebloskicho ashdmyeSI\Bﬂdilfl&@esPIGQt £54 864 &{&E line

86 r h fashl oned romfour bl ocks 80. Althoug
f0l%§bleaoc(iq: CRFESTRRYTH t'he oGk PuCPPBAitRtet at eln this

1586A@mbd<:ka$®nd1r, Aorcaveap he useded Aiseo bt howghJOWT, yhich
bl cks %O 30 are used. in the_construction of plate

86 eS€0r°SPE  REiFbe SHEERCSKi riddt | T frodAELEE between

furdzhmullamcgn:pewat BSne SPRGAId ArAngbawhgbakl 5,75 (Not, 11
%t i.bl e | FI G , and_ at |east one corrpl I ant
AEE n?nbé Eﬁeor?é ¢t t Hee Worpeehbia 07598s of groove

PCW:leSZG(M/ 043151 1038 chalshis raRds ap 9% &S PO NGt o ot points
ﬁE[aCt surface of one of the plates. FIG 6B sth
Statd PIOUMTB7R3 e afftidcketlore, which translate over

straight 1line 95, which is perpendicular to lines 94.
This variable slope causes a smooth re-centering response,
which constant slope surfaces 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 is 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 964,
less or more can be used. Also, although four blocks 90

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



position, and FIG 6C shows kinematic nount 87 in a
| ocked position. In all further respects, kinematic

worRwstoB28 5 functions |ike kinematic nmount 73.PCQHESIN4/043761

76 can be elimnated, if desired, and FIG 6D
illustrates this in a kinematpP€& nount 89 including
f ouf®BaPfs"¥% sandwi ched bet ween opposi ng pl ates 86A

and 86B. xFh&GS: t 7A@t 7A7 | a H
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var(g%pgseinigjt gjﬁt%tge%uggg gn(?argg%tsh re-centering response,
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provi de.FIFH.GS/B7G ldnd t7Bréb | ystr ad @St 1a Ki Bgmiﬁ%nggggk 96

97 .25 includi.ng,_opposi ng pl ates 96A and 96B eac .

f ashi'GHed f r S g%‘fcgc%goﬁgfs t e Y964 s2¥usHiGREdYf rafiixed
15 ouroddtdcks Afh Wﬁﬁ:hgz&fc&eri:gﬂr_ﬂgsy Qﬁféi@dlﬁéﬁﬂﬁﬁerrelative
suctho asnby wel glleng. Ig’ ate 96B is al so fashioned from _
f our® bPBEkEEEShhi chPiee PP gicaPy off f i XeREibgetermed, if
suckesixray wel ding. Pl ates 96A 30 and 96B are each

fashi on?ﬁ fr%m f_ﬁur bl ocks 90. Although four bl ocks
90 are dséd i theUEbR’tTUCIStorstdd lppapEhesAcbodigrerdy of a

noresidan nge ek ﬁbﬁouséhthQﬂgBa£QH5an935§89%f & Fopatic

ooused in the construction of plate 96B, [ess or nore
200%7° 107528 "PEFFOSIB0A7? Hd76 T he3pringhrbe ufethe invention.

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 1is 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 d1llustrates yet a further embodiment of a
building block 106 wused to fashion base plates of



Ki nemati c mount 97 further incorporates spacer 76 and
four balls 75 (not showmn in FIG 7D), and at | east one
weewplioaet contact point between one of the baPtBUSIVI4/@43761
5 correspondl ng contact surface of one of the plates.

hows Ki emat|§ mount 297 in an unl ocked

FlG&.
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: bUI Lahag (bocknSf) comas ey 0o shl o%kf%e%@" WAL EDe shows
are rigi dl?{ af fi xed 15 toget her such that groove
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96 garebe dntgmald Yrdfeor medy, i f th@eﬁ%gge ﬂ% 88 block 106

illustrates yet still another embodiment
bui Hii tf Brlockuoragded tSwrifashi dA7 ptatese of ekémenmtic as a

120 sadhtsy idnpceordangs i th té@{%e%rdl r%% 8&18 Of tr metr
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i nvention. Block 101 is cylindrical, can®
machidhar foedsT bhinenaldic asidr e awearmmeumqet Sn the

in base flat es.14 BLec Egp round base 102, t
coni cal  surfaces 1%3 E %\]}lc %ﬁo%‘ LIJ]bal |9 ontgkt SubJect of
pOI?h¥§ nEntdeinar g loovie 1@®el£5pﬁéﬁbrahﬂyzhédﬂ)for large-
per ter % eful jn
srm% “scal Bg%%ﬁlc%ﬁ o%s%géuﬁl%h nsgﬁ1 a88k 191 it be large.

13ar rarrged and sbllaatermtdxmemo@mavhtyef&haﬁ of stheodiNerpvalance

buidllédidlgr gl djh scl osed herﬁ Fg is to be
e
understood that the i sclisi oneS ffl e pr&digased rigs and
builla:ﬁgﬁag \&@sblleclssxchf asheirnventi earappty 4@ babd NN iners
{vlog, in, t %stre ara% FI ., 8B illustrates yet a
er enbodi mnt “of & BEVI iy Y| ekl 106 igdeditplances,
fagmdomdoasiealpsl at @sarfa D A00H 0dDLBlosed kinematic mounts
PCT/USZOO4/94376} 37 ,
incorporating large 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 together. One such framing is
shown next. Note that_ more than three balls in a
kinematic mount require frame flexibility of the framing

30 that holds the Dblock 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



ki nemati c nmounts. Block 106 has square or rectangul ar
base and a doubl e second order hyperbolic parabol oid

wo ofosaarsstir f ace 107, which provides two bal |l cPet/E81004/043761
poi nts. The groove |ine of surface 107 vani shes

because 5 of variable radiuses 3 guide curves acr oss
suchgFgBac MoRet(Ad0 SmGapinghévwoghdeeks| lad, which have

ef f aale’ homevarrshewea Ryl < 18 fynage rﬁﬁ%%réze Rrails of
kinematic mounts built solely of blocks 106. Thus,
t he "Greov &@1lin@ost el Gdkcresedi s Taeehtsthuttiaalprovided in

Surfraee 1@/ icannhe bebekked;io,as ?oﬂxpeéjqrﬁq*ﬁlag 'ef‘r%%%eaﬁlz to

it does not exceed second order geonetry
6r derP rfentd e s Uk atlescihalvko el s ativVhni ageriaratee outwardly-

pr OQQ%@tEHeIpQrgglegngﬁé i %ﬁ;d@e@x fjfml:}ks i‘acfre a[‘péegq:;i%{gegra%fe 112,

this invention. 106 1s preferably use

| ar g&- "ddghe vappliingat Pohss r esiiavimng surfhacd ik@7 itso then used
| ar ge, L5 ;Q4ake AL hast i Cc ravit i el

disturbagke ga%aggg greé%frggysgghgfg?an%?Ze %chQumber of
106 blsedsbasadbei fstaimhed dnge wepdets wilich asframe, and the
gir ri |se liners haye steady state

8 ik FahG kS A B e sanete, M it i Yok ey of
advadtfagenof the dilsckesedokimenttdre mednt Sb@0 used without

i ncof .1.ng l.arge ates_fashioned of | arge. bl ocks
106%6B%E?Fh$ng EP%CKE§%6 EQV%?Fh%@ed i nT8°ki ReAakfc can  be
noumpshickened ha¢xof té henot est it | BNGHHREKSpart, and even
dis%Egéed herein,_and it is under st ood that the

o be | ,

di sCUSSi GREEST 1 hr 8VF 05§°tbﬁfl diftngd'BiigeRs G hehis will
1bnvelrbeon apptlye tapdaditidi agpbl @gkio25 106 in this

regard. lLarge-scale kinematjc nmounts may require

wi del y é@pa?at@aLB?ﬁcK%P?r%hﬁﬂﬂPﬁﬁéPﬁer.F@Ee stigh shows a
framingmbsic shewatnexba Nefcqubhaly mRice iRkt &8 ed with a
bal I s in a__kinematic nmount require frane flexibility

of tHE“Frafffig 30 TS RoldSPREIHI BEK t obdtthemcligign four

proyidesst heins@mpldrancerthal, i=hd eaw.rewd ishokkNemMathcn tic
pounts incorporating nore than three balls, such as

¥ ouPOBRt b tBC Lemha St Awitle ki §O1PPG W8Lh shofisarae -  The
par birakky- assesibld MO220026807828 PO US20044043761 gesired

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 central, 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 116 arranged
circumferentially around seat 115 to receive framing

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



38 kinematic nmount 110 including two bl ocks 111, which

have the sane surface cavity as block 106, further
waledoaitds20f  which will not be di scussed. The PCT/US2004/043761

instruction provided in FIG 8Cis that blocks 111

are joined with a frape 112 to3% forma plate, in

whi ERC BT OCKS SEF1 TPhc SPRBR ate TRE-werdl y- di r ect ed

ramet rB«ci 1grieRyY @9 okksAnffin@ceepti g Srare 112, . in o .
\aﬁi ch wel i%?@\éol tos, screv\rlgl or tih%gl iakeqﬁg tﬁ%%hurg%%jtlple
to FTYTd y-AFS 21651 8ERsT19aL tand raneoel Balvaatggaunbesver the

of shi cafvdhefashi aned,LoLo teaMih,a fra
5andsthg(;](:é:tggfrarre can _?Iake oﬁ anyogegkgegu%érlﬁl%n%{%ﬁ% thus
sui 13l 3P we BFE9L8-ng Ahea bvatker t of ail taserganme FIG.

userh Wit hositzadapag t iengehe PMLhBBALVANt hon, The Blocks )
can be ositioned next to one another, "Or "spat
apart’ e rcongtgdicapiese Pleheonef akdtdrestid mounts, in
desideddaand thi LUl .15 .depen the specific
apiﬁ icg%t iaoﬁ. ktsmtg %n%%t%rrﬂ%‘l%ﬁgl l?gt %gltel oRYRH§n gp Block 120
Shdl\%l&del‘?i rfenBd ¥ 2 qrouea vitts0 Lof ndd:umileng. 1N@elfli!dlﬁ:l§_$1g ‘tgroove

10] Oined W @1 fr ool G s shows, a ki nemati ¢ noun
208 e i faélg:rqzﬁrogﬁégjgo?ﬁ%\gghﬁ%%f Qe gare or
Fl GECORNgHbRAE Pddneddli coR0 ioukt 110C i P@M@dl@gr@%r or
bl L9l pe | me., T bl ocks .of nounts
11 A&%iﬂf%%e gr%%%%% gg% 39quﬁy AEsitddedc fFttipen groove
gediEer Yl dormidt patimdttdry thimse dis&bl esyr ge_tﬁ@égn PQF‘Q% line
of 1Blo S b .franmg can be used in a plate
forlgézt %ﬁdeng%%ﬁ%%%ynt i‘\%vln?hggt&deﬁﬁqqdvﬁléfm tife wipsch are

15i nfermponguidGnt9 dudfasksatesh acditiss asseably, 113,

whi ch  i.pcl a plate 114 with a central, annular .
seat 11%98\/\1%?5%%&630% SR gtend gadr gergearéc cavity
ki rembeees novint mueonst ¢ uetedvand1 8kEanged vl Nthree or more

ac ce-with the principle 30 of the invention as '
di §8F%§§d erefn. 2Bl at byﬁﬁ P Pargiogralilt y agpdrants, s

spacedrapaite hoiesidlbnhar tanerdngsi beumhgrential Ly . ¢
15, to recejive framn struts 117. Struts

20 3 SR O b BB LA aFBLATaF Il Rughons = surface cavity

130 of a preferred embodiment of this invention, which is
lofted between square perimeter line 131 and circular
guide line 132, wherein lines 131 and 132 are disposed in
opposing, parallel planes pPerpendicular to the
25 acceleration field. Loft surface 133 is a single surface,
which appears to be quadrant 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



WO 2005/ 107528 PCT/ US2004/ 043761 39 the bolts are not
shown in FIG 9. Building blocks having surface

w@aost0me8s Wi th mul tiple groove lines are praceCTab20841043761
ny be advant ageous over the single groove cavity
surfaces of the building bl ock8thus 5 far disclosed
hereth°As a matter of illustration, FIG 10
i |1 ustr attesend ibur ttkemosmad ui { gling, b
120, used to construct base 'eHStQ&eSQIS 9%(3'9%%%“%”%18% f there
in T3cE6FRaNEE Vi AT B FEing ok he4d nuentl dm, fashlon

Bl dsksdl 20 atidicldrdas ridnsuhtage ﬁ I ty
i ntersecting groove 10 | i nes gf ggé gzg% whir &hd5% four

di a@%rhsaelcuttdvﬁhéusrcfééﬁeCérfltre%t éﬂr@ul arEabaseajzz‘EyofMl has a

bl asdpdsd@g EwaeCickeuhari Of1 fparAahalic, surfages 12

124 ar e Ioftedebe?vveen Br oove J%aall%(r%e %5% per rré?cgrgroove
i ME'PESS aRBd b ARRSEH NG 0DV quﬁendIZQaandsmeﬁ"ardmt €143 with

Irnl_eju]ﬂ%@,d rasReet i valds, 11y a 15 f

quadrant surfaces W th cent\rl\g{ﬁg}f/nrrcrg? rou?ﬁggegroove lines

corfsts lﬁ?tqhor‘ﬂ%t@ﬁmartarl4éenmdahasyrmehst@ntcamd:yus surface.

1osurdaces «Qf 1wl Lipl g, Ve, d ines y Lhree or nore

groove iines and hypeg%%qi c- parraeggFB’Fd Guadrat g jkells of

i ndticheti ‘Jfégvxmhl/natlﬁeleeachanmmg)f dhi Sorie@ntingNbal0s of

20 JasmtherbLlustr FIG 11 s a surface

cavity 130 Jf: ac[‘ai p‘ﬁe err dnglgapﬁentgb‘\#\ﬁt“?ﬁ]sl 145 of block

i NVt iceR, rahiEhe | soniafiiced hetweeBo SEuas Be PRIIITRIGR s 140

line 331 .and Iar gurdelrne132 wherein |ines

131 § T g‘réé%ggpo%%d Crphosi Yy Farali4d il andsable

15pert|9er1§per,|1fereltct) Hatres Z@rathel earad |m§1|lebdpugl@gge instead.
surface, 133 is ?e\iy nglefsurfaCE whi ch appears to be
quadr ant and SPT Tt by PseGd6™groove’ 1Fi nels® 134 lustrates a

Splcrenpéahgsm@ amteedStSQ sl itodeangentiakeb014b0fL £orn o

surlg? e_13 ses he bottom of this surface
cavl § % ?%f}n|§ kinematic mount. In this

U1

hypebb@im@mar@d@@ﬂmn@ 130 whichois Stidd se00
,order surface Q while FIG 10 sholv\tg/ | of Qgrmed into

O suf Paélggefncsélrrﬂ;érjﬁt |1r§’é iTRrEY e c thong gﬁh%\teSlﬂﬁdesavldehells
enbbeli mentrti nsifdeaa1ll shaws oranfigyrabi A Qfive vo1ts 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 dJrooves, or two-way drooves, formed by blunt,

trapezoidal, drill point, or ball point cutters, contact

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



a surface cavity incorporating non-intersecting groove
WD 2005/ 107528 PCT/ US2004/ 043761 40 lines. Attention

WO g00n0075e8 rected to FIG 12, in which there iBCEHES004/043761
yet another buil ding block 140 used to fashion base
plates of kinematic mounts Bl9kk 140 includes four 5
consecu%fvek?hﬁﬁ&ééCEaPF??%%dﬂlﬂéiE&mﬁecavmay d81dhgsles or

a Opiosingbsisle, CyhipErical s a 4 MAth roun
groove lines, and opposing.en %?J ?%%#%é% Sur facd’ 2kical
Wre ridim d@&xﬁﬁﬁbve ImneblS|meghrdh Fhesrousdednd 15p

d s e 44,and _h
gr&dﬂ&.t&ﬁ%& ahe f@@ﬂmﬂﬁpqyggvaﬁo% E%ﬁ %?€V§%|?Qﬂﬂ%?d and

constant radi us surface. 10 ifies

}olnga”Ve foad BEa?@m@ﬂ#%ﬂﬂ50@T7a¢n?hetw?e@|dlnyﬂand?nd a
essirdarRl gk 9r JAQArhbeard n S 0 sof ter materi a

with high danpi ng. Slgeqaalg %ﬁ@tofcﬁio%kklfﬁﬂagéﬁ mounted

r e CENPETEGRARCED Bré@k@edo&@owgwexdﬁnde phiatre e @ ri@iple

forom acheariaghibed, or E%g 590' "lﬁgl Lb@ﬁgzsgé%%lr%gg!éeball

15 to receive end bars e sa

in§P€é@§ 1%S%e ﬁ@ptspioﬁueiarplfnfFfﬁ@léﬁflihu%izgtfsplate
10a cGQyplLingr u e et her plates 0

forma argeéggaﬁg Igfgggg? tsé FH RTki"Rémaki €f parallel

NDEARYS IQft$@%¢edﬂﬂmai¢n6mnmmﬁﬂux08nglﬁﬁ@bdngguqegegsectlng

cagbh 12 r int.a.20.an_u surface 151 formn

f our éﬁor%l%$he Si i] warig el ﬁgﬁiﬁﬁ?tlg?deﬂﬁlﬂ%ohavéallsl

hoWéSlQSBJKﬁinegeIVBlboﬂiﬁeﬁr 1eoreW%ﬁ@%lgoughexplogglllng
es 140.. Looklng to FIG 14, there is

15
rgﬁ%g f%éﬁ?(nprov 0Lf8r ibdebyepl wsinga0 Iandhe embodlment
15codppl©@Sil5@ FiBg e aeaMammﬁﬂaguigg@gﬁ§ L@ add g?n§§bll
to &@ ger - scele %E ks gy pl ates, which are suita Y
recei ve millt g gh elfdct PoRPERA ERAbIMCsliandt  of an
othbastqmgﬁ oadyeni tigo Wensaddht i opalcndappingd.s mﬂ?%?ﬁoom—

needed Ee surfigﬁ of the surface cavities on
saf o pat | §OVRFT FePRraheed Py3ovam tavsasl Zonphitamty ball

supdace bayeés iinel, udingwnfer inshapee, 1&%"%%"@3’ rounded in

grgoves, or two-way grooves, forned” by
20 Q1 Other shapés for towers and valleys may be used

&2

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 to FIG. 17 there is
seen a schematic representation of a ball contact geometry
145 dincluding 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 Y, and in which both rotations are

orthogonal to the acceleration field Z, which, in this



trapezoidal, drill point, or ball point cutters,
contact condition 41, contact condition 42, etc. A
wh2a005/161526 ace WO 2005/ 107528 PCT/ US2004/ 04376 1PCHILSIa41043761
al so be surface treated by a dense array of dinples or
shal | ow bores, which are nore gractical on a spherical
sur¢ekredinmatgr oévesalignadi sritégagdavFt GS. 15AtangodsB and
il r layer 107 that. can he appl.i
R ot oL T 2 T B
andca usedfase iof FAGeaWi’t yfof @lqleat eirofa akkh&@eiitd Gnounted
nou tructed_and arranged in accordance with
the%rfsﬁ:nrcﬁ%&%él a%% taﬁéa?%%cgnw O%C.C(l élrcelU?ggaﬁh%eprlHClples
Sappbf edheo anbahtion.and/ Ohet gyeore@tacinswi@ace28f acan be
pl i, e, a plate 10 cavity. Layer 107 .includes a
griag oardgr(regit % vgjfta}lp:trhaﬁ |E1°MS s 0 “SFaced-rapdr tso desired.
t ovler s 168 tehirviodedeby rémter seattiddg suk@Bget ydbpaka@nd, s in
| at iﬁeudi neal \éal I egs 109 and 110.. Balls, while rolling
on 15yer TGP EPPhI n AOPEYS 11 AG rédPst and®]  represents
prmﬂhﬁt@@t&ﬁhapC%dﬂaH@h@gcabmtﬂzh%&;’mqgr,mnéh% in cross
lodepi cted in FIGS. 15A and_15B, towers 108 are
gensiari stuar8. BFPRIE  faVikteal f8tnate ehbddi mifrious
of mrrthelrastarBielaysid 12QdiFishewsnsWigh 0c! Ud8S, Jiment s
mushrogm shaped towers 121 separated by valleys 122
cut By *Hal §7° ntOEuPEEPOI9S, Of n MHivshreal peyyil22 readily
ar e doaunded tRo20 shapgeq G hernshapes fofot@wgr%x%@gt that
val Iéler%ls ey be used w thout departing fromthe
i nvet S fHéaplasenenfinvent pbhors desoptbddrabbvérom the
15Wi tdpirief erence tiovaneliss! edhepbodl nents, (Jovever, i 1.4ed
those skilled in the art will recogni ze that changes
and 1251 ppdlei estroridarepbe made in the descri bed
enbodi MeRL$ngWeROYt depatbLAg fom the nature aggch clear
scope of the present invention. For |nstance,
r eP@fr icRgCL o FEeyma 24 Her eniablesbbnsa skhEnmt iim the art to
re L 0 f l:]..cant ac eo ry . 145 . .
e G A DAl 128 rontacting Sados LG (85 RhioRg oLained
20potisem cavities 151 and 152, in which the bottom
cavity



152 rotation about axis X is orthogonal to the top
cavity 151 rotation about Y, and in which both

WO oi0at10mses are orthogonal to the accel erati onP€¢T/85m0#043761
which, in this WO 2005/107528 PCT/ US2004/ 043761 42
enbodi nent, is aligned with grévity. Othogonal and
wedge- shaped cavities as confb&iMSurfaces for a ball

can be 1u_sedA?§,ag:gtEgG:o fQar plates in a kinematic
nounted constructed an arran&gd i n accordance with

the prifdigsice®adlast the invention. The geonetry in

FIG 2B e a as wth.the geonetry of FIG
17, if saoc%gss?r gég%hsn&géjr?ant togPOSfmge?%?cérﬁé’,lait@Ft ed

sur f ace t8eof izavi pya8 damtachengnbpdi mente depilet ad iy

FI '« ept n st.antially. the same cavity |
geoqn%%r%f,t g%%\ﬁfigi %é%sr%]}s% gsécf?f%ﬁ?tja%“% e rogptional

caviqvegsntsefande 16Pr sWVarliaaws ahyrt her changes and

modi fi cati.o t embodi ments herein chosen for
pur poses of Q?F{DIS%t’?h%i—ieoncovr\}itlalcg?%%dﬁ:}w thy&cuPatd st Abselx
skiddngdcitnpphet ar ¢onstodimd ngxteahs tdeton9UGRG rotational
nodi £ .on nd variatiqgns do not depart fromthe 15
spiqdrol‘{e%%%]ltt g ?%%eﬁq’od“rﬂt pﬁﬁ%ﬁ'are i ntended to be
included wthin the scope thereof. Having fully
describgd th£ i nvention in such clear and concise

terns as'to eNahiE th&de cdrRim &d fHithee sPmprosing:

under st andpasel- ﬂ’faaﬁitﬂgc%pbbgiﬁgnﬁiréﬂ"'%rﬂd”\é%%hgf” aces, and
claimed ., 20 is. WO 2005/107528 PCT/ US2004/ 043765 43
a%ﬁﬁée RO P RS "o FBRT S F P uoh Himem bhk| Sirst fiast to
pl ate, saneh@nt0pp0si ng second plate; the first plate
cont acth%g the three balls at six contact points
const r af ¥ ng 5kl 6Agh ahePewtcatinopak ofvvesrerttr caf

theotesstobl@tidpdrelative to the spacer, the three 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.

3. Apparatus of claim 1, further 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 first and second contact

points is a compliant contact point.



the second plate contacting the three balls at six
contact points constraining translational and

wo odoatiosesml novenent of the second plate. 2. POPHESBADUG43761
of claim1, further conprising: a spacer having
opposi ng first and second faceg4and three bores
ext endi n§- t heHBERPSU§hof r ohatrhed f ifiugt-hbaceotor i dtrey: -
second facg, - . each di.sposed in one of
the three %ao%%g hftagﬁﬁrgo?a %)%Jfﬁ?eﬂéftsitvgn os?(ﬁ%nsp%cceers, and
t heTPRF dectril [extepddpacthene dutcinar drofn the first fangd to

secpnd f{acsesi ftag%;fi rst plate in juxtaposition to the
first face; and the second plate in juxtaposition to

t he secoff ftdgee b3llAppad athes fefurchaball, eddh tdigfposed in
co L ShAG: r lL; the fi.rst a contacgtin
thgpl?%ﬁ{]%hbeglf{oggt Lgr%gr%?r coftadh 6g#ﬁﬁ%v%ntc?t spacer,
sechhd e daddmt aceiagtite dwolrckhidbak! tiad 8irseeerd second
contacts point; wherein at |east one of the first and
second contact points is a conpliant contact point.

WO 2005/tG7 528 sPCFL 4S2004/ 043 86b s 14404 t PR atiystOFace;
claim3, further conprising:' a spacer having opposing
first and second faces and four bores extending

t her et hriduglsetoom phetd st kdepob@tibher$aaNA LA68) Face.
the three balls and the fourth ball each disposed in
one of the four bores for rotation relative to the

spacer, 5.t heabparabad |sf pricjiecti ngnost hoand ofthe.n:
first tanq:(secogd, faces; the first plate in

j uXTAPEST POAE o1 E HeFFYrad fycar ehpgitenar sdcdhe ppatect
i n gaixitaposition to the second face.

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.



5. Apparatus of claim3, wherein the conpliant
contact point is provided by an el astoner at the

W@ emwsaers28 poi nt. 6. Apparatus of claimb5, furtP@r/US2004/043761
conprising an elastoplastic material applied to the
el astoner, 7. Apparatus_of c|aft5, wherein the
el ast oner— i s PREAFAITEE B o™il ¢ Wheksint hhdatdcornchelate
firss pationands bhecsecands plat e, 48 s of
claim1, wherein the first pl ?tyg i%gd ?Séﬁgﬁg%ﬂf Foiirgme
plurality of,rigidly-affixed blocks. 9. Apparatus of
claim 1,1nhengipa rkhes sesqnd plat.e s fashioned froma
pl urali tay of rigidly-affixed bl'ocks. 10. Apparatus of
cl ai m 1,7 WRECENLEFENY | SRirOSIIngt Eirstf amdi ornethcdffaces ‘and

bl oS h@lodelY ex88Aq S&C UL 49 r MO .
2005/ 107658 PCT Caabos oagrar = qBah B0 R iy face w0

cl di'f £eSRmEr éFRSt he second plate is fashioned of

bl ocks helrdebyal 290. S8 W& frame.. 12
Appar at us rcc;)en'p?i sing: a slpggérgdhg{}i g oopfpotgf\enﬁhfrie?s?ores

and YedOhdtiaresehnldi ve oedhbospscexi eridh Nhree balls

t hey--eugh £ i n e.to .the second face;
thsj;e Tbal | sBeag%%ggoifeg%itenEg%%to*—fmc% He S Hice & 3665 es

for rotatfénstephatadn dukhepspacesy thenhreesbakiSe ang

PrLetlc u f the first.and second faces; a
first pl gtgggi Epjé)atg(}%ae%ogi%tlﬁgna o theET A Prdatand

coeactragning tirreddidbhslatngi xotUiaaGh POVBLSHt of the

constrai Bing.transl ational and rotational movenent of
the first plate; and a second plate in juxtaposition
to the secenehd atlateand gontasssgidhed hngesballs Alee

Si 0 L+ points onstrajning translational and
" or At ORAr HSMRhemt 4P rheabit o SPFarentagt points
Apparatusininglt@iams12;ibust hetd GRHiShAg: novement 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.



a fourth bore extending through the spacer fromthe
first face to the second face; a fourth ball disposed

wo pooshe7stourth bore for rotation relative to PEEUS2004/043761
spacer, the fourth ball projecting outboard of the
first and, segond f ces(;)ft%fﬁ,fi‘}@t pl ate contacting the
fourth ball PEEFIFFEL O ottt 3poiAeremdt hhecommdgnat

pl atentcort getiinng isherbouddd falln ataatosecond t%ntcg%act
poi nt; Wwherein at | east one of the first and secon

comt actt- points is a conpliant contact point. WO

2005/ 107528 PCT/ US2004/ 043761 46 14. Apparatus of

claim 1§, wherein the conpliant contact point is

provi ded by ARPBFak¥®met Heifthd4gonberein gdientelatbomer is

Apparatidsi 8f, 6hal 8F ldne WHRLEGIHN elasto i
carried by gne of the fourtrﬁhbg%?g't lzéf%%t Eﬁ&fc& and
and-"% FE<88EoRUbEat e. 16. Apparatus of claim 14,
further conprising an elastoplastic material applied
to the elastomer |ayer. 17. Apparatus of claim 12,
wher ei n1fhe RPP3¥aiplatal icdafashi pnedr firamampleitahit yn
of Jdi=gidbys j QCK paratus of claim 12,
wher ei n tbheggfé%)gﬁ%t%lgdtcle%ppsﬁggs | o%eed efliraéq%og‘er Layet
plurality of rigidly-affixed blocks. 19. Apparatus of

claiml1l2y; wh ' first.plate .is fashioned of
bl ocks %gl'd %@%nﬁ sé)glufgél{ﬂo, n FIShfen ©46. first plate
Appdr deasiofed| Gian B2 plumelétn ¢herisgenndaplrakediSiocks .
fashi oned of bl ocks held by, and secured to, a frane.
21. Apparatus conprising: three balls; at |east one

addi ti oh8} bAta o iog] ngadnf oy tiheakl tha bbESkd plate
Pl ate s, and, A 9RRYSINY sesond, poltatrei’gidly—affixed blocks.

19. Apparatus of claim 12, wherein the first rlate

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.

21. Apparatus comprising:

three 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;



the first plate contacting the three balls at six
contact points constraining translational and

wo edoatdsesml  novenent of the first plate; WO PCT/US2004/043761
2005/107528 PCT/ US2004/ 043761 47 the second plate

cont act i nﬁ t he %ﬂé%iﬁbal s at 4i’x contact points
const rai M RgS¢¢ tSn&PraAEt e dtioidireenbeehemt ofix

the csecand pbaies ddiethiaisling! aken LONLAG h
fourth ball at a first éon?gct poslc%{jctl taél gg%%%tnaonal

pl af'&VEBRAPACET Ng'® Fecrddr PRabal | at a second cont act

point; whpsefnral Jieast cene, of r d, second .
cont ac oi nt s |§Ja conpl | ifalmtllj(i:(;oﬁct}géctf%tucr)(EH bggg.ant a first

pgf’ﬁ{:ﬁg ofoLMGi @1, further conprising: a spacer |
haVl Ng OPROSIdHbrid bifat@ngoﬁﬁ‘&ﬁ&qﬁ %%%SFggd Oujt'%gaqtr es

extendi ng therethrough fro rst
sec8fidCPAceentard PrRiaE balls and the fourth ball each

di sposedyhdire NG +0h Lhe four, banes'dor, rotation
relative to the spacer, ﬁe ouhre Barrs pPoj ety contact

out BeARES ofs t%@oﬂlpﬁsﬁnbndorsmmdaomaces the first
plate in juxtaposition to the first face; and the
second plate in juxtaposition to the second face. 23.
Appar at us?2 of Arbairat2g, ofiheraim 2tihe faorpt+ aBdmp rGONHAGH

poi nt i e n_el ast 0 the contact
poi nt . Sa psrp%\p%grg gén iR n%rlris%r?ﬂ%rs%ciﬁﬁ?r ifsiceg and

gg f@mﬁﬂmsasﬁ;tenﬁm@rtzl?rapmm ciued Eﬁoﬁhlﬁl@ﬂ&t&f‘@%ce to
¢claim erein the elastoner is

car?%%y%?f]éfgo? the fourth ball, the first plate,

and thé:l®e¢¢1mdeplbalbs a\ﬁﬁi@%/ﬂ;@ZERsball each disposed in

PCK§%§%QQ%/ %our 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 second plate.



48 26. Apparatus of claim 21, wherein the first plate

is fashioned froma plurality of rigidly-affixed
whb@sher528 27. Apparatus of claim 21, wherein tPET/Es0410143761

plate is fashioned froma plurality of rigidly-affixed

bl ocks. 288 Aggarat us of clai4f 21, wherein the first

pl at e -t aRPBRBH DO bIdeKs ﬁédeba;'reJanotI@eiun:ed bDate

a farsarfmshzgneApp_a@IatéJ 1fraGla second
plate is fashioned o blrgclis&nb%dr%w];e@ secu?iegf?%ks

a frane. 30. Apparatus conprising: a spacer havi ng

opposi n@7f.i r sbpand- &€ es,a bar es . ext end
t her ettjéggu gh %?omthe%r%%tfaaﬁa%%e ?g}l?lf}e% sCh@oﬁa ?%%eplate

t hrde Lenedt frunst rdmneadddit o HralghElv-acanped shnekas |
fourth ball; the three balls and the fourth ball each
di sposed in one of the bores for rotation relative to
the spaéBr, dprRardtor Oﬁabﬂsllprbl;eo/then@mluth@afﬂrﬁf gihe e

fl&%tfaﬂﬁlé i t in
j uxt aposi ] %ﬁ@?gf tqwg%%?rgtgl{i 2 s@&ﬁfﬁgt Ffg 3 Herame.

three balls at six contact poi nts constrai ni ng

transl apponal rQt ati gpal vement of the first
plate; a secon ptageglkn qux ;%U GhtfothReseeshdplate

faée Tapklewit aft iAgckhehd hdt a8y baldds satusbd €ONAGL oy |
points constraining translational and rotati onal
novenent of the second plate; the first plate

cont act3bhg tArpafretinshcbabti@ing first contact point;
and V\DgosqO Q7328 PCT/ US2004/ 043761 49 the second

ol ate contacting thadf RETHWalfrrat andseeenns domeactnd

pobPptes extending therethrough from the first face to the

secend face;

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 second
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 the three 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



wherein at |east one of the first and second contact

points is a conpliant contact point. 31. Apparatus of
web@siwB3e8 wherein the conpliant contact poi NPCT/BS2004/043761

provided by an el astomer at the contact point. 32.

Appar at of claim 31, wherei n4.$ he el astoner is

carried SFE°Bf Phate otant Bding, thheféux it plldt et a

andseddiel sRe@RGLPhates, 33. Apparatus of claim 31,
further conprising an elastoplastic material applied

to the &ihgdedrert 3a2st mpparcdt m@eofich‘aimcs_(heqm;dr ebAtact
theodidisd iRl at eomb 8 £ashi fron plurality o
R B e W

rigidly-affixed b aratus of claim 30,
wherein the second plate is fashioned froma plurality

i gi &lyy- ' .36, ~Appar atus .of cl ai m 30,
%egle?h@tﬂﬁea%:ﬁ)?é?gﬁ%?% S{zllé—:1 Had fo\ﬁ@e of" bﬁ%&ﬁé’mﬁéﬁnt

by, cfidcdepaialdl {9, Proficdareby37n Apparaidss f tekabdhtact
30,pherein the second plate is fashioned of blocks
hel'd by, and secured to, a frane.

32. Apparatus of claim 31, wherein the elastomer is
carried by one of the fourth ball, the first plate, and
the second plates.

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. Apparatus 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.



